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Welcome Message
Dear Colleagues,

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014) is now receiving all participants at the
Campos do Jordão Convention Center, in Campos do Jordao‐SP, Brazil, to discuss some hot topics in medicinal
chemistry and drug discovery during these four days (November, 9 to 12).
In this edition, we envisaged to keep the high scientific level that was achieved in previous editions. To
accomplish with that, Brazilian and foreign scientists were gathered together in this Symposium to discuss about
the intricacies of the drug discovery process.
The running title of this edition ‘Facing the Turning Point in Medicinal Chemistry’ was chosen due to the dramatic
changes perceived in discovery and development of new bioactive molecules. The role of the medicinal chemist is
being reshaped with a reposition as a response to this scenario, since medicinal chemistry plays a critical role in
this area.
This event also wants to contribute to the education of students in medicinal chemistry and related fields,
encouraging and inspiring them. Enjoy your time here.
On behalf of the Organizing Committee of the BrazMedChem2014, I heartily welcome you all to
BrazMedchem0214 and wish you an unforgettable stay in Campos do Jordão!

Andrei Leitão
Chair of the BrazMedChem2014
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Chair: Andrei Leitão, USP
Co‐Chair: Carlos Alberto Montanari, USP
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Bursary Chair: José Daniel Figueroa‐Villar, IME
Chair of the Scientific Committee: Antonia Tavares do Amaral, USP
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Chair: Antonia Tavares do Amaral, USP, Brazil
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Important remarks
Information for Poster Presenters:
Each poster will be labeled at the upper part with the respective poster code (e.g. CAB‐001, DDD‐002). Please
do not remove this label and do not write on the poster board!
All presenters are requested to stay nearby their poster during the assigned poster session. A committee will
evaluate the posters during this time. Posters should be mounted after the lunch time of the respective session
day and should be removed immediately before the session closes. No poster will be stored after the session
closure.
Poster Sessions will take place in two separate days:
‐ Poster Session I: November, 10, 2014 from 6 pm to 7:30 pm.
‐ Poster Session II: November, 11, 2014 from 6 pm to 7:30 pm.
Authors of unattended posters will not receive the certificate.
Please, make sure you are aware of your poster session and poster code ahead of time.

Badges:
The use of badge is mandatory to attend the event. Access to all sessions will be controlled. There will be no
replacement for missing or damaged badges. Please, take care of yours.

Certificates:
Different certificates will be provided to the participants of: (i) the attendance of the meeting; (ii) the short
course and workshops; and (iii) the poster sessions (the last one will be sent to the author that has the poster
registered in his/her name). All certificates will be sent by e‐mail after the meeting.

Accompanying person:
The accompanying person is allowed to take part of the opening and closing ceremonies besides the get
together party in the beginning of the meeting, the exposition area and coffee breaks. The use of the badge is
mandatory for all. It is not allowed to attend the lectures.

Location:
The conference is held at:
Campos do Jordão Convention Center
Av. Macedo Soares, 499 ‐ Capivari
Campos do Jordão‐SP
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Official Program

November, 9 (Sunday)
Timetable

Activity

9 am – 6 pm

Registration

9 am‐12 pm
2‐5 pm

Speaker

Short course
Metodologias de Ressonância Magnética Nuclear
em Química Medicinal

José Daniel Figueroa‐Villar

Workshop pre‐symposium
9 am‐12 pm

2‐5 pm
6‐7 pm

Virtual Screening: How to do it better and how to
know you are doing better
Workshop pre‐symposium
Beyond the Rule of 5

Paul Hawkins

Tudor Oprea, Peter Kenny

Opening Ceremony
Opening Conference

7‐8 pm

Structural Biology and Structural Genomics for
Rational Drug Design

8 pm

Welcome reception

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

Kurt Wüthrich
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November, 10 (Monday)
Timetable

Activity

Speaker

Target‐based drug design
9‐9:15 am

Overview and introduction

Cristiano Guimarães

9:15‐10 am

Simulation and informatics for chemical insight and
design

Michael Gilson

10‐10:45 am

Prion‐Like Neurodegenerative Diseases and Cancer:
New Targets to Chemotherapy

Jerson Lima

10:45‐11 am

Coffee break

11‐11:45 am

Illuminating Ligand‐Receptor Interactions: New Insights
into GPCR Pharmacology using Fluorescent Ligands

Barrie Kellam

11:45 am‐12:30 pm

Methodological improvements in docking: are we
actually getting better?

Paul Hawkins

12:30‐2:30 pm

Lunch

ADME‐Tox in Drug Discovery
2:30‐2:45 pm

Overview and introduction

Antonia T. do Amaral

2:45‐3:30 pm

Human Metabolism Prediction: Facts or Fantasy?

Gabriele Cruciani

3:30‐4:15 pm

Accident and misadventure in property‐based design

Peter Kenny

4:15‐4:30 pm

Coffee break

4:30‐5:15 pm

Informatics and modeling supports drug safety

Catrin Hasselgren

Oral Presentations
5:15‐5:30 pm

Cation‐π interactions play a key role in the binding of
new CREBBP bromodomain inhibitors

Wilian Cortopassi

5:30‐5:45 pm

C‐7 Substituted artemisinin derivatives

Paulo Carvalho

5:45‐6 pm

Design and Synthesis of Rac1 inhibitors as Potential
Antitumor Agents

Maria Julieta Comin

6‐7:30 pm

Poster session I
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November, 11 (Tuesday)
Timetable

Activity

Speaker

Open Innovation in Cheminformatics (Sponsored by the Royal Society of Chemistry)
9‐9:15 am

Overview and introduction

Claudio Cavasotto

9:15‐10 am

Drug Repurposing from an Academic Perspective

Tudor Oprea

10‐10:45 am

Serving the Medicinal Chemistry Community with Royal
Society of Chemistry Cheminformatics Platforms

Antony Williams

10:45‐11 am

Coffee break

11‐11:45 am

Using Bioactivity Databases and Computer Algorithms
for Target Deconvolution and Compound Design

Andreas Bender

11:45 am‐12:15 pm

Incorporating quantum‐mechanical methods in
structure‐based drug discovery

Claudio Cavasotto

12:15‐2:30 pm

Lunch

Synthesis & Drug Design
2:30‐2:45 pm

Overview and introduction

Antonio Burtoloso

2:45‐3:30 pm

Discovery of the Smoothened Inhibitors LEQ506 and
LDE225 for the Treatment of Hedgehog‐Dependent
Tumors

Stefan Peukert

3:30‐4:15 pm

Synthesis and Biological Activity of Natural Products and
Derivatives

Ronaldo Pilli

4:15‐4:30 pm

Coffee break

4:30‐5:15 pm

(Synthetic) Approaches to Lead Identification

Hans P. Wessel

Oral Presentations
5:15‐5:30 pm

The first crystal structures of fragment‐like inhibitors
bound to cruzain provides new insights for novel
inhibitors design

William Fernandes

5:30‐5:45 pm

Understanding miltefosine‐membrane interactions using
molecular dynamics simulations

Matheus Malta de Sá

5:45‐6 pm

Association of the anti‐tuberculosis drug rifampicin with
PAMAM dendrimer: a molecular dynamics simulation
study

Bruno Horta

6‐7:30 pm

Poster session II
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November, 12 (Wednesday)
Timetable

Activity

Speaker

Brazilian‐Portuguese‐Spanish Meeting on Medicinal Chemistry
9‐9:15 am

Overview and introduction

José Daniel Figueroa Villar

9:15‐9:45 am

DockThor: a Brazilian Receptor‐Ligand
Docking Program

Laurent Dardenne

9:45‐10:15 am

Chemogenomic approaches to single and dual‐stage
antimalarial agents

Rui Moreira

10:15‐10:45 am

Progress and Pitfalls in the Modeling and Simulation
of Tubulin‐Drug Interactions

Federico Gago

10:45‐11 am

Coffee break

11‐11:30 am

Research, Development & Innovation at Aché.

Cristiano Guimarães

11:30 am‐12 pm

New Synthetic Routes of Nitrogen and Oxygen
Heterocycles

Artur Silva

12‐12:30 pm

Discovery of Novel EP1 Ligands for the Treatment of
Pain

Antoni Torrens

12:30‐2:30 pm

Lunch

New Approaches in Drug Discovery
2:30‐2:45 pm

Overview and introduction

Andrei Leitão

2:45‐3:30 pm

The Emergence of Drug Discovery in Academia: Case
studies in Neurodegenerative Disease

Marcie Ann Glicksman

3:30‐4:15 pm

Human Cell Systems Biology for Drug Discovery and
Chemical Safety

Ellen L. Berg

4:15‐4:30 pm

Coffee break

4:30‐5:15 pm

Enabling the Best Structure‐Based Design Engine: An
Expert Scientist

Jeffrey Blaney

5:15‐7 pm

O panorama atual da pesquisa em colaboração entre
indústria e academia

Round table
(in Portuguese)

7‐8 pm

Closing remarks

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)
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Short course
Metodologias de Ressonância Magnética Nuclear em Química Medicinal*
José Daniel Figueroa‐Villar (IME‐RJ)
*short course in Portuguese.
Uma breve introdução em RMN será apresentada para fornecer uma fundamentação técnico/científica.
Diversas aplicações de RMN em química medicinal serão abordadas neste minicurso, tais como:
(i) estudo de processos de interação de fármacos com seus alvos biológicos;
(ii) processos de cinética em inibição de enzimas.

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)
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Workshops

Beyond the Rule of Five

Speakers: Tudor I. Oprea (UNM‐USA) & Peter Kenny (NEQUIMED‐IQSC‐USP)
This workshop is devoted to the discussion of the Rule of Five (Ro5) nowadays. Its validity and application are
going to be scrutinized by renowned scientists, which will provide an in‐depth analysis in the context of the novel
medicinal chemistry scenario that is unveiling 17 years after Dr. Lipinski seminal paper.

Virtual Screening: How to do it better and how to know you are doing better

Speaker: Paul Hawkins (OpenEye Scientific Software, USA)
Virtual screening is an important methodology in computational ligand discovery and a great variety of methods
exist to perform virtual screening. This workshop will examine two sides of virtual screening
1. How to test virtual screening methods to predict which methods will work well in future experiments.
2. Performing virtual screening using tools from the OpenEye suite.
In the first part methods to estimate and compare virtual screening performance will be presented, focusing on
using simple statistical techniques to make reliable predictions of the best tool for the task. In the second part
some of these methods will be illustrated through the use of the very successful OpenEye virtual screening tool
ROCS.
The workshop will be of interest to anyone working in lead discovery who wants to discover new and interesting
lead molecules quickly.

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)
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Plena
ary Le
ectures

Openiing Con
nferencce

Structuraal Biology and Strucctural Gen
nomics forr Rational Drug Desiign
Kurt Wüth
hrich
The Scripps Research In
nstitute, La J olla, CA, USSA, and ETH
H Zürich, Zürrich, Switzeerland

The availabillity of the human genom
mic DNA seqquence and the genome
es of a widee range of other species has
awakened biig expectatio
ons in health
hcare, agricuulture, nutrittion and man
ny other fiellds. In additiion to the raapidly
expanding protein sequeence universe derived b y annotatio
on of the ge
enomic DNA
A sequences, the anticip
pated
advances will have to be based on de
etailed know
wledge of the
e proteome and other geene products of the organ
nisms
of interest. Coverage of the protein universe derrived from th
he DNA sequ
uences with three‐dimen
nsional strucctures
is thus pursu
ued with novvel strategie
es of “struct ural genomics”. In this context my research tea
am makes use of
solution nuclear magnetic resonance
e (NMR) speectroscopy fo
or protein sttructure deteermination and for colleecting
supplementaary function‐‐related data
a. The NMR m ethod is unique when compared tto structure determinatio
on by
X‐ray crystalllography, in
n that atom
mic resolutioon structuress and supplementary d ata can be obtained under
solution con
nditions closse to the physiological milieu in body fluids. By generatting informa
ation on prrotein
structure, staability, dynaamics and in
ntermoleculaar interaction
ns in solutio
on, NMR hass an excitingg role also in
n the
longer‐term challenge to
o advance fro
om structuraal coverage of the protein sequence universe to new insightss into
protein functtions and cheemical biologgy.

The 7th Brazillian Symposiium on Mediicinal Chemisstry (BrazMe
edChem2014
4)
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Sessio
on: Targget‐bassed dru
ug desiggn

Advaancing Informatics a nd Comp
putation fo
or Drug Diiscovery
Michael K. Gilson
University off California,, San Diego,, USA
I will present recent advvances in the capabilitiees and data collection of BindingDBB, the first publicly accesssible
medicinal chemistry dataabase; and an early‐stagge project, th
he Drug Desiign Data Ressource, which is workingg with
industry to move proteiin‐ligand interaction dattasets into the public domain for u se in testin
ng and impro
oving
computation
nal drug desiign methodss. I will also present reccent work co
onnecting deetailed molecular simulaations
with experim
mental calorim
metric studie
es of bindingg, in order to
o gain mecha
anistic insigh t and improvve computattional
accuracy.

Prion‐LLike Neuro
odegeneraative Dise ases and Cancer: New Targetts to Chem
motherapyy
Jerson L. Silva
UFRJ, Bra
azil
Many neurodegenerative diseases have the coommon aspe
ect of proteiin accumulaation in the form of am
myloid
aggregates and fibrils. Keey proteins in
nvolved in thhese disease
es, such as Aβ, tau, α‐synnuclein, SOD1, and TDP43 can
show a prion
n‐like behavior. Recent studies have highlighted the participation of the prion prote
ein in cancerss and
the prion‐likee behavior of proteins in
nvolved in caancer, which is the case of p53. p53 i s a master regulatory prrotein
that participates in cellu
ular processe
es such as a poptosis, DN
NA repair an
nd cell cycle control. The
e function of this
tumor supprressor proteein is lost in more thann 50% of hu
uman cancerrs. Our stud ies have suggested that the
formation off prion‐like aggregates off mutant p533 is associate
ed with loss‐of‐function, dominant‐negative and gain‐
of‐function (GoF) effects. Studies from our groupp have shown that p53 aggregation iin a mixture of oligomers and
fibrils that seequestrates the native protein into an inactive conformatio
on, typical o f a prionoid
d behavior. These
aggregates are present in tissue biiopsies of b reast cancer especially in more agggressive ones. The prio
onoid
properties of p53 aggreegates are considered p otential targets for drrug developpment. (Supp
ported by CNPq,
FAPERJ, MS‐D
DECIT, CAPESS and FINEP)).

The 7th Brazillian Symposiium on Mediicinal Chemisstry (BrazMe
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Illum
minating liggand‐rece
eptor interactions
Barrie Kellam
Universsity of Nottiingham, UK
K

G protein‐co
oupled recep
ptors (GPCRss) representt the largestt family of transmembraane signalingg proteins in
n the
human genome and are estimated to be the tarrget of appro
oximately 40
0% of all currrently marke
eted drugs. Using
fluorescencee as a meaans to study these im portant me
edicinal targ
gets allows entry to a large rangge of
pharmacologgical techniques that can
n capture dyynamic proce
esses involviing unmodiffied receptorrs in live cells. As
such, many fluorescentlyy labeled aggonist or an tagonist havve now been developedd to target many GPCRss and
permitted ph
harmacologiccal measurem
ments to be made down to the single
e cell and sinngle molecule level.
The major atttraction of this approacch is that deetailed kinetic studies can be underttaken with th
he receptor in its
native enviro
onment with
hin the cell membrane. F urthermore
e the increassed resolutioon and temp
poral capability of
these techniques can also be applie
ed to nativee cells endoggenously exp
pressing thee receptor off interest. In
n this
presentation
n, examples will be givven of the developmen
nt of fluoresscent agonissts and anttagonists for the
adenosine A11 and A3 recceptors, and the β1‐ andd β2‐adrenocceptors as well as the va rious approa
aches that caan be
used to visuaalise their biinding in single living ce lls. This will be illustrate
ed with quanntitative app
proaches to study
ligand‐bindin
ng propertiess using high content screeening and its application
n to fragmennt‐based drugg discovery.

Methodological imprrovementss in dockin
ng: are we
e actually g etting be
etter?
Paul Hawkins
OpenEye Scientific Software, USSA

One of the lo
ong‐standingg methods fo
or validation of a docking engine/sco
oring functioon is self‐ or cognate doccking;
re‐docking a crystallograaphic ligand into its cognnate protein receptor. Se
everal probleems have made it difficu
ult to
determine iff new scorin
ng functionss/docking e ngines genu
uinely do im
mprove cognnate dockingg. We preseent a
comparison of a varietyy of docking//scoring meethods found
d in our doccking enginee OEDockingg on our reccently
released dattaset, Iridium
m. We applyy rigorous s tatistical an
nalyses to th
he data to d etermine iff, and with what
likelihood, a given technique outperforms anothher. With a well validated approach to cognate docking available
we expect th
he field will be able to turrn to the prooblem of gen
nuine interest, cross‐dockking, with greater confidence.

The 7th Brazillian Symposiium on Mediicinal Chemisstry (BrazMe
edChem2014
4)
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Se
ession:: ADME
E‐Tox in
n Drug Discovvery

Human Metabolism Prediction: Facts or Fantassy?
Gaabriele Cru
uciani
Univeersity of Perugia, Italy

Xenobiotic metabolism has become
e of paramoount significcance in dru
ug research, developme
ent, and theerapy.
Nowadays, medicinal chemists activve in the varrious stages of drug disccovery and d evelopmen
nt are awaree that
unfavourablee metabolicc outcomes (e.g., reacttive metabo
olites, enzyme inhibitioon) may exxclude prom
mising
candidates frrom further developmen
nt due to latter toxic efffects. Compu
utational evaaluation and
d/or predictio
on of
phase I and II xenobioticc biotransforrmations ma y be critical in predicting
g their pharm
macological and toxicolo
ogical
consequencees.
The knowled
dge of metaabolism path
hways is esssential in any drug disccovery projeect in orderr to stabilisee the
clearance of compounds,, and also to decrease orr eliminate the formation
n of potentiaally toxic inte
ermediates which
can induce Adverse Drug Reactio
ons. Althouggh simulatio
on studies of xenobiottic‐enzyme interactionss can
realistically predict phasse I biotranssformation, phase II reaactions are still very diff
fficult to pre
edict due to high
number of false positivve results. However, whhen the gen
neration of metabolitess in silico iss combined with
experimental metabolitee identificatio
on, the false positive data can be rem
moved.
The paper present an innovative procedure, fast, econo
omic and modular, thatt merge in silico data with
experimental data to produce releva
ant informattion in order to addresss ADR probleems and poor PK propeerties.
Numerous reeal case exam
mples will be
e reported.

The 7th Brazillian Symposiium on Mediicinal Chemisstry (BrazMe
edChem2014
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Accideent and misadventuure in prop
perty‐base
ed molecuular design
n
Peter W Ke
enny
NEQUIIMED‐IQSC‐‐USP, Brazil

Following some general comments on property‐‐based mole
ecular design
n, I will show
w how trend
ds in data caan be
exaggerated by hiding orr masking variation. I wi ll then discu
uss the deficiencies of ligaand efficienccy metrics (LLEMs)
which are widely used by drug discovery scienttists to norm
malize affinitty and bioloogical activityy with respeect to
pharmaceutical risk facttors such as molecular s ize and lipo
ophilicity. It will be arggued that th
he trend acttually
observed in data sets sh
hould be use
ed to normaalize them and alternativves to LEMss for normalizing data will be
presented.

Informaatics and modeling supports drug safetty
Caatrin Hasse
elgren
Universiity of New Mexico, USA
A

High attrition
n rates and the failure of late stagge compound
ds due to to
oxicity issuess are forcingg pharmaceutical
companies to
o evaluate drug safety at an earlierr stage, as well as in a more structuured mannerr. Developingg and
applying com
mputational models and informatics tools are a crucial part of current D rug Safety. This presenttation
will provide insight into
o the compllexity of Saffety data an
nd give examples of hoow the data
a can be uttilised
depending on data quality and data structure. E mphasis willl be mainly on supportinng drug proje
ects in the earlier
phases up to clinical teesting, with examples r anging from
m simple rule‐based sysstems and QSAR modeels of
screening data to modelling of more complex in v ivo and clinical data.

The 7th Brazillian Symposiium on Mediicinal Chemisstry (BrazMe
edChem2014
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Sessio
on: Ope
en Inno
ovation
n in Che
eminfo
ormaticcs
(SSponsore
ed by thee Royal Society of Chemisstry)

Drug Rep
purposingg from an Academic Perspectiive
T udor I. Oprea
Univerrsity of New
w Mexico Sch
hool of Med
dicine, USA

This talk will begin by inttroducing the
e legal conteext of Drug Repurposing,, and who arre the variou
us partners of this
effort. Findin
ng new usess for old dru
ugs has bee n an area of interest fo
or both induustry and accademia; ways to
accomplish successful drrug repurpossing will be d iscussed fro
om the persp
pective of a 7‐year, 11‐d
drugs repurposing
effort. Comp
putational ap
pproaches to
o drug repurpposing will be highlighte
ed. Rational a pproaches to understan
nding
how this process works, from a systems medicinee approach, will be introd
duced.

Serving the Mediciinal Chem
mistry Com
mmunity w
with
Ro
oyal Society of Chem
mistry Che
eminformatics Platfforms
Anntony Williams
Royal Soociety of Ch
hemistry, UK
K

The Royal So
ociety of Cheemistry (RSC) is a major participant in providing access to chhemistry related data via the
web. As an internationallly renowned
d society forr the chemical sciences, a scientific p ublisher and the host of the
ChemSpider database fo
or the comm
munity, RSC c ontinues to make dram
matic strides in providingg online acceess to
data. ChemSSpider provid
des access to
o over 30 miillion chemiccals sourced from over 5 00 data sup
ppliers and liinked
out to relateed informatio
on on the web. The plattform is a crrowdsourcing
g environmeent wherebyy members of the
community can participaate in valida
ating and ex panding the
e content of the databasse. With a set of appliccation
programmingg interfaces ChemSpiderr is used by various orgganizations and projects to serve up
p data for vaarious
purposes. Th
hese include structure id
dentification for mass sp
pectrometry instrument v endors, RSC databases such
as the Marin
nlit natural products dattabase and a European grant‐based
d project froom the Inno
ovative Mediicines
eminformaticcs activities and projectss that
Initiative fund. This preseentation willl provide an overview off various che
RSC is involvved with to serve the medicinal cheemistry comm
munity. This will includee the Open PHACTS sem
mantic
web project,, the PharmaaSea projectt to identify new pharmaceutical lea
ads from thee ocean and
d the UK Nattional
Compound Collection to identify new
w lead compoounds contained within PhD theses.

The 7th Brazillian Symposiium on Mediicinal Chemisstry (BrazMe
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Using Bioactiivity Databbases and
d Compute
er Algorithhms for
Target Deconvo lution and
d Compound Designn
A ndreas Bender
Univerrsity of Cam
mbridge, UK

More and more chemicaal and biologgical informa tion is becoming availab
ble, both in p ublic databases as well as in
company rep
positories. However, how to make use of this information in chemica l biology and drug disco
overy
settings is much less clear. In this work, we will discuss how
w chemical and biologicaal informatio
on from different
domains – su
uch as comp
pound bioactivity data, p athway ann
notations fro
om the bioinnformatics domain, and gene
expression data – can be used for a variety of purposes, su
uch as the mode‐of‐actiion analysis from pheno
otypic
readouts,[1,22] anticipatin
ng compound toxicities inn early disco
overy, and fo
or designing a nd selectingg compound
d with
the desired bioactivities.[3,4] We will show thaat cheminforrmatics algorithms trainned on large chemogeno
omics
databases caan be employyed to suppo
ort target deeconvolution
n in high‐content screeni ng as well ass organism‐b
based
screens using e.g. Xenop
pus laevis[2]] as well as phenotypic data obtain
ned from ratt models. When anticip
pating
compound adverse comp
pound prope
erties early o n, we will show than gene express ion data can
n be used for this
purpose; how
wever, how to generate and analyze data is very much case‐dependent. Relating to compound design
and selection
n, we can em
mploy both bioactivity‐drriven approaches as well as gene exppression base
ed resourcess, and
examples of both will bee presented. Hence, oveerall, while th
he chemical and biologiccal data available curren
ntly is
very diverse, we are ablee to show tha
at it can alreeady be used successfullyy for understtanding the mode of action of
compounds, anticipatingg their toxicitties early onn in discoveryy, and design
ning and seleecting novell chemical matter
to modulate biology.
1. Koutsoukaas A, Simms B, Kirchmair J, Bon
nd PJ, Whitmorre AV, Zimmer S, Young MP, Je
enkins JL, Glick M , Glen RC, Bender A: J. Proteeomics
2011, 74(12): 25554‐2574.
2.
Liggi S, Drakakis G, Hendry AE, Hanson
n KM, Brewertoon SC, Wheelerr GN, Bodkin MJ, Evans DA, B ender A: Mol. Inf. 2013, 32(1
11‐12):
1009‐1025.
3. Van Westeen GJP, Wegnerr JK, IJzerman AP, van Vlijmen HWT, Bender A: MedChemCo
omm 2011, 2(166): 16‐30.
4. Van Westeen GJP, Hendrikks A, Wegner JK
K, IJzerman AP, van Vlijmen HW
WT, Bender A: PLoS Comp. Biool. 2013, 9(2): e1002899.No ab
bstract
available.
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Incorrporating quantum‐‐mechaniccal metho
ods in structure‐baseed drug discovery
Clauudio N. Cavasotto
IBioB
BA‐MPSP, Argentina

Computation
nal simulatio
on is an invaluable tool too study maccromolecularr association, enzymatic reactions, and to
understand at a molecular level the relationship between structure, dyn
namics and fuunction. Thus, it provides an
efficient and
d insightful complement to experim
mental evalu
uation. At the core off these calcculations liess the
potential en
nergy function, which describes thhe intermolecular interractions in the system. In this short
presentation
n, I will focus on the use of quanntum mechanical (QM)) methods t o study bio
omacromoleecular
interaction; as an exam
mple, the QM calculattion of abssolute and relative binnding free energy of tetra‐
phosphopepttides to thee SH2 domain of humann LCK will be presented
d, and the r esults comp
pared to classical
methods.
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Sessio
on: Syn
nthesis & Drug
g Desiggn

Disco
overy of th
he Smoothhened Inh
hibitors LEQ506 andd LDE225
f the Tre
for
eatment oof Hedgeh
hog‐Depen
ndent Tum
mors
S tefan Peu
ukert
Nova
artis Instituttes of Biomeedical Resea
arch, USA

Research in recent yeaars showed that the H edgehog (H
Hh) signaling pathway can have a crucial ro
ole in
tumorigenesis when reactivated in adult tissuess. Genetic acctivation of the Hh pathhway is implicated in cancers
such as basall cell carcino
oma, (a comm
mon skin canncer) and me
edulloblastom
ma (a rare brrain tumor).
Cell‐based phenotypic screens perrformed in our laboraatories identtified multipple classes of Smooth
hened
antagonists inhibiting Hh signaling. Structure‐activity relatiionship stud
dies led to t he discoverry of potentt and
selective inhibitors from two chemottypes which were optimized towards clinical canndidates. During this worrk we
applied a new
w method developed in house for p redicting phototoxicity to mitigate a phototoxicity risk assocciated
with one off our chemo
otypes. The selected innhibitors LEQ
Q506 and LDE225 displlayed good pharmacokiinetic
properties in
n preclinical species and showed efficcacy in gene
etic mouse models of meedulloblastom
ma. One of them,
LDE225, is cu
urrently in reegistration fo
or the treatm
ment of advan
nced basal ce
ell carcinom a.
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Synthesis and Biological Acttivity of Naatural Pro
oducts andd Derivativves
Ronaldo Pilli
IQ
Q‐UNICAMP,, Brazil

Natural prod
ducts have beeen a treasure and a valuuable source
e for the devvelopment off new drugs and to probe cell
function. Syn
nthesis has provided a so
olution to th e scarcity off most of the
e natural prooducts and sttands as a un
nique
tool for the preparation of derivative
es and analoogues in orde
er to improvve the pharm
macological profile of thee lead
compounds. In this talk,, our recentt results on the total syynthesis of natural prodducts and an
nalogues and
d the
exploration of their biolo
ogical activityy will be pressented.

(Synthe
etic) Apprroaches to
o Lead Identificationn
Hans Peter Wessel
Universsity of Aveirro, Portugall

In the light of the long drug develop
pment timess and the higgh attrition rates it is im
mperative to be careful in the
selection of new projectts and efficie
ent in the deefinition of new chemica
al lead strucctures. Historical and mo
odern
approaches in lead iden
ntification will be review
wed, including e.g. DNA
A‐encoded llibrary techn
nology. A sp
pecial
emphasis will be on how
w synthetic medicinal chhemistry can
n contribute applying thhe concept of “double virtual
screening”.
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Sessio
on: Brazzilian‐P
Portugu
uese‐Sp
panish Meetin
ng
on Med
dicinal Chemisstry

Do
ockThor: A Brazilian Receptorr‐Ligand Docking Proogram
Laurent Emmanue
el Dardenne
LN
NCC/MCTI, Brazil

Receptor‐ligaand dockingg methodolo
ogies are im portant tools for structture‐based r ational drugg design stu
udies.
These metho
ods aim to predict the exxperimental binding mod
de and affinity of a smal l molecule within the bin
nding
site of the reeceptor targget of interesst. The DockkThor prograam, develope
ed by the Brrazilian grou
up GMMSB/LLNCC,
uses a grid based method
dology and was implemeented to deaal with highlyy flexible ligaands using a multiple‐solution
steady statee genetic alggorithm[1]. The scoringg function iss based on the MMFF994S force field[2]. Dockthor
performancee was evaluaated through a comparrative analyssis of redockking experim
ments with Glide, GOLD
D and
Autodock Vin
na docking programs. Th
his study waas carried ou
ut using a hiigh quality ttest set of 115 protein‐liigand
complexes (including 75
5 selected by Astex Thherapeutics Ltd). Dockth
hor obtaine d a very go
ood comparrative
performancee and also obtained an excellent reesults for hiighly flexible
e HIV‐1 prottease ligands. A Web Server
(http://www
w.dockthor.ln
ncc.br ) was also develooped to enaable and facilitate the use of the program byy the
academic co
ommunity ussing the com
mputational facilities provided by the Braziliann high performance plattform
(SINAPAD, htttps://www..lncc.br/sinapad/). The D ockThor Se
erver implem
ments the m ajor steps of the ligand
d and
protein prep
paration. It is possible to
o set the ressidues proto
onation state
es and also c onsider coffactors moleecules
during the do
ocking experriments. Crosss‐docking sttudies, development of empirical freee energy fun
nctions to prredict
protein‐ligan
nd binding affinities and
d future devvelopments associated with the DoockThor pro
oject will bee also
presented.
1‐ Camila Silva de Magalhães, Diogo A. Marin
nho Hélio José Correa Barbosa, Laurent Emm
manuel Dardennne, Information Sciences, 289
9, 206‐
224, 2014
2‐ Thomas A. Halgren Merckk molecular forrce field. I. Baasis, form, scop
pe, parameteriization, and peerformance of MMFF94 Jourrnal of
Computational Chemistry v. 17
7 (5‐6) p. 490‐519, 1996.
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Ch
hemogeno
omic Apprroaches too Single an
nd Dual‐Sttage Antim
malarial Aggents
Rui More
eira
Universsity of Lisbo
on, Portugall

Antimalarial drugs curreently in use engage a reeduced num
mber of validated targetss, and their efficacy is being
undermined by the spreead of parasite resistancce. In additio
on, chemical diversity a mong these drugs is lim
mited,
which also co
ontributes to
o the emerge
ence of crosss‐resistance.. Antimalaria
al drug discovvery has trad
ditionally foccused
on the optim
mization of known lead compounds to achieve efficacious drug exposuures with the
e lowest posssible
dose. Recenttly, ligand‐ and structure
e‐based desiggn approaches complem
mented by ceell‐based scre
eening have been
developed to
o identify innovative and readily sy nthesizable hit and lead
d compoundds. Here, we review how
w low
molecular weight as weell as chime
eric compouunds have been designe
ed and syntthesized to engage different
molecular taargets in maalaria parasittes, enablingg efficient elimination of parasites both in vitro and in vivvo. In
addition, we will report how structurre‐based dessign and targget agnostic cell‐based sscreening led
d to the disco
overy
of novel small molecules that will help to overcom
me our limite
ed understan
nding of Plassmodium bio
ology.
Acknowledgements: We than
nk the Fundaçção para a Ciêência e Tecno
olgia for financcial support (PPTDC/SAU‐FAR//118459/2010,, PEst‐
OE/SAU/UI40133/2014 and RED
DE/1501/REM/2
2005)
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Progrress and pitfalls in the model ing and simulation of tubulinn‐drug inte
eractions
F ederico Gago
Univeersity of Alca
alá, Spain

The first reliaable three‐dimensional model of tubbulin in atom
mic detail wa
as reported i n 1998 [1]. This long sought‐
after structure, deposited
d in the Prottein Data Bannk (PDB) as entry 1TUB, was solved b y electron crystallograp
phy of
2+
Zn –stabilizeed sheets of bovine tub
bulin boundd to paclitaxxel (Taxol®), the prototyypical micro
otubule‐stabiilizing
agent (MSA)). Subsequen
nt refinement of this a ntiparallel association of tubulin p rotofilamen
nts improved
d the
resolution to
o 3.5 Å (PDB entry 1JFF) [2].
The complexx formed beetween two α,β‐tubulin heterodime
ers and the stathmin‐likee domain off the RB3 prrotein
(T2R) resemb
bles a short protofilament, does nott assemble fu
urther and can be crystaallized. Desp
pite the moderate
diffracting power of theese crystals, X‐ray cryst allography and soaking experimentts were used to unraveel the
binding mode of vinblasttine (vincaleucoblastine)) at 4.2 Å ressolution [3] thirty years after its ability to induce the
formation off highly birefrringent crysttals of microttubular protein was dem
monstrated [44].
More recenttly, additionaal co‐crystallization of T22R with tubu
ulin tyrosine ligase (TTL) i n the presen
nce of epoth
hilone
A (EpoA) maade possible the determ
mination of tthe T2R‐TTL‐‐EpoA compllex at 2.3 Å resolution [5]. This com
mplex
provided a sttructural exp
planation to the ability off MSAs of promoting miccrotubule asssembly and stability.
These and other examplles highlight the notablee progress in our understtanding of thhe affinity de
eterminants for a
large numbeer of tubulin‐‐binding drugs which haas been furth
her extended
d by the disscovery of no
ovel binding sites
and pharmacophoric feaatures [6]. This knowleddge can now
w be advantageously ussed to ratio
onalize numeerous
structure‐acttivity relation
nships and to
o attempt st ructure‐base
ed ligand opttimization annd/or virtual screening.
1. Nogales, E. ett al. Nature (1998) 391, 199–2
203.
2. Löwe, J. et al.. J. Mol. Biol. (2
2001) 313, 1045
5–1057.
3. Gigant, B. et al. Nature (200
05) 435, 519–52
22.
4. Strahs, K.R.; Sato, H. Exp. Ceell Res. (1973) 80, 10–14.
5. Prota, A.E. et al. Science (20
013) 339, 587–5
590.
6. Prota, A.E. et al. Proc. Natl. Acad. Sci. USA (2014) 111, 138817–13821.

Research, Develoopment & Innovatio
on at Achéé
Crristiano Ruuch Werneck Guima
arães
Aché Laboraatórios Farm
macêuticos, Brazil

After the reggulation of the generic market, Braazilian pharm
maceutical co
ompanies haave demonstrated signifficant
growth ratess. The current scenario is one of grreat compettition for ma
arket share and price re
eductions am
mong
generics. This pressure is creating a shift in paradigm where the Brazilian com
mpanies are
e seeking market
differentiatio
on through in
ncreasing invvestment in innovation. In this workk, we will preesent Aché’ss current straategy
and organizaation in Reseaarch, Develo
opment and I nnovation.
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New synthettic routes for potential biologgically actiive O‐ andd N‐hetero
ocycles
Artur Silva
Universsity of Aveirro, Portugall

Oxygen and nitrogen heterocyclic compoundss constitute the largest and mostt varied fam
milies of orrganic
compounds, which comprises a gre
eat number of classes according to
o the size, n umber of heteroatomss and
oxidation of the heteroccyclic ring. Th
here is a hugge number of marketed drugs and f ood additive
es based in these
two types of compoundss. The importtant industriial and biological applications of thesse compounds and also some
problems associated witth their app
plication, succh multiple drug resistance to som
me nitrogen heterocycless and
potential carrcinogenesis of high dose
es of oxygen heterocyclicc‐based antio
oxidants, ledd us to develop new syntthetic
methods for novel derivaatives of both
h families off the referred
d heterocyclic compoundds.
We have beeen devoted time to the developmentt of new syn
ntheses for flavones [1] a nd 2‐ and 3‐styrylchrom
mones
[2] and also on their tran
nsformation into nitrogenn heterocyclic compound
ds (e.g. pyrrooles, pyrazole
es, 1,2,3‐triaazoles
and dyads of pyrazole‐1
1,2,3‐triazole
es) [3]. Thesse studies were also accompanied with the evaluation of the
antioxidant and anti‐inflaammatory acctivities of thhese chromo
one‐type com
mpounds [4]]. Recently, we have repo
orted
on the synthesis of a bioaactive natura
al prenylatedd (E)‐2‐styrycchromone [5
5] and also o n enantiopure 2‐C‐glycosyl‐3‐
nitrochromenes [6].
New synthettic methodss for several types of n ovel xantho
ones, some of them poossessing po
otent antioxxidant
activity, havee also been established [7].
Another line of research involved in the develop ment of new
w synthetic methods for quinolones and 4‐quinolones
and also the transformattion of 4‐quin
nolones to accridones [8]..
In the present communiication we present and discuss som
me of our recent results on the chemistry and some
biological applications off the referred
d heterocycliic compound
ds.
Thanks are duee to the University of Aveiro, “Fundação parra a Ciência e a Tecnologia”, European Unioon, QREN, FEDE
ER and COMPEETE for
ffunding the Orgganic Chemistryy Research Unitt (project PEst‐CC/QUI/UI0062/2011) and the Portuguese Nattional NMR nettwork.
[1].
[2].
[3].
[4].
[5].
[6].
[7].

e.g. Aust. J. Chem., 2008, 61, 718‐724; Synlett, 2012, 2 3, 2353‐2356; Synlett, 2013, 24, 2683‐2686.
e.g. Eur. J.. Org. Chem., 2008, 1937‐1946
6; Monatsh. Ch em., 2008, 139
9, 1307‐1315.
2744; Eur. J. Orrg. Chem., 20122, 132‐143; Tetrrahedron Lett., 2013, 54, 53911–5394 and 970
01‐9709.
e.g. Synlettt, 2011, 2740‐2
e.g. Eur. J.. Med. Chem., 2013, 67, 280‐2
292. Eur. J. Medd. Chem., 2014, 72, 137‐145.
1120.
Synlett, 20014, 25, 1116‐1
J. Org. Cheem., 2013, 78, 12831−12836.
e.g. Eur. J. Org. Chem., 2009, 2642‐266
60; Bioorg. Meed. Chem., 2010
0, 18, 6776‐678
84; Synlett, 20111, 1403‐1406; Synlett, 2011, 2005‐
2008; Synlett, 2012, 23, 559‐564; Org. Biomol. Chem., 2012, 10, 2068
8–2076; Tetrahe
edron Lett., 20113, 54, 85‐90.
11, 2955‐2958; Synlett, 2012, 2 3, 889‐892; Te
etrahedron, 201
14, 70,
[8]. e.g. Synlett, 2008, 2593‐2596; Synlett, 2010, 2565‐25770; Synlett, 201
5310‐53200.
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Discovery of Novel EP11 Ligands for the Trreatment o f Pain
A ntoni Torrrens
Esteve, Sp
pain
Prostaglandin
n E2 (PGE2) is a proinfla
ammatory m ediator, produced from
m arachidonnic acid by the action of the
cyclooxygenaase (COX) en
nzymes and Prostaglandiin E2 synthasse (PGES). PG
GE2 mediatees its physiological action
ns via
the activation of four GP
PCRs known as EP1‐4. In rrecent years several repo
orts have esttablished the
e potential of EP1
antagonists as a novel approach fo
or the treatm
ment inflammatory and visceral pa in, as well as for overaactive
bladder and cerebral isch
hemia.
During a pub
blic‐private partnership (PPP) projectt aimed to fin
nd new compounds for t he treatmen
nt of neurop
phatic
pain, we iden
ntified severral potent an
nd selective EP1 leads, which were optimized in terms of effficacy, PK/PD
D and
safety properties to provvide a potenttial clinical caandidate.
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Session: Ne
ew App
proache
es in Drrug Disscovery
y

The Eme
ergence oof Drug Disscovery in Academi a:
Case studies
s
in Neurodeggenerative
e Disease
Marccie Ann Glicksman
Harvard NeeuroDiscoveery Center, USA
Neurodegeneerative diseaases are challenging from
m a drug disccovery perspective with v irtually no disease modifying
agents availaable on thee market. The Laboratoory for Drugg Discovery (LDDN) waas establishe
ed in 2001 as a
collaborativee model for how academ
mia can applyy its research
h findings to drug discoveery especially in diseases and
approaches that are nott commonly found in thhe pharmace
eutical indusstry. The LD
DDN has an established track
record of pro
ogressing projects alongg the drug diiscovery pathway, from assay develoopment and high‐througghput
screening through medicinal chemisstry on leadd compound
ds and testin
ng candidatee drugs in animal modeels of
disease. We have a brain
n‐biased sma
all molecule library of 15
50,000 comp
pounds. The unique aspe
ects of our ceenter
will be highligghted with case studies presented.

Human Cell System
ms Biologyy for Drugg Discoveryy and Cheemical Safe
ety
Ellen Berg
BioSeek, USA

Human cell systems biology coupless a large‐scaale chemical biology effort with phyysiologically relevant in vitro
assays with the goal of predicting dru
ug efficacy aand safety prrior to human testing or exposure. Assays that model
human diseaase biology more accurately and also meet the through
hput needs of drug disscovery reseearch
contribute to
owards this goal. Biologically Multipllexed Activity Profiling (B
BioMAP®) enntails the stattistical analyysis of
signatures derived from measureme
ents of diseease biomarker endpoin
nts generateed from prim
mary human cell‐
based diseasse models for understand
ding mechannisms of efficcacy and safe
ety. We willl describe ho
ow this meth
hod is
being applied
d in phenotyypic drug disscovery proggrams for leaad selection for identifyiing mechaniisms of actio
on, as
well as in saffety assessment for toxicity predictioon and for de
efining novel mechanismss of toxicity.
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Enabling the Best Structure‐‐Based De
esign Engin
ne: An Exppert Scienttist
Jeffrey Blaaney
G enentech, USA

Drug discoveery scientistss need intera
active and inntuitive softw
ware to enab
ble design a nd hypothessis testing, driven
by increasinggly powerful,, but still qua
alitative com
mputational methods. We have man y useful com
mputational tools:
molecular modeling, SA
AR visualiza
ation, physi cochemical property prediction, D MPK pred
diction, dataabase
searching forr crystal stru
uctures, confformational profiles, intermolecular interactionss, in‐house and commerrcially
available com
mpounds, virtual librariies of synthhetically accessible compounds, andd patents. Improvemen
nts in
compute pricce/performaance, modula
ar software c omponents,, web service
es, and GUI t echnology are bringing "best
of breed" too
ols to the drrug discoveryy scientist's d esktop. Butt drug discovvery is done by teams: desktop mod
deling
also needs to
o facilitate teams brainsstorming andd designing together. I will describee where dessktop modeling is
today and itss likely next steps.
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Poster sessions & titles
Poster sessions are divided by the following criteria:

‐ Cheminformatics and Bioinformatics (CAB):
Monday, 10: CAB‐001 till CAB‐050
Tuesday, 11: CAB‐051 till CAB‐092

‐ Drug Discovery and Development (DDD):
Monday, 10: DDD‐001 till DDD‐020
Tuesday, 11: DDD‐021 till DDD‐051

‐ Medicinal Chemistry Approaches in Drug Discovery (MCA):
Monday, 10: MCA‐001 till MCA012
Tuesday, 11: MCA‐013 till MCA‐028

‐ Synthesis and Biological Activity (SBA):
Monday, 10: SBA‐001 till SBA‐050
Tuesday, 11: SBA‐051 till SBA‐093
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Cheminformatics and Bioinformatics (CAB)
Code

Title

CAB‐001 Virtual screening based on pharmacophore and docking study of Lapachol derivatives
with Inhibitory potential on GSK3
full abstract

Campos, L. J. (1); Morbeck, M. G. S. S. (2); Moreira, R. F. (2); Gomes, A. S. (2); de Melo, E. B. (1)
(1) Western Paraná State University (UNIOESTE), Cascavel, Paraná, 85819‐110, Brazil. (2) Federal
Institute of Education, Science and Technology Goiano (IFGO), Iporá, Goiás, Brazil.

CAB‐002 Theoretical Research of Anticancer Activity for Diterpenes Isolated from the Paraiban
Flora
full abstract

Scotti, L. (1); Ishiki, I. (2); Júnior, F. J. B. M. (3); Santos, P. F. (1;) Tavares, J. F. (1); da Silva, M. S.
(1); Scotti, M. T. (4)
(1) Federal University of Paraíba, Campus I, João Pessoa‐PB, Brazil, (2) University of Western São
Paulo (Unoeste), Presidente Prudente, SP – Brazil, (3) Universidade Estadual da Paraíba,
Laboratory of Synthesis and Drug Delivery, (4) Universidade Federal da Paraíba, Departamento
de Engenharia e Meio Ambiente, Campus IV.

CAB‐003 Monte Carlo applications in a Docking Algorithim for Creation of New Ensembles and
Free Energy Calculation
full abstract

Cunha, J. V. S.; Nascimento, A. S.
São Carlos Institute of Physics ‐ USP

CAB‐004 Comparison between full and biased agonist’s interactions with the angiotensin II type
1 receptor
full abstract

Magalhães, J. G.; De Sá, M. M.; Trossini, G. H. G.; Rangel‐Yagui, C. O.
Faculdade de Ciências Farmacêuticas ‐ USP

CAB‐005 Anthelmintic evaluation of new riparins derivtives and its structural correlation with
praziquantel
full abstract

Mafud, A. C. (1); Muniz, H. S. (1); Nunes, G. B. L. (2); Gutierrez, S. J. C. (4); Freitas, R. M. (2);
Moraes, J. (3); Mascarenhas, Y.P. (1)
(1) Institute of Physics of São Carlos, University of São Paulo, São Carlos, SP, Brazil. (2) Research
Center for Neglected Diseases, Faculty of Science of Guarulhos, FACIG/UNIESP, Guarulhos, SP,
Brazil. (3) Laboratory Chemistry of Bioactive Natural and Synthetic Products, Federal University of
Piauí, Teresina, PI, Brazil. (4) Laboratory for Research in Experimental Neurochemistry, Federal
University of Piaui, Teresina, PI, Brazil.

CAB‐006 HQSAR‐Guided Discovery of Potent Nitrile‐containing Cruzain Inhibitors
full abstract

Silva, D. G.; Rocha, J. R.; Sartori, G. R.; Montanari, C. A.
Grupo de Química Medicinal (Nequimed), Instituto de Química de São Carlos, Universidade de
São Paulo, São Carlos ‐ SP, Brazil.
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Code

Title

CAB‐007 Virtual screening to Predict Antileischmanial activity of Sesquiterpenes Lactones from
Asteraceae.
full abstract

Scotti, L. (1); Da Costa, F. B. (2); Shmidt, T. J. (3); Scotti, M. T. (4);
(1) Federal University of Paraíba, Campus I, João Pessoa‐PB, Brazil; (2) Faculdade de Ciências
Farmacêuticas de Ribeirão Preto, Universidade de São Paulo, Ribeirão Preto ‐ SP, Brazil. (3)
Institute of Pharmaceutical Biology and Phytochemistry (IPBP), University of Münster,Münster,
Germany. (4) Universidade Federal da Paraíba, Departamento de Engenharia e Meio Ambiente,
Campus IV, Rio Tinto‐PB, Brazil.

CAB‐008 Docking studies of glutamate analogues inhibitors of VGLUT‐1
full abstract

Amorim, C. R.; Rando, D. G.
Instituto de Ciências Ambientais, Químicas e Farmacêuticas da Universidade Federal de São
Paulo (UNIFESP)

CAB‐009 Structure‐Based Drug Design of Thiosemicarbazones Inhibitors of Thioredoxin
Reductase as New Anticancer Agents
full abstract

Taranto, A. G. (1); Comar Jr, M. (1); Silva, H.; Fontes, A. P. S. (2); Dos Santos, H. F. (2)
(1) Laboratory of Pharmaceutical Chemistry and Molecular Modeling, Campus Centro Oeste Dona
Lindu, Federal University of São João del‐Rei, Campus Centro Oeste, Divinópolis, Minas Gerais,
Brazil. (2) Department of Chemistry, Federal University of Juiz de Fora, Juiz de Fora, Minas Gerais,
Brazil.

CAB‐010 Modulation of PPARγ via phosphorylation: interactions between PPARγ and a kinase
enzyme
full abstract

Mottin, M.; Souza, P. C. T.; Skaf, M. S.
Institute of Chemistry, Unicamp, São Paulo, Brazil.

CAB‐011 Molecular Dynamics Studies of Proteasome 20S: A new target against Schistosoma
mansoni
full abstract

Gonçalves, J. P. M. (1); Comar Jr, M. (1); Sá, R. G. (2); Taranto, A. G. (1)
(1) Universidade Federal de São João del Rei (2) Universidade Federal de Ouro Preto

CAB‐012 Using Quantum Mechanics/Classical Mechanics method to Improve the Docking
Results of Risperidone in the Dopamine D3 Receptor
full abstract

Zanatta, G. (1); Nunes, G. (1); Bezerra, E. M. (2); da Costa, R. F. (3); Martins, A. (2); Caetano, E. W.
S. (4); Freire, V. N. (5); Gottfried, C. (1)
(1) Department of Biochemistry at Federal University of Rio Grande do Sul, Porto Alegre, RS,
Brazil; (2) Post‐graduate Program in Pharmaceutical Sciences, Pharmacy Faculty, Federal
University of Ceará, Fortaleza, CE, Brazil; (3) Department of Physics, Universidade Federal Rural
do Semi‐Árido, Caraúbas, RN, Brazil; (4) Federal Institute of Education, Science and Technology,
Fortaleza, CE, Brazil; (5) Department of Physics at Federal University of Ceará, Fortaleza, CE,
Brazil.
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Code

Title

CAB‐013 Approach to identify an HIV‐1 reverse transcriptase structure suitable to virtual
screening of novel non‐nucleoside inhibitors
full abstract

Santos, L. H. S. (1); Silva, V. S. (1); Costa, F. M. R. (2); Caffarena, E. R. (1); Ferreira, R. S. (2)
(1) Fundação Oswaldo Cruz – Instituto Oswaldo Cruz. (2) Instituto de Ciências Biológicas – UFMG.

CAB‐014 4D‐QSAR
full abstract

application

study

on

Glucokinase

protein

activators

Assis, T. M.; Gajo, G. C.; Assis, L. C.; da Cunha, E. F. F.
Federal University of Lavras

CAB‐015 Molecular Modeling studies on design of Plasmodium falciparum thymidylate kinase
inhibitors as novel antimalarials
full abstract

Ferreira, G. M. (1); Maltarollo, V. G. (2); De Paula, H. (1); Morais, P. A. B. (1)
1. Guararema, Alegre, Espirito Santo. 2. USP, Sao Paulo

CAB‐016 Using Computer‐aided drug design for discovery of thymine analogues as novel
antimalarials
full abstract

Zambom, C. T. (1); Trossini, G. H. G. (2); Morais, P. A. B. (1); De Paula, H. (1)
1. Guararema, Alegre, Espirito Santo. 2. USP, Sao Paulo

CAB‐017 In
full abstract

silico

design

of

thymine

derivatives

as

potential

antimalarial

agents

Ribeiro, R. N. ; Trossini, G. H. G. ; Morais, P. A. B. ; De Paula, H.
Guararema, Alegre, Espirito Santo. 2. USP, Sao Paulo

CAB‐018 Application of the 4D‐QSAR method in potential Spleen tyrosine kinase inhibitors
full abstract

Assis, L. C.; Silva, D. R.; Assis, T. M.; Garcia, L. S.; Gajo, G. C.; de Castro, A. A.; da Cunha, E. F. F.
Chemistry Department, Federal University of Lavras

CAB‐019 In silico evaluation of new HIV‐1 reverse transcriptase inhibitors using molecular
docking methodology
full abstract

Silva, V. S. (1); Santos, L. H. (1); Leite, D. I. (2); Bastos, M. M. (2); Boechat, N. (2); Caffarena, E.
R. (1)
(1) Fundação Oswaldo Cruz ‐ Instituto Oswaldo Cruz. (2) Fundação Oswaldo Cruz ‐ Instituto de
Tecnologia em Fármacos ‐ Far‐Manguinhos/FIOCRUZ

CAB‐020 Molecular docking studies of pesticides less noxious to the human health
full abstract

Guerra, I. A.; Gonçalves, A. S.
Instituto Federal do Espírito Santo

CAB‐021 Docking studies of β‐aminocarboxylates analogues as VGLUT‐1 ligands
full abstract

Rodrigues, C. A.; Luchez, C. V.; Fernandes J. P. S.; Rando, D. G.
Laboratório de Insumos Naturais e Sintéticos (LINS), Instituto de Ciências Ambientais, Químicas e
Farmacêuticas da Universidade Federal de São Paulo

CAB‐022 Molecular modeling studies of dihybenzofuran derivatives of JNJ‐7777120 as potential
H4 receptor ligands
full abstract

Corrêa, M. F.; Rando, D. G.; Fernandes, J. P. S.
Laboratório de Insumos Naturais e Sintéticos (LINS), Universidade Federal de São Paulo
(UNIFESP)
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CAB‐023 Molecular docking for identification of potential inhibitors of Bruton’s tyrosine kinase
full abstract

Santos‐Garcia, L. (1); Carregal, J. B. (2); Assis, L. C. (1); Silva, D. R. (1); Gajo, G. C. (1); da Cunha, E.
F. F. (1)
(1) Laboratory of Computational Chemistry ‐ Federal University of Lavras – Department of
Chemistry, Lavras/MG, Brazil. (2) Laboratory of Molecular Modeling ‐ Federal University of São
João del‐Rei, Divinópolis/MG, Brazil.

CAB‐024 Computer‐aided design of new indole‐3‐carboxamide derivatives as renin inhibitors
full abstract

Mota, E. G.; Duarte, M. H.; Cunha, E. F. F.; Freitas, M. P.
Department of Chemistry, Federal University of Lavras, Lavras, MG, Brazil.

CAB‐025 In silico and in vitro analysis of the antithrombotic profile of novel thiourea derivatives
full abstract

Lourenço, A. L. (1); Saito, M. S. (1); Viana, G. M. (2); Fraga, A. G. M. (2); Rangel, C. R. (3); Castro,
H. C. (4); Cabral, L. M. (2); Sathler, P. C. (2)
(1) Departamento de patologia/UFF. (2) LabTIF, FF/UFRJ. (3) ModMolQSAR, FF/URFJ. (4)
LABIEMol, IB/UFF

CAB‐026 Critical evaluation of a volume‐based solvation function for molecular docking
full abstract

Muniz, H. S.; Nascimento, A. S.
Instituto de Física de São Carlos‐USP

CAB‐027 Study of the physicochemical, pharmacokinetic and toxicological properties and
molecular docking of inhibitors of GSK‐3β
full abstract

Picanço, L. C. S.; Picanço, R. M.; Brito, M. F. B.; Pinheiro, A. A.; Da Silva, J. O.; Santos, C. B. R.;
Hage‐Melim, L. I. S.
Federal University of Amapá

CAB‐028 Docking Study to Potentials Dual Binding Site Inhibitors Of Acetylcholinesterase
full abstract

Mantoani, S. P. ; Chierrito, T. P. C. ; Carvalho, I.
School of Pharmaceutical Sciences of Ribeirão Preto, University of São Paulo, Brazil

CAB‐029 Development and validation of hybrid QSAR models of skin sensitization
full abstract

Alves, V. (1); Muratov, E. (2); Braga, R. C. (1); Fourches, D. (2); Kleinstreuer, N. (3); Strickland, J.
(3); Tropsha, A. (2); Andrade, C. H. (1)
(1) LabMol, Faculdade de Farmácia, Universidade Federal de Goiás, Brazil; (2) Eshelman School of
Pharmacy, University of North Carolina, Chapel Hill, NC, USA; (3) ILS, Research Triangle Park, NC,
USA.

CAB‐030 Theoretical Investigation of Proposed Mechanisms of Action of Novel Leishmanicidal
Dialkylphosphorylhydrazones
full abstract

Matta, C. B. B. (1); Queiroz, A. C. (1); Gonçalves, V. T. (2,3); Del Cistia, C. N. (2); Alexandre‐
Moreira, M. S. (1); Costa, J. B. N. (2); Sant’Anna, C. M. R. (2)
(1) LaFI ‐ Laboratório de Farmacologia e Imunidade, Instituto de Ciências Biológicas e da Saúde,
Universidade Federal de Alagoas, Maceió, AL; (2) Universidade Federal Rural do Rio de Janeiro –
Departamento de Química, Rio de Janeiro, RJ; (3) CEFET/RJ ‐ Centro Federal de Educação
Tecnológica Celso Suckow da Fonseca – Itaguaí – RJ.
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CAB‐031 Virtual screening of potential inhibitors of the human arginase I
full abstract

Quadros, A. G. M. (1); Teles, A. L. B. (2,3); França‐Costa, J. (4), Froes, T. Q. (3); Castilho, M. S.
(2,3); Paz, O. S. (1,2)
(1) Faculdade Maria Milza. (2) PPGBIOTEC‐Universidade Estadual de Feira de Santana. (3)
PPGFAR‐Universidade Federal da Bahia. (4) CPqGM‐Fiocruz

CAB‐032 aug‐Mia‐QSAR modeling of antitripanosomiasis activity of thiosemicarbazone
derivatives
full abstract

Duarte, M. H.; Mota, E. G.; Freitas, M. P.
Federal University of Lavras

CAB‐033 A Quantitative Structure‐Activity Relationship Study of the Potential Antioxidant
Activity of Flavonoids
full abstract

Xavier, V. A. D. (1); Oikawa, R. T. (1); Scotti, L. (2); Scotti, M. T. (3); Ishiki, H. M. (1)
(1) Universidade do Oeste Paulista – UNOESTE – SP (2) Universidade Federal da Paraíba, Centro
de Ciências da Saúde ‐ Campus I – PB (3) Universidade Federal da Paraíba, Centro de Ciências
Aplicadas e Educação Campus IV ‐ Litoral Norte – PB.

CAB‐034 Identification of cytotoxic substances to Trypanosoma cruzi in Chagas disease
chemotherapy
full abstract

Sinatti, V. V. C. (1, 2); Guimarães, A. C. R. (1); Caffarena, E. R. (2)
(1) Laboratorio de Genômica Funcional e Bioinformática, Instituto Oswaldo Cruz, Fiocruz, Rio de
Janeiro, Brazil (2) Programa de Computação Científica (PROCC), Fiocruz, Rio de Janeiro, Brazil

CAB‐035 Theoretical studies of the role of C‐terminal cysteines in the regulatory process of S‐
nitrosylation of human Src kinase
full abstract

Andre, F. R. (1); Ferreira, E. I. (2); Rando, D. G. (1)
(1) Instituto de Ciências Ambientais, Químicas e Farmacêuticas da Universidade Federal de São
Paulo, Campus Diadema, Diadema, SP. (2) USP, Cidade Universitária, SP‐Brasil.

CAB‐036 3D‐LQTA‐QSAR study of P. falciparum dihydroorotate dehydrogenase
full abstract

Braz, C. A.; Barbora, E.G.
Universidade Federal do Rio Grande do Norte

CAB‐037 Molecular modeling of squalene synthase: A potential therapeutic target in the design
of new drugs for Chagas disease
full abstract

Oliveira‐Alves, T. F.; Abreu, P. A.
LAMCIFAR, Laboratório de Modelagem Molecular e Pesquisa em Ciências Farmacêuticas,
Universidade Federal do Rio de Janeiro, Campus UFRJ, Macaé, RJ

CAB‐038 QSAR studies of thiosemicarbazones derivatives with larvicidal activity for Aedes
aegypti mosquito
full abstract

Silva, A. G. (1); Ramos, M. N. (1); Silva, J. B. P. (1); Navarro, D. M. A. F. (1); Leite, A. C. L. L. (2)
(1) Departamento de Química Fundamental, (2) Departamento de Ciências Farmacêuticas
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CAB‐039 Constructions and validation of a pharmacophore model of LSD‐1 inhibitors for virtual
screening
full abstract

Genesi, G. L.; Trossini, G. H. G.; Maltarollo, V. G.
Department of Pharmacy, Faculty of Pharmaceutical Sciences ‐ USP ‐ SP

CAB‐040 3D‐QSAR studies for a series of PfdUTPase inhibitors: Insights in New Antimalarial Drug
Design
full abstract

Nascimento, M. N.; Andrade, C. H.
LabMol, Faculdade de Farmácia, Universidade Federal de Goiás, Brazil.

CAB‐041 Determination of parameters related to Rule of five of inhibitors of NS3 protein
full abstract

Silva, A. E. S.; Martins, A. M. L.; Silva, S. G. G.; Picanço, R. M.; Santos, C. B. R.; Hage‐Melim, L. I. S.
Laboratório de Modelagem e Química Computacional – Universidade Federal do Amapá

CAB‐042 Docking and 3D‐QSAR studies of potential cathepsin L inhibitors
full abstract

Lopes, C. C. (1); Pordeus, R. Q. (1); Rego, D. G. (1); Correa, A. G. (2); Oliveira, B. G. (1); Bueno, M.
A. (1)
(1) Centro das Ciências exatas e das Tecnologias, Universidade Federal do Oeste da Bahia,
Barreiras‐BA, Brazil. (2) Departamento de Química, Universidade Federal de São Carlos, São
Carlos‐SP, Brazil

CAB‐043 A computational study of artemisinin derivatives with anticancer activity HepG2
full abstract

Hage‐Melim, L. I. S.; Braga, F. S.; Santos, C. F.; Lobato, C. C.; Silva, R. C.; Silva, N. S. R.; Gonçalves,
L. K. S.; Santos, C. B. R.
Laboratory of Modeling and Computational Chemistry ‐ Federal University of Amapá

CAB‐044 Prediction of anti‐Parkinson activity of natural compounds
full abstract

Marino, B. L. B.; Oliveira, A. M.; Oliveira. R. B.; Souza, L. R.; Santos, C. B. R.; Hage‐Melim, L. I. S.
Laboratory of Modeling and Computational Chemistry ‐ Federal University of Amapá

CAB‐045 Investigation of nitrofurans activity against Trypanosoma cruzi strains: structure‐
property exploratory approach
full abstract

Palace‐Berl, F. (1); Pasqualoto, K. F. M. (2); Jorge, S. D. (1); Zingales, B. (3); Tavares, L. C. (1)
(1) Department of Biochemical and Pharmaceutical Technology, FCF/USP, SP, Brazil; (2)
Biochemistry and Biophysics Laboratory, Butantan Institute, SP, Brazil; (3) Departament of
Biochemistry, Institute of Chemistry, USP, SP, Brazil.

CAB‐046 Energetic Explanation to AMPA Receptors Partial Agonism by 5‐substituted Willardiine
full abstract

Lima Neto, J. X. (1); Oliveira, J. M. (1); Costa, A. H. L. (1); Barros, F. S. (1); Bezerra, K. S. (1); Vianna,
J. F. (1); Ourique, G. S. (1); Oliveira, J. I. N. (1); Freire, V. N. (2); Albuquerque, E. L. (1); Fulco, U. L.
(1).
(1) Departamento de Biofísica e Farmacologia, Universidade Federal do Rio Grande do Norte,
Natal‐RN, Brasil. (2) Departamento de Física, Universidade Federal do Ceará, Fortaleza‐CE, Brasil.
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CAB‐047 Discovery of new UNAcP inhibitors of the Moniliphthora perniciosa by virtual screening
full abstract

Silva Júnior, J. J. (1); Assis, S. A. (1); Santos Junior, M. C. (2)
(1) Laboratório de Enzimologia e Tecnologia das Fermentações, Universidade Estadual de Feira
de Santana (UEFS); (2) Laboratório de Modelagem Molecular, UEFS.

CAB‐048 Analysis of pharmacophore derived from acetylcholinesterase inhibitors
full abstract

Silva, A. E. S.; Pinheiro, A. A.; Brito, M. F. B.; Conceição, N. D.; Picanço, R. M.; Santos, C. B. R.;
Hage‐Melim, L. I. S.
Laboratório de Modelagem e Química Computacional, Universidade Federal do Amapá

CAB‐049 Molecular docking study of monoamine oxidase B inhibitors for the treatment of
Parkinson disease
full abstract

Souza, L. R.; Oliveira, A. M. ; Marino, B. L. B.; Oliveira, R. B.; Santos, C. B. R.; Hage‐Melim, L. I. S.
Laboratory of Modeling and Computational Chemistry, Federal University of Amapá

CAB‐050 Prediction of pharmacokinetic and toxicological properties of compounds of the family
Amaryllidaceae
full abstract

Brito, M. F. B.; Silva, A. E. S.; Conceição, N. D.; Pinheiro, A. A.; Santos, C. B. R.; Hage‐Melim, L. I. S.
Laboratório de Modelagem e Química Computacional, Universidade Federal do Estado do Amapá

CAB‐051 Theoretical studies of new series of potential inhibitors of PARP‐1
full abstract

Souza, F. R. (1); Garcia, D. R. (1); Bastos, L. C. (1); Affonso, R. S. (1); Figueroa‐Villar, J. D. (2);
França, T. C. C. (1)
(1) Laboratory of Molecular Modeling Applied to the Chemical and Biological Defense, Military
Institute of Engineering, Rio de Janeiro, Brazil. (2) Chemical Engineering Department, Military
Institute of Engineering, Rio de Janeiro, Brazil

CAB‐052 Computational studies to assess the influence of mutation on catalytic residue Cys25 of
Cruzain in ligand recognition
full abstract

Sartori, G. R.; Fernandes, W. B.; Montanari, C. A.
NEQUIMED ‐ Instituto de Química de São Carlos ‐ Universidade de São Paulo

CAB‐053 Rational drug design as alternative to control of Moniliophthora perniciousa in cocoa
culture
full abstract

Araújo, G. S. (1); Costa, R. S. (1); Pereira, T. M. R. (1); Oliveira, l. H. M. (2); Assis, S. A. (2); Silva
Júnior, J. J. (1,2); Souza, C. S. (1)
(1) Faculdade Maria Milza (FAMAM) ‐ Governador Mangabeira – BA. (2) Universidade Estadual de
Feira de Santana (UEFS) ‐ Feira de Santana ‐ BA

CAB‐054 Preliminaries studies in silico of Cholinesterase inhibitors for the treatment of
Alzheimer disease
full abstract

Souza, L. G. (1,2); Moreira, D. L. (3), Rennó, M. N. (2); Figueroa‐Villar, J. D. (1)
(1) Grupo de Química Medicinal, Departamento de Química, Instituto Militar de Engenharia, Rio
de Janeiro, Brazil; (2) Laboratório de Modelagem Molecular e Pesquisa em Ciências Farmacêutica
(LaMCiFar) – Universidade Federal do Rio de Janeiro – Campus Macaé Professor Aloísio Teixeira,
Brazil. (3) Laboratorio de Toxicologia Ambiental, ENSP‐FIOCRUZ, Rio de Janeiro, Brazil

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

31

Code

Title

CAB‐055 Development of QSAR models for identifying substrates and inhibitors of CYP3A4 using
a large set of structurally diverse compounds
full abstract

Silva, F. C. (1); Braga, R. C. (1,2); Lião, L. M. (2); Andrade, C. H. (1)
(1) LabMol, Faculdade de Farmácia, Universidade Federal de Goiás, Goiania – GO, Brazil. (2)
Laboratório de RMN, Instituto de Química, Universidade Federal de Goiás, Goiania – GO, Brazil.

CAB‐056 Analysis of pharmacophore derived NK1 receptor inhibitors
full abstract

Silva, K. R.; Gemaque, L. R. P.; Sousa, K. P. A.; Picanço, R. M.; Santos, C. B. R.; Hage‐Melim, L. I. S.
Laboratory of Modeling and Computational Chemistry ‐ Federal University of Amapá

CAB‐057 Validation of structure‐based and ligand‐based virtual screening strategies to identify
Leishmania braziliensis Trypanothione reductase inhibitors
full abstract

Costa, G. M. (1,2); Teles, A. L. B. (1,2); Leite, F. H. A. (1,2); Froes, T. Q. (2); Castilho, M. S. (1,2)
(1) Programa de pós‐graduação em biotecnologia, Universidade Estadual de Feira de Santana,
Feira de Santana, BA. (2) Faculdade de Farmácia, Universidade Federal da Bahia Salvador, BA.

CAB‐058 Analysis
full abstract

of

molecular

docking

of

β‐secretase

enzyme

inhibitors

Pinheiro, A. A.; Silva, A. E. S.; Brito, M. F. B.; Conceição, N. D.; Picanço, R. M.; Santos, C. B. R.;
Hage‐Melim, L. I. S.
Laboratory of Modeling and Computational Chemistry ‐ Federal University of Amapá

CAB‐059 Identification of Flavonoids as potential inhibitors to Enoyl‐ACP Reductase in
Plasmodium falciparum by Virtual Screening
full abstract

Silva, D. A. A. (1,2); Brandão, H. N. (1); Leite, F. H. A. (2); Santos Junior, M. C. (2)
(1) Laboratório de Bioprospecção Vegetal ‐ LABIV, Universidade Estadual de Feira de Santana –
UEFS, Bahia, Brasil; (2) Laboratório de Modelagem Molecular ‐ LMM, Universidade Estadual de
Feira de Santana – UEFS, Bahia, Brasil.

CAB‐060 Docking studies of a group of tetrahydropyridazinone derivatives as potential new
inhibitors of PARP‐1
full abstract

Garcia, D. R. (1); Souza, F. R. (1); Bastos, L. C. (1); Affonso, R. S. (1); França, T. C. C. (1); Figueroa‐
Villar, J. D. (2)
(1) Laboratory of Molecular Modeling Applied to the Chemical and Biological Defense, Military
Institute of Engineering. (2) Chemical Engineering Department, Military Institute of Engineering

CAB‐061 Derivation of pharmacophore grouping of inhibitors of Catechol‐O‐methyltransferase
full abstract

Oliveira, R. B.; Marino B. L. B.; Souza, L. R.; Oliveira, A. M.; Santos, C. B. R.; Hage‐Melim, L. I. S.
Laboratory of Modeling and Computational Chemistry ‐ Federal University of Amapá

CAB‐062 Molecular dynamics simulation of agonist of the receptor of ecdisone of the Aedes
Aegypti
full abstract

Carregal, J. B.; Guterres, A. T.; Comar Jr, M.
Laboratory of molecular modeling ‐ Federal University of São João del Rei – Divinopolis/MG
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CAB‐063 Homology Modeling and Docking studies of Nucleoside hydrolase of Trichomonas
vaginalis
full abstract

Silva, J. N.; Rennó, M. N.
Laboratório de Modelagem Molecular e Pesquisa em Ciências Farmacêutica (LaMCiFar) – Curso
de Farmácia – Universidade Federal do Rio de Janeiro – UFRJ/Campus Macaé Professor Aloísio
Teixeira, Rio de Janeiro, Brazil.

CAB‐064 Comparative modelling of the odorant binding proteins from the Lutzomyia longipalpis
the visceral leishmaniasis vector
full abstract

Santana, I. B.; Junior, M. C. S.; Souza, C. S.
Laboratório de Modelagem Molecular, Universidade Estadual de Feira de Santana

CAB‐065 Quantum mechanical modeling of diterpenes compounds from copaiba (Copaifera
spp.) oleoresins: a study on their chemical reactivities
full abstract

Santos, C. F.; Silva, N. S. R.; Gonçalves, L. K. S.; Silva, R. C.; Braga, F. S.; Lobato, C. C.; Hage‐Melim,
L. I. S.; Santos, C. B. R.
Laboratory of Modeling and Computational Chemistry, Federal University of Amapá

CAB‐066 Docking studies of potential inhibitors of 6‐hydroxymethyl‐7,8‐ dihydropterin
pyrophosphokinase from Yersinia Pestis
full abstract

Bastos, L. C.; Souza, F. R.; Affonso, R. S.; França, T. C. C.
Military Institute of Engineering

CAB‐067 Quantum Mechanical Study of the Collagen Structure
full abstract

Oliveira, J. I. N.; Neto, J. X. L.; Ourique, G. S.; Fulco, U. L.
Departamento de Biofísica e Farmacologia, Universidade Federal do Rio Grande do Norte

CAB‐068 Molecular docking of MAO‐A inhibitors in drug design antidepressants
full abstract

Picanço, R. M.; Souza, K. P. A.; Gemaque, L. R. P.; Silva, K. R.; Santos, C. B. R.; Hage‐Melim, L. I. S.
Laboratory of Modeling and Computacional Chemistry – Federal University of Amapa

CAB‐069 Pharmacophore studies for Plasmodium falciparum enoyl‐ACP reductase (PfENR)
inhibitors
full abstract

Costa Jr., D. B.; Araújo, J. S. C.; Oliveira, L. M.; Leite, F. H. A.
Universidade Estadual de Feira de Santana

CAB‐070 Combination of Docking and QM/MM Studies of Antimalarial D‐glucose derivatives
Against PfHT
full abstract

Fonseca, A. L. (1); Comar Jr, M. (1); Alves, R. J. (2); Varotti, F. P. (1); Taranto, A. G. (1)
(1) Universidade Federal de São João del Rei ‐ Campus CCO; (2) Universidade Federal de Minas
Gerais

CAB‐071 Modeling studies of CB1 receptor using threading technique
full abstract

Silva, D. C. (1); Almeida, M. O. (2); Honório, K. M. (2,3); da Silva, A. B. F. (1)
(1) Universidade de São Paulo, Instituto de Química de São Carlos, São Carlos, SP (2)
Universidade Federal do ABC, Centro de Ciências Naturais e Humanas – CCNH, Santo André, SP
(3) Escola de Artes e Ciências Humanas da Universidade de São Paulo – EACH/USP, São Paulo, SP

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

33

Code

Title

CAB‐072 Identification of new inhibitors derived from natural sources for dihydropteroate
synthase of Mycobacterium tuberculosis Rv1207
full abstract

Pinto, V. S.; Santos Junior, M. C.; Leite, F. H. A.
Laboratório de Modelagem Molecular (LMM), Universidade Estadual de Feira de Santana

CAB‐073 Molecular modeling of a therapeutic target on Herpes simplex virus infections
full abstract

Rabelo, V. W. (1); da Silva, A. E. G. (1); de Jesus, J. B. (1); Romeiro, N. C. (2); Abreu, P. A. (1)
(1) Laboratório de Modelagem Molecular e Pesquisa em Ciências Farmacêuticas ‐ LAMCIFAR,
Universidade Federal do Rio de Janeiro, UFRJ‐Campus Macaé, (2) Laboratório Integrado de
Computação Científica‐LICC, Universidade Federal do Rio de Janeiro, UFRJ‐Campus Macaé

CAB‐074 Inverse Virtual Screening of Brazilian Natural Compounds against Our Own Molecular
Targets Data Bank (OOMT)
full abstract

Maciel, F. V. (1); Carregal, A. P. (1); Comar Jr, M. (1); Taranto, A. G. (1); Kong, De‐Xin (2)
(1) Federal University of São João del Rei ‐ Campus CCO ‐ Chanadour – MG. (2) Center for
Bioinformatics, Huazhong Agricultural University, Whuan, P. R. China

CAB‐075 Conformational analysis of new triterpene as antimalarial by Molecular Modeling
full abstract

Wildner, A. C. (1); Silva, G. N. S. (1); Gnoatto, S. C. B. (1); Netz, P. A. (2); Bergold, A. M. (1)
(1) UFRGS/PPGCF (2)UFRGS/PPGQ

CAB‐076 Understanding
simulations
full abstract

miltefosine‐membrane

interactions

using

molecular

dynamics

Sá, M. M. (1, 2); Sresht, V. (1); Rangel‐Yagui, C. O. (2); Blankschtein, D. (1)
(1) Massachusetts Institute of Technology, Department of Chemical Engineering, Cambridge, MA,
USA. (2) University of São Paulo, School of Pharmaceutical Sciences, Department of Pharmacy,
São Paulo, SP, Brazil.

CAB‐077 Virtual screening search for novel potential inhibitors of human ecto‐5´‐nucleotidase
(e5NT/CD73)
full abstract

Viviani, L. G.; Piccirillo, E.; Peron, L. M.; Rezende, L.; Amaral, A. T.‐do
Laboratório de QSAR e Modelagem Molecular de Compostos Bioativos, Departamento de
Química Fundamental, Instituto de Química, Universidade de São Paulo, São Paulo, Brasil.

CAB‐078 QSAR models for the acute oral toxicity of a set of structural diverse pesticides selected
from the literature
full abstract

Soares, J. G.; Peron, L. M.; Amaral, A. T.‐do
Laboratório de QSAR e Modelagem Molecular de Compostos Bioativos, Instituto de Química,
Universidade de São Paulo.

CAB‐079 Prediction of pharmacokinetic and toxicological properties of compounds inhibitors of
monoamine oxidase B
full abstract

Oliveira, H. N. S.; Souza, L. R.; Brito, M. F. B.; Oliveira, A. M.; Marino, B. L. B.; Oliveira, R. B.;
Santos, C. B. R.; Hage‐Melim, L. I. S.
Laboratório de Modelagem e Química Computacional, Universidade Federal do Amapá
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CAB‐080 Searching of new Trypanosoma cruzi trypanothione reductase inhibitors using virtual
screening at the Brazilian Natural Products Database
full abstract

Paixão, V. G.; Pita, S. S. da R.
Grupo de Avaliação e Planejamento de Moléculas Bioativas, School of Pharmacy‐ Federal
University of Bahia (UFBA) – Brazil

CAB‐081 Calculation of pharmacokinetic activity and toxicity of candidate compounds to
antipsychotics for the treatment of bipolar disorder
full abstract

Sousa, K. P. A.; Gemaque, L. R. P.; Silva, K. R.; Picanço, R. M.; Santos, C. B. R.; Hage‐Melim, L. I. S.
Laboratório de Modelagem e Química Computacional, Universidade Federal do Amapá

CAB‐082 A theorical study for pharmacokinetic and toxicological properties of nicotinic
analogues for the treatment of ADHD
full abstract

Gemaque, L. R. P.; Picanço, R. M.; Souza, K. P. A.; Silva, K. R.; Santos, C. B. R.; Hage‐Melim, L. I. S.
Laboratory of Modeling and Computational Chemistry, Federal University of Amapa

CAB‐083 Derivation of pharmacophore of inhibitors of HPV L1 protein
full abstract

Amorim, A. L. (1); Picanço, R. M. (2); Sousa, K. P. A. (2); Conceição, N. D. (2); Pinheiro, A. A. (2);
Dantas, D. S. (1); Santos, C. B. R. (2); Hage‐Melim, L. I. S. (2)
(1) Laboratory of Clinical Analysis – ANACLIN (2) Laboratory of Modeling and Computational
Chemistry

CAB‐084 Pharmacokinetic and toxicological analyzes of compounds isolated from Drimys
angustifolia and Drimys brasiliensis
full abstract

Conceição, N. D.; Brito, M. F. B.; Silva, A. E. S.; Pinheiro, A. A.; Santos, C. B. R.; Hage‐Melim, L. I. S.;
Gomes, M. R. F.
Laboratório de Modelagem e Química Computacional, Federal University of Amapa

CAB‐085 A docking study of potential inhibitors of histone deacetylase with trypanocidal activity
full abstract

Paranhos, C. A. M. ; Souza, A. A. ; Rangel, F. C.
Universidade Estadual de Santa Cruz (UESC) Campus Soane Nazaré de Andrade, Ilhéus, BA

CAB‐086 Association of the anti‐tuberculosis drug rifampicin with PAMAM dendrimer: a
molecular dynamics simulation study
full abstract

Bellini, R. G. (1); Guimarães, A. P. (2); Dias, D. M. (1); Pacheco, M. A. C. (1); Rodrigues‐Furtado, V.
L. (3); de Alencastro, R. B. (3); Horta, B. A. C. (3)
(1) Dpto. Eng. Elétrica, PUC‐Rio, Rio de Janeiro, (2) Dpto. Química, UFV, Viçosa. (3) Instituto de
Química, UFRJ, Rio de Janeiro

CAB‐087 Inverse virtual screening using open source software
full abstract

Siqueira, F. V.; Reginaldo, F. P. S.; Giordani, R. B.; Barbosa, E. G.
Universidade Federal do Rio Grande do Norte

CAB‐088 Homology Modeling of Squalene Synthase: A Potential Therapeutic Target for
Leishmaniasis
full abstract

Polisel, K. T.; Oliveira‐Alves, T. F.; Abreu, P. A.
Universidade Federal do Rio de Janeiro, Campus UFRJ – Macaé, RJ
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CAB‐089 Development of QSAR models for identifying new Schistosoma mansoni Thioredoxin
Glutathione Reductase inhibitors using HTS data
full abstract

Neves, B. J. (1); Melo‐Filho, C. C. (1); Braga, R. C. (1,2); Andrade, C. H. (1)
(1) LabMol, Faculdade de Farmácia, Universidade Federal de Goiás, Goiânia – GO, Brazil; (2)
Laboratório de RMN, Instituto de Química, Universidade Federal de Goiás, Goiânia – GO, Brazil

CAB‐090 In silico study of the binding of sulfonylurea drugs to its receptor SUR1
full abstract

Mesquita, F. R. S.; Rodrigues, C. R.; Souza, A. T.; Diaz, N. C.
Faculdade de Farmacia, Universidade Federal do Rio de Janeiro

CAB‐091 Relationship between Obesity and TLR4 Receptors: new studies by molecular dynamics
simulations
full abstract

Souza, P. C. T.; Skaf, M. S.
Institute of Chemistry, UNICAMP, São Paulo, Brazil

CAB‐092 Trypanocidal benznidazole conformers and their CYP51 inhibitory activity
full abstract

Bezerra, E. M. (1); Sales, F. A. M. (2); Zanatta, G. (3); da Costa, R. F. (4); Diniz‐Filho, J. (5); Martins,
A. M. C. (6); Santos, R. P. (7); Caetano, E. W. S. (8); Fulco, U. L. (1); Albuquerque, E. L. (1); Freire,
V. N. (2)
(1) Department of Biophysics and Pharmacology at Federal University of Rio Grande do Norte,
Natal, RN, Brazil; (2) Department of Physics at Federal University of Ceará, Fortaleza, CE, Brazil;
(3) Department of Biochemistry at Federal University of Rio Grande do Sul, Porto Alegre, RS,
Brazil; (4) Departament of Physics at Federal Rural University of Semi‐Árido, Caraúbas, RN, Brazil;
(5) Department of Physiology and Pharmacology, Faculty of Medicine at Federal University of
Ceará, Fortaleza, CE, Brazil; (6) Department of Clinical and Toxicological Analysis, Faculty of
Pharmacy at Federal University of Ceará, Fortaleza, CE, Brazil; (7) Computer Engineering at
Federal University of Ceará, Sobral, CE, Brazil; (8) Federal Institute of Education, Science and
Technology, Fortaleza, CE, Brazil
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DDD‐001 Protective effect of gallic acid and Syzygium cumini extract against oxidative stress‐
induced cellular injury in human lymphocytes
full abstract

De Bona, K. S. (1); Bonfanti, G. (1); Bitencourt, P. E. R.; Pigatto, A. S. (3); Moretto, M. B.
(1) Postgraduate Program in Pharmacology, Department of Clinical and Toxicology Analysis,
Center of Health Sciences, Federal University of Santa Maria (UFSM), Santa Maria, RS, Brazil. (2)
Postgraduate Program in Pharmaceutical Sciences‐ UFSM‐Santa Maria‐ Brazil. (3) Franciscan
University Center (UNIFRA), Santa Maria, Brazil

DDD‐002 Antifungal activity of essential oils against dematiaceous moulds
full abstract

Paula, C. G. D.; Santos, J. M. C. G.; Lima, E. O.
Federal University of Paraiba

DDD‐003 Immobilized enzyme reactor based on Nucleoside Diphosphate Kinase (NDK) from
Leishmania major for online enzymatic studies
full abstract

Lima, J. M.; Oliveira, A. H. C.; Cardoso, C. L.
Departamento de Química, Grupo de Cromatografia de Bioafinidade e Produtos Naturais,
Faculdade de Filosofia, Ciências e Letras de Ribeirão Preto, Universidade de São Paulo

DDD‐004 Screening for antimicrobial activity of extracts produced by fungal endophytes isolated
from Paepalanthus chiquitensis (Eriocaulaceae)
full abstract

Hilário, F. (1); Chapla, V. M. (2); Araújo, A. R. (2); Bauab, T. M. (3); Santos, L. C. (1)
(1) Phytochemistry Laboratory, Organic Chemistry Department, Chemistry Institute‐UNESP,
Araraquara, SP, Brazil. (2) NUBBE ‐ Nucleus for Bioassays, Biosynthesis and Ecophysiology,
Chemistry Institute‐UNESP, Araraquara‐SP, Brazil. (3) Biological Sciences Department, Faculty of
Pharmaceutical Sciences‐UNESP, Araraquara, SP, Brazil

DDD‐005 Antimicrobial and cytotoxic activities of the essential oils from Kielmeyera coriacea
Mart. & Zucc
full abstract

Martins, C. M. (1,2); Aquino, F. J. T. (1); Oliveira, A. (1); Morais, S. A. L. (1); Chang, R. (1); Cunha, L.
C. S. (1); Martins, C. H. G. (3); Martins, M. M. (4); Silva, C. V. (4); Rodrigues, P. V. (4)
(1) Laboratory of Natural Products and Chromatography, Chemistry Institute, Federal University
of Uberlândia (UFU), Uberlândia‐MG. (2) Goian Federal Institute, Campus Morrinhos, Morrinhos‐
GO. (3) Laboratory of Research in Applied Microbiology, University of Franca, Franca‐SP, Brazil.
(4) Laboratory of Trypanosomatids, Institute of Biomedical Sciences, UFU, Uberlândia‐MG

DDD‐006 Application of Molecular Modeling in Development of Potential Antileishmanial
Agents: Benzoheterocycles inhibitors of NMT
full abstract

Junqueira, L. O.; Maduro, S. S.; Rando, D. G.
Instituto de Ciências Ambientais, Químicas e Farmacêuticas da Universidade Federal de São
Paulo, Campus Diadema, Diadema, SP
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DDD‐007 Cation‐π interactions play a key role in the binding of new CREBBP bromodomain
inhibitors
full abstract

Cortopassi, W. A. (1); Rooney, T. P. C. (1); Brand, M. (1); Filippakopoulos, P. (2); Brennan, P. E. (2);
Conway S. J. (1); Paton, R. S (1)
(1) Department of Chemistry, Chemistry Research Laboratory, University of Oxford, UK. (2)
Structural Genomics Consortium, Old Road Campus Research Building, University of Oxford, UK

DDD‐008 Immobilized capillary enzyme reactor based on Leishmania infantum Nucleoside
Triphosphate Diphosphohydrolase: new method for inhibition studies
full abstract

Magalhães, L. (1); Oliveira, A. H. C. (1); Fietto, J. L. R. (2); Vasconcellos, R. S. (2); Cardoso, C. L. (1)
(1) Departamento de Química, Grupo de Cromatografia de Bioafinidade e Produtos Naturais,
Faculdade de Filosofia, Ciências e Letras de Ribeirão Preto, Universidade de São Paulo (2)
Departamento de Bioquímica e Biologia Molecular ‐ Universidade Federal de Viçosa

DDD‐009 Evaluation of cytotoxic and antitumor red alga Hypnea musciformis
full abstract

Lira, D. P. (1); Medeiros, M. L. (1); Bastos, K. X. (1); Fernandes, H. M. B. (2); Meireles, D. R. P. (2);
Pita, J. C. L. R. (2); Sobral, M. V. (1); Miranda, G. E. C. (3); Santos, B. V. O. (1); Barbosa‐Filho, J.
M. (1)
(1) Laboratório de Química de Produtos Naturais.Programa de Pós‐graduação em Produtos
Naturais e Sintéticos Bioativos, UFPB. (2) Laboratório de Ensaios Toxicológicos(LABETOX).
Programa de Pós‐graduação em Produtos Naturais e Sintéticos Bioativos, UFPB. (3) Laboratório
de Algas Marinhas, Departamento de Sistemática e Ecologia, Universidade Federal da Paraíba‐
UFPB.

DDD‐010 Antimalarial activity of an ursolic acid semisynthetic derivative
full abstract

Diedrich, D. ; Silva, G. N. S. ; Gosmann, G. ; Araujo, B. V. ; Gnoatto, G.
Graduate Program in Pharmaceutical Sciences, Federal University of Rio Grande do Sul., Porto
Alegre, RS, Brazil

DDD‐011 Cytotoxic and antitumor evaluation of red alga Bryothamnion triquetrum
full abstract

Lira, D. P. (1); Bastos, K. X. (1); Medeiros, M. L. (1); Fernandes, H. M. B. (2); Meireles, D. R. P. (2);
Pita, J. C. L. R. (2); Sobral, M. V. (1); Miranda, G. E. C. (3); Santos, B. V. O. (1); Barbosa‐Filho, J.
M. (1)
(1) Laboratório de Química de Produtos Naturais.Programa de Pós‐graduação em Produtos
Naturais e Sintéticos Bioativos, Universidade Federal da Paraíba‐UFPB, Brazil. (2) Laboratório de
Ensaios Toxicológicos(LABETOX). Programa de Pós‐graduação em Produtos Naturais e Sintéticos
Bioativos, Universidade Federal da Paraíba‐UFPB, Brazil. 3.Laboratório de Algas Marinhas,
Departamento de Sistemática e Ecologia, Universidade Federal da Paraíba‐UFPB

DDD‐012 Bioguided investigation of aerial parts from Eugenia hiemalis by anticholinesterase
activity
full abstract

Zatelli, G. A. (1); Zimath, P. (2); Vieira, L. F. O. (1;) Philippus, A. C. (1); Wanke, T. (1); Magina, M. D.
A. (2); Falkenberg, M. B. (1)
(1) Departamento de Ciências Farmacêuticas, Universidade Federal de Santa Catarina (2)
Departamento de Ciências Farmacêuticas, Universidade Regional de Blumenau
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DDD‐013 Antioxidant activity of Eugenia hiemalis (Myrtaceae)
full abstract

Zatelli, G. A. (1); Zimath, P. (2); Vieira, L. F. O. (1); Philippus, A. C. (1); Wanke, T. (1); Magina, M. D.
A. (2); Falkenberg, M. B. (1)
(1) Departamento de Ciências Farmacêuticas, Universidade Federal de Santa Catarina (2)
Departamento de Ciências Farmacêuticas, Universidade Regional de Blumenau

DDD‐014 Antioxidant activity of Rapanea Ferruginea
full abstract

Santos, D. M.; Monteiro, L.; Fernandes de Moura, N.; de Lima, V. R.
Universidade Federal do Rio Grande, Escola de Química e Alimentos, Campus Carreiros Rio
Grande‐ RS

DDD‐015 Phenolic compounds of Baccharis trimera possessing anticancer properties in human
strains of breast cancer
full abstract

de Oliveira, C. B. (1,2); Giubel, S. R. (2); Segalin, J. (3); Gnoatto, S. C. B. (1); Buffon, A. (2);
Gosmann, G. (1)
(1) Laboratório de Fitoquímica e Síntese Orgânica (LAFIS), Faculdade de Farmácia, UFRGS; Porto
Alegre, RS, Brazil. (2) Departamento de Análises, Faculdade de Farmácia, UFRGS; Porto Alegre,
RS, Brazil. (3) Instituto Nacional de Metrologia Qualidade e Tecnologia (Inmetro), Porto Alegre,
RS, Brazil

DDD‐016 Evaluation of Secondary Metabolites Isolated of Hymenaea stigonocarpa (Fabaceae) as
inhibitors of cathepsins K, L and V
full abstract

Monteiro, A. F. (1); Barbosa, L. S. (1); Severino, R. P. (1); Vieira, P. C. (2); Severino, V. G. P. (1)
(1) Universidade Federal de Goiás/Regional Catalão, Departamento de Química, Catalão/GO,
Brasil (2) Universidade Federal de São Carlos, Departamento de Química, São Carlos/SP, Brasil

DDD‐017 SCREENING OF INHIBITORS OF STAPHYLOXANTHIN PRODUCTION BY Staphylococcus
aureus
full abstract

Ribeiro, L. M. B. C. (1); Emery, F. S. (2); Castilho, M. S. (1,3)
(1) PPGBiotec – Programa de Pós‐graduação em Biotecnologia. Feira de Santana‐ Bahia – Brasil.
(2) Faculdade de Ciências Farmacêuticas de Ribeirão Preto‐USP. Ribeirão Preto ‐ São Paulo‐
Brasil. (3) Faculdade de Farmácia – UFBA. Salvador ‐ Bahia ‐ Brasil

DDD‐018 Cytotoxic halogenated metabolites from the red algae Laurencia dendroidea: isolation,
identification and preliminary virtual screening
full abstract

Wanke, T. (1); Philippus, A. C. (1); Zatelli, G. A. (1), Lhullier, C. (1); Horta, P. A. (1); Ioannou, E. (2);
Roussis, V. (2); Falkenberg, M. B. (1)
(1) UFSC ‐ Universidade Federal de Santa Catarina (Trindade, Florianópolis‐SC,Brasil) (2)
Department of Pharmacognosy and Chemistry of Natural Products (University of Athens , Athens,
Greece)

DDD‐019 Molecular design, biological evaluation and in vitro metabolic profile of Neq0054 as
TcGAPDH inhibitor with tripanocidal activity
full abstract

Ribeiro, J. F. R.; Rocha, J. R.; Wiggers, H. J.; Cheleski, J.; Montanari, C. A.
Grupo de Química Medicinal, Instituto de Química de São Carlos ‐ Universidade de São Paulo
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DDD‐020 Capsicum baccatum: potential therapeutic agent for preventing chronic metabolic
disorders
full abstract

Zimmer, A. R. (1); Zimmer, E. R. (2); Leonardi, B. (1); Portela, L. V. (2); Gosmann, G. (1)
(1) Pharmaceutical Sciences Program, Faculty o Pharmacy, Federal University of Rio Grande do
Sul (UFRGS); (2) Department of Biochemistry, Post‐Graduation in Biological Science–
Biochemistry, ICBS, UFRGS

DDD‐021 Molecular modeling and experimental findings of a new pyridinyl derivative and
oxaliplatin as a promising anticancer combined therapy against non‐small cell lung
cancer
full abstract

Silva, A. C. (1); Braga, R. C. (1); Teixeira, S. F. (2); Bertin, A. M. (2); Azevedo, R. A. (2); Barbuto, J.
A. M. (2); Ferreira, A. K. (2); Andrade, C. H. (1)
(1) LabMol – Laboratory for Molecular Modeling and Drug Design (2) Laboratory of Tumor
Immunology

DDD‐022 Exploring Trypanossoma cruzi dihydroorotate dehydrogenase plasticity for the
discovery of potent and selective inhibitors
full abstract

Rocha, J. R. (1); Cheleski, J. (1); Inaoka D. K. (2); Avelar L. A. (1); Ribeiro, J. F. R. (1); Wiggers, H. J.
(1); Kiyoshi, K. (2); Silva, A. B. F. (1); Montanari, C. A. (1,3)
(1) Grupo de Química Medicinal, Instituto de Química de São Carlos, Universidade de São Paulo,
São Carlos ‐ SP, Brazil. (2) Department of Biomedical Chemistry, Graduate School of Medicine,
The University of Tokyo, Tokyo, Japan. (3) Departamento de Química, Universidade Federal de
São Carlos, São Carlos ‐ SP, Brazil

DDD‐023 Chemical profile, total phenolic and antioxidant activities of Senna georgica Irwin &
Barneby
full abstract

Oliveira, R. I. (1); Owen, R. W. (2); Ulrich, C. (2); Trevisan, M. T. S. (1); Silva, M. G. V. (1)
(1) Laboratory of Natural Products and Biotechnologies, Universidade Federal do Ceará, Brazil (2)
Division of Preventive Oncology, German Cancer Research Center (DKFZ), Germany

DDD‐024 Computational and Biocalorimetric Studies of New Trypanosoma cruzi Glyceraldehyde‐
3‐phosphate Dehydrogenase Inhibitors
full abstract

Prokopczyk, I. M.; Rosini, F.; Montanari, C. A.
Grupo de Química Medicinal, Instituto de Química de São Carlos ‐ Universidade de São Paulo

DDD‐025 Flavonol Glycosides from the Leaves of Brugmansia suaveolens
full abstract

Geller, F. (1); Murillo, R. (2); Steinhauser, L. (3); Heinzmann, B. (4); Albert, K. (3); Merfort, I. (5);
Laufer, S. (6)
(1) Department of Pharmaceutical Sciences, Federal University of Santa Catarina, Brazil. (2)
Escuela de Quimica and CIPRONA, University of Costa Rica, Costa Rica. (3) Department of Organic
Chemistry, University of Tübingen, Germany. (4) Department of Industrial Pharmacy, Federal
University of Santa Maria, Brazil. (5) Department of Pharmaceutical Biology and Biotechnology,
University of Freiburg, Germany. (6) Department of Pharmaceutical/Medicinal Chemistry,
University of Tübingen, Germany
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DDD‐026 Sesquiterpenoids from Hedyosmum brasiliense inhibit memory impairment in a mouse
model of Alzheimer
full abstract

Amoah, S. K. S. (1); Vechia, M. D. (2); Pedrine, B.; Carnhelutt, G. L. (2); Santos, A. D. C. (3);
Barison, A. (3); Campos, F. R. (3); Biavatti, M. W. (1); De Souza, M. M. (2)
(1) Departamento de Ciências Farmacêuticas, CCS, Universidade Federal de Santa Catarina —
UFSC, Florianópolis, SC, Brazil. (2) Centro de Ciências da Saúde, CCS — Mestrado em Ciências
Farmacêuticas, UNIVALI, Itajaí, SC, Brazil. (3) Departamento de Química, Universidade Federal do
Paraná, Curitiba, PR, Brazil

DDD‐027 Acetylcholinesterase Inhibitors: Electronic Structure and Biological Activity of the
Cardanol Derivatives
full abstract

Borges, N. M. (1).; Silva, M. A. (1).; Kiametis, A. S. (1).; Martins, J. B. L. (2).; Romeiro, L. A. S. (3).;
Gargano, R. (1)
(1) Institute of Physics ‐ IF, (2) Institute of Chemistry ‐ IQ, (3) Department of Pharmacy

DDD‐028 Synthesis of glycoside analogs with antimalarial activity
full abstract

Pinto, D. K. S. (1); Taranto, A. G. (2); Alves, R. J.; Franco, L. L. (1)
(1) Universidade Federal de São João del Rei. (2) Universidade Federal de Minas Gerais

DDD‐029 Solid State NMR Identification of Polymorphism in Efavirenz
full abstract

Sousa, E. G. R. (1,2); Carvalho, E. M. (1); San Gil, R. A. S. (1)
(1) FIOCRUZ/ Instituto de Tecnologia em Fármacos. (2) Universidade Federal do Rio de Janeiro,
Instituto de Química

DDD‐030 In vitro, in vivo and in silico analysis of biological and toxicological profile of new
platelet antiaggregant Pyrazolopyridines derivatives
full abstract

Saito, M. S. (1,2); Lourenço, A. L. (1,2); Dias, L. R. S. (3); Rodrigues, C. R. (4); Mendes, L. C. (5);
Castro, H. C. (1); Satlher, P. C. (1,5)
(1) Laboratório de Antibióticos, Bioquímica, Ensino e Modelagem Molecular (LABiEMol) ‐
Instituto de Biologia, Universidade Federal Fluminense, Niterói, RJ, Brazil. (2) Programa de Pós‐
Graduação em Patologia (PPG‐UFF) – Hospital Universitário Antônio Pedro, Universidade Federal
Fluminense, Niterói, RJ, Brazil. (3) Laboratório de Química Medicinal (LQMed)‐Faculdade de
Farmácia, Universidade Federal Fluminense, Niterói, RJ, Brazil. (4) Laboratório de Modelagem
Molecular e QSAR (ModMolQSAR ) ‐ Faculdade de Farmácia, Universidade Federal do Rio de
Janeiro, Brazil. (5) Laboratório de Tecnologia Industrial Farmacêutica (LabTIF) ‐ Faculdade de
Farmácia, Universidade Federal do Rio de Janeiro, Brazil

DDD‐031 Phytochemical study and analyses of the antibacterial activity from Dalbergia
ecastophyllum (L.) Taub. (Fabaceae)
full abstract

Maciel, R. S. S. (1); Teles, M. M. R. S. (1); Borges, F. V. P. (1); Souza, J. A. C. R. (2); Araujo, S. A. C.
(2); Lima, M. A. (1); Souza, M. F. V. (1); da‐Cunha, E. V. L. (1)
(1) Programa de pós‐graduação em Produtos Naturais e Sintéticos Bioativos, Centro de Ciências
da Saúde, Universidade Federal da Paraíba. (2) Centro de Ciências Agrárias, Campos II,
Universidade Federal da Paraíba.
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DDD‐032 In vitro cytotoxicity evaluation of bioactive molecules in mouse fibroblasts (Balb‐c 3T3
clone A31)
full abstract

Rosini, F.; Montanari, C. A.; Leitão, A.
Medicinal Chemistry Group (NEQUIMED), Sao Carlos Institute of Chemistry, University of Sao
Paulo

DDD‐033 Screening of compounds for anti‐chagasic epimastigote form of Trypanosoma cruzi
full abstract

Tezuka, D. Y.; Leitão, A.
Medicinal Chemistry Group (NEQUIMED), Sao Carlos Institute of Chemistry, University of Sao
Paulo

DDD‐034 Photochemical Stability Analysis of the compounds Piracetam and Norestin Drug
full abstract

Gomes, H. R. E.; Matos, R. A. F.
(1) Curso de Biomedicina ‐ UFG ‐ Regional Jataí. (2) Laboratório de Química Orgânica e
Inorgânica. Universidade Federal de Goiás ‐ Regional de Jataí

DDD‐035 Search of novel FMDV Lbpro inhibitors: characterization of the inhibition mechanism of
compounds previously selected by docking
full abstract

Piccirillo, E.; Pradie, N. A.; Amaral, A. T.‐do
Laboratório de QSAR e Modelagem Molecular de Compostos Bioativos, Departamento de
Química, Instituto de Química, Universidade de São Paulo, São Paulo

DDD‐036 Development, miniaturization and validation of a β‐glucosidase assay in a high‐
throughput format
full abstract

Rezende‐Neto, J. M.; Senger, M. R.; Dantas, R. F.; Valente, W. C. G.; Almeida, A. C.; Silva‐Jr, F. P.
Laboratório de Bioquímica de Proteínas e Peptídeos, FIOCRUZ, Rio de Janeiro

DDD‐037 Antinociceptive and Anti‐Inflammatory Activities of Novel Aliphatic‐N‐Acylhydrazone
Derivatives
full abstract

Freire‐Dias, T. L. M. (1); Alves, M. A. (2); Queiroz, A.C. (1); Santos, M. S. (1); Leite, A. B. (1);
Barreiro, E. J. (2); Lima, L. M. (2); Alexandre‐Moreira, M. S. (1)
(1) Laboratório de Farmacologia e Imunidade (LaFI), Setor de Fisiologia e Farmacologia ‐ ICBS ‐
UFAL, Brasil. (2) Laboratório de Avaliação e Síntese de Substâncias Bioativas – Faculdade de
Farmácia – UFRJ, Brasil

DDD‐038 Study of bioactive molecules for prostate resistant cell line
full abstract

Saidel, M. E.; Leitão, A.
Medicinal Chemistry Group (NEQUIMED) ‐ Sao Carlos Institute of Chemistry ‐ USP

DDD‐039 Standardization of target‐based assay towards Cryptococcus neoformans lanosterol 14‐
alpha demethylase
full abstract

Freitas, H. F. (1); Nonato, M. C. (2); Castilho, M. S. (1)
(1) Faculdade de Farmácia da UFBA – Salvador (2) Faculdade de Ciências Farnacêuticas da USP –
Ribeirão Preto, SP
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DDD‐040 Chemical Constituents and Antitumor Activity of Combretum duarteanum Cambess.
(Combretaceae)
full abstract

Cabral, A. G. S.; Nascimento, Y. M.; Fernandes, H. M. B., Meireles, D. R. P.; Pita, J. C. L. R.;
Tavares, J. F.; Sobral, M. V.; Barbosa‐Filho, J. M.
Centro de Biotecnologia, Universidade Federal da Paraíba

DDD‐041 Cell‐based assays of sepantronium bromide (YM‐155) in prostate cancer models
full abstract

Santa Cruz, E. C.; Ribeiro, F. L.; Leitão, A.
Medicinal Chemistry Group (NEQUIMED), Sao Carlos Institute of Chemistry, USP

DDD‐042 Withdrawn work

DDD‐043 Evaluation of estrogenic activity of mulberry leaf extracts
full abstract

de Souza Bergo, P. L. (1); Porto, A. J. (2); da Silva, M. F. G. F. (1); Fernandes, J. B. (1); Leitão, A. (3);
Forim, M. R. (1)
(1) Department of Chemistry, Federal University of São Carlos. (2) São Paulo State Agribusiness
Technology Agency (APTA). (3) Medicinal Chemistry Group (NEQUIMED) São Carlos Institute of
Chemistry‐USP

DDD‐044 Influence of ring conformation on interactions of a carbohydrate based compound in a
M1 muscarinic acetylcholine receptor model
full abstract

Dallagnol, J. C. C. (1); Arantes, P. R. (2); Pedebos, C. (2); Braun, R. L. (2); Duarte, M. E. (3); Noseda,
M. D. (3); Ducatti, D. R. B. (3); Verli, H. (2); Gonçalves, A. G. (1)
(1) Department of Pharmacy. Federal University of Parana (UFPR). (2) Center of Biotecnology.
Bioinformatics Group. Federal University of Rio Grande do Sul (UFRGS). (3) Department of
Biochemistry. Federal University of Parana (UFPR)

DDD‐045 Synthesis, biological activity and encapsulation of PnPP‐19, a peptide designed from
the tertiary structure of a spider toxin
full abstract

Almeida, F. M. (1,2); Silva, C. N. (1); Nunes, K. P. (3); Resende, J. M. (4); Oliveira, M. C. (2); De
Lima, M. E. (1)
(1) Laboratório de Venenos e Toxinas Animais, Dep. De Bioquímica e Imunologia, Instituto de
Ciências Biológicas, Universidade Federal de Minas Gerais (UFMG). (2) Laboratório de
Farmacotécnica e Tecnologia Farmacêutica, Faculdade de Farmácia, UFMG. (3) Department of
Cell and Regenerative Biology, School of Medicine and Public Health, University of Wisconsin. (4)
Departamento de Química, Instituto de Ciências Exatas, UFMG

DDD‐046 Antitumor potential in HL‐60 cells extract Caryocar brasiliense Cambess: ultrastructural
analysis
full abstract

Paula Júnior, W. de (1); Donatti, L. (2); Santos, C. A. M. (1); Weffort‐Santos, A. M. (1)
(1) Pós‐Graduação em Ciências Farmacêuticas, Universidade Federal do Paraná, Curitiba‐PR (2)
Departamento de Biologia Celular, Universidade Federal do Paraná, Curitiba‐PR
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DDD‐047 Pharmacokinetic evaluation of leishmanicidal drug candidate LASSBio‐1736 in rats
full abstract

Moraes, B. K .S. (1).; Vieira, S. (1); Parisotto, A. (1); Silva, C. E. R. (1); Bajerski, L. (1); Amaral, M. A.
(2); Barreiro, E. J. (2); Lima, L. M. (2); Dalla Costa, T. (3); Haas, S. E. (1)
(1) Programa de Pós‐Graduação em Ciências Farmacêuticas, Universidade Federal do Pampa,
UNIPAMPA, Uruguaiana, Brasil. (2) Laboratório de Avaliação e Síntese de Substâncias Bioativas –
Universidade Federal do Rio de Janeiro,UFRJ, Brasil. (3). Programa de Pós‐Graduação em Ciências
Farmacêuticas, Universidade Federal do Rio Grande do Sul, UFRGS, Porto Alegre, Brasil

DDD‐048 Tissue distribution in rats of LASSBio‐1736, a potential treatment for leishmaniosis
full abstract

Silva, C. E. R. (1); Moraes, B. K. S. (1); Vieira, S. (1); Parisotto, A. (1); Bajerski, L. (1); Amaral, M. A.
(2); Barreiro, E. J. (2); Lima, L. M. (2); Dalla Costa, T. (3); Haas, S. E. (1)
(1) Programa de Pós‐Graduação em Ciências Farmacêuticas, Universidade Federal do Pampa,
UNIPAMPA, Uruguaiana, Brasil. (2). Laboratório de Avaliação e Síntese de Substâncias Bioativas –
Universidade Federal do Rio de Janeiro, UFRJ, Brasil. (3) Programa de Pós‐Graduação em Ciências
Farmacêuticas, Universidade Federal do Rio Grande do Sul, UFRGS, Porto Alegre, Brasil

DDD‐049 Antimicrobial activity of a gel composition used for wound healing
full abstract

Neves, D. D. (1); Lima, L. S. G. L. (2); Belian, M. F. (3); Silva, W. E. (4)
(1) Universidade Federal Rural de Pernambuco–UFRPE. (2) Centro de Tecnologias Estratégicas do
Nordeste‐CETENE. (3) Unidade Acadêmica do Cabo de Santo Agostinho, Universidade Federal
Rural de Pernambuco–UFRPE. (4) Departamento de Química Fundamental, Universidade Federal
de Pernambuco‐UFPE

DDD‐050 Phenotypic assays in cell line of prostate cancer androgen‐independent
full abstract

Nagano, L. F. P. (1,2); Leitão, A. (2)
(1) Center of Biological and Health Sciences, Federal University of São Carlos. (2) Medicinal
Chemistry Group (NEQUIMED), São Carlos Institute of Chemistry, University of São Paulo

DDD‐051 Structure‐Activity relationship of agents antineoplastic plant derivatives for the
treatment of cancer
full abstract

Sobrinho, M. S. (1); Florêncio, R. N. (1); Tenório‐Souza, F. H. (2); Guedes, A. C. (1)
1. Associação Caruaruense de Ensino Superior (ASCES), Caruaru, Pernambuco, Brasil. 2.
Faculdade de Ciências Médicas da Paraíba (FCM), João Pessoa, Paraíba, Brasil
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Medicinal Chemistry Approaches in Drug Discovery (MCA)
Code

Title

MCA‐001 Discovery of a novel capsaicin‐like hit against cancer: synthesis, in silico approach, and
in vitro mechanistic studies
full abstract

Tavares, M. T. (1); Ferreira, A. K. (2); Azevedo, R. A. (2); Damião, M. C. F. C. B. (1); Pasqualoto, K.
F. M. (3); Parise Filho, R. (1)
(1) Department of Pharmacy, Faculty of Pharmaceutical Sciences, University of São Paulo, SP,
Brazil. (2) Department of Immunology, Institute of Biomedical Sciences, University of São Paulo,
SP, Brazil. (3) Biochemistry and Biophysics Laboratory, Butantan Institute, Brazil

MCA‐002 Biological activity of new strategies for the Chagas' disease treatment using ursolic acid
on epimastigotes forms of Trypanosoma cruzi
full abstract

Furini, J.; Gonçalez, C.; Oliveira, L. G. R.; Albuquerque, S.
Faculdade de Ciências Farmacêuticas de Ribeirão Preto ‐ Universidade de São Paulo

MCA‐003 Design and synthesis of novel 1H‐pyrazolo[3,4‐d]pyrimidine‐sulfonamides with
potential activity against Plasmodium falciparum
full abstract

Boechat, N.; Pinheiro, L. C. S.; Ferreira, M. L. G.; Mafra, J. C. M.; Silveira, F. F.
Fundação Oswaldo Cruz, Farmanguinhos, Departamento de Síntese de Fármacos, Rio de Janeiro

MCA‐004 Molecular Docking, Metal Substitution and Hydrolysis Reaction of Chiral Substrates of
Phosphotriesterase
full abstract

de Castro, A. A. (1); Sartorelli, J. (1); Caetano, M. S. (2); Mancini, D. T. (1); Assis, L. C. (1); da
Cunha, E. F. F. (1); Ramalho, T. C. (1)
(1) Department of Chemistry‐ Federal University of Lavras ‐ Lavras/MG, Brazil (2) Institute of
Exact and Biological Sciences ‐ Federal University of Ouro Preto ‐ Ouro Preto/MG, Brazil

MCA‐005 Metallic derivatives as potential cholinesterase inhibitors: studies using on‐flow
inhibitors screening assay
full abstract

Vilela, A. F. L. (1); Frugeri, B. M. (1); Sarria, A. L. F. (2), Fernandes, J. B. (2), Cass, Q. B. (2), Cardoso,
C. L. (1)
(1) Departamento de Química, Grupo de Cromatografia de Bioafinidade e Produtos Naturais,
Faculdade de Filosofia, Ciências e Letras de Ribeirão Preto, Universidade de São Paulo, Ribeirão
Preto‐SP. (2) Departamento de Química, Universidade Federal de São Carlos, São Carlos‐SP

MCA‐006 New anti‐tuberculosis candidates: design and docking studies of phosphopantetheine
adenylyltransferase potential inhibitors
full abstract

Primi, M. C. (1); Ferreira, E. I. (1); Sant’Anna, C. M. R. (2)
(1) LAPEN, Department of Pharmacy, Faculty of Pharmaceutical Sciences, University of São Paulo,
SP. (2) Department of Chemistry, Institute of Exact Sciences, Federal Rural University of Rio de
Janeiro, RJ

MCA‐007 Enzymatic evaluation and molecular docking of nitrophenyl galactosides potential
inhibitors of Trypanosoma cruzi trans‐sialidase
full abstract

Silva, B. L. (1); Carvalho, I. (2); Alves, R. J. (1)
(1) Departamento de Produtos Farmacêuticos, Faculdade de Farmácia, Universidade Federal de
Minas Gerais (UFMG). (2) Faculdade de Ciências Farmacêuticas de Ribeirão Preto, Universidade
de São Paulo (USP)
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MCA‐008 Design and Synthesis of Rac1 inhibitors as Potential Antitumor Agents
full abstract

Ciarlantini, M. (1); Gonzalez, N. (2): Defelipe, L. (3), Gandolfi Donadio, L. (1); Turjanski, A. (3);
Lorenzano Menna, P. (2); Comin, M. J. (1)
(1) Instituto Nacional de Tecnología Industrial (2) Laboratorio de Oncología Molecular.
Universidad Nacional de Quilmes. (3) Grupo de Bioinformática Estructural, Facultad de Ciencias
Exactas y Naturales, Universidad de Buenos Aires

MCA‐009 Computational and in vitro studies for new drugs for leukemias and carcinomas
full abstract

Pereira, M. B. M.; Ribeiro, R. T.; Antunes, J. E.
Federal University of Juiz de Fora – UFJF/GV

MCA‐010 Design of Novel Phosphatases Inhibitors: Synthesis and Inhibition Studies
full abstract

Mandapati, K. R.; Fonseca, E. M. B.; Scorsato, V.; Pilli, R. A.; Aparicio, R.; Miranda, P. C. M. L.
Institute of Chemistry‐UNICAMP

MCA‐011 Design and Synthesis of Sulfonylhydrazone Analogues as Potential Antitumor Agents
full abstract

Fernandes, T. B.; Parise Filho, R.
Department of Pharmacy, Faculty of Pharmaceutical Sciences, University of São Paulo, SP

MCA‐012 Evaluation of antitumor activity of thiophenes compounds
full abstract

Pinheiro‐Segundo, M. Â. S. (1); Oliveira, T. B. (1); Almeida Júnior, A. S. A. (1); Gonçalves, S. M. C.
(2); Chaga, M. B. O. (2); Mendonça‐Filho, F. J. B. 3; Rêgo, M. J. B. M. (2); Pitta, M. G. R. (2); Pitta, I.
R. (1); Lima, M. C. A. (1)
(1) Departamento de Antibióticos, Centro de Ciências Biológicas, Universidade Federal de
Pernambuco (UFPE). (2) Departamento de Bioquímica, Centro de Ciências Biológicas,
Universidade Federal de Pernambuco (UFPE). (3) Departamento de Farmácia, Centro de Ciências
da Saúde, Universidade Federal da Paraíba (UFPB)

MCA‐013 The first crystal structures of fragment‐like inhibitors bound to cruzain provides new
insights for novel inhibitors design
full abstract

Fernandes, W. B. (1,2); McKerrow, J. H. (2); Montanari, C. A. (1)
(1) Grupo de Química Medicinal do IQSC / USP (NEQUIMED), Universidade de Sao Paulo, Sao
Carlos, Brazil. (2) Center for Discovery and Innovation in Parasitic Diseases (CDIPD), University of
California San Francisco, USA

MCA‐014 Molecular simplification as strategy for designing of potential inhibitors of the cysteine
protease cruzain
full abstract

Braga, S. F. P. (1); Valle, T. S. (1); Cruz, L. F. (2); Ferreira, R. S. (2); Oliveira, R. B. (1)
(1) Departamento de Produtos Farmacêuticos, Faculdade de Farmácia, Universidade Federal de
Minas Gerais. (2) Departamento Bioquímica e Imunologia, Instituto de Ciências Biológicas,
Universidade Federal de Minas Gerais

MCA‐015 Chaiyaphumine A: Towards total synthesis and medicinal chemistry studies
full abstract

Santos, G. B. (1); Ganesan, A. (2); Emery, F. S. (1)
(1) Faculty of Pharmaceutical Sciences of Ribeirao Preto‐ USP, Ribeirao Preto‐SP, Brazil. (2)
Norwich Research Park, University of East Anglia, Pharmacy School, United Kingdom

MCA‐016 Molecular design and evaluation of fragment‐like cruzain inhibitors
full abstract

Rangel, K. C. (1); Fernandes, W. B. (1,2); Rocha, J. R. (1); Ribeiro, J. F. R. (1); Sartori, G. R. (1);
McKerrow, J. H. (1,2); Kenny, P. W. (1); Montanari, C. A. (1)
(1) Grupo de Química Medicinal do IQSC/USP (NEQUIMED), Universidade de São Paulo, São
Carlos, Brazil. (2) Center for Discovery and Innovation in Parasitic Diseases (CDIPD), University of
California San Francisco, USA
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MCA‐017 Antioxidant activity of Bunchosia glandulífera extract
full abstract

Blank, E. D.; de Lima, V. R.; Silva, S. S. F.; de Moura, N. F.
Programa de Pós Graduação em Química Tecnológica e Ambiental ‐ FURG

MCA‐018 In vivo evaluation and structure‐activity relationship studies of potential mPGES‐1
inhibitors
full abstract

Froes, T. Q. (1); Castilho, M. S. (1); Melo, M. C. C. (2); de Souza, G. E. P. (2); Soares, D. M. (1)
(1) Faculty of Pharmacy, Federal University of Bahia, Salvador, BA. (2) Faculty of Pharmaceutical
Science, University of São Paulo, Ribeirão Preto, SP

MCA‐019 NuBBE natural products, source of molecular diversity for the design of new anticancer
agents
full abstract

Valli, M. (1); Santos, R. N. (2); Altei, W. (2); Pioli, R. M. (1); Cotinguiba, F. (1); Lucca Jr., E. (3);
Cachet, X. (4); Michel, S. (4); Furlan, M. (1); Dias, L. C. (3); Andricopulo, A. D. (2); Bolzani, V. S. (1)
(1) Núcleo de Bioensaios, Biossíntese e Ecofisiologia de Produtos Naturais (NuBBE), Instituto de
Química, Univ. Estadual Paulista (UNESP), Araraquara‐SP. (2) Laboratório de Química Medicinal e
Computacional (LQMC), Instituto de Física de São Carlos, Univ. de São Paulo (USP), São Carlos‐SP.
(3) Laboratório de Química Orgânica Sintética (LQOS), Instituto de Química, Univ. Estadual de
Campinas (UNICAMP), Campinas‐SP. (4) Laboratoire de Pharmacognosie, Faculté de Pharmacie,
Université Paris Descartes, Paris‐France

MCA‐020 Hypothesis driven design of potent dipeptidyl nitriles as cruzain inhibitors
full abstract

Meñaca, E. O. (1); Fernandes, W. B. (1,2); Rocha, J. (1); Camilo, C. D. (1); Ribeiro, J. F. R. (1);
McKerrow, J. H. (2); Kenny, P. W. (1); Montanari, C. A. (1)
(1) Grupo de Química Medicinal do IQSC / USP (NEQUIMED), Universidade de Sao Paulo, Sao
Carlos, Brazil. (2) Center for Discovery and Innovation in Parasitic Diseases (CDIPD), University of
California San Francisco, USA

MCA‐021 Natural xanthone as a structural model inspiring new potential antichagasic derivatives
full abstract

Jesus, C. A. S. (1); Valli, M. (1); Monteiro, G. C. (1); Pauli, I. (2); Krogh, R. (2); Regasini, L. O. (3);
Andricopulo, A. D. (2); Bolzani, V. S. (1)
(1) Núcleo de Bioensaios, Biossíntese e Ecofisiologia de Produtos Naturais (NuBBE), Instituto de
Química, Univ. Estadual Paulista (UNESP), Araraquara‐SP (2) Laboratório de Química Medicinal e
Computacional (LQMC), Instituto de Física de São Carlos, Univ. de São Paulo (USP), São Carlos‐SP
(3) Laboratório de Química Verde e Medicinal (LQVM), Instituto de Biociências, Letras e Ciências
Exatas, Univ. Estadual Paulista (UNESP), São José do Rio Preto‐SP

MCA‐022 Molecular modeling study on the inhibition of GH13 enzymes by glycosylated triazoles
with therapeutic potential against type 2 diabetes
full abstract

Carvalho, P. V. S. D. (1); Dantas, R. F. (1); Senger, M. R. (1); Ferreira, S. B. (2); Silva‐Jr, F. P. (1)
(1) Laboratório de Bioquímica de Proteínas e Peptídeos, IOC, FIOCRUZ, Rio de Janeiro‐RJ, Brazil.;
(2) Departamento de Química Orgânica, Instituto de Química, Universidade Federal do Rio de
Janeiro, Brazil

MCA‐023 Design and synthesis of dipeptidyl‐nitriles as cruzain inhibitors
full abstract

Camilo, C. D. (1); Fernandes, W. B. (1)(2); Rocha, J. R. (1); Meñaca, E. O. (1); McKerrow, J. H. (2);
Kenny, P. W. (1); Montanari, C. A. (1)
(1) Grupo de Química Medicinal do IQSC/USP (NEQUIMED), Universidade de Sao Paulo, Sao
Carlos, Brazil. (2) Center for Discovery and Innovation in Parasitic Diseases (CDIPD), University of
California San Francisco, USA

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

47

Code

Title

MCA‐024 Design, synthesis and evaluation of antiproliferative activity of N‐Methyl aryl nitrones
full abstract

Costa, D. S. S. (1); Moura, V. B. (3); Martins, T. M. (2); Sabino, K. C. C. (2); Dias, A. G. (3); Costa, P.
R. R. (1)
(1) Lab. de Química Bioorgânica / IPPN ‐ Universidade Federal de Rio de Janeiro, Brazil. (2)
Instituto de Biologia Roberto Alcântara Gomes, Universidade do Estado do Rio de Janeiro, Brazil.
(3) Instituto de Química, Universidade do Estado do Rio de Janeiro, Brazil

MCA‐025 Application of the ion pair concept to evaluate the lipophilicity of quaternary
ammonium bromides with neuromuscular blockage activity
full abstract

Silva, G. M.; Amaral, A. T.‐do
Instituto de Química, Universidade de São Paulo

MCA‐026 Applications of docking studies in the design and synthesis of new microtubule‐
destabilizing agents
full abstract

Fernandes, D. C. (1); Santos, R. N. S. (2); Altei, W. F. (2); Júnior, M. T. R. (1); Andricopulo, A. D. (2);
Coelho, F. (1)
(1) Instituto de Química, Universidade Estadual de Campinas, Campinas‐SP, Brazil. (2) Laboratório
de Química Medicinal e Computacional, Centro de Biotecnologia Molecular Estrutural, Instituto
de Física de São Carlos, Universidade de São Paulo, São Carlos‐SP, Brazil

MCA‐027 A SAR study of new artemisinin derivatives with antimalarial activity using molecular
docking
full abstract

Oliveira, A. M.; Marino, B. L. B.; Souza, L. R.; Oliveira, R. B.; Braga, F. S.; Santos, C. F.; Silva, R. C.;
Hage‐Melim, L. I. S.; Santos, C. B. R.
Laboratory of Modeling and Computational Chemistry ‐ Federal University of Amapá

MCA‐028 Discovery of LMW‐PTP and CDC25B Inhibitors based on Virtual Screening and in vitro
Assays
full abstract

Fonseca, E. M. B. (1); Scorsato, V. (1); Ferreira‐Halder, C. V. (2); Aparicio, R. (1)
(1) Institute of Chemistry – University of Campinas, UNICAMP, Campinas, SP, Brazil (2) Institute of
Biology – University of Campinas, UNICAMP, Campinas, SP, Brazil
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Synthesis and biological activity (SBA)
Code

Title

SBA‐001 Synthesis and photoprotection study of hybrid compounds to prevent skin cancer
full abstract

Santos, J. L.; Reis, J. S.; Chung, M. C.; Correa, M. A.
Lapdesf – Laboratório de Pesquisa e Desenvolvimento de Fármacos, Departamento de Fármacos
e Medicamentos, Faculdade de Ciências Farmacêuticas, Universidade Estadual Paulista – UNESP,
Araraquara‐SP, Brasil

SBA‐002 Borneol derivatives as larvicidal agents against Aedes aegypti
full abstract

Martins, U. N. (1); Santos, R. L. C. (2); Cavalcanti, S. C. H. (1)
(1) Medicinal Chemistry Laboratory, Department of Pharmacy. (2) Laboratory of entomology,
Federal University of Sergipe, CCBS, São Cristóvão–SE, Brazil.

SBA‐003 Synthesis and biological evaluation of hybrid furoxanyl Nacylhydrazone derivatives
against Mycobacterium tuberculosis
full abstract

Fernandes, G. F. S. (1); Marino, L. B. (1); Souza, P. C. (1); Chegaev, K. (2); Fruttero, R. (2); Gasco, A.
(2); Chung, M. C. (1); Pavan, F. R. (1); Santos J. L. (1)
(1) School of Pharmaceutical Science, São Paulo State University, Araraquara, São Paulo, Brazil.
(2) Department of Science and Drug Technology, University of Torino, Torino, Italy

SBA‐004 Potential Leishmanicidal Activity of Novel Synthetic N‐Oxide Derivatives
full abstract

Dutra, L. A. (1); Melchior, A. C. B. (1); Almeida, L. (1).; Passalacqua, T. G. (1).; Reis, J. S. (1).;
Torres, F. A. E. (1).;Martinez, I. (1).; Peccinini, R. G. (1); Chung, M. C. (1).; Chegaev, K. (2);
Guglielmo, S. (2); Fruttero, R. (2); Graminha, M. A. S. (1).; Santos, J. L. (1)
(1) Faculdade de Ciências Farmacêutica, Universidades Estadual Paulista‐Unesp, Araraquara,
Brazil. (2) Dipartimento di Scienza e Tecnologia del Farmaco, Università degli Studi di Torino,
Torino, Italy

SBA‐005 Synthesis, leishmanicidal activity and cytotoxicity of 2‐chloro‐N‐arylacetamide
derivatives
full abstract

Lavorato, S. N. (1); Duarte, M. C. (2); Andrade, P. H. R. (2); Coelho, E. A. F. (2); Alves, R. J. (1)
(1) Laboratório de Química Farmacêutica, Faculdade de Farmácia, UFMG (2) Departamento de
Patologia Clínica, COLTEC, UFMG

SBA‐006 Preparation and evaluation of dapsone‐thalidomide hybrids for the treatment of type 2
leprosy reactions
full abstract

Yamasaki, P. R. (1); Pavan, A. R. (1); Melchior, A. C. B. (1); Nascimento, D. C. (2); Chelucci, R. C.
(1); Placeres, M. C. P. (2); Carlos, I. Z. (1); Chung, M. C. (1); Santos, J. L. (1)
(1) Faculdade de Ciências Farmacêutica, Universidades Estadual Paulista‐Unesp, Araraquara,
Brazil. (2) Instituto Lauro de Souza Lima, Bauru, SP, Brazil

SBA‐007 C‐7 Substituted artemisinin derivatives
full abstract

Gunduluru, M. (1); Illendula, A. (1); Carvalho; P. B. (1,#); Chittiboyina, A. G. (1); Muraleedharan, K.
M. (1); Tekwani, B. L. (1); Williamson, J. S. (1,@); Avery, M. A. (1)
(1) Department of Medicinal Chemistry, School of Pharmacy, University of Mississippi, University,
@Current Address: National Institute of Health, Bethesda, # Current Address: School of
Pharmacy, Notre Dame of Maryland University, Baltimore
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SBA‐008 Trypanocidal Activity of New Nitroimidazole Derivatives
full abstract

Carvalho, A. S. (1); Rodrigues, S. C. (1,2); Quaresma, B. M. C. S. (1,3) ; Salomão, K. (4); Castro, S. L.
(4); Boechat, N. (1)
(1) Departamento de Síntese de Fármacos, Instituto de Tecnologia em Fármacos‐Farmanguinhos,
Fundação Oswaldo Cruz (2) Faculdade de Farmácia, Universidade do Grande Rio (3) Instituto de
Ciências Biomédicas, Programa de Pós‐Graduação Farmacologia e Química Medicinal,
Universidade Federal do Rio de Janeiro (4) Instituto Oswaldo Cruz, Departamento de Ultra‐
Estrutura e Biologia Celular, Fundação Oswaldo Cruz

SBA‐009 Synthesis and biological evaluation of derivatives furoxans and benzofuroxans
designed as antichagasic compounds
full abstract

Bosquesi, P. L.; Scarim, C. B.; Oliveira, J. R. S.; Santos, J. L.; Chung, M. C.
School of Pharmaceutical Science, State University of Sao Paulo‐UNESP, Araraquara, Brazil

SBA‐010 Synthesis of coumarin derivatives and their evaluation as enhancers of the antibiotics
action by modulating the efflux pump
full abstract

Araújo, R. S. A. (1); Da Cruz, R. M. D. (1); Silva, V. S. F. (1); Moura, R. O. (2); Siqueira‐Júnior, J. P.
(1); Barbosa‐Filho, J. M. (1); Mendonça Júnior, F. J. B. (1,2)
(1) Programa de Pós‐Graduação em Produtos Naturais e Sintéticos Bioativos – UFPB. (2)
Laboratório de Síntese e Vetorização de Moléculas ‐ UEPB

SBA‐011 Synthesis and Antiproliferative Activity of Benzimidazoles against Human Cancer Cells
full abstract

Araujo, D. P. (1); Miranda, G. A. (1); Ruiz, L. T. G. (2); de Carvalho, J. E. (2); Modolo, L. V. (3); de
Fátima, A. (1)
(1) Departamento de Química, Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brazil.
(2) Centro Pluridisciplinar de Pesquisas Químicas, Biológicas e Agrícolas, Universidade Estadual de
Campinas, Campinas, SP, Brazil. (3) Departamento de Botânica, Universidade Federal de Minas
Gerais, Belo Horizonte, MG, Brazil

SBA‐012 Synthesis and pharmacological evaluation of new hybrid phthalimides derivative with
nitric oxide donor capability
full abstract

Chelucci, R. C.; Barbieri, K. P.; Melo, T. R. F.; Bosquesi, P. L.; Santos, J. L.; Chung, M. C.
School of Pharmaceutical Science ‐ UNESP, Araraquara, SP, Brazil

SBA‐013 Efficient Synthesis and Antifungal Evaluation of Butenafine and its Precursors
full abstract

Garzón‐Porras, A. M. (1); Dias, E. S. (1); Magalhães, T. F. F. (3); Resende‐Stoianoff, M. A. (3); de
Freitas, R. P. (2); de Fátima, A. (1)
(1) Grupo de Estudos em Química Orgânica e Biológica (GEQOB), Departamento de Química,
Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brazil. (2) Departamento de Química,
Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brazil. (3) Departamento de
Microbiología, Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brazil

SBA‐014 Synthesis of Pseudopeptidic Compounds with Ability to Inhibit the Aspartic Protease of
the Human Parasite Pathogen Leishmania amazonensis
full abstract

Cortes M. (1); Santos A. L. S. (2); Branquinha M. H. (2); Matteoli F. P. (2); de Resende, G. O. (1),
Cotrim, B. A. (1)
(1) Instituto Federal de Educação Ciência e Tecnologia do Rio de Janeiro ‐ Campus Rio de Janeiro,
Rio de Janeiro, RJ, Brazil. (2) Instituto de Microbiologia Paulo de Góes ‐ Universidade Federal do
Rio de ‐ Janeiro, Rio de Janeiro, Brazil
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SBA‐015 Parallel Synthesis of a series of N‐acylhydrazones potentially active against Leishmania
amazonensis
full abstract

Andre, F. R.; Rodrigues, B. E.; Amorim, C. R.; Rando, D. G.
Instituto de Ciências Ambientais, Químicas e Farmacêuticas da Universidade Federal de São
Paulo, Campus Diadema

SBA‐016 Study of 4‐aminochalcones with potential anti‐S. aureus activity: Synthesis, evaluation
of antibacterial and in silico toxicology effect
full abstract

Marino, P. A. (1); Santi, G. (1); Pereira, D. B. (1); Rodrigues Jr., L. B. L. (1); Faoro, D. (1); Machado,
C. L. S. (1); Trindade, P. A. (2); Paula, F. R. (1)
(1) Curso de Farmácia, Universidade Federal do Pampa, RS, Brasil. (2) Departamento de Análises
Clínicas, Universidade Federal de Santa Maria, RS, Brasil

SBA‐017 Studies towards the asymmetric synthesis of amino acids with interactions in NMDAR
full abstract

Ribeiro da Silva, F. M.; Finelli, F. G.
Institute of Natural Products Research, Federal University of Rio de Janeiro

SBA‐018 Design, synthesis and evaluation of seleno‐dihydropyrimidinones as potential multi‐
targeted therapeutics for Alzheimer’s disease
full abstract

Barbosa, F. A. R. (1); Canto, R. F. S. (1); Nascimento, V. (1); Oliveira, A. S. (2); Brighente, I. M. C.
(2); Braga, A. L. (1)
(1) Labselen – Laboratório de Síntese de Substâncias Bioativas de Selênio.UFSC, Florianópolis‐SC.
(2) Laboratório de química de Produtos Naturais. UFSC, Florianópolis‐SC

SBA‐019 Evaluation of the anti‐MRSA activity of guanidinilhydrazone derivatives
full abstract

Dantas, N. (1); Lacerda, J. T. J. G. (1); Siqueira‐Júnior, J. P. (1); Aquino, T. M. (2); Mendonça Junior,
F. J. B. (3)
(1) Laboratório de Genética de Microrganismos, Deptº Biologia Molecular/CCEN/UFPB. (2)
Instituto de Química e Biotecnologia‐UFAL. (3) Laboratório de Síntese e Planejamento de
Fármacos‐UEPB

SBA‐020 Synthesis of chelerythrine analogues, designed by molecular simplification, as potential
antitumor agents
full abstract

Yang, R.; Prieto, D. C.; Parise Filho, R.
Department of Pharmacy, Faculty of Pharmaceutical Sciences, University of São Paulo, SP, Brazil

SBA‐021 Synthesis of Triazole Derivatives of Dihydrocucurbitacin B
full abstract

Morotti, A. L. M.; Schenkel, E. P.; Bernardes, L. S. C.
Universidade Federal de Santa Catarina

SBA‐022 Synthesis and Pharmacological Evaluation of new compounds useful to treat sickle cell
anemia complications
full abstract

Melo, T. R. F. (1); Barbieri, K. P. (1); Lanaro, C. (2); Chelucci, R. C. (1); Chung, M. C. (1); Santos, J.
L. (1)
(1) School of Pharmaceutical Science, State University of São Paulo, UNESP. (2) Laboratory of
hematology, State University of Campinas, UNICAMP.

SBA‐023 Synthesis of 3,4‐Diphenyl‐1‐pyrazole‐4‐ol‐1‐carboxamide
Potential Acaricide Properties
full abstract

from

Chalcones

with

Carbona, A. C. S.; Valle, M. S.
Universidade Federal de São João del‐Rei
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SBA‐024 Synthesis and pharmacological evaluation of new glucocorticoid derivatives
full abstract

Machado, M. G. M. (1); Chelucci, R. C. (1); Vizioli, E. O. (1); Nai, G. A. (2); Santos, J. L. (1); Chung,
M. C. (1)
(1) School of Pharmaceutical Sciences, University of Sao Paulo State – UNESP. (2) School of
Medicine, University of Western São Paulo ‐ UNOESTE

SBA‐025 Design and synthesis of fluorinated bioisosteres aminosugars to Positron Emission
Tomography diagnostic studies
full abstract

Nunes, P. S. G. (1); Bernardes, E. S. (2); Mantoani, S. P. (1); Carvalho, I. (1)
(1) Depto. de Ciências Farmacêuticas, Faculdade de Ciências Farmacêuticas de Ribeirão Preto,
USP. (2) Centro de Radiofarmácia, Instituto de Pesquisas Energéticas e Nucleares‐ IPEN

SBA‐026 Synthesis of novel 3‐acyltetramic acids as potential inhibitors of serine proteases
full abstract

Souza, A. S. (1); Soares, R. O. (1); Fonseca, M. J. C. (1); Muri, E. M. F. (2); Pinheiro, S. (1)
(1) Departamento de Química Orgânica, Instituto de Química, UFF, Campus do Valonguinho,
Niterói, RJ. (2) Laboratório de Química Medicinal, Faculdade de Farmácia, Universidade Federal
Fluminense (UFF)

SBA‐027 Synthesis and in vivo Biological Evaluation of Diaryl Sulfides
full abstract

Carvalho, P. C. (1,2); Santos, E. A. (3); Shneider, B. U. C. (1,2); Mauro, M. O. (4); Tozatti, C. S. S.
(5); Cunha‐Laura, A. L. (6); Monreal, A. C. D. (7); Marques, M. R. (8); Beatriz, A. (5); Lima, D. P. (5);
Brochado Antoniolli, A. C. M. (1,2); Oliveira, R. J. (1,2)
(1) CeTroGen, NHU, UFMS, Campo Grande, MS, Brazil. (2) FAMED, UFMS, Campo Grande, MS,
Brazil. (3) UTFPR, Apucarana, PR, Brazil. (4) Programa de Doutorado em Biotecnologia e
Biodiversidade – Rede Pró Centro‐Oeste, UFMS, Campo Grande, MS, Brazil. (5) LP4, INQUI, UFMS,
Campo Grande, MS, Brazil. (6) Programa de Mestrado em Farmácia, CCBS, UFMS, Campo Grande,
MS, Brazil. (7) CCBS, UFMS, Campo Grande, MS, Brazil. (8) Laboratório de Bioquímica, CCBS,
UFMS, Campo Grande, MS, Brazil

SBA‐028 Optimization of the synthesis of 2,3‐dihydrobenzofuran building‐block to access
compounds with pharmacological interest
full abstract

Barbosa, A. J. R.; Corrêa, M. F.; Fernandes, J. P. S.
Laboratório de Insumos Naturais e Sintéticos (LINS), Universidade Federal de São Paulo
(UNIFESP), Diadema‐SP, Brazil

SBA‐029 Evaluation of the Antifungal Activity of new 2‐amino‐4,5,6,7,8,9‐hexahydro‐
cycloocta[b]thiophene‐3‐carbonitrile derivatives
full abstract

Monteiro, M. B. (1,2); Serafim, V. L. (1,2); Lima, E.O. (3); Mendonça Junior, F. J. B. (1,3)
(1) Laboratório de Síntese e Vetorização de Moléculas, UEPB, Campus V, João Pessoa/PB. (2)
Programa de Pós‐Graduação em Biologia Celular e Molecular, UFPB, João Pessoa/PB. (3)
Programa de Pós‐Graduação em Produtos Naturais e Sintéticos Bioativos, UFPB, João Pessoa/PB

SBA‐030 Synthesis and Antileishmanial Activity of C‐3 Functionalized Isobenzofuran‐1(3H)‐ones
full abstract

Teixeira, R. R. (1); Pereira, W. L. (1); Silva, A. M. (1); Pacienza‐Lima, W. (2); Rossi‐Bergmann, B. (2)
(1) Departamento de Química ‐ Universidade Federal de Viçosa – Viçosa – Minas Gerais (2)
Instituto de Biofísica Carlos Chagas Filho, Laboratório de Imunofarmacologia – Universidade
Federal do Rio de Janeiro – Rio de Janeiro

SBA‐031 Synthesis of heterocyclic compounds with potential anti‐trypanosomatid activity
full abstract

Zimmermann, L. A. (1); Chiodini, F. L. (2); Morotti, A. L. (1); Schenkel, E. P. (1); Bernardes, L. S.
C. (1)
(1) Programa de Pós‐graduação em Farmácia, Universidade Federal de Santa Catarina. (2)
Graduação em Farmácia, Universidade Federal de Santa Catarina
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SBA‐032 Synthesis and evaluation of antioxidant activity of thiazole heterocycles
full abstract

Lino, C. I. (1); Resende, M. F. (2); Pereira, J. R. (3); Marques L. B. (3); Prazeres, P. H. D. M. (3);
Souza‐Fagundes, E. M. (3); Labanca, R. A. (2); Oliveira, R. B. (1)
(1) Departamento de Produtos Farmacêuticos, Faculdade de Farmácia da UFMG, Belo Horizonte
– MG, Brazil. (2) Departamento de Alimentos, Faculdade de Farmácia da UFMG, Brazil. (3)
Departamento de Fisiologia e Biofísica, Instituto de Ciências Biológicas da UFMG, Brazil.

SBA‐033 Cytotoxic evaluationof new acridine derivatives
full abstract

Melo. A. L. (1); Alves, N. C. (1); Barros, D. C. S. (1); Silva, T. G. (2); Aguiar, J. S. (2); Meneghetti, M.
R. (1)
(1) Federal University of Alagoas, Institute of Chemistry and Biotechnology, Maceió. (2) Federal
University of Pernambuco, Department of Antibiotics, Laboratory of Cell Culture, Recife

SBA‐034 Antibacterial activity of organotin(IV) compounds derived from carboxylates bioactive
ligands
full abstract

Barbosa, A. S. L. (1); Guedes, J. S. (1); Bastos, M. L. A. (2); Meneghetti, M. R. (1)
(1) Instituto de Química e Biotecnologia (IQB). Universidade Federal de Alagoas. (2) Escola de
Enfermagem e Farmácia (ESENFAR). Universidade Federal de Alagoas

SBA‐035 Synthesis, characterization and evaluation of eugenol derivatives antimicrobial activity
full abstract

Fregnan, A. M.; Hipólito, T. M. M.; Souza, T. B.; Ikegaki, M.; Veloso, M. P.; Carvalho, D. T.
Faculdade de Ciências Farmacêuticas ‐ Universidade Federal de Alfenas – UNIFAL‐MG – Alfenas

SBA‐036 Synthesis and antimicrobial evaluation of nitro‐eugenol glycosides
full abstract

Hipólito, T. M. M.; Bastos, G. T. L.; Barbosa, T. W. L.; Souza, T. B.; Ikegaki, M.; Veloso, M. P.;
Carvalho, D. T.
Federal University of Alfenas

SBA‐037 Design, synthesis and antimicrobial evaluation of benzoxazoles obtained from eugenol
full abstract

Carvalho, L. I. S.; Oliveira, L. G.; Alvarenga, D. J.; Hipólito, T. M. M.; Souza, T. B.; Ikegaki, M.;
Veloso, M. P.; Carvalho, D. T.
Faculdade de Ciências Farmacêuticas ‐ UNIFAL‐MG

SBA‐038 Synthesis of eugenol 1,2,3‐triazole glucoside derivatives as potential antifungal agentes
full abstract

Raimundo, P. O. B. (1); Andrade, S. F. (2); Dias, D. F. (3); Carvalho, D. T. (3); Veloso, M. P. (3);
Souza, T. B. (3)
(1) Departamento de Química ‐ Centro Universitário de Lavras. (2) Faculdade de Ciências
Farmacêuticas – UFRGS. (3) Faculdade de Ciências Farmacêuticas ‐ UNIFAL

SBA‐039 Synthesis, characterization and antitumor activity of derivative (E)‐2‐
benzo[d][1,3]dioxol‐4‐ylmethylene)‐N‐(4‐chlorophenyl‐hidrazinecarbothioamide
full abstract

Silva, W. L. (1); Amorim, C. A. C. (1), Oliveira, J. F. (1), Almeida Júnior, A. S. A. (1); Oliveira, T. B.
(1), Santos, R. L. M. (1), Carvalho, J. E. (2); Ruiz, A. L. T. G. (2) Lima, M. C. A. (1)
(1) Laboratório de Planejamento e Síntese de Fármacos (LPSF), Departamento de Antibióticos,
Centro de Ciências Biológicas, Universidade Federal de Pernambuco (UFPE). (2) Divisão de
Farmacologia e Toxicologia ‐ CPQBA/UNICAMP

SBA‐040 Synthesis and cholinesterases inhibition of tacrine‐lophine hybrids and lophine‐lophine
dimers linked by an alkylene chain
full abstract

da Costa, J. S.; Lorini, R. P.; Ceschi, M. A.; Lopes, J. P. B.; Russowsky, D.; Gonçalves, C. A. S.;
Lunardi, P. S.; Konrath, E. L.
Instituto de Química – UFRGS
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SBA‐041 Evaluation of antischistosomal activity of derivative (Z,E)‐4‐((1H‐indol‐3‐yl)methylene)‐
1‐(2‐chloro‐6‐fluorobenzyl)‐5‐thioxoimidazolidin‐2‐one
full abstract

Silva, A. L. (1); Oliveira, S. A. (2); Oliveira, J. F. (1); Almeida Júnior, A. S. A. (1); Santiago, E. F. (2);
Silva, W. L. (1); Silva, V. B. R. (1); Silva, A. C. (2); Pereira, V. R. A. (2); Pitta, I. R. 1); Lima, M. C.
A. (1)
(1) Departamento de Antibióticos, Centro de Ciências Biológicas, Universidade Federal de
Pernambuco (UFPE). (2) Laboratório de Imunologia e Biologia Molecular (LIBM), Centro de
Pesquisa Aggeu Magalhães, Fundação Oswaldo Cruz (FIOCRUZ)

SBA‐042 Synthesis and pharmacological evaluation of phthalimide derivatives for the treatment
of epilepsy
full abstract

Chelucci, R. C.; Chiquetto, R.; Jornada, D. H.; Vizioli, E. O.; Santos, J. L.; Chung, M. C.
School of Pharmaceutical Science ‐ UNESP

SBA‐043 Synthesis and evaluation of furan, pyrrole tetra‐hydrofuran derivatives with potential
trypanocidal activity
full abstract

Hartmann, A. P.; Carvalho, M. R.; Carvalho, I.
Faculdade de Ciências Farmacêuticas de Ribeirão Preto ‐ USP. Ribeirão Preto‐SP, Brasil

SBA‐044 Studies towards the enantioselective synthesis of kainic acid
full abstract

Coelho, A. S. ; Corrêa, M. A. ; Costa, P. R. R. ; Finelli, F. G.
Institute of Natural Products Research, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil

SBA‐045 Diversity‐Oriented Synthesis of Clauraila A Analogs as Cytotoxic Activity Targets
full abstract

Fumagalli, F.; Emery, F. S.
School of Pharmaceutical Sciences of Ribeirão Preto (FCFRP‐USP)

SBA‐046 Design and Synthesis of Mutual Prodrugs with Potential Protective Effect of UV
Radiation Damage
full abstract

Yamasaki, P. R.; Chiba, D. E.; Chung, M. C.; Correa, M. A.; Santos, J. L.
School of Pharmaceutical Sciences of State University of São Paulo (UNESP)

SBA‐047 Novel Chalcones Derived from Apocynin: Synthesis, Cytotoxic and Anti‐ HCV Activities
full abstract

Marques, B. C. (1); Santos, M. B. (1); Ayusso, G. M. (1); Paganini, E. R. (1); Polaquini, C. R. (1);
Campos, G. R. F. (2); Shimizu, J. F. (2); Rahal, P. (2); Jardim, A. C. G. (2); Regasini, L. O. (1)
(1) LQVM – Laboratório de Química Verde & Medicinal, Departamento de Química e Ciências
Ambientais, Instituto de Biociências, Letras e Ciências Exatas (IBILCE), Unesp – São José do Rio
Preto, SP. Brazil. (2) Departamento de Ciências Biológicas, Instituto de Biociências, Letras e
Ciências Exatas (IBILCE), Unesp – São José do Rio Preto, SP. Brazil

SBA‐048 Application of i‐PrMgCl.LiCl in the synthesis of new quinoline derivatives with potential
antimalarial activity
full abstract

Nicolino, P. V. (1); Silva, L. F. (2); Pohlit, A. M. (2); Clososki, G. C. (1)
(1) Faculdade de Ciências Farmacêuticas de Ribeirão Preto – USP. (2) Instituto Nacional de
Pesquisas da Amazônia (INPA)

SBA‐049 Synthesis and Anti‐Histoplasma of Nitrogenated Chalcones
full abstract

Paganini, E. R. (1); Santos, M. B. (1); Polaquini, C. R. (1); Marques, B. C. (1); Fusco‐Almeida, A. M.
(2); Midoricava, L. R. O. (2); Pitangui, N. S. (2); Mendes‐Giannini, M. J. S. (2); Regasini, L. O. (1)
(1) Laboratório de Química Verde & Medicinal, Departamento de Química e Ciências Ambientais ‐
UNESP; Câmpus de São José do Rio Preto/SP. (2) Departamento de Análises Clínicas‐ Faculdade
de Ciências Farmacêuticas UNESP, Câmpus de Araraquara/SP
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SBA‐050 Further Antifungal and Cytotoxic Compounds from Pterogyne nitens
full abstract

Sprengel‐Lima, C. (1); Campos, G. R. F. (2); Shimizu, J. F. (2); Jardim, A. C. G. (2); Gullo, F. P. (3);
Fusco‐Almeida, A. M. (3); Mendes‐Giannini, M. J. S. (3); Rahal, P. (2); Rezende, A. A. (4), Regasini,
L. O. (1)
(1) Laboratório de Química Verde & Medicinal, Departamento de Química e Ciências Ambientas,
Instituto de Biociências, Letras e Ciências Exatas. UNESP, São José do Rio Preto‐SP. (2)
Departamento de Biologia, Instituto de Biociências, Letras e Ciências Exatas, UNESP, São José do
Rio Preto‐SP. (3) Departamento de Análises Clínicas, Faculdade de Ciências Farmacêuticas,
UNESP, Araraquara‐SP. (4) Departamento de Biologia e Zootecnia, Faculdade de Engenharia,
UNESP, Ilha Solteira‐SP

SBA‐051 Synthetic Studies Aiming the Total Synthesis of (+/‐)‐Caramboxine
full abstract

Bozzini, L. A.; Soldi, R. A.; Lopes, N. P.; Clososki, G. C.
Faculdade de Ciências Farmacêuticas de Ribeirão Preto (FCFRP), Universidade de São Paulo (USP)

SBA‐052 Antimicrobial activity of hydrochlorides and free bases derived from aryl‐2‐isoxazolines
azabicyclic
full abstract

Mendes, C. C. D. B. (1,3); Dos Santos, A. C. V. (1); Souza, E. K. (1); Mesquita, J. A. B. (3); Sena, K. X.
F. R. (2); De Faria, A. R. (1)
(1) Departamento de Farmácia – UFPE. (2) Departamento de Antibióticos – UFPE. (3) Faculdade
Pernambucana de Saúde ‐ FPS

SBA‐053 Synthesis and Antileishmanial Activity of Amino and Nitrochalcones
full abstract

Santos, M. B. (1); Paganini, E. R. (1); Polaquini, C. R. (1); Marques, B. C. (1); Ayusso, G. M. (1);
Passalacqua, T. G. (2); Graminha, M. A. S. (2); Regasini, L. O. (1)
(1) Laboratório de Química Verde & Medicinal, Departamento de Química e Ciências Ambientais,
Instituto de Biociências Letras e Ciências Exatas, UNESP, São José do Rio Preto, SP. (2) Faculdade
de Ciências Farmacêuticas, UNESP, Araraquara, SP

SBA‐054 Synthesis, Antineoplasic and Antiviral Evaluation of alpha‐Aryltetralones
full abstract

Domingos, J. L. O. (1); Fernandes, T. A. (2); Júnior, E. F. T. (2); Meira, A. S. (3); Faria, M. K. P. (4);
Rennó, M. N. (4); Pessoa, C. O. (3); Kaushik‐Basu, N. (5) Costa, P. R. R. (2)
(1) Chemistry Institute‐State University of Rio de Janeiro (IQ‐UERJ). (2) Research Institute of
Natural Products‐Federal University of Rio de Janeiro (IPPN‐UFRJ). (3) Departament of Physiology
and Pharmacology‐Federal University of Ceará (UFC). (4) Lab. Of Molecular Modeling and
Research in Pharmaceutical Sciences‐ Federal University of Rio de Janeiro (LamCiFar‐UFRJ
Campus Macaé Prof. Aloísio Teixeira). (5) Dep. of Biochemistry and Molecular Biology‐Rutgers
New Jersey Medical School

SBA‐055 Synthesis and biological activity of 1H‐1,2,3‐triazoles derivatives of tartaric acid as
inhibitors of glucosidases
full abstract

Sarges, M. S. R. (1); De Almeida, A. M. (2); Dantas, R. F. (2); Kaiser, C. R. (1); Silva‐Jr, F. P. (2);
Ferreira, S. B. (1)
(1) Universidade Federal do Rio de Janeiro, Instituto de Química, Departamento de Química
Orgânica, LABRMN. (2) Fundação Oswaldo Cruz, Instituto Oswaldo Cruz, Laboratório de
Bioquímica de Proteínas e Peptídeos

SBA‐056 Antioxidant and Antitumoral Properties of new 1H‐pyrazoles derivatives
full abstract

Rodrigues, R. F. M.; Silveira, E. F.; Flores, A. F. C.; Flores, D. C.; Horn, A. P.; de Lima, V. R.
Universidade Federal do Rio Grande, Escola de Química e Alimentos
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SBA‐057 Synthesis and evaluation of trypanocidal properties of a series of bis(styryl)pyrimidines
structurally related to curcumin
full abstract

Sueth‐Santiago, V. (1); Decoté‐Ricardo, D. (2); Freire‐de‐Lima, C. G. (3); Lima, M. E. F. (1)
(1) Instituto de Ciências Exatas – UFRRJ. (2) Departamento de Microbiologia, Imunologia e
Virologia Veterinária – UFRRJ. (3) Institudo de Biofísica Carlos Chagas Filho ‐ UFRJ

SBA‐058 Cytotoxic activity and schistosomicidal of disubstituted imidazolidínes compounds
full abstract

Almeida Júnior, A. S. A. (1); Oliveira, S. A. (2); Silva, A. L. (1); Oliveira, J. F. (1); Santiago, E. F. (2);
Silva, W. L. (1); Silva, P. R. (1); Pinheiro‐Segundo, M. A. S. (1); Pitta, I. R. (1); Lima, M. C. A. (1)
(1) Departamento de Antibióticos, Centro de Ciências Biológicas, Universidade Federal de
Pernambuco (UFPE). (2) Laboratório de Imunologia e Biologia Molecular (LIBM), Centro de
Pesquisa Aggeu Magalhães (CPqAM), Fundação Oswaldo Cruz (FIOCRUZ)

SBA‐059 Novel curcumin‐cinnamaldehyde hybrids: design, synthesis and cytotoxic activity
full abstract

Polaquini, C. R. (1); Torrezan, G. S. (1); Santos, M. B. (1); Paganini, E. R. (1); Marques, B. C. (1);
Silva, I. C. (2); Pavan, F. R. (2); Ferreira, H. (2); Regasini, L. O. (1)
(1) Instituto de Biociências, Letras e Ciências Exatas ‐ UNESP/SJRP. (2) Instituto de Biociências ‐
UNESP/RC

SBA‐060 Development of Novel Gem‐Difluorinated Derivatives of Isoniazid With Potent Activity
Against Mycobacterium tuberculosis
full abstract

Castelo Branco, F. S. (1,2); Domingos, J. L. O. (3); Costa‐Lima, M. M. (4); Araujo‐Lima, C. F. (4,5)
Felzenszwalb, I. (5); Aiub C. A. F. (4); Lourenço, A. C. S. (6); Menezes, C. M. S. (1); Pinto, A. C. (2);
Boechat, N. (1)
(1) Fundação Oswaldo Cruz, Farmanguinhos, Rio de Janeiro, RJ. (2) Universidade Federal do Rio
de Janeiro, DQO‐IQ, Rio de Janeiro ‐ RJ. (3) Universidade do Estado do Rio de Janeiro, DQO‐IQ,
Rio de Janeiro, RJ. (4) Universidade Federal do Estado do Rio de Janeiro, Lab. de Genotoxicidade,
Departamento de Genética e Biologia Molecular, RJ. (5) Universidade do Estado do Rio de
Janeiro, Depto. de Biofísica e Biometria, Lab. de Mutagênese Ambiental, RJ. (6) Fundação
Oswaldo Cruz, Instituto de Pesquisa Clínicas Evandro Chagas, Rio de Janeiro, RJ

SBA‐061 Synthesis and evaluation anti‐Leishmania of derivatives 2‐amino thiophene as
potential inhibitors of N‐myristoyltransferase (NMT)
full abstract

Serafim, V. L. (1,2); Scotti, L. (4); Rodrigues, K. A. F. (1); Dias, C. N. S. (1); Néris, P. L. N. (1);
Monteiro, M. B. (1,2); Moura, R. O. (2); Oliveira, M. R. (1); Lima, M. C. A. (3)
(1) Programa de Pós‐Graduação em Biologia Celular e Molecular, UFPB, João Pessoa/PB, Brazil.
(2) Laboratório de Síntese e Vetorização de Moléculas, UEPB, Campus V, João Pessoa/PB, Brazil.
(3) Departamento de Antibióticos, UFPE, Cidade Universitária, Recife/PE, Brazil. (4) Universidade
Federal da Paraíba, Campus I, João Pessoa, PB, Brazil

SBA‐062 Application of the Negishi reaction in the synthesis of thiophene‐based lignans
analogues with Leishmanicidal effects
full abstract

Amaral, M. F. Z. J. (1); Callejon, D. R. (1,2); Riul, T. B. (1); Baruffi, M. D. (1) Toledo, F. T. (1); Lopes,
N. P. (1); Clososki, G. C. (1)
(1) Faculdade de Ciências Farmacêuticas de Ribeirão Preto (FCFRP), Universidade de São Paulo
(USP). (2) Lychnoflora Pesquisa e Desenvolvimento em Produtos Naturais LTDA

SBA‐063 Synthesis and antibacterial activity of novel Schiff bases derived from 6‐hydroxy‐1,3‐
benzoxathiol‐2‐one
full abstract

Silva, P. A. S. (1); Chazin, E. L. (1); Sanches, P. S. (1); Vellasco Júnior, W. T. (1,2); Terra, L. (3);
Gomes, C. R. B. (2); Castro, H. C. (3); Vasconcelos, T. R. A. (1)
(1) Universidade Federal Fluminense, IQ/PPGQ, Niterói, RJ. (2) FIOCRUZ/Farmanguinhos,
Manguinhos, Rio de Janeiro, RJ. (3) Universidade Federal Fluminense, IB/PPBI, Niterói, RJ
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SBA‐064 Synthesis of novel PPAR ligands for the treatment of metabolic disorders
full abstract

Castro, G. V. (1); Nascimento, A. S. (2); Donate, P. M. (3); Sairre, M. I. (1)
(1) Universidade Federal do ABC, Centro de Ciências Naturais e Humanas, Santo André, Brasil. (2)
Universidade de São Paulo, Instituto de Física de São Carlos, São Carlos, Brasil (3) Universidade de
São Paulo, Faculdade de Filosofia, Ciências e Letras de Ribeirão Preto, Ribeirão Preto, Brasil

SBA‐065 Synthesis and evaluation antischistosomal of novel derivatives imidazolidines
full abstract

Amorim, C. A. C. (1); Oliveira, S. A. (2); Almeida Júnior, A. S. A. (1); Silva, A. L. (1); Oliveira, J. F. (1);
Oliveira, T. B. (1); Silva, W. L. (1); Lima, M. C. A. (1)
(1) Departamento de Antibióticos, Centro de Ciências Biológicas, Universidade Federal de
Pernambuco (UFPE). (2) Laboratório de Imunologia e Biologia Molecular (LIBM), Centro de
Pesquisa Aggeu Magalhães (CPqAM), Fundação Oswaldo Cruz (FIOCRUZ)

SBA‐066 Synthesis of 3,4‐Dihydropyrimidin‐2(1H)‐Thione/Triazole Hybrids Combining Biginelli
Reaction and Click Chemistry
full abstract

Corbelini, P. F.; Azambuja, G.; Setti, C. R.; Davi, L.; Andrade, S.; Kawano, D. F.; Eifler‐Lima, V. L.
Laboratório de Síntese Orgânica Medicinal (LaSOM), Programa de Pós‐Graduação em Ciências
Farmacêuticas (PPGCF), UFRGS

SBA‐067 Positional isomers of 1,2,3‐triazole retinoids derivatives: Synthesis, Biological
Anticancer Evaluation and Docking Studies
full abstract

Ajalla, M. A. A.; Garcia, T. M.; Carvalho, D. B.; Viana, L. H.; Amaral, M. S.; Matos, M. F. C.; Cunha,
M. C.; Perdomo, R. T.; Baroni, A. C. M.
LASQUIM – Laboratory of Synthesis and Medicinal Chemistry, Federal University of Mato Grosso
do Sul, Campo Grande, MS, Brazil

SBA‐068 Synthesis of Novel Heterocycles Containing Pyrazolo[4,3‐c]quinolin‐3‐ one and
Benzothiazole Systems with Potential Antitumor Activity
full abstract

Moor, L. F. E. (1); Reis, R. R. (1); de Souza, M. C. B. V. (1); Barreto, L. H. (2); Montenegro, R. C. (2);
Vasconcelos, T. R. A. (1)
(1) Universidade Federal Fluminense, IQ/GQO, Niterói, RJ. (2) Universidade Federal do Pará,
Belém, PA

SBA‐069 Synthesis and antiproliferative activity of alcoxycycloalkyl analogs of Miltefosine
full abstract

Lima, E. J. C. (1); Bueno, L. M. (2); Carneiro‐Lobo, T. C. (3); Basseres, D. S. (3); Rangel‐Yagui, C.
O. (2)
(1) Department of Pharmacy. (2) Department of Pharmaceutical and Biochemical Technology. (3)
Department of Biochemistry University of São Paulo, São Paulo, SP, Brazil

SBA‐070 Synthesis and Antimicrobial Activity of Bis‐hydrazones against Clinically Relevant
Pathogens
full abstract

Ávila‐Costa, M. (1); Donnici, C. L. (1); Stoianoff, M. A. R. (2), Santos, V. M. R. (3), Corrêa, L. A. (1),
Furst, C. G. (1), Kadooca, L. N. (1), Oliveira, S. R. (1)
(1) Depto. de Química/ICEX. (2)‐Depto. de Microbiologia/ICB ‐ Univ. Fed. de Minas Gerais ‐ Belo
Horizonte ‐ MG. (3) ICEB ‐ Universidade Federal de Ouro Preto ‐ Ouro Preto ‐ MG

SBA‐071 Synthesis and anticancer activity of (E)‐2‐benzothiazole hydrazones
full abstract

Chazin, E. L. (1); Lindgren, E. B. (1,2); Vellasco Júnior, W. T. (1); Montenegro, R. C. (3); Yoneda, J.
D. (4); Leal, K. Z. (1); Vasconcelos, T. R. A. (1)
(1) Universidade Federal Fluminense, IQ/PPGQ. (2) University of Nottingham, School of Chemistry
(3) Universidade Federal do Pará. (4) Universidade Federal Fluminense. Volta Redonda
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SBA‐072 Nonclassical antifolates, part 4. 5‐(2‐Aminothiazol‐4‐yl)‐4‐phenyl‐4H‐ 1,2,4‐triazole‐3‐
thiols as a new class of DHFR inhibitors: Synthesis, biological evaluation and molecular
modeling study
full abstract

Hassan, G. S. (1), El‐Messery, S. M. (2), Al‐Omary, F. A. M. (3), Al‐Rashood, S. T. (3), Shabayek, M.
I. (4), Abulfadl, Y. S. (4), Habib, E.‐S. E. (5), El‐Hallouty, S. M. (6), Fayad, W. (6), Mohamed, K. M.
(6), El‐Menshawi, B. S. (7), El‐Subbagh, H. I. (1)
(1) Department of Medicinal Chemistry, Faculty of Pharmacy, Mansoura University, Mansoura,
Egypt. (2) Department of Pharmaceutical Organic Chemistry, Faculty of Pharmacy, Mansoura
University, Mansoura, Egypt. (3) Department of Pharmaceutical Chemistry, College of Pharmacy,
King Saud University, Riyadh, Saudi Arabiad (4) Department of Pharmacology (Biochemistry
Section), Faculty of Pharmaceutical Sciences & Pharmaceutical Industries, Future University,
Cairo, Egypt. (5) Department of Pharmaceutics and Pharmaceutical Technology (Microbiology),
College of Pharmacy, Taibah University, Saudi Arabia (6) Drug Bioassay‐Cell Culture Laboratory,
Department of Pharmacognosy, Pharmaceutical and Drug Industries Division, National Research
Center, Dokki, Egypt. (7) Department of Pharmacognosy, Faculty of Pharmaceutical Sciences &
Pharmaceutical Industries, Future University, Cairo, Egypt

SBA‐073 In vivo Leishmanicidal Activity of Novel Hydrazide‐N‐Acylhydrazone Derivatives Against
Leishmania chagasi
full abstract

Queiroz, A. C. (1); Alves, M. A. (2); Araújo, M. V. (1); Leite, A. B. (1); Silva, A. E. (1); Oliveira, L. A. P.
L. (1); Barreiro, E. J. (2); Lima, L. M. (2); Alexandre‐Moreira, M. S. (1)
(1) Laboratório de Farmacologia e Imunidade (LaFI), Setor de Fisiologia e Farmacologia ‐ ICBS ‐
UFAL, Brasil. (2) Laboratório de Avaliação e Síntese de Substâncias Bioativas – Faculdade de
Farmácia – UFRJ, Brasil

SBA‐074 Leishmanicidal Activity of Novel Hydrazide‐N‐Acylhydrazone Derivatives Against
Leishmania chagasi
full abstract

Queiroz, A. C. (1); Santos, M. S. (1); Alves, M. A. (2); Matta, C. B. B. (1); Alves, L. C. (3); Brayer, F.
A. (3); Barreiro, E. J. (2); Lima, L. M. (2); Alexandre‐Moreira, M. S. (1)
(1) Laboratório de Farmacologia e Imunidade (LaFI), Setor de Fisiologia e Farmacologia ‐ ICBS ‐
UFAL, Brasil. (2) Laboratório de Avaliação e Síntese de Substâncias Bioativas – Faculdade de
Farmácia – UFRJ, Brasil. (3) Laboratório de Imunopatologia Keizo Asami – UFPE, Brasil

SBA‐075 Synthesis of phenylpropanoid esters of monoterpene alcohol with potential
pharmacological activity
full abstract

Borges, F. V. P.; Teles, M. M. R. S.; Maciel, R. S. S.; Rodrigues. L. C.; Barbosa‐Filho, J. M.
Programa de pós‐graduação em Produtos Naturais e Sintéticos Bioativos, Centro de Ciências da
Saúde, Universidade Federal da Paraíba

SBA‐076 Synthesis of 2‐amino‐4,5,6,7‐tetrahydrobenzo[b]thiophene‐3‐carbonitrile using Green
Chemistry principles
full abstract

Luna, I. S.; De Moura, R. O.; Mendonça Junior, F. J. B.
Laboratório de Síntese e Vetorização de Moléculas, Universidade Estadual da Paraíba, Campus V

SBA‐077 Photodynamic effect of new quinolone‐quinolino[2,3,4‐af]‐5,10,15‐triphenylporphyrin
conjugates on S. aureus inactivation
full abstract

Batalha, P. N. (1,2); Gomes, A. T. P. C. (1); Forezi, L. S. M. (2); Costa, L. (3); Souza, M. C. B. V. (2);
Boechat, F. C. S. (2); Ferreira, V. F. (2); Almeida, A. (3); Faustino, M. A. (1); Neves, M. G. P. M. S.
(1); Cavaleiro, J. A. S. (1)
(1) Department of Chemistry and QOPNA, University of Aveiro, Aveiro, Portugal. (2) Programa de
Pós‐Graduação em Química, Instituto de Química, Universidade Federal Fluminense, Niterói, RJ,
Brazil. (3) Department of Biology and CESAM, University of Aveiro, Aveiro, Portugal
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SBA‐078 Synthesis and bioactivity of isoxazoline derivatives of eugenol
full abstract

Putarov, N. B. (1); Carvalho, E. M. (2); Nogueira, J. M. R. (3); Aguiar, A. P. (1)
(1) Departamento de Química, Instituto Militar de Engenharia, Rio de Janeiro‐RJ. (2)
Departamento de Síntese Orgânica. Farmanguinhos / Fundação Oswaldo Cruz, Rio de Janeiro ‐ RJ.
(3) Departamento de Ciências Biológicas, ENSP / Fundação Oswaldo Cruz, Rio de Janeiro ‐ RJ

SBA‐079 A novel method for targeting sphingosine kinase 2: design, synthesis, and evaluation of
bisubstrate inhibitors
full abstract

Dawson, T. K. (1); Dyer, R. M. (1); Kharel, Y. (2); Lynch, K. R. (2); Macdonald, T. L. (1,2)
(1) Department of Chemistry, University of Virginia, Charlottesville, Virginia (2) Department of
Pharmacology, University of Virginia, Charlottesville, Virginia

SBA‐080 Anti‐inflammatory and antinociceptive activities of 4‐aminoquinolines derivatives
full abstract

Cupertino‐Silva, Y. K.; Santos, R. de M.(2); Vieira, A. C. S. (1); Viana, M. D. M. (1); Dias, T. de L. M.
F. (1); Meneghetti, M. R. (2); Alexandre‐Moreira, M. S. (1)
(1) Laboratório de Farmacologia e Imunidade (LaFI), Setor de Fisiologia e Farmacologia – ICBS/
UFAL, Brasil. (2) Grupo de Catálise e Reatividade Química (GCaR), Instituto de Química e
Biotecnologia – IQB/UFAL, Brasil

SBA‐081 In vitro Antischistosomal Activity of Novel Imidazolidine Derivatives Against
Schistosoma mansoni
full abstract

Matos‐Rocha, T. J. (1,2,3); Silva, A. L. (3); Almeida Júnior, A. S. A. (3); Alves, L. C. (2); Brayner, F. A.
(2); Lima, M. C. A. (3); Pitta, I. R. (1,3); Galdino, S. L. (1,3); Galdino‐Pitta, M. R. (1,3); Pitta, M. G.
R. (1,3)
(1) Laboratório de Imunomodulação e Novas Abordagens Terapêuticas (LINAT) – UFPE. (2) Centro
de Pesquisas Aggeu Magalhães (CPqAM) – Fundação Oswaldo Cruz ‐ FIOCRUZ/PE. (3) Laboratório
de Planejamento e Síntese de Fármacos (LPSF) – Departamento de Antibióticos ‐ CCB ‐ UFPE

SBA‐082 Synthesis and evaluation of the antiproliferative activity of a novel thiosemicarbazone
derivate
full abstract

Oliveira, J. F. (1); Jacob, I. T. T. (1); Souza, E. R. (1); Oliveira, T. B. (1); Della Torre, A. (2); Carvalho,
J. E. (2); Ruiz, A. L. T. G. (2); Lima, M. C. A. (1)
(1) Laboratório de Química e Inovação Terapêutica (LQIT) Universidade Federal de Pernambuco.
(2) Divisão de Farmacologia e Toxicologia – CPQBA/ UNICAMP

SBA‐083 Rational design of inhibitors of the enzymatic activity of farnesyl pyrophosphate
synthase (FPPS)
full abstract

Szajnman, S. H.; Rodríguez, J. B.
Departamento de Química Orgánica and UMYMFOR (CONICET–FCEyN), Facultad de Ciencias
Exactas y Naturales, Universidad de Buenos Aires, Buenos Aires, Argentina

SBA‐084 Synthesis, and Anti‐tuberculosis activity of New Terpenic Diamines
full abstract

Saraiva, M. F.; Souza, T. C. A.; Diniz, M. P.
Centro de Estudos Investigação e Inovação em Materiais Biofuncionais e Biotecnologia,
Universidade Federal de Itajubá, Itajubá‐MG

SBA‐085 Antiproliferative activity of Bacillamides against tumoral cell lines
full abstract

Martínez, V. (1); Padrón, J. M. (2); Davyt, D. (1)
(1) Cát. Química Farmacéutica, Ftad. de Química, UdelaR, Montevideo, Uruguay. (2) BioLab,
Instituto Canario de Investigación del Cáncer (ICIC), La Laguna, Tenerife, España
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SBA‐086 Synthesis and cytotoxic of symmetrical diphenylpentanoids against HPV – positive
cervix cancer cells
full abstract

Vanzato, Y. P. (1); Polaquini, C. R. (1); Santos, M. B. (1); Oliveira, A. B. B. (2); Stuqui, B. (2);
Calmon, M. F. (2); Rahal, P. (2); Regasini, L. O. (1)
(1) Departamento de Química e Ciências Ambientais ‐ IBILCE ‐ UNESP – São José do Rio Preto‐SP.
(2) Departamento de Biologia ‐ IBILCE ‐ UNESP – São José do Rio Preto‐SP

SBA‐087 New approach towards the synthesis of selenosemicarbazones and its evaluation for
Chagas disease
full abstract

Pizzo, C. (1); Faral‐Tello, P. (2); Robello, C. (2); Yaluff, G. (3); Mahler S. G. (1)
(1) Laboratorio de Química Farmacéutica, Departamento de Química Orgánica, Facultad de
Química, UdelaR, Montevideo, Uruguay. (2) Unidad de Biología Molecular, Instituto Pasteur de
Montevideo, Uruguay. (3) Departamento de Medicina Tropical, Instituto de Ciencias de la Salud,
Universidad Nacional de Asunción, Paraguay

SBA‐088 In vitro and in vivo antitumor activity of copper (II) complexes
full abstract

Botelho, F. V. (1); Silva, P. P. (2); Silva, M. J. B. (3); Pereira‐Maia, E. C. (4)
(1) Instituto de Genética e Bioquímica – UFU. (2) Departamento de Química – CEFET, MG. (3)
Instituto de Ciências Biomédicas – UFU. (4) Departamento de Química ‐ UFMG

SBA‐089 Synthesis and Anti‐Plasmodial Activity of Novel Atorvastatin Analogues
full abstract

Rosário, S. L. (1); Carvalho, R. C. C. (1); Carvalho, A. S. (1); Kaiser, C. R. (2); Krettli, A. U. (3); Bastos,
M. M. (1); Boechat, N. (1)
(1) Departamento de Síntese de Fármacos, Farmanguinhos – Fiocruz. (2) Instituto de Química,
Universidade Federal do Rio de Janeiro. (3) Laboratório de Malária, CPqRR ‐ Fiocruz

SBA‐090 Antiproliferative activity of modular structures constructed by Cu(I) catalyzed azide‐
alkyne cycloaddition
full abstract

Valdomir, G. (1); Padrón, J. M. (2); Padrón, J. I. (2); Martín, V. S. (2); Davyt, D. (1)
(1) Laboratorio de Química Farmacéutica, Departamento de Química Orgánica, Facultad de
Química, UdelaR, Montevideo, Uruguay. (2) Instituto Universitario de Bio‐Orgánica ‘‘Antonio
González’’ (IUBO‐AG), La Laguna, España

SBA‐091 Synthesis and Cytotoxic Evaluation of Cucurbitacin B Derivatives
full abstract

Lang, K. L. (1); Chiodini, F. L. (2); Bolf, L. (2); Kratz, J. M. (2); Simões, C. M. O. (2); Schenkel, E.P.
(2); Durán, F. J. (3)
(1) Departamento de Farmácia, Universidade Federal de Juiz de Fora, Campus Governador
Valadares ‐ MG, Brasil. (2) Departamento de Ciências Farmacêuticas, Centro de Ciências da
Saúde, Universidade Federal de Santa Catarina, Florianópolis – SC, Brasil. (3) UMYMFOR‐
CONICET, Departamento de Química Orgánica, Facultad de Ciencias Exactas y Naturales,
Universidad de Buenos Aires, Argentina

SBA‐092 Anticonvulsant activity of the isomers (+) ‐ cis‐epoxy‐carvone and (‐) ‐ cis‐epoxy‐
carvone in mice
full abstract

Salgado, P. R. R. (1); Medeiros, V. M. (1); Lira, N. S. (1); Lima, C. L. S. (1); de Sousa, D. P. (1);
Almeida, R. N.
Universidade Federal da Paraíba

SBA‐093 A new route to the bioprotective agent JP4‐039 and analogs
full abstract

Bernardim, B.; Burtoloso, A. C. B.
Instituto de Química de São Carlos, Universidade de São Paulo, São Carlos, SP, Brazil

SBA‐094 Evaluation of Xanthenediones as Tyrosinase Activators
full abstract

Ferreira, M. S.; Pires, D. A. T.; Figueroa-Villar, J. D.
Medicical Chemistry Group, Department of Chemistry, Military Institute of Engineering (IME)
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Introduction
Glycogen synthase kinase 3 (GSK3) is a
serine/threonine kinase that has been implicated in
pathological conditions such as diabetes and
Alzheimer's disease (AD). Aberrant increase in
GSK3ı expression and activity in adult brain has
been directly linked to several of the key
neuropathological mechanisms of AD1. Virtual
screening (VS) and docking studies are both tools of
the computer-aided drug design. VS tries to find
molecules similar to the pharmacophore, which is
obtained by the common features of the molecules
studied. The docking protocol shows the bonding
between the molecule studied and the receptor.
Thus, the objective of this study was to find news
candidates molecules drug with inhibitory potential
on GSK3 by using VS and docking.

Table 1. Energy results in docking procedure for
compounds from VS which are more stable than
Lupeol and ligand AR-A014418.
Hit

Energy ligand-enzyme

Zinc8426133

-125.66

Zinc09589314

-123.99

Zinc08426394

-121.73

Zinc40167294

-118.71

Zinc08817861

-118.26

Zinc8426131

-117.07

Zinc58185186

-113.49

Ligante AR-

-106.39

A014418
Lupeol

Results and Discussion

-78.40

The resulting pharmacophore (Fig.1) of 9 Lapachol
derivatives was formed by 7 features (6 hydrophobic
and one hydrogen bond acceptor, HBA). This
pharmacophore was subsequently used for VS.

Fig. 2. HB between amino acids of the active site of
the enzyme and compound Zinc8426133.
Fig. 1. Resulting pharmacophore (PHARMAGIST)
superimposed
on
Lupeol.
Green
spheres:
hydrophobic features; yellow sphere: HBA feature.
After VS based on pharmacophore model 52
molecules were found in the ZINC database which
fit this pharmacophore. Subsequent, was carried out
the docking protocol (IGENDOCK), as results was
obtained that 7 of the new compounds were more
energetically stable than the ligand AR-A014418
and Lupeol, which are known holders of inhibitory
activity on this enzyme.
Zinc8426133 (Fig. 2) is the hit which has the lowest
total energy of all, being energetically more stable
and having a greater affinity to the active site of the
enzyme. Moreover, this compound has chemical
groups in positions that allow it to perform additional
hydrogen bonds with amino acids ARG141, ARG

th

144, and PRO133, which are not produced by
Lupeol or ligand AR-A014418. Furthermore, the
molecule in question can fill the active site
accordingly to its format, being complementary to
the topology of the enzyme cavity.

Conclusions
The 7 compounds with the best docking energy
results have good odds of being holders of inhibitory
activity on GSK3. Among these, compound Zinc
8426133 is which has the highest energy stability
and may to be a new compound prototype of
inhibitor of GSK3.
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Introduction
Diterpenes are terpenoids with 4 isoprenoid units
The genus Several scientific studies have reported
their beneficial health effects: as bactericides, which
protect against free radical cell damage , as potent
anti-inflammatory agents, as used in the treatment of
cancer, for actinic keratosis, and rheumatic
diseases, as well as other diseases. They may be
acyclic or polycyclic, in the latter case the most
common types are: atisane, trachylobane, beyerane,
labdane and kaurane. Xylopia (Annonaceae)
comprises about 160 species. Xylopia langsdorffiana
St-Hil. & Tul. is a tree, 5-7 m high, and is popularly
known in Northeastern Brazil as “pimenteira da
terra”.
Many studies of the scientific literature discuss the
anticancer
activity
of
diterpenes
inhibiting
Akt/IKK/NF-B pro-survival signaling cascade mainly
by the activation of the serine/threonine phosphatase
1
PP2A, occurring the apoptosis of tumor cells . At the
same time, the antioxidant potential of diterpenes,
reduction of free radicals and the inflammatory
response, and, consequently, inhibition of the
emission of N-B.
We evaluate and compare the anticancer potential of
3 atisane (A1,A2,A3), 3 kaurane (K1,K2,K3) and 3
trachylobane (T1,T2,T3) diterpene compounds
extracted from the roots of Xylopia langsdorffiana
and isolated by our research group. The study of
natural products has been the single most
successful strategy for the discovery of new
medicines used in anticancer therapy.

Results and Discussion
Using the program Hyperchem v. 8.0, the
chemical structures of the compounds of interest
were drawn, and their geometry was optimised using
MM+ force field. Afterwards, we performed a new
geometry optimisation based on the semi-empirical
method PM3 followed by a B3LYP/6-31 G* singlepoint energy calculation. The optimised structures
were subjected to conformational analyses using the
random search method using the Spartan for
Windows 8.0.
The antioxidant activity is directly related to the
electronic properties of substances. These
properties can be represented in the studies of
molecular modeling through calculations of
th

parameters and surfaces. After DFT calculations, we
compared the diterpenes through HOMO (highest
occupied molecular orbital) surface and H-LGAP
parameter using the HyperChem 8.0.
The lobes of HOMO spread through the molecular
surface of atisanes. H-Lgap is the chemical
hardness obtained by the difference of energy
2
between orbital HOMO and LUMO . Table 1 reports
the values obtained.
Table 1. Quantum parameters.
Compds
T1
T2
T3
A1
A2
A3
K1
K2
K3

EHOMO (eV)
-9.900
-9.92
-9.95
-10.09
-10.12
-10.08
-9.80
-9.88
-9.90

ELUMO (eV)
1.11
1.09
0.98
1.50
1.44
1.55
0.99
0.99
1.00

H-LGAP (eV)
-11
-11.01
-10.93
-11.59
-11.56
-11.63
-10.79
-10.87
-10.90

In addition, we studied the docking of the 6
diterpenes (ligands) in interaction with the enzyme
serine/threonine phosphatase PP2A (id PDB: 3P71),
using Auto-Dock 4.2. Atisane A3, with less energy,
has the largest number of hydrophilic regions. This
fact corroborates the antioxidant potential observed
in atisane compounds. K3, despite the antioxidant
potential given by the hydroxyl group at position 16,
has greater hydrophobic interaction and does not
form hydrogen bonds with the enzyme. A similar
behavior is observed for T1, with binding energy
similar to that of K3 and only 2 hydrogen bonds, with
ARG73 and TYR228. T3 presented a low value for
binding energy and has good hydrophilicity, but all
atisane compounds were superior.

Conclusions
this theoretical study showed that atisane diterpenes
have favorable characteristics for antitumor activity,
by inhibition of Akt/IKK/NF-B and activation of
PP2A.
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Introduction
The molecular interactions, especially the ones
with a non-covalent nature, are key processes in
general aspects of cellular and molecular biology,
including cellular communication and velocity and
specificity of enzymatic reactions. So, there is a
strong need for studies and development of
methods for the calculation of the affinity on
interaction processes, since these have a wide
range of applications like rational planning of drugs.
The free energy of binding is most important
measure among the affinity measurements. It can
be calculated by quick computational means, but
lacking on strong theoretical basis or by complex
calculations, using molecular dynamics , where one
can compute accurate results but at the price of an
increased computer power. The aim of this project is
to present a third model, where solid statistical
thermodynamics
basis,
but
computationally
inexpensive. This model relied on Monte-Carlo
sampling and can be used as further step after
molecular
docking
simulations.
After
the
implementation of this algorithm and testing agains
experimental data, we hope to obtain a new efficient
and powerful tool for calculations of the free energy
between proteins and small molecules of
biotechnology and medical interest.
For this objective , we will implement a modified
version of the partition function used in [1];
described in the equation 1.

Equation 1

Results and Discussion

Figure 1 - Gaussian Fit Of Molecular Dinamics and MonteCarlo Simulation: A; Gaussian Fit of a histogram for the noncovalent binding energies in Monte-Carlo simulation, using
iMCLiBELa, with T= 150K, and 3 Million accepted Steps , B;
Gaussian Fit for the non-Covalent energies in Molecular
Dynamics using AMBER-MD, , with T = 300K, and 5000 Frames.

Table 1 – Values for the first approach in calculation
of the Free energy of binding.

Free
Energy
(kCal/Mol)

Exp

50k

100k

150k 200k 250k 300k

-6,5

-2,2

-3,97

-6,12 -7,9

-9,6

-11,5

Conclusions
In this point , we already implemented the
Partition Function, as a first approach to calculate
the free energy.
The next step is to deal with the convergence os
the partition function, and so, the Free energy as
well.
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Introduction
Angiotensin II type 1 receptors (AT1R) are G
protein-coupled receptors with signaling pathways
mediated by both G proteins and β-arrestins,
important in the pathophysiology of several
cardiovascular diseases such as hypertension and
congestive heart failure. AT1R activation by biased
ligands (selective activation of β-arrestin pathway)
may have beneficial vascular effects. Nonetheless,
the exact mechanism of action of biased agonists is
1
not yet known. In this work, we studied the
interactions between AT1R and its full agonist,
angiotensin II (AngII, [Asp-Arg-Val-Tyr-Ile-His-ProPhe]), and the biased agonist TRV120027 ([Sar(1),
2
DAla(8)]AngII) in order to find significant differences
that can explain their different cell responses.

Results and Discussion
Docking studies of angiotensin II in AT1R were
conducted using Surflex-Dock 2.0. The complex was
then submitted to a 60ns molecular dynamics
simulation with GROMACS 4.5, in the presence of a
POPC bilayer. The system is represented at Figure
1.
Z

X

Table 1. Interactions between ligands and AT1R
observed in the MD simulations. (hydrogen bond
– HB, ionic – ION, hydrophobic – HYD) between
the two ligands and the AT1R.
AT1R
residues
SER-105
ARG-167
CYS-180
PHE-182
TYR-184
GLU-185
LYS-199
TYR-292

A frame of the AngII-AT1R complex was then
chosen from a cluster analysis and extracted. The
TRV120027 peptide was superimposed to the AngII
structure in the receptor. The new complex was
submitted to a 40ns molecular dynamics using the
same protocol. The frame of the TRV-AT1R complex
was also chosen by cluster analysis.
Both systems remained stable during the whole
simulation, with physicochemical properties similar
to reference values.

Interactions with
angII
HB
HB
HB
HB
HB
ION
HB and HYD

Interactions with
TRV120027
HB
HB
HB
HB
HB
ION
HB

Some similarities in the interaction profile of both
ligands are clear, like the polar interactions with
SER-105, ARG-167, PHE-182, TYR-184 and LYS199 residues from the receptor. These amino acids
may be involved in ligand affinity, having no
relationship with the biased response. Two main
differences were noted: the absence of the
hydrophobic bond and an extra hydrogen bond
between the biased ligand and residues TYR-292
and CYS-180 respectively. These small differences
in the interaction profile may be responsible for the
biased action of the TRV120027, since they lead to
a distinct receptor conformation.

Y

Figure 1. Illustration of the simulation box,
with the AT1R (grey), AngII (yellow carbons) and
POPC bilayer (green carbons). Water is not
represented.

th

The interactions and conformation after the
dynamics simulations of the two complexes were
further analyzed with the program PyMOL. The
results are presented in Table1.

Conclusions
Differences between the interactions of the two
ligands that might be important for the biased
mechanism of action were observed. This study can
aid to the discovery of a more efficient and safe drug
for use in some cardiovascular diseases, such as
heart failure.
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Introduction
Riparins are alkaloids isolated from Aniba riparia
(Nees)
Mez
(Lauraceae)
which
present
pharmacological activity and low side effects. In this
sense, new riparins derivate were designed and
synthesized and evaluated in vitro effects against
adult worms of Schistosoma mansoni (to be
published). In addition, due to their different
therapeutic classes, but similar antiparasitic effects,
we compared structurally riparins with praziquantel
by using shape and charge modelling and overlay
optimization.

Surface areas of accessibility to solvent, the
molecular lipophilicity potential, the maps of
molecular electrostatic potentials and polar surface
area of those molecules, generated using the VEGA
4
package, were also analyzed, shown in Table A.
Table
1.
Structural
correlation
between
praziquantel and active riparins and their data
surfaces
VdW=1/Q=0 (%)
VdW=0/Q=1(%)
VdW=1/Q=1(%)
Surf. area (1.40)
MEP surface

Results and Discussion
Riparins E and F (Figure 1) were computationally
parameterized with atom types from the General
1
Amber Force Field (GAFF) . Atomic charges were
computed using the AM1 method, as implemented in
2
program, plus desolvation.
the Antechamber
Molecular shape was described as a Gaussian
function, with atomic parameters taken from GAFF.

Figure 1. Scheme of chemical structure of
riparins E and F, respectively.
Structural similarity calculations were performed
3
using the MolShaCS
package, using different
weights for overlapping volumes of van der Waals
(VdW) and charge distribution (Q). The overlap was
optimized by augmented Lagrangian method for
equality constraints (local, non-derivative) and it can
be seen in Figure 2.

MLP surface
Polar area(PSA)

th

Riparin E
Riparin F
71
70
35
41
77
65
618.4 Å²
695.1 Å²
277.6 Å²
328.0 Å²
logP:1.144 logP:1.426
Surf. area Surf. area
(1.50):
(1.50):
649.8Å²
729.5Å²
161.2Å²
209.1Å²

Riparin E presents the highest overall similarity to
praziquantel. In this sense, the analysis of MEP
shows that it also has smaller dipole moment than
others samples, because its polar surface area is
smaller. The polar surface areas of praziquantel and
riparin E are very similar, less variable than 1%,
indicating that they can interact in the same active
site. Finally, overlap and alignment between these
two compounds gives strong evidence that they may
interact with residues within the active site.

Conclusions
From the structural correlation, we can conclude
that the riparin E have the most similar effect of
PZQ, what may be due to its polar surface area
being close to the praziquantel polar area, indicating
that they can be excellent leads for further studies.
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Figure 2. Overlay between the Riparin E, in
green, Riparin F in blue and Praziquantel, in red.

PZQ
100
100
100
755.8 Å²
351.1 Å²
logP:0.001
Surf. area
(1.50):
792.6Å²
164.8Å²
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Introduction
Chagas disease, caused by the parasite
Trypanosoma cruzi, has surpassed Latin America
borders where it is considered endemic to become a
worldwide health problem. The medicines for the
treatment
exhibit
pharmacokinetic
and
pharmacodynamic problems that need to be
overcome. Computational techniques, like HQSAR,
Molecular Docking and ROCS can be useful in
designing new bioactive compounds.

All predicted interactions using our docking
procedure were correctly confirmed by the HQSAR
contribution map and experimental results.
We externally validated the model with 111
compounds retrieved from CDD and ChEMBL
databases. The model was then used to predict the
pIC50 values, and some of the best-ranked
inhibitors were synthesized and tested against
cruzain by us (Figure 3a).

Results and Discussion
In order to build a HQSAR model a total of 44
compounds were obtained from the literature 1
(Figure 1) and we added 13 compounds to this data
set, which belong to Nequimed data.
Figure 3. (a) Experimental vs. predicted pIC50
values using the HQSAR model. (b) ROC graph
provided by ROCS method.
Figure 1. Scaffolds of nitrile-containing compounds
Altogether, 57 samples with experimental pIC 50
values available were divided into multiple training
(40 molecules) and test groups (17 molecules). In
this study, only the best model is shown (Table 1).
Table 1. Statistical parameter using the distinction
of fragments: A/B/H
Size q²
r² SEP SEE N HL r²test
(6-9) 0.70 0.95 0.79 0.32 10 97 0.62

r²rand*
0.26

* Value represent the average of 5 replicates (SEE= 1.10).

The interpretation of HQSAR model is based on
contribution maps. Neq0400 (Figure 2a) has a
pIC50 value of 5.1. The tert-butyl ether group, in
red, does not contribute to significant interaction
between ligand and receptor, according to the map
of contributions.

Figure 2. Contribution maps of molecular fragments
and docking of the Neq0400 (a) and 37 (b)
compounds.
The docking identified hydrogen bonds between
compound 37 (most potent) and Cys25, Gln19,
Asp158, Gly66 and Ser61 amoniacids (Figure 2b).

ROCS was employed as a tool for the 3D
molecular similarity searches. The series of 40
compounds (training set) was used as “actives”, and
other series of inactive compounds, tested against
cruzain (116 compounds, extracted from CDD) were
employed. For these series, the Tversky metric
showed the best recuperation rate for actives. The
first 32 hits identified by ROCS are only for actives,
while just 8 hits (also actives) were ranked together
inactive compounds. For the purpose of evaluating
the performance of the metrics present in ROCS
method, the ROC curve was used (Figure 3b). It is
in accordance with experimental and predicted
pIC50 values by HQSAR model.

Conclusions
The interpretations of the contribution maps
provided by HQSAR are responsive to experimental
data and molecular docking of ligands in the cocrystallized cruzain, available in the literature, as
well as the ROCS model. By using HQSAR model to
predict cruzain inhibitors designed by Nequimed
group, new compounds were synthesized and
assayed against cruzain. The predicted and
experimental pIC50 values are similar thereby
entrusting our multi-models are useful to guide the
design and synthesis of new cruzain inhibitors.
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Introduction
Leishmanioses is a human tropical parasitic
disease, caused by Leishmania species and cause
approximately 50,000 death cases annually. The
huge social problem caused by this infection, the
restricted number of drugs available, their serious
side effects and, the emergence of new drug
resistant forms, supports the research for new
antiprotozoal drugs. Secondary metabolites play an
important role to propose new promising active lead
structures, and studies highlight antiprotozoal
1
activities of sesquiterpene lactones (SLs) . In view
of this, we performed a virtual screening in an inhouse databank (SISTEMATX) of 1113 SLs of
Asteraceae, corresponding to 1183 botanical
occurrences from 10 tribes (OB - number of times
that a compound appears in different species) using
Volsurf+ descriptors and Randon Forest (RF) to
select structures with potential activity against
Leishmania donovani.

Serine Sulfhydrylase, shows that 290 compounds
are promising ligands.

Table 1. Summary of training, internal cross
validation, test and respective match results
using Random Forest for the set of 628
compounds.
Train

th

Test

Samples

%Match

%Match

Samples

%Match

Active

244

99.2

77.0

61

73.8

Inactive

258

100

83.7

65

90.8

Overall

502

99.6

80.5

126

82.5

Only 80 structures from 4 tribes (Helianteae,
Eupatorieae, Vernonieae and Anthemideae) have
low MolDock energies (higher cores) for only one
enzyme which represents selectivity and interesting
starting point to assess the activity. However 137
SLs have high scores for more than 3 enzymes, this
probably is due to structural adaptability and nonselective pharmacophoric features that represent
promiscuous ligands, but can be used in multi-target
approach that could be useful for the treatment of
this complicated disease.

Results and Discussion
We selected from the ChEMBL database a diverse
set of 562 structures. The compounds were
classified, using values of -logIC50 (mol/L) = pIC50,
as 251 actives (>4.5), and 311 inactives (<4.5). A
set of 66 SLs, 54 actives and 12 inactives, were
added totalizing 628 compounds. The Volsurf v
1.0.7 generated 128 descriptors that together with
the dependent variable (binary classification: active
(A) or inactive (I)) were used as input data into
Knime v. 2.9.2, that finally selected only 12
descriptors, from which
D4, CW1, CW5, CP,
LOGP_c_Hex, LgD10 and VD have higher values for
Mean Decrease Accuracy and Mean Decrease Gini.
Table 1 summarizes the results of the RF model for
the training, cross-validation (10 stratified groups
according activity class variable) and test set.
Receiver Operating Characteristics (ROC) plot was
generated for test set with 0.8953 area value under
the curve. From 1113 SLs the RF model selected
633. The consensus analysis of RF model and
docking results, using the MOLEGRO v. 6.0.1
performed with 6 enzymes of L. donovani: Adenine
phosphoribosyltransferase, N-myristoyltransferase,
Dihydroorotate dehydrogenase, UMP synthase,
Peptidyl-prolyl cis-trans isomerase and, O-Acetyl

Validation

Conclusions
We selected in this study 80 SLs using a consensus
analysis from target base and legend base
approaches
combined
with
supplementary
information about the source of the secondary
metabolites. The methodology, applying Volsurf
descriptors with RF and docking, was rapid, and also
proved to be helpful in screening our in-house
database.
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Introduction
VGLUT1–3 is a family of membrane transporter
proteins which mediates the uptake of glutamate into
synaptic vesicles at presynaptic nerve terminals of
excitatory neural cells. This enclosure in vesicles is
crucial for exocytosis and for the role of glutamate as
1
the major excitatory neurotransmitter . Controlling
the activity of VGLUTs could potentially modulate the
excitatory neurotransmission and, in this context,
interfere with pathologies triggered by increased
amounts of extracellular glutamate, such as
Alzheirmer’s and Parkinson’s diseases.
1
Almqvist et al. performed molecular docking studies
with a homology model of VGLUT1 and azodyes that
have shown potent inhibitory activity. The study
highlighted the presence of two interaction spots at
the protein: one superior, embodying the residues
H120 and R176, and a central one, embodying
residues R80 and R314. Revision paper by
2
Thompson et al. also reports other known inhibitors
of VGLUTs, among them, amino acids structurally
related to glutamate and its cyclic analogs, the latter
revealing significant inhibitory action.
The objective of this work was to use the homology
model of Almqvist et al. in studies of molecular
docking of cyclic and flexible analogs of glutamate,
aiming to understand the important interactions for
binding to VGLUT-1, as well as to compare their
behavior with the exhibited by the azodyes.

Results and Discussion
Cyclic and flexible amino acids, both active and
2
inactive, from Thompson’s work , were drawn in their
ionized forms using the Hyperchem 8.0 program,
and applying AMBER force field in energetic
minimization and single point charge calculation.
Flexible docking were made with GOLD 4.1.2
software, using the median between amino acids
R176 e R314 as reference and allowing total
flexibility to amino acid H120. The results show that
compounds with inhibitory activity of VGLUT-1
revealed a tendency to approach the H120, R176
and R80 residues triad, while the lesser active or
inactive ones approach residue R314.
Among the active compounds, the trans-ACBD, the
more active of the glutamate cyclic analogs,
established hydrogen bonds with one NH2 of the
guanidine group from R80, with the imidazole ring of
H120 and, in a minor scale, with the SH of C81.
Interesting, differently from the azodyes, the more
active cyclic compound didn’t show interactions with
R176. Almqvist’s studies showed that R176 should
be an important point of recognition.
The other two cyclic analogs, both also active,
shown interaction patterns similar to those exhibited
by trans-ACBD, however, trans-ACHD, the less
active among the cyclic analogs, establish
th

electrostatic interaction with R176. This unexpected
pattern could indicate the importance of R176 in the
recognition of these compounds, but possibly with
negative effects on the action, since trans-ACHD
was less active than the other cyclic analogs.
Table 1: Tendency (%) in interacting with the R80,
H120, R176 triad or with R314.
Without
interaction

Activity
Km(mM)

Compound

Triad

R255

Trans-ACBD

99%

1%

0,54

Trans-ACPD

97%

3%

0,70

Trans-ACHD

68%

2%

30%

2,0

Compound

Triad

R255

Without
interaction

Activity
at 5 mM

Homocystein
e Sulfinate

49%

51%

30%

Cysteine
Sulfinate

28%

72%

15%

0%

91%

Homocysteate

9%

Inactive

The flexible amino acids Homocysteine sulfinate and
cysteine sulfinate, shown 49% and 28% of its
docking poses approaching the triad, respectively,
what would justify their lesser activities. This pattern
is supported by the docking of the inactive
compound, homocysteate, which didn´t presented
any docking next the triad, with 91% directed to the
residue R314, therefore an inactive analog.

Conclusions
This study allowed differentiates the behavior of the
active analogs from that of the medium active and
inactive compounds. The active seems to perform
their actions by preferentially interacts with the triad.
A binding mode could be established and involves
mainly electrostatic interactions with R80, H120 and
C81. These results will be the base to develop new
potential inhibitors of VGLUT-1 transporters.
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Thioredoxin Reductase as New Anticancer Agents
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Introduction
Thioredoxin reductase (TrxR) regulates the overall
intracellular redox balance, which has a conserved
catalytic site composed by Gly-Cys-SeCys-Gly
1
motif . Several reports have showed TrxR as a
druggable target for the development of new
2
anticancer compounds .
In this context, six thiosemicarbazones were
previously synthesized and evaluated against TrxR,
which could inhibited this enzyme (Fig. 1).

Computer-Aided

Drug

Design

-

CADD.

As a result, the thiosemicarbazones complexed
through van der Waals and electrostatic interactions.
All thiosemicarbazones interacted with Cys498
aminoacid, which is the responsible for catalyses
process (Fig. 3). Consequently, these interactions
are responsible for the enzyme inactivation.

Figure 3. Selected pharmacophoric map of
thiosemicabazone inhibitor L6 - GOLD SCORE
44.76.
Figure 1. Thiosemicarbazones inhibitors of
TrxR.

Conclusions

These findings together with the release of TrxR
1
structure in the Protein Data Bank (PDB: 2J3N)
motivated us to perform docking studies using
3
GOLD software .

This
study
showed
the
pharmacophoric
conformation of the catalytic and the main
intermolecular interactions for recognition by TrxR.
These findings can address to development new
antineoplasic agents becoming an alternative in the
cancer therapy.

Results and Discussion
2

The standard inhibitor D8130 of TrxR was docked
against catalytic site (Fig. 2A) following by the
thiosemicarbazone compounds (Fig. 2B).
A)
B)
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Figure 2. A) TrxR structure (PDB: 2J3N); B)
Catalytic site with docked thiosemicarbazone
inhibitors. D8130 is highlighted in yellow - GOLD
SCORE: 65.55.
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Introduction
The Peroxisome Proliferator Activated Receptors γ
(PPARγ) belong to a class of proteins that regulates
the expression of genes, thereby controlling the
insulin-sensitivity and regulating glucose levels.
Thus, PPARγ consists of a interesting molecular
target for drug development in the treatment of
type-2 diabetes.1 The most well-known activation
mechanism is the conformational change in the
helix 12 induced by ligand binding. 2,3 Besides this
classical activation, the phosphorylation of the
serine residue 245 of PPARγ has been reported as
another way of transcriptional modulation. The
phosphorylation is promoted via the aspartate
residue of a kinase enzyme, and this modification
leads to dysregulated expression of a subset of
genes whose expression is altered in obesity. 4
Interestingly, some PPARγ ligands can block
phosphorylation independently of the classical
mechanism,
promoting
antidiabetic
actions. 5
Understanding how the kinase interacts with PPARγ
to promote the phosphorylation reaction and how
ligands can inhibit this reaction is key. Here we use
molecular modeling techniques to propose a
structure for the PPARγ–kinase complex.

4) Perform accelerated molecular dynamics (aMD)
simulations to investigate the stability of the PPARγkinase models.
5-6) Perform aMD simulations of the PPARγ ligand
binding domain (LBD) with and without ligands.
These simulations will be used to validate the
complex models, measuring the mobility of S245
loop of PPARγ without the kinase influence. Since
the LBD-ligand simulations will help to understand
how ligands with different agonist response (total,
partial and non-agonism) can affect the structure
and conformational dynamics of the loop containing
S245.
We have observed from the PPARγ-LBD aMD
simulations that the S245 loop is very flexible.
Comparing the loop conformations observed in this
aMD with the conformations of the complex models,
we conclude that in the majority of the models the
S245 loop acquired conformations that were
consistent with the sampled conformations (Fig.
2B).

Results and Discussion
We propose and validate models for the complex
kinase–PPARγ by means of a series of
computational techniques summarized in Fig. 1:

Figure 2.
A) Complex model of PPARγ-kinase. B)
S245 loop mobility from aMD simulations (gray)
compared to the refined complex models (colored).

Conclusions

Figure 1. Modeling strategy

1) Generate initial structures (see Fig. 2A).
2) Four models were selected, based on the
biochemistry of the phosphorylation reaction and
low-resolution experimental data of PPARγ-protein
interactions.
3) Approximate the phosphorylation residues at a
sufficient distance capable of promoting the
reaction.

We propose a structural model for the association of
PPARγ and a kinase enzyme. The model has been
partially validaded. We are currently investigating
how ligands can block or inhibit PPARγ
phosphorylation.
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Introduction
Proteasomes are protein complexes inside all
eukaryotes and archae and in some bacteria. In
eukaryotes, they are located in the nucleus and the
cytoplasm. The main function of the proteasome is
to degrade unneeded or damaged proteins by
proteolysis, a chemical reaction that breaks peptide
bonds. Proteomic studies of Schistosoma mansoni
1
release the primary sequence of this protein , which
motivated us to construct it by comparative
2
modeling approach (Fig. 1) .

In addition, the ligand (PR-957), previous added,
complexed in the binding site by electrostatic
interactions, hydrogen bonds, van der Waals and
cation-π (Fig. 3).
2

Figure 1: S. mansoni proteasome structure .
The main goal of this study was evaluated the S.
mansoni proteasome 20S (beta 3) by molecular
dynamics simulations (MD). All simulations were
performed using a hybrid of implicit and explicit
solvent model, at 310 K, during 4 ns, ff03ua force
field, implemented in Amber 11 software.

Results and Discussion
Our studies suggested that protein reached the
equilibrium state after 2 ns of simulation at 310 K
(Fig 2).
A)

B)

Figure 3: Pharmacophoric map of PR-957 in the
binding site of S. mansoni proteasome 20S.
Dash lines are hydrogen bonds.
These findings can address the design of
compounds with activity anti-schistosomiasis.

Conclusions
Our studies evaluated the S. mansoni proteasome
20S model. In addition, the main interaction of
molecular recognition were highlighted between the
lead compound, PR-957, and the target. New
compounds anti-schistosomiasis can be generated
using the structure-basic rational drug design.
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Docking Results of Risperidone in the Dopamine D3 Receptor
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Introduction
The atypical antipsychotic Risperidone is a
landmark in the treatment of schizophrenia and
symptoms of irritability associated with autism
spectrum disorder (ASD) (1). Risperidone acts
through the blockade of D2-like receptors and shows
small risk of extrapyramidal symptoms (EPS) at
doses implying low to moderate D2 occupancy. Its
profile of receptor occupancy is argued to be
associated to the fast risperidone unbinding to D2
receptors in the nigrostriatal region, allowing the
recovery of dopamine signaling. In this work, we take
into advantage the D3 receptor crystallographic data
(PDBD 3PBL) (2) to perform the docking of
risperidone. To ensure the quality of results,
Quantum
Mechanics/Molecular
Mechanics
(QM/MM), followed by quantum energy calculation,
through DFT, were performed to refine the resulting
structures.

the D3 receptor. These data give support for further
development of novel/derivative agents with atypical
profile.

Results and Discussion
Docking results suggest that risperidone interacts
with the D3 receptor in two possible orientations: one
is upside down-like in respect to the other. The first
risperidone orientation (RO1) has the 6-Fluoro-1,2
benzoxazole fragment deep inside D3 receptor,
while the other orientation (RO2) has the above
mentioned fragment close to the surface (Figure 1).
Quantum Mechanics/Molecular Mechanics (QM/MM)
allowed the improvement of both orientations and
showed better results than using classical methods
alone. Quantum calculations, using DFT, showed
binding strength and stability differences between
the two possible contrasting risperidone orientations,
being RO1 a little more energetically stable than
RO2. The analysis of the individual amino acid
residue contribution suggests the residue Asp110
has key role in the binding of both orientations, while
Glu90, at 9.5 Å, enhances RO1 stability.

Conclusions
Our results indicate the existence of alternative
binding orientations with similar total binding energy
but distinct residue interaction profile. Also, we
established a protocol employing QM/MM refinement
to improve the docking of atypical antipsychotics in
th

Figure 1. Distinct orientations of risperidone in
D3 receptor after docking refinement using
QM/MM optimization method. (a) Risperidone’s
fluorine atom is located towards TMH5. (b) In
RO2, the fluorine atom of risperidone is oriented
towards the region between TMH1, TMH2 and
TMH7. Space filling representation of RO1 and
RO2 through spheres sized to the van der Waals
(VDW) radii.
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Introduction
HIV-1 reverse transcriptase (RT) has been deeply
characterized as a major drug target for the
treatment of HIV infection. Its popularity is confirmed
by the large amount of crystal structures available in
the Protein Data Bank. RT is the HIV enzyme that
converts the single-stranded RNA viral genome into
a double-stranded DNA provirus, which is then
integrated into the human genome1. There are two
classes of RT inhibitors: the nucleoside (NRTI) and
the non-nucleoside (NNRTI).
In this work, we have focused on the search for
novel NNRTIs that bind in noncompetitive manner to
a hydrophobic pocket close to the active site,
producing conformational changes in RT that will
avoid the viral DNA synthesis1. The allosteric binding
pocket can be attractive chemical space for drug
design due to its high degree of selectivity2. There
are only five NNRTIs available on the market.
Therefore, the need for more effective and less toxic
inhibitors is an urgent matter, aiming to avoid
problems like resistance, toxicity and adverse side
effects.
Here, we report the use of computational
techniques to identify an approach to achieve better
results in the virtual screening of a subset of
compounds employing a RT structure. From high
resolution structures in complex with NNRTIs we
analyzed the binding site and its surroundings to
determine their difference and plasticity. We later
chose a diverse set of structures providing a
considerable variation in the conformation of the site
due to the assorted NNRTIs. A library of 998
compounds (980 decoys and 18 known NNRTIs)
was docked into each of the crystal structures. The
purpose of this was to distinguish between known
binding molecules from inactive ones (decoys) to
measure the affinity of the known ligands to the
target and consequently find a suitable structure to
proceed the virtual screening.

Results and Discussion
Out of hundreds of RT structures, we filtered thirtythree that presented resolution up to 2.5 Å and were
in complex with an NNRTI. The best resolution
structure (1.51 Å), PDB code 4G1Q, was chosen as
reference. The residues that form the NNRTI site
were identified and the root-mean-square deviation
(RMSD) of each residue was then calculated
between the chosen structures and 4G1Q. This
analysis, alongside a 10 ns molecular dynamics
simulation of the 4G1Q structure, displayed variation
in the conformations of the allosteric site, some of
th

inhibitors,

virtual

screening,

molecular

docking.

these residues exhibiting more than 2.0 Å of RMSD
from the reference ones. After this study, we
reduced once again the number of structures to nine.
These structures were then prepared and submitted
to cross-docking and redocking procedures to
assess DOCK6.0 accuracy, resulting in extremely
positive outcomes where the program exploited the
site with good precision.

(a)

(b)

Figure 1. (a) Redocking and (b) crossdocking
results. The crystallographic ligand of 4G1Q is
shown in gray and the docked poses are in green
(T27) and in yellow (ATP), respectively.
Afterwards, a library of 998 molecules was docked
into the structures. We corroborated the structure
chosen as a reference as the best result. Despite
that, not all known compounds achieved a good
classification in the structures and some of them
were not able to dock within the binding site.

Figure 2. Semilog ROC curve related to the
screening of the library in the 4G1Q structure.

Conclusions
The screening of compounds produced a varied
response, mainly due to the diversity of the RT
conformations. However, it was possible to identify
not only one but also a couple of structures to submit
to virtual screening. Now a screening of a larger
library is in progress employing the reference
structure. However, our goal is to use the resulted
structures in an ensemble docking and molecular
dynamics simulations.
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Introduction
Diabetes is a group of metabolic disorders
characterized by chronic hyperglycemia resulting
from loss of insulin secretion or resistance to its
1
action . Type 2 diabetes is the most common,
2
making up about 90% of diabetes cases . There are
many drugs available for the treatment of type 2
diabetes, however, for most patients no drugs is able
to achieve glycemic control through a long period of
3
time . Thus, glucokinase protein has been studied as
a molecular target for the development of new antidiabetic drugs for their regulatory function of plasma
4
glucose . We studied a series of glucokinase
activator compounds through four-dimensionalquantitative structure activity relationship (4D-QSAR)
5
methodology , to identify features that can improve
the potency of these compounds.

Results and Discussion
6

The 54 compounds studied were built in the
glucokinase protein (PDB 3VF6) and underwent 4DQSAR methodology. The alignment was performed
using the Cα atoms from residues of Tyr61, Tyr214 e
Val455.
Subsequently to the 4D-QSAR study being carried
out based on the described alignment, 10 models
that characterize the data set were obtained. The
best model is presented below.
pEC50= 3.78 + 0.66 (1,-2,4,P-) – 3.67 (1,0,3,HA) + 0.28
(0,2,5,P+) + 0.69 (0,3,6,Ar) + 0,42 (-1,2,8,NP) + 0.16
(3,5,6,NP) – 0.48 (-2,1,3,NP) + 0.66 (-1,3,1,NP)
2
2
n=41; r =0,814 ; q =0,684 ; LSE=0,059; LOF=0,098
Type of atoms: P- (Polar negative), HA (hydrogen bond
acceptor), P+ (Polar positive) Ar (aromatic), NP (non-polar).

This model has eight descriptors, six of which
have positive regression coefficients and two have
negative coefficients. Positive coefficients mean
favorable interactions between the compound and
the protein and negative coefficients mean
unfavorable interactions between the compound and
the protein. The descriptors are shown in Figure 1.

A
B
Figure 1. Generated descriptors represented in
compound A and B. Green and pink spheres math
positive and negative coefficients descriptors,
respectively.
Observing the model, we realized that the
descriptor which had major negative contribution,
meaning the one which least favors the increased
activity is (1,0,3,HA), because it has the smallest
negative coefficient, -3.67. In Figure 1 we see the
presence of this descriptor close to the nitrogen
atom of pyrazol group in the compound A. Since this
descriptor is related to hydrogen bond acceptor
atoms, it can be stated that it is close to amino acid
(glucokinase) with hydrogen acceptor atoms in their
side chain, i. e., this interaction is unfavorable to
activity these compounds.
On the other hand, the descriptor with the highest
positive contribution is (0,3,6, Ar), because it has the
highest positive coefficient, +0.69. In Figure 1 we
see the presence of this descriptor near of pyridine
ring in compound B. This descriptor is related to
aromatic systems, then, there are amino acids close
to descriptor able to interact through cation-π,
anion-π or π stacking interaction. This is favorable to
activity these compounds.

Conclusions
The model obtained by 4D-QSAR methodology
and statistically validated showed good results.
Through it we can conclude that the main descriptors
suggest that aromatic substituents must be explored
and substituents hydrogen bond acceptor in the
pyrazole ring should be avoided.
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orientations was obtained for the PfTMPK-inhibitor

Introduction
According to the latest estimates approximately
about 207 million cases of malaria occurred in 2012
and 627 thousand deaths were related to this
parasitic disease. Malarial infection begins with a
parasite named Plasmodium, which is broadcast via
the bites of infected Anopheles mosquitoes. Its
important treat Malaria, once Plasmodium falciparum
malaria can progress to severe illness often leading
to

death1.

Enzyme

involved

in

system with an RMSD of 0,895 Å. We note that the
docked conformation was maintained, with a slight
shift of the crystallographic orientation. Orientation of
highest Goldscore, 102.94, for proposed compound
were selected and then analyzed. In Figure 1 we
show the top-ranked solution obtained with GOLD for
Compound A, where the main interactions for the
crystallographic complex are maintained.

pyrimidine

biosynthesis is Plasmodium falciparum thymidylate
kinase (PfTMPK), which catalyzes phosphorylation
of thymidine monophosphate (TMP) to thymidine
diphosphate, representing a potentially attractive
drug target for malaria2. Considering the importance

A

B

C

D

of the hunting for novel and efficient drugs for the
treatment of the malaria, the computer-aided drug
design of thymine derivatives, proposed by click
chemistry, was performed using molecular docking.

Results and Discussion
PfTMPK

inhibitors

molecular

based

interactions

of

on

optimizations

thymine

have

of

been

designed hoping that the thymine ring of the
synthetic ligands mimics that of the natural TMP
substrate. By using the GOLD 5.0 software, a
docking procedure was realized with such PfTMPK
structure, PDB code 2WWF, and potential inhibitor
to

suggest

binding

modes

for

the

proposed

compound. GOLD performs docking using a genetic
algorithm3. Docking simulations were performed
within a field of 5 Å radius centered on substrate in
chain A, using default parameters of the genetic
algorithm: populations of 100 conformers, 100000
operations,

95

mutations

and

95

Figure 1. Study of molecular docking of the
compound A as PfTMPK inhibitor. A) The 2D
structure of the compound. B) Superposition of the
highest Goldscore pose of the compound A (mainly
pink) on the TMP (mainly blue) determined
previously. C) Main compound A interactions with
PfTMPK: π-stacking type interaction with PHE74 and
H-bonds with LYS21, PRO45, ARG47, ARG78, ARG99.
D) The binding pocket for compost A. The surface of
the protein is colored by electrostatic potential.

crossovers.

Agreement between experimental and theoretical

Conclusions
Ongoing experiments are being performed
compound A synthesis and in vitro tests.
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between experimental and theoretical orientations

Introduction
Malarial infection begins with a parasite named
Plasmodium, which is broadcast via the bites of
infected Anopheles mosquitoes. In the human body,
the parasites multiply in the liver, and then infect red
blood cells. The first symptoms of this disease,
fever, headache, chills and vomiting, may be mild
and difficult to recognize it as malaria. Its important
treat Malaria within 24 hours, once Plasmodium
falciparum malaria can progress to severe illness
often leading to death1. Plasmodium falciparum

was obtained for the PfTMPK-inhibitor system with
an RMSD of 0.895 Å. We note that the docked
conformation

was

maintained,

with

a

slight

displacement of the crystallographic orientation.
Orientation of highest score, 90.08, for proposed
compound were selected using the GoldScore
function and then analyzed. In Figure 1 we show the
top-ranked solution obtained with GOLD for Proposal
1,

where

the

main

interactions

for

the

crystallographic complex are maintained.

thymidylate kinase (PfTMPK), enzyme involved in
pyrimidine biosynthesis, catalyzes phosphorylation of
thymidine

monophosphate

(TMP)

to

thymidine

diphosphate, representing a potentially attractive
drug target for malaria2. Considering the importance

A

B

C

D

of the search for novel and efficient drugs for the
treatment of the malaria, the computer-aided drug
design of thymine derivatives, proposed by click
chemistry, was performed using molecular docking.

Results and Discussion
PfTMPK

inhibitors

molecular

based

interactions

of

on

optimizations

thymine

have

of

been

designed hoping that thymine ring of the synthetic
ligands mimics that of the natural TMP substrate. By
using the GOLD 5.0 software, a docking procedure
was realized with such PfTMPK structure, PDB code
2wwf, and potential inhibitor to suggest binding

Figure 1. Study of molecular docking of the
compound A as PfTMPK inhibitor. A) The 2D
structure of the compound. B) Superposition of the
highest Goldscore pose of the compound A (mainly
pink) on the TMP (mainly blue) determined
previously. C) Main compound A interactions with
PfTMPK: π-stacking type interaction with PHE74 and
H-bonds with ARG47, ARG78, ARG99. D) The binding
pocket for compost A. The surface of the protein is
colored by electrostatic potential.

Conclusions

modes for the proposed compound. GOLD performs
docking

using

a

genetic

algorithm 3.

Docking

simulations were performed inside a sphere of 5 Å

Ongoing experiments are being performed to
compound A synthesis and in vitro tests.

radius centered on substrate in chain A, using

Acknowledgements

default

parameters

of

the

genetic

algorithm:

populations of 100 conformers, 100000 operations,
95

mutations

and

95

crossovers.
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Introduction
According to the latest estimates approximately
about 207 million cases of malaria occurred in 2012
and 627 thousand deaths were related to this
parasitic disease, being 80% and 91%, with up to
86% deaths in children under 5 years old, in subSaharan Africa, respectively. Funds committed to
malaria control from international sources increased
up, as illustrated to the year 2010 in which $1.71
billion have been invested1. P. falciparum thymidylate
kinase (PfTMPK) is a recent target involved in
malaria control, which catalyzes phosphorylation of
thymidine

monophosphate

(TMP)

to

thymidine

diphosphate, showing quite importance in pyrimidine
biosynthesis2. With respect to the relevance of the

inhibitor. The results obtained suggest a mechanism
of action was based on donor or electron acceptor of
the proposed compound. Considering highest score
solution, 97.50, for proposed compound, were
obtained stereoelectronics parameters and trend in
PfTMPK-binding

affinities

using

Spartan’14

(Wavefunction, INC) software as illustrated in Figure
1 and Table 1.
Table 1 – Stereo-electronics characteristics of
best score pose docking of compound A and for
TMP (crystallographic ligand).
Characteristic
Ligand
Compound A
C10H13N2O8P
C13H18N6O4S
Formula
-5,00
-0,33
LogP
10
11
HBA
2
1
HBD
+0,80 eV
-6,92eV
HOMO Energy
+1,38 eV
-2,40eV
LUMO Energy
Legend: LogP: lipofilicity; HBA: hydrogen bond acceptors; HBD:
hydrogen bond donors.

search for novel and efficient drugs for the treatment
of the malaria, the in silico design of thymine triazolic
derivatives was performed using Molecular Docking
and Density Functional Theory (DFT).

A

Results and Discussion
PfTMPK inhibitors have been proposed aiming
optimization of molecular interactions of thymine and
expecting to maintain similar interactions of the
natural TMP substrate. Docking studies were
performed to evaluate interactions between designed
GOLD

experimental

5.0

software.

and

theoretical

Overlap

between

orientations

was

obtained for the PfTMPK-inhibitor system with an
RMSD of 0.895Å. Orientation of highest score,
97.50, for proposed compound were selected using

Conclusions
Docking studies suggest a good molecular
complementary between designed inhibitors and
PfTMPK, structure. DFT molecular modeling results
indicates donor and electron acceptor ligand regions
and it enabled to suggest a probable mechanism of
action for the class of compouds.

the GoldScore function and then analyzed. DFT
calculations with functional hybrid B3LYP and basis
sets 6-311+G** have been carried out to study the
stereoeletronic properties of proposed PfTMPK

C

Figure 1. A – Molecular structure of Compound
A. B - Electrostatic potential map of Compound A
colored by nucleophilic (red) and electrophilic
(blue). C – Thymine-side view superposition of
the highest Goldscore pose of the compound A
(mainly blue) on the TMP (mainly green)
determined previously on the binding site of
enzyme colored the same way.

ligands and PfTMPK structure, PDB code 2wwf
using

B
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Introduction
The analysis of the receptor-dependent fourdimensional-quantitative
structure
activity
1
relationship (RD-4D-QSAR) has been applied to a
series of 67 imidazopyridines derivatives synthesized
2
by Blomgren et al . These compounds are inhibitors
3
of Spleen tyrosine kinase (Syk) , responsible for the
signal transduction of classic immunoreceptors. The
deregulation of Syk is associated with several
pathologies, among which the uncontrolled growth of
4
tumor cells stands out .The most advanced Syk
inhibitor, fostamatinib has proved efficient in multiple
therapeutic indications, but its clinical progress has
5
been hampered by variations in the dosage effect .
In this context, the search for more selective and
potent inhibitors is necessary, so that, through the
RD-4D-QSAR method, the pharmacophoric features
that may increase the potency in compounds from
this class will be investigated.

interaction and it is located next to the pyrazole ring,
indicating that hydrophobic groups in this region are
unfavorable to the biological activity. This fact can be
explained by the presence of the Lys387 residue with
polar character, which is close to the ring region,
disadvantaging the potency of this inhibitor.

Figure 1: Representation of the alignment a, b and c,
consisting of Cα-Leu501, Cα-Leu377 and C6Compound A in yellow, respectively.

Results and Discussion

Lys387

After the RD-4D-QSAR study, the best model had
2
good predictive abilities (q =0.6) and squared
2
coefficient of linear correlation (R ) equal to
0.8(Table 1) was obtained. The model was derived
from the alignment (atoms a, b, c), as shown in
Figure 1.
Table 1. Model
methodology.

1

obtained

by

the

-(-2,-1,4,NP)
Compound A

4D-QSAR
Leu501

pIC50 = +13.143 - 1.238 (2,2.4,HA) - 8.183 (-2,-1.4,NP) –
0.788 (2,3.3,NP) - 0.740 (2,1.5,NP) - 0.627 (2,-1.4,NP) +
46.485 (1,2.2,NP) + 0.309 (1,0.4,NP)
n =67 r2=0.8 q2=0.6 LSE=0.059 LOF=0.080
Types of atoms: HA (hydrogen-bonding acceptor ), NP (non-polar).

This model presented seven descriptors and among
them two have positive coefficients that is
correspond to favorable interactions between the
molecule and the receptor. The other five descriptors
have negative coefficients correspond to unfavorable
interactions between the molecule and the receptor.
The most significant descriptors of this model were
+(1,2.2,NP) and -(-2,-1.4,NP), as shown in Figure 2.
The descriptor with a positive coefficient +(1,2.2,NP)
represents an element of non-polar interaction and it
is located near the indazole ring of the most active
compound in this series (Compound A), suggesting
that hydrophobic substituents in this region of the
inhibitor contribute to the biological activity. This fact
can be explained by the presence of the Leu501
amino acid residue. The descriptor -(-2, -1.4, NP)
with a negative coefficient is an element of non-polar
th

+(1,2,2,NP)
Figure 2: Most significant descriptors generated by
the 4D-QSAR method, represented in the most active
compound (Compound A).

Conclusions
Through the statistically validated model by RD-4DQSAR, it can be concluded that the most important
parameters suggest that hydrophobic substituents in
the position (1,2,2) should be explored and, in the
position (-2,-1,4), they should be avoided.
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Introduction

The
Human
Acquired
Immunodeficiency
Syndrome (AIDS) is caused by the Human
Immunodeficiency Virus (HIV)¹. The virus uses three
enzymes to create a new particle of HIV. Among
them, the Reverse Transcriptase (RT) enzyme,
which is crucial at the beginning of the cycle,
converts the viral single-stranded RNA into a doublestranded viral DNA. Reverse transcriptase inhibitors
available on the market are toxic and present several
side effects². This fact highlights the need for new
more efficient and less harmful drugs. The aim of
this study is to evaluate the binding mode of a series
of compounds derived from the known nucleoside
inhibitors, Abacavir (ABC) and Lamivudine (3TC). To
achieve this goal, we used the Molecular Docking
methodology.

Table 1 shows values Emodel and RMSD of TP of
the ABC and 3TC and their respective compounds
derived.
Table1. Second procedure of with the inclusion of
the triphosphate chain.
Compounds

Emodel (kcal/mol)

RMSD (Å) of TP
chain

1 (ABC)

-135.7

0.693

3

-163.3*

0.669

5 (3TC)

-128.9

2.631

6

-163.2*

2.843

* Compound with lower of Emodel value.

Compounds 3 and 6, derived from ABC and 3TC,
respectively, showed favorable results. Figure 2
shows the interactions with amino acids of the best
compounds in the active site. Most of them were
preserved when compared to TNV.

Results and Discussion
We performed a query in the Protein Data Bank and
was chosen the structure 1T05³ with a resolution of
3.0 Å, in complex with Tenofovir (TNV), as receptor
due to a lack of a complexed structure with ABC and
3TC. Molecular Docking simulations were done with
the GLIDE program. Three procedures were
performed: (i) compounds without the triphosphate
chain (TP), (ii) with the TP attached to the
compounds, resembling the conformation of
zidovudine (AZT) in complex with TR (PDB Code
3V4I4). (iii) by restraining the distance between the
TP and the magnesium (Mg+2) ion, also present in
the active site. We considered the Emodel function
from GLIDE, means estimated energy of ligands, to
rank the poses.

Figure 2. Interaction maps of compound 3 (right) and 6
(left) within the active site of RT.

Conclusions
The molecular docking methodology suggested
compounds 3 and 6 as the most promising ones.
With the employment of the same tool we were able
to propose the binding mode for ABC, 3TC and their
derivatives in the TR nucleoside binding site.

Acknowledgements
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Figure 1. Analogs derived from ABC and 3TC.
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Introduction
The new drugs design has increased in each
day and useful tools that have emerged with the
computational chemistry evolution has been applied
both to the rational design of this molecules as for
the better understanding of how it may interact with a
molecular target. In this work were drawn with a
molecular editor and simulated by molecular docking
technique the interaction of seven known pesticides
with the mosquito acetylcholinesterase (MoAChE),
retrieved from Protein Data Bank server, code
2AZG, and human acetylcholinesterase (HuAChE),
built by homology modeling technique, in previous
work2.

Figure 1. Lower docking energies between
pesticides and acetylcholinesterases.

Results and Discussion
Results showed that some of pesticides
inhibit more strongly the HuAChE than the MoAChE
when the criteria is the docking energy, how we can
see at the Figure 1. On the other hand is important
to observe the type of interactions and the
aminoacids involved in this study since there is an
important mutation at MoAChE, Figure 2, not present
at HuAChE which may favor strong interaction at the
active site entrance, Figure 3, where in surface
representation we have the PY16 pesticide and in
stick representation the principal aminoacids of
enzyme active site with its respective interactions
represented by spheres.

Figure 2. Principal mutation in MoAChE in
comparison to HuAChE.

Conclusions
According to the energy criteria results the
difference between the docking energy are not so
relevant, however, the type of interactions that arise
between amino acids and ligands are decisive to
allow better or worse molecular docking depending
of the geometric configuration of ligand.
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Figure 3. Principal interactions between active
site entrance of HuAChE and the pesticide PY16.
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Introduction
VGLUT’s is a family of membrane transporter
proteins which mediates the enclosure of glutamate
1
in vesicles. By controlling the activity of VGLUT’s
the glutamate excitatory transmission would be
modulated and therefore, it can treat pathologies
such as Alzheirmer’s and Parkinson’s diseases.
2
Previous docking studies performed by our group
with cyclic analogues of glutamate have shown the
most active compounds exhibiting an important
tendency to be close to a triad of residues (R80,
H120, R176), while less active analogues tended to
approach to R314. A binding mode was also
possible of being proposed, involving interactions
with one of the guanidine NH2 groups of R80 and
electrostatic interactions with the imidazole group
from H120.
Starting from these results, the objective of this work
was to apply a homology model of VGLUT-1, built by
1
Almqvist et al, in molecular docking studies of βaminocarboxylates derivatives aiming to define if the
proposed compounds would be able to interact with
VGLUT-1 model as well as to establish possible
binding modes.

Results and Discussion
1: R1 = H; R2 = Et; n = 0

2: R1 = H; R2 = Et; n = 0; 2,3-diidro

[ ]n

3: R1 = H; R2 = Et; n = 1

3
2

4: R1 = H; R2 = Et; n = 1; 2,3-diidro

5: R1 = alil; R2 = H; n = 0; 2,3-diidro
6: R1 = alil; R2 = H; n = 1; 2,3-diidro

nitrogen of H120, besides the previously cited
interactions (Figure 2).

Figure 2. Best docking poses to 1 and 2.
The difference among the binding modes of these
analogues seems to be due to the enamine doublebond of 1, where the nitrogen is in cis configuration
to the carboxylate. This configuration maintains the
NH group far from the H120 imidazole, preventing its
interaction to this amino acid, while the freely
rootable bond of 2 allows this interaction.
Compounds 3 and 4 also presented interactions with
R80 and H120, however only 32% of obatined
docking poses of 3 and 8% of 4 exhibited this
tendency, which would suggest low binding
probability and therefore poor activity. Compounds 5
and 6, which present allyl and carboxylic acid
groups, furnished a second binding mode where a stacking interaction to the H120 imidazole occur with
the allyl group, and the carboxylic acid is placed
close to R176.

Conclusions

Figure 1. Designed compounds.
Six β-aminocarboxylate derivatives (Figure 1)
designed by us had their 3D models built in
HyperChem 7.51 software. Energetic minimization
and single-point charge calculation were performed
using MM+ forcefield. The molecules were then
docked to VGLUT-1 model using GOLD 4.1.2
software, and using the median region of the amino
acids R176 and R314 as docking search standard,
and allowing total flexibility to H120 amino acid.
The obtained results showed that all proposed βaminocarboxylates presented tendency to fit close
the R80, H120 and R176 triad. This suggests these
compounds may interact to VGLUT-1 as several
compounds reported with good affinity to this
transporter. Derivatives 1 and 2 got close to the triad
in a similar way, however compound 1 interacts only
through a hydrogen-bond to the guanidine NH2 group
of R80, and by -stacking with the H120 imidazole.
In counterpart, compound 2 establishes extra
hydrogen bond of its NH group with the imidazole
th

In summary, this work demonstrated that βaminocarboxylate derivatives may be interesting
VGLUT-1 ligands by interacting in a similar manner
as observed to the cyclic glutamate derivatives. The
binding modes obtained for compounds 1 and 2
suggest these compounds are the most promissing
of the series, and synthetic procedures are already
been done in our lab.
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Introduction
Histamine H4 receptors (H4Rs) have been explored
as important target involved in immune and
inflammatory processes, since they are found mainly
in immune and blood-forming cells. Several H4R
ligands were described, and the roles of their
molecular properties must be defined to assist the
1
design of NCE’s.
Thus, through molecular
modeling, this work aimed to evaluate the electronic
and steric properties of some compounds designed
in our lab as potential H4R ligands.

Results and Discussion
The study was performed through comparative
analysis between our compounds and standard H 4R
ligands already reported JNJ-7777120 and JNJ39758979, which present high affinity (Ki 4 nM and
12.5 nM, respectively) and antagonist activity at
H4R.
The
designed
compounds
present
dihydrobenzofuran nucleus linked to a substituted
pyperazine, and all compounds have an aromatic
nucleus and a basic nitrogen pharmacophore to H 4R
2
binding. Methyl (CMP), allyl (CAP) and phenyl
(CFP) groups were the substituent attached to
4
piperazine N of designed derivatives, as well as the
unsubstituted (CP) derivative. 3D models were built
and had their geometry optimized in HyperChem
7.51 software, using MM+ forcefield, followed by
atomic partial charge calculation using semiempirical AM1 method. The final geometry was used
as input in Molsim 3.2 software to perform a
molecular dynamics (MD) simulation (1 fs, 100.000
steps). The lower energy conformer was selected to
ab-initio calculations (HF/6-31G*), where ChelpG
atomic partial charges were obtained and used to
build the maps of electrostatic potentials in a
Connolly surface (MEPs). Moreover, information
regarding frontier molecular orbitals (EHOMO e ELUMO)
were also obtained. The MEPs suggested the
3
carbonyl oxygen of JNJ-7777120, the pyrimidine N
nitrogen of JNJ-39758979 and the dihydrofuran
oxygen of designed derivatives (mainly CMP) may
exert a similar role to the H4R interaction, since they
demonstrate similar electronic density. Electrondonating substituents (as alkyl groups) attached to
4
piperazine N can contribute to this effect. However,
bulky substituents may be detrimental to the binding,
due to the high steric hindrance to the nitrogen
interaction to H4R, as previously stated to the JNJ
th

3,4

series. Partial saturation of indole nucleus of JNJ7777120 resulted in derivatives with retained
5
activity, showing that pyrole ring can act as only
aromatic nucleus. Therefore, dihydrobenzofuran
derivatives may be active as H4R bioisosteric
ligands. The observed EHOMO distribution in the
aromatic moieties of the compounds corroborate to
1
this possibility. However, the N of JNJ compounds
also presented HOMO orbitals as observed in the
designed derivatives, especially in CMP and CAP. In
summary, this nitrogen can present the same role in
H4R binding. ELUMO distribution did not lead to
significant results.

Figure 1. MEPs (A and B) and EHOMO (C) distribution of JNJ39758979, JNJ-7777120 and CMP.

Conclusions
The work allowed concluding the designed
compounds can be potential H4R ligands, since the
molecular properties showed high similarity to JNJ
molecules. Pharmacophore characteristics were
maintained in our derivatives, however the steric
4
properties of the groups attached to piperazine N
should be observed in future designs. The CMP is
considered the most promising, and synthetic stage
have already started in our lab to future evaluation of
its H4R binding affinity.
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Introduction
Bruton’s tyrosine kinase (Btk) is a cytoplasmic
protein
tyrosine
kinase
crucial for B-cell
differentiation,
signaling,
and
development.
Furthermore, Btk expression is considered a
prerequisite for B-cell proliferation and survival [1].
The inhibition of Btk has become an attractive target
for the treatment of autoimmune diseases, B-cell
leukemias and lymphomas [2].
Delucca et al. [2] described a series of
nicotinamidic analogues that act as potent inhibitors
of Btk. We avaluate the interaction of 96
nicotinamidic analogues in the Btk active site in order
to direct the planning of new inhibitors of this
enzyme.

Results and Discussion
The crystal structure of was obtained from the
Protein Data Bank (PDB code: 3OCS) and used for
docking of the proposed structures using the
software Molegro Virtual Docker. The following
parameters were calculated: (a) hydrogen bonding
energy between the ligand and the protein (EHBond);
(b) internal energy values of ligand (EIntra); (c) shortrange (𝑟 < 4.5 Å) electrostatic interaction energy
(EElect) between the ligand and the protein; (d) longrange (𝑟 > 4.5 Å) electrostatic interaction energy
(EElectLong) between the ligand and the protein and (e)
steric interaction energy between protein and ligand
(ESteric). Multiple linear regression (MLR) was used to
model the relationship between the independent
energy term values and pIC50 values by fitting a
linear equation to the observed data. The predicted
pIC50 was obtained by the following equation:
pIC50 = 0.82 - 0.05ESteric - 0.04EIntra + 0.00EHBond +
0.04EElect + 0.34EElectLong
In the Btk enzyme, the energy term values of the
best docked conformations correlated with inhibition
activity, presenting the coefficient of determination
(R2) equal to 0.80. An R2 greater than 0.7, indicates
a high correlation among the data.
ESteric has great weight in the potency of the
compounds since the magnitude of its regression
coefficient is 0.05. The negative coefficients
correspond to favorable interactions between the
ligand and the amino acid residues in the protein
active site. Thus, these interactions increase the

potency of the inhibitors. For example, Compound
14 has less ESteric value (-190,75 kcal.mol-1) and
occupies the “specificity H3 pocket” in Btk (Figure 1),
essential for the activity.

Figure 1. Inhibitors 14 (green) and 59 (yellow)
in the Btk active site. On the right, amino acid
residues represent the “H3 pocket”.
Although Compound 59 is the most potent inhibitor
of this series, it does not fit correctly in the H3
pocket, and thus, it has a highest ESteric value (165,92 kcal.mol-1) than Compound 14.
Our results corroborate the results of Di Paolo and
co-workers [3] who had already mentioned the
importance of the occupation of H3 pocket on Btk for
increasing specificity of the compounds.

Conclusions
From the data obtained, it was possible to propose
structural changes in nicotinamidics compounds
through rational drug design to obtain promising
inhibitors of Btk.

Acknowledgements
Department of Chemistry DQI-UFLA, FAPEMIG
and CNPq.

Mohamed, A. J.; Yu, L.; Bäckesjö, C.; Vargas, L.; Faryal, R.; Aints,
A.; Christensson, B.; Berglöf, A.; Vihinen, M.; Nore, B. F. and Smith,
C. I. E. Immunological Reviews. 2009, 228, 58.

1

Delucca, G. V.; Shi, Q.; Liu, C.; Duan, J. and Tebben, A. J. BristolMyers Squibb Co (Brim). 2010, US WO2010144647.
2

Di Paolo, J. A.; Huang, T.; Balazs, M.; Barbosa, J.; Barck, K. H.;
Bravo, B. J.; Carano, R. A. D.; Darrow, J.; Davies, D. R.; DeForge, L.
E.; Diehl, L.; Ferrando, R.; Gallion, S. L.; Giannetti, A. M.; Gribling, P.;
Hurez, V.; Hymowitz, S. G.; Jones, R.; Kropf, J. E.; Lee, W. P.;
Maciejewski, P. M.; Mitchel, S. A.; Rong, H.; Staker, B. L.; Whitney,
J. A.; Yeh, S.; Young, W. B.; Yu, C.; Zhang, J.; Reif, K.; and Currie, K.
S. Nature Chemical Biology. 2011, 7, 41.
3

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

Poster Titles

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

CAB-024

Computer-aided design of new indole-3-carboxamide derivatives as
renin inhibitors
Mota, E.G.1* (estellagaspar@hotmail.com); Duarte, M.H.1; Cunha, E.F.F.1; Freitas, M.P. 1
1

Department of Chemistry, Federal University of Lavras, P.O. Box 3037, CEP 37200-000. Lavras, MG, Brazil.

Keywords: hypertension, MIA-QSAR, renin.

The values in Table 1 show that the constructed
QSAR model is reliable and predictive.

Introduction
Direct renin inhibitors are the newest type of
medicine for the control of high blood pressure.
These block renin from entering the active state,
thus preventing the production of angiotensin I from
angiotensinogen in renin–angiotensin system (RAS).
As a consequence, blood vessels relax and widen,
making it easier for blood to flow through the
vessels.1 Some new classes of direct renin inhibitors
have been recently developed,2,3 among which
nonpeptide indole-3-carboxamidederivatives appear
to be good candidates. In this study, we propose the
building of a QSAR model capable of estimating
accurately the bioactivities of new indole-3carboxamide derivatives as renin inhibitors.

Results and Discussion
A series of 45 indole-3-carboxamide derivatives
were taken from the literature.1 The chemical
structures were designed in the ChemSketch
program. We carried out the superimposition (2D
alignment) of the molecules, forming a threedimensional array which was subsequently unfolded
to a two-way array using Matlab, i.e. an X matrix
that can be correlated with the y-block of biological
activities by partial least squares (PLS) regression
(Figure 1).

Insert figures in this space at your convenience.

Figure X. Insert the title here
If you do not have tables, simply delete the space
below.
Figure 2. Plot of experimental vs. predicted pIC50
using the MIA-QSAR model.
Given the predictive ability of the MIA-QSAR
model, it was used to predict new indole-3carboxamide analogues with expected high
bioactivities, designed by combining substructures
of two or more highly active compounds within the
series, keeping the common skeleton unaltered.
Table 2. The proposed compounds.
New
A
B
C
D
Molecules
pIC50
9.14 9.26 8.61 8.86

E

F

8.72

8.36

Conclusions
New molecules have been proposed using the
technique of combining substructures of the
experimentally most active compounds. Some
newly designed indole-3-carboxamide analogues (A
and B) exhibited pIC50 higher than those found in
the literature, according to the MIA-QSAR
predictions.
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Table 1. Statistical analysis.
Parameter Calibration
LOOCV
2
r
0.987
0.805
RMSE
0.214
0.832

Test set
0.865
0.539
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Introduction
Cardiovascular diseases represent today the main
cause of death worldwide, with a steadly increase at
the
incidence
of
thromboembolic
events,
representing the major cause of death in western
1
countries. The adverse reactions of current drugs
such as bleeding, neutropenia, thrombocytopenia
and even resistance prompt to the design of new
2
therapeutic options.
In this work we synthetized a new series of thioureaderivatives with promising antiplatelet hit molecules.

Results and Discussion
Molecules were screened for their antiplatelet profile
using turbidimetric platelet aggregation assays.
Quantitative results revealed two novel antiplatelet
thiourea derivatives able to inhibit the arachidonic
acid pathway with IC50 values at the micromolar (¯M)
range (58 = 34,5±1,0 and 13 = 84,6±0,50) and also
showing increased potency in comparison to aspirin
(IC50= 40,5±5,0¯M)(Table1).
Results from PT and APTT coagulation tests show
that none of the thiourea derivatives evaluated was
able to influence the extrinsic or intrinsic pathways of
the coagulation cascade. These results prompt to
the selectivity of these substances for the inhibition
of human platelets over coagulation factors.
In silico analysis of the compounds at the software
Osiris Property Explorer revealed the high
druglikeness and drugscore values of molecule 58 in
comparison to the whole thiourea series, prompting
the potential of 58 as a lead molecule for further
molecular optimization (Table 1).
Thromboxane B2 (TXB2) concentrations levels in the
plasma were correlated to the antiplatelet activity
where the global platelets production of TXB2 was
reduced by 84,36 ± 2,68% in the presence of 100 ¯M
of 58, suggesting the inhibition of either
Cyclooxigenase-1
(COX-1)
or
thromboxane
synthase (TXS).
Molecular docking simulations with both enzymes
revealed that molecule 58 binds more efficiently to
COX-1, with a similar binding mode to indomethacin,
interacting with the top of the channel of COX with
residues TYR355 and LEU384 through 16 different
hydrophobic contacts and forming a 2.0 Å hydrogen
bond with ILE523 through the thiourea amine
(Figure 1).

th

Table 1. Comparison of antiplatelet activity and
structure-activity relationship studies of novel
thiourea derivatives
Compound

IC50 Platelets Druglikeness Drug Score

13

84,6±0,50

-2,73

0,38

58

34,5±1,0

2,71

0,83

* IC50 values from the antiplatelet activity of thioureas on the
arachidonic acid pathway of platelet aggregation.

Figure 1. Protein-ligand complex simulations of
novel thiourea derivative 58 (orange) into COX-1
(blue) and TXS (green)
Enzyme

Number
of
stable poses

Van Der HBonds
Waals

Other

Energy

COX

-5.53

45

18

ILE523

-

TXS

-5.24

28

17

GLU180

Cation-π
HEME Fe

Binding

Conclusions
In summary, we reported the synthesis and the in
vitro and in silico evaluations of the novel series of
thiourea derivatives. Compounds 13 and 58 were
identified as the most potent molecules of the series,
highlighting molecule 58 as the most potential lead,
with good antithrombotic activity and druglikeness
supported by both in vitro and in silico evidence.
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Introduction
The improve on the computational power and the
increasing number on protein structures create a
typical scenario for molecular interaction evaluation
by docking tools. However, for an effective
molecular interaction model, the solvent role needs
to be accurately taken in account in scoring
functions by reliable solvation models.
Explicit solvent model is not yet time-allowed for
virtual screening of large datasets, molecular
docking programs typically rely on implicit solvent
models. The state of art for implicit solvation is the
Generalized Born (GB) continuum model 1, that
mainly try to reproduce the dielectric medium, at a
high computational price. Then, most of the current
models employed in molecular docking context are
based on a penalty for polar interactions based on
the solvent occluded volume after binding. However,
are these models accurate enough for a solvation
penalty description?
Here, we used an empirical solvation model
based on the Stouten proposal and implemented it
on LiBELa molecular docking program. The
solvation energies were compared with the pairwise
implementation of GB/SA. Our model proposes that
the solvation penalty can be given by an atomic
solvation term (S) times a change in exposed
volume (f). The choice for S is based on Verkhivker
model and takes S as a linear function of the square
of the atomic charge q. These terms are computed
for ligand and protein (i and j) and then shaped by a
Gaussian envelop function:

S i=α q2i + β

2
2
3
E sol
ij = ( S i f j + S j f i ) exp [−r eff /2 σ ] /3σ

Results and Discussion
Energies for ligand-receptor complex from
SB20103 database were computed with DOCK6 4
(Zou's pairwise GB/SA) and LiBELa programs. The
initial conformation of the ligand was maintained, so
the pose was the same for both calculations. The
good agreement between the computed energies
suggests that the proposed model can be a good
approximation for solvent polar penalty with a much
faster evaluation, appropriate for molecular docking
(Figure 1).
Evaluation of ROC curves computed for DUD
database with LiBELa showed that the enrichment is
worse when using the solvation function as
compared with the usage of van der Waals and

Coulombic electrostatic contribution alone. Adjusted
log AUC values were computed and revealed that
pure force field scoring functions were 70% greater
than when solvation was taken in account. The
same reduction was also observed for an Amberbased ‘soft-core’ scoring function, with 80% greater
log AUC values when computed without the
solvation term.

Figure 1. Ligand and receptor desolvation
energies for Zou GB/SA (on DOCK6) and LiBELa.

Conclusions
The
Stouten-Verkhivker's
solvation
model
evaluated here is in agreement with the well
established Zou's GB/SA. Also, it has a much lower
computational time (10% or less), proving to be
good utility in programs such as molecular docking.
Despite the theoretical improvement on ligandreceptor interactions theory, the solvation penalty as
proposed here worsened the enrichment against the
DUD benchmark. Similar results were also reported
by Shoichet when testing DUD with and without
solvation contribution5.

Acknowledgements
We are grateful to FAPESP and CNPq agencies.
____________________
1

Still, W. C.; Tempczyk, A.; Hawley, R. C.; Hendrickson, T., J. Am.
Chem. Soc., 1990, 112 (16), pp 6127–6129
2
Verkhivker, G. M.; Rejto, P. A.; Bouzida, D.; Arthurs, S.; Colson, A.
B.; Freer, S. T.; Gehlhaar, D. K.; Larson, V.; Luty, B. A.; Marrone, T.;
Rose, P. W., J. Mol. Recognit., 1999 Nov-Dec;12(6):371-89.
3
Mukherjee, S., Balius, T. E., Rizzo, R. C., J. Chem. Inf. Model., 2010,
50 (11), pp 1986–2000.
4.Brozell S. R., Mukherjee S, Balius T.E., Roe D.R., Case D.A., Rizzo
R.C., J. Comput. Aided. Mol. Des., 2012 Jun;26(6):749-73.
5
Mysinger M. M., Shoichet B. K., J. Chem. Inf. Model. 2010 Sep
27;50(9):1561-73.

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

Poster Titles

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

CAB-027

Study of the physicochemical, pharmacokinetic and toxicological
properties and molecular docking of inhibitors of GSK-3β
Picanço, L. C. S.*1; Picanço, R. M.1; Brito, M. F. B.1; Pinheiro, A. A.1; Da Silva, J. O.1; Santos, C. B.
R.1; Hage-Melim, L. I. S.1
1

Federal University of Amapá, *leide-caroline@hotmail.com

Keywords: GSK-3β, Rule of five, ADMET, Molecular Docking.

Introduction
Glycogen synthase kinase-3 (GSK-3) is a
serine/threonine kinase with two isoforms α and β.
GSK-3β is involved in the regulation of various
processes, and is highly expressed in the brain.
GSK-3β has been linked to abnormalities of all
primary Alzheimer's disease (AD), for interacting
with the different components of the production
system of amyloid plaques and participates in the
phosphorylation of tau protein that regulates and
stabilizes microtubules in axons of neurons Central
Nervous System (CNS).3-7
Therefore, the aim of this work was to study the
physicochemical, toxicological and pharmacokinetic
properties, and molecular docking of inhibitors of
GSK-3β. The search for inhibitors of GSK-3β was
made in the BindingDB database of which 12
inhibitors and their physicochemical properties
related to the parameters of Rule of five (RO5) were
obtained. Docking simulations were performed
between ligands and GSK-3β with PatchDock
program. The predictions of ADME and toxicological
properties have been made in webservidor
PreADMET.

Results and Discussion
For a drug has good oral bioavailability must meet
the following parameters: lower molecular weight
than 500 Daltons; LogP less than 5; Maximum of
five hydrogen bond donor groups; Maximum of ten
hydrogen bond acceptors groups. This condition is
known as RO5. The drugs with good oral
bioavailability cannot violate more than two
parameters that rule. By analyzing the parameters
of the selected compounds, it can be seen that all
the inhibitors are in accordance with the
recommendations of RO5, and does not violate
more than two parameters.
The results of docking with the following
compounds showed 1, 2, 3, 4, 5, 10, 11 and 12
inhibitors are involved in hydrogen bonds with the
enzyme active sites formed by amino acid residues:
ILE62, VAL70, ALA83, LEU132, ASP133, TYR134,
VAL135, PRO136, ARG141, LEU188, CYS19910
(Fig. 1).
For predicting ADME of the selected compounds,
all inhibitors are well absorbed in the human
intestine. It was observed that only compound 1
showed low permeability to Caco-2 cells, the others
showed average permeability. Regarding the
permeability of MDCK cells, compounds 3, 4, 8 and
12 had an average permeability and the remainder
had low permeability.

Figure 1. Results of molecular docking with the
inhibitors of amino acid residues.
It was observed that compounds 2, 6, 9 and 12
are inhibitors that bind weakly to plasma proteins,
and others, strongly bind. About uptake in the CNS
only compound 5 showed high permeability of
blood-brain barrier, the 1, 3, 4, 6, 7, 8, 9 and 11
compounds, and the average two compounds 10
and 12 low. By analyzing the prediction of
toxicological properties, it has been observed that 1
and 11 inhibitors are not mutagenic according to the
Ames test and the compounds 1, 4, 6, 11 and 12 are
not carcinogenic.

Conclusions
When analyzing the results, it was observed that
compound 12 showed binding to the active sites of
the
enzyme,
good
physicochemical
and
pharmacokinetic properties, but showed low uptake
in the CNS is mutagenic and therefore studies of
structure-activity relationship will be carried out for
this inhibitor may be a potential drug candidate for
the treatment of AD, GSK-3β inhibitor.
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Introduction
Since the cholinergic hypothesis was approved,
cholinesterases have become important therapeutic
targets in Alzheimer’s disease (AD) treatment. The
mechanism of action of cholinesterase inhibitors
comprises the increase of cholinergic transmission
in the central nervous system, defects of which lead
to memory and thinking disturbances. It is known
that AChE exerts secondary noncholinergic
functions, related to its peripheral anionic site, which
interfere on amyloid beta (Aβ) aggregation1. Then, a
new series of dual binding site AChE inhibitors has
been designed and synthesized as new potent
AChE inhibitors, which might simultaneously
alleviate cognitive deficits and behave as diseasemodifying agents by inhibiting Aβ peptide
aggregation through binding to both catalytic and
peripheral sites of the enzyme. In this work was
performed a molecular docking study of three new
potential dual binding site AChE inhibitors, the
hybrids 1-3, the donepezil (4) as reference, and
comparing the binding affinity with two dual binding
site AChE inhibitors (5 and 6) described in
2
literature .

Figure 1: Compounds used in docking studies: new
hybrids (1-3) proposed, donepezil (4) and dual
binding site AChE inhibitors 5 and 6.

Results and Discussion
Docking simulations were performed using the
GOLD 5.1 software. AChE enzyme (PDB ID 1EVE)
was selected for docking study. The orientations of
highest score for each compound were selected
3
using the score function CHEMPLP . On the basis
of this function, the program classifies the
orientations of the molecules in a decreased order
of binding affinity (score) with the ligand site of the

receptor. Redocking was carried out successfully
(RMSD = 0.930). Score values obtained for 1, 2, 3,
4, 5 and 6 were 100.6, 101.8, 107.9, 91.6, 111.3 and
110.5, respectively. Analyzing theses values was
observed that all candidates 1-3 and inhibitors 5 and
6 have a score higher than 4, indicating a higher
affinity for the active site. Moreover, observing the
mode of interaction of all the compounds and
comparing the poses obtained to hybrids 1-3 was
possible to verify a perfect occupation of both
catalytic and peripheral sites of AChE, similar to two
dual binding site AChE inhibitors (5 and 6).
A
B

C

D

E

F

Figure 2: Mode of interaction proposed by docking
studies for: (A) donepezil (4), (B) hybrid 1, (C)
hybrid 2, (D) hybrid 3, (E) inhibitor 5 and (F) inhibitor
6.

Conclusions
Thus, from the docking studies it was possible to
obtain strong clues that the hybrids 1-3 will be dual
binding site AChE inhibitors.
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Introduction
Repetitive exposure to a chemical agent can
induce immune reactions in inherently susceptible
individuals
that
potentially
lead
to
skin
sensitization.1,2 The mice-based local lymph node
assay (LLNA) represents the standard method used
for the identification of skin sensitizers in the
cosmetics industry. However, testing of cosmetic
products on animals is less and less tolerated in the
US and now completely prohibited in Europe.
Although animal tests are still allowed in Brazil,
ANVISA has supported the creation of the National
Network of Alternative Methods (RENAMA) and it
bends to follow Europe and the US trends. Herein,
we performed a systematic study to elucidate
chemical structural features that influence hazards
associated with skin sensitization using a newly
available human and LLNA data, and developed
predictive QSAR models for skin sensitization
enriched with in vitro data.

Results and Discussion
We have developed QSAR models capable of
accurately assess the skin sensitization potential of
chemicals. To this end, we have (i) compiled,
curated,3 and integrated the largest publicly-available
databases skin-sensitizing chemicals; (ii) used this
data to generate and validate QSAR models for skin
sensitization enriched with in vitro data; (iii) analyzed
the data within clusters for SAR rules development;
and (iv) analyzed the concordance between LLNA
and human data. Random forest (RF) algorithm was
employed for QSAR modeling of compounds
characterized by SiRMS, Dragon, and in vitro
descriptors following the OECD-compliant model
validation.4 LLNA-based models discriminated
sensitizers from non-sensitizers with Correct
Classification Rate (CCR) of 84-97% when evaluated
on several external validation sets (Fig. 1).
1.0

0.9

The addition of ToxCast in vitro assays as
biological descriptors for hybrid QSAR modeling
improved the quality of resulting models and enabled
deeper interpretation of these models in terms of
underling mechanism of action. Human models were
developed solely based on in silico descriptors due
to absence of enough in vitro data. Human-based
models discriminated sensitizers from nonsensitizers with CCR of 69-77% when evaluated on
several external validation sets (Fig. 2).
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Fig. 2. Statistical characteristics of QSAR models based on
human data (n = 110 compounds).

We found that the correlation between LLNA and
human data is very low (r2=0.43), which indicates
that the LLNA is not a good animal model for
evaluation of human skin sensitization, increasing
the need for developing novel alternative strategies
to better assess human skin sensitization with no
animal testing by utilizing computer models and short
term in vitro assays.

Conclusions
We have developed predictive hybrid QSAR
models of human skin sensitization using in vitro and
in silico descriptors. Cluster analysis confirmed the
consistency of experimental data within chemical
classes and revealed several SAR rules. Analysis of
the overlap between the LLNA and human datasets
indicated that there is a lack of concordance
between these two endpoints.
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Fig. 1. Statistical characteristics of QSAR models based on
LLNA data (n = 67 compounds).
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Introduction
Leishmaniasis is one of the world’s most
neglected diseases, mainly in developing countries.
One of the main problems is the limited number of
drug options, along with adverse effects they can
cause. There is a need for the development of
safer and effective drugs against this parasite.
Screening
tests
implemented
with
new
dialkylphosphorylhydrazones (DAPHs – Scheme 1)
synthesized by our group were indicative of
promising activity profiles against Trypanosoma
cruzi and Leishmania amazonensis.
Scheme 1. Structures of
DAPHs.
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hexokinase (HK), the pentose phosphate pathway
(PPP) oxidative branch enzymes glucose 6phosphate dehydrogenase (G6PDH), 6-phosphogluconolactonase (6PGL) and 6-phosphogluconate
dehydrogenase (6PGDH); and non-oxidative branch
enzymes ribose 5-phosphate isomerase (RPI),
ribulose
5-phosphate
4-epimerase
(RPE),
transaldolase (TAL) and transketolase (TKT).
Homology models were created for these enzymes
with the Swiss-Model server, with exception of the
L. braziliensis 6PGL, for which there is a
crystallographic structure available. Molecular
docking study was carried out with GOLD 5.2
(CCDC Software Ltd.) with the ChemPLP scoring
function (Table 1).
Table 1. ChemPLP score results of docking into
L. braziliensis enzymes.
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Results and Discussion
The presence of P(O)NHR(OR’)2 group are
suggestive that these molecules could act as
inhibitors of enzymes that have substrates
molecules containing this group. In an attempt to
identify probable targets for the active compounds
in this work, we implemented a molecular docking
with a series of candidate target enzymes, such as
farnesyl diphosphate synthase (FPPS) and
th

Conclusions
The protein models were used for docking
procedures and evaluated in vitro against L.
braziliensis and L. amazonensis. The 3 most active
compounds, v16, v28 and v66, were also the 3
DAPH with highest scores against the L. braziliensis
HK enzyme, which is suggestive that this is the
most probable target of DAPHs.
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Introduction
Leishmaniasis is a zoonotic disease caused by
several species of Leishmania that affects 350
million people over 88 countries.1 Drugs available
for leishmaniasis treatment have limited efficacy
due to resistance issues.2 Therefore, novel
therapeutic treatments are urgently needed.
Transport and biosynthesis of polyamines is
essential to the proliferation of the parasite. In fact,
the parasites borrow the biochemical machinery of
the host to fulfill their polyamine requirements. For
that reason enzymes from this biochemical
pathway, such as human arginase I, might be
considered as promising targets for drug
development.3 In order to support this hypothesis,
potent and selective inhibitors are essential. Thus,
we report our efforts to identify humans arginase I
by virtual screening approaches.

Tanimoto coefficient >0.35 to known human
arginase I inhibitors. This strategy allowed the
selection of 22.749 molecules that were then fitted
to the best pharmacophore model. Only 84
compounds have QFIT values > 0.5 (highest decoy
score) and were further considered for acquisition.
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Results and Discussion
Structure-based virtual screening approaches to
identify human arginase I have already been carried
out in our group 4, so we decided to explore ligandbased tools to achieve this goal. Known human
arginase I inhibitors show poor pharmacokinetics
properties and low potency (Ki= 30 mM-0.6 mM).5
Nevertheless, they can be used as templates to
scaffold-hoping, in order to identify novel leadcompounds that might be useful for drug
development purposes. Accordingly, 6 known
inhibitors (Figure 1) were employed to build
pharmacophore
models
using
GALAHAD
(SYBYLX2.0) software.
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0,8
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Figure 2: ROC curves of pharmacophore model built with
Galahad software (default parameters).

7.4

6.4

2.9

Figure 3: Best pharmacophore model (AUC=0.92) for human
arginase I inhibitors.

Conclusions

Figure 1: General scaffold of human arginase inhibitors

10 models, developed with standard parameters,
were probed for their ability to recover 10 active
molecules from a database of 500 decoys (Figure
2),
which
were
assembled
with
www.dud.docking.org. The best model (AUC= 0.92)
has 1 donor bond point (magenta), a positive center
(red) and a negative one (blue) (Figure 3). In order
to identify novel human arginase inhibitors among
lead-like molecules available from ZINC database
the following approach was carried out: 2D unity
fingerprints were employed to select a subset with
th

Pharmacophore models have long been considered
as valuable tools to explore the chemical space and
identify novel bioactive molecules. Accordingly, this
strategy allowed the selection of a small dataset of
lead-like compounds that will be evaluated in
standardized assays against human arginase I.
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Introduction
The American trypanosomiasis is a parasitic disease
caused by the protozoan Trypanosoma cruzi.
Endemic in 21 countries in the Americas,
trypanosomiasis affects about 7 to 8 million people.1
Despite the large number of studies in this field, the
search for more efficient and less toxic drugs are
relatively small.2 Accordingly, computational tools
have proven to be a good alternative in the
prediction of potential new compounds, reducing the
time and costs if compared to intuitive searching.
The aug-Mia-QSAR methodology attempts to
incorporate chemical information in images, such as
atomic size and other properties that are eventually
proportional to colors, according to the RGB system.
This paper aims at building an aug-Mia-QSAR
model for the prediction of new antitripanosomiasis
compounds.

Table 1. Statistical Analysis for the QSAR model.
Parâmeter
2

r
RSME

Calibration

LOOCV

Test set

0.966
0.166

0.763
0.443

0.654
0.512

YRand
0.702
0.483

The results for the external validation and Yrandomization test indicate that the aug-MIA-QSAR
model is robust and reliable. These findings are
illustrated in Figure 2.

Results and Discussion
The dataset (a congeneric series of 53 compounds
with experimentally available inhibitory activity
against cathepsin T-cruzi) used in the aug-MIAQSAR modeling was taken from the literature.3,4.
These compounds have been divided into training
and test sets, with the latter comprising
approximately 20% of the series. The chemical
structures have been built using the GaussView
program and each image was saved as bitmaps,
with subsequent superposition of the images (Figure
1). The three-dimensional arrangement was
unfolded to a two-way array (X-matrix) and
regressed against the activities block using partial
least squares (PLS), using the Chemoface program.

Figure 2. Plot of experimental vs. predicted pIC50
using the aug-MIA-QSAR model.
Given the predictive ability of the aug-MIA-QSAR
model, the bioactivities of new molecules obtained
from the combination of the substructures of highly
active, experimentally existing compounds, were
estimated using the regression parameters of the
aug-MIA-QSAR model (Table 2). Compounds C and
D were found to be promising.
Table 2: Proposed molecules (structures
omitted ).
New
molecules
pIC50

A

B

C

D

E

7.55

7.38

7.98

7.76

7.30

Conclusions
The aug-MIA-QSAR model was reliable and
predictive, and estimated the new compounds C
and D as promising targets against Trypanosoma
cruzi.
Figure 1. Superposition of thiosemicarbazone
derivatives with antitrypanosomal activity.
Predictive QSAR models should present
determination coefficients of 0.8 and 0.5 for r²
(calibration) and q² (leave-one-out cross-validation),
respectively (Table 1).
th
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Introduction

The free radicals are responsible to induce
numerous diseases via lipid peroxidation, protein
peroxidation and DNA damage. Additionally, it has
been known that a great variety of plant extracts
have antioxidant activities to scavenge free radicals.
For
example,
flavonoids
are
polyphenolic
antioxidants naturally present in fruits and
vegetables and beverages as wine and tea.
Therefore, considering the importance of this class
of compounds, the antioxidant capacity of a series of
structurally related flavonoids were investigated
employing QSAR methodologies.

Results and Discussion
From the 22 compounds, selected from literature 1,
three different training and their corresponding test
sets, with respectively 17 and 5 compounds in each
one were created. The biological activity of Trolox
(mM) (a water-soluble tocopherol analog) equivalent
antioxidant capacity (TEAC) assay, were used as
dependent variable.1
A multiple linear regression analysis, using
BuildQSAR software, have been carried out to derive
best QSAR models. The developed models were
cross-validated by the ‘leave one out’ technique as
well as by the calculation of statistical parameters.
Additionally to DRAGON descriptors (569), five
parameters from quantum-chemical calculations
obtained employing semiempirical AM1 method was
used. The most predictive model is a three-variable
model that had a good ratio of the number of
variables and the predictive ability to avoid
overfitting.
Training set 1 (test set: compounds 1, 5, 10, 13, 18)
Y = - 0.364 (± 0.164) GATS2p - 0.202 (± 0.051)
RDF140m + 0.469 (± 0.138) H0m + 0.453 (± 0.327)

(n = 17 ; R2 = 0.85 ; s = 0.12 ; F = 25.22 ; p < 0.0001
; Q2 = 0.78 ; SPress = 0.15 ; SDEP = 0.14)
Training set 3 (test set: compounds 1, 6, 9, 19, 20)
Y = - 0.353 (± 0.210) GATS2p - 0.193 (± 0.063)
RDF140m + 0.433 (± 0.164) H0m + 0.478 (± 0.413)
(n = 17 ; R2 = 0.85 ; s = 0.13 ; F = 24.69 ; p < 0.0001
; Q2 = 0.72 ; SPress = 0.17 ; SDEP = 0.16)
The 2D-autocorrelation descriptor (GATS2p, Geary
autocorrelation of lag 2, weighted by atomic
polarizabilities) have highlighted the role of atomic
properties in respective lags of autocorrelations to
explain the biological actions of this flavonoids
series.
The radial distribution function (RDF140m, weighted
by atomic masses) seem to relate the presence of
electronegative atoms at the inner atmosphere at the
compounds to decrease the TEAC activity.
The increase of H autocorrelation at lag 0
(descriptor H0m, weighted by atomic masses)
increases the TEAC activity.

Conclusions
The significant QSAR models were obtained with
R2 value of 0.92 and 0.85 for basic models. The q2
(cross validation r2) values and scrambling/
randomization experiments also confirms the
statistical significance of our models. These models
are expected to be useful for screening of flavonoid
antioxidants.
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Introduction
Chagas’ disease is a public health problem in Latin
America including Brazil. The drugs currently used
for treating this disease are active only in the acute
phase, presenting low efficiency and many side
effects. Therefore, new-therapeutic targets with
critical importance for the Trypanosoma cruzi must
be used in the development of new drugs that are
more effective and less toxic to humans. In this
context, the enzyme ribose 5-phosphate isomerase
(R5PI) is a promising molecular target, since the
R5PI of T. cruzi (TcR5PI) and H. sapiens (HsR5PI)
are analogous, i.e., they differ in their primary and
tertiary structures performing equivalent functions.
The R5PI enzyme catalyzes the reversible reaction
between D-ribose-5-phosphate (R5P) and Dribulose-5-phosphate (5RP). R5PI plays a central
role in the pentose phosphate pathway that has been
proposed to be crucial in the protection of T. cruzi
against oxidative stress, as well as in the production
1
of nucleotide precursors and NADPH . In this work,
we have used molecular docking techniques to
identify potential inhibitors from the ZINC database.

binding energy (docking score) of these compounds,
that have worst ranking positions in VS without the
conserved waters.
Table 1. Results of the VS
VS based on the TcR5PI receptor with conserved waters
Compound
Rank
Binding energy
1th

-8.8 kcal/mol

2th

-8.7 kcal/mol

3th

-8.6 kcal/mol

R5P(ring from)
25th
-8.1 kcal/mol
R5P(linear from)
89th
-7.7 kcal/mol
5RP
98th
-7.6 kcal/mol
VS based on the TcR5PI receptor without waters
Compound
Rank
Binding energy
1th

-8.6 kcal/mol

2th

-8.6 kcal/mol

3th

-8.4 kcal/mol

167th
233th
359th

-7.3 kcal/mol
-7.1 kcal/mol
-6.9 kcal/mol

Results and Discussion
We analyzed the active site of the crystal structure
of TcR5PI (PDB 3K7S) and other similar crystal
structures from the Protein Data Bank (similarity
larger than 50 %) in order to determine potential
structural waters. Structural waters are considered to
play an important role in protein-ligand binding the
same way that the conserved residues in the active
site. Subsequently, redocking studies were carried
out using AutoDock Vina with the crystal structure of
TcR5PI prepared with and without the conserved
waters in the active site in complex with the
crystallographic ligand. The redocking performed
employing the crystal structure containing the
conserved waters showed a slightly better match of
docked and the crystallographic binding orientations
with an RMSD of 1,52 A and binding energy of -7.0
Kcal/mol.
The redocking with crystal structure
without waters achieved an RMSD of 1,66 A and
binding energy of -6.7 Kcal/mol. Virtual screening
(VS) was performed using the same crystal
structures of the redocking step and compounds
from ZINC database, which was screened for
structurally similar compounds to R5P forms and
5RP and by the Lipinski’s rule of ﬁve. The results are
indicated in the table 1. In the VS with conserved
waters, the analysis of the molecular interaction
between the receptor and the top rated ligands as
well as with the positive controls (R5P and 5RP)
showed that the water molecules form polar bridging
interactions between the receptor and the analyzed
ligands. These polar interactions influence in better
th

R5P(ring from)
R5P(linear from)
5RP

Conclusions
The presence and lack of conserved waters in the
active site of the TcR5PI crystallographic receptor
was crucial for good redocking outcomes. The VS
based on these two conditions generated different
subsets of potential drug candidates that have a
better binding in distinct solvation conditions of the
receptor active site, so there are compounds that
need the presence of waters to a better binding in
the active site whereas others do not need. Thus,
perspectives are to perform new VS analysis with
another software, followed by molecular dynamics
studies and in vitro experiments to validate the top
rated compounds.
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Introduction
Src tyrosine kinases are cytoplasmic receptor
proteins responsible for growth, proliferation,
differentiation, adhesion, migration and cell invasion.
Dysfunction of these enzymes is related to several
diseases, for instance, with some important cancers.
Positive regulation of kinase activity occurs by Snitrosylation on C-terminal region of the proteins and
involves four cysteine residues in this region:
Cys483, 487, 496 and 4981. The nitric oxide reagent
in such reactions is provided by endogenous NO
synthases. Mutagenic studies have shown that,
although all four cysteine could be important, the
Cys498 is crucial for the activation of Src kinase2.
This work aims to evaluate the steric and electronic
characteristics of the four C-terminal cysteines and
analyses if these structural features could explain the
role of Cys498 to S-nitrosylation.

Results and Discussion
Crystallographic structure of the human Src kinase
was retrieved from PDB (2SRC, 1,50Å) and eight
amino acids sequences were extracted from the
crystal structure regarding the cysteines 483, 487,
496 and 498 as the central residue of each tripeptide
or pentapeptide generated (Figure 1).

negative charge density over the thiol group of
cysteines. Analysis of HOMO orbitals distribution
results in only one cysteine with this orbital placed
over its thiol groups, the Cys 487. These findings
could indicate that only Cys487 would act as
nucleophile in S-nitrosylation reaction through direct
reaction with NO, although literature points to
Cys498 as the crucial one in the process. These
results seems contradictory, but a closer revision
over S-nitrosylation literature describes the process
occurring not from reaction with NO, but through its
higher oxides, such as N2O3, which are produced
exclusively at highly hydrophobic environments3.
Steric analyses of Cys483 and 496 showed that
these residues are located closer to the surface of
the protein. Cys487 are located in an intermediary
region regarding depth, while Cys498 is deeper
buried in the structure. Visual data were confirmed
by the accessible surface area values (ASA) in
Table1.
Table 1. ASA Fraction for all cysteine in study.
C-terminal Cystein

Backbone ASA
fraction

Side Chain ASA
fraction

Cys483

0,27

0,25

Cys487

0,08

0,02

Cys496

0,31

0,36

Cys498

0,00

0,00

Analyses of hydrophilic-hydrophobic surfaces of the
total protein show that the sulfur atoms of Cys487
and Cys498 are placed in hydrophobic regions of the
protein while the Cys483 and Cys496 constitute the
hydrophilic regions.
Figure 1. Fragments considered in this study.
Total energy and ChelpG electrostatic potential
charge of each peptide fragment was calculated,
without changes in their original conformation,
through ab initio (HF/3-21G*) and Chelpg charges
were mapped over Connolly surfaces (MEPs).
Frontier orbitals charges and graphics (HOMO and
LUMO) were also calculated.
Steric analyses we accomplished through visual
inspection and surfaces building at Maestro 9.3 and
Molegro Molecular Viewer 1.2.0. Values of effective
exposed area to the solvent could be obtained by
applying the web-based software VADAR 1.8.
Calculated electronic characteristics have not shown
notable differences among the considered
fragments. None of the MEPs exhibited significant

Conclusions
The study was useful to bring some explanation
about the relevance of Cys498 to the S-nitrosylation
regulation of Src Kinases. The Cys487 seems also
to be involved in regulation and should be more
studied in the future. Our findings agree with the
literature description of S-nitrosylation through higher
oxides of NO, as N2O3, that happens only at
lipophilic regions3.
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Introduction
Malaria, which is caused by the Plasmodium,
transmitted via infected mosquitoes bites, presents a
major disease hazard. If not treated, malaria can quickly
become life-threatening by disrupting the blood supply
for vital organs (1,2). The research for new drugs is vital
to improve it's treatment. The P. falciparum's
dihydroorotate dehydrogenase (DHODH) is a promising
target for the development of new drugs. It is
experimentally
confirmed
that
interrupting
the
biosynthesis of pyrimidine causes therefore the
inhibition of the parasite growth. The current repertoire
of tested DHODH inhibitors can be used to build QSAR
models to predict the activity of designed molecules and
to guide it's organic synthesis. It was aimed to build and
validate predictive 3D-QSAR models with LQTA-QSAR
methodology.

Results and Discussion
The information from a databank of DHODH inhibitors
was built. Molecular models were docked to the binding
site using AutoDock Vina (3). It was used two crystal
forms with similar resolution (PDB code: 3I68 and
3O8A) (4) for the protein to allow more precise
conformations accommodation. The aligned docked
conformations were used to calculate Lennard-Jones
and
Columbic
interactions
energies
using
Open3DQSAR (5). These energies were used as
descriptors and submitted to various filters and variable
selection using OPS (6). The model was built using 54
samples, 13 variables with 8 latent variable using PLS
regression models. The spacial representation of the
descriptors are shown in Figure 1, along with adjacent
amino acid residues.

All the molecules from the data set presents a
triazolopyrimidine core that interact on the biding site
with a hydrophobic pocket between the Val, Leu, Cys
and Gly residues. There is another hydrophobic pocket
on the second part of the molecules with the residues
Ile, Leu, Met, Val and Phe. Therefore the only non
hydrophobic interactions between the ligands and the
protein is with a ion pair H-bonds with the bridging
nitrogen and a Arg and the pyridine nitrogen.
The constitutional descriptor of Coulomb indicates
that polar substitutes can increase the interaction with
the site. Interaction positive LJ indicates that a more
hydrophobic substitute increase the affinity of the
molecule. In addition, substitutes more negative that
can interact with the Phe 204 increase the biological
activity. The add presence of hydrophobic substitutes on
the triazolopyrimidine allow a stronger interaction with
the Gly. Ile and Val on the hydrophobic biding pocket.
The final model present good statistics (R² = 0.87 and
Q² = 0.76) with 13 descriptors and 8 latent variables.
Table 1. Figures of merit for the best LQTA-QSAR model.
R2

Q2

RMSECV

RMSEC

0.87

0.76

0.36

0.26

Conclusions
The acquired model presented good statistics,
robustness (proven by Leave-N-out tests, not shown).
Such model is going to be used to predict the activity for
future structure-based designed DHODH inhibitors. The
knowledge of how the residues and ligands interact on
the biding site allow us to propose better structures with
increased antimalarial activity .
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Introduction
Chagas disease is a parasitic disease caused by
Trypanosoma cruzi considered an important public
1
health problem . The disease has acute and chronic
phase. Initially, it is asymptomatic and may present
Chagoma and Romaña sign, laterly 40-50% of those
infected
individuals
develop
progressive
cardiomyopathy or motility disorder of the esophagus
2
and colon . The nifurtimox and benznidazole are the
only options for treatment, but they present
3
insufficient antiparasitic activity in chronic phase ,
2
and undesirable adverse effects . New therapeutic
targets have been studied as the enzymes of sterol
4
biosynthesis pathway . The aim of this work is to
evaluate the binding mode and interactions of
squalene synthase (SQS) inhibitors with this enzyme
and to analyze important structural features related
to the activity in order to help the development of
new drugs.

(BPQ-OH) was performed in SQS of T. cruzi and H.
sapiens and showed very similar binding energies (7.96 and -7.8 respectively). BPQ-OH inhibitor
interacted by hydrogen bond with the A168 of T.
cruzi SQS, and D80 and R77 of the human enzyme
(Fig. 1). It is interesting to note that in the case of this
inhibitor, hydrophobic interactions seem to be more
important than H-bond. The S53, F54, L211, P292,
M295 and A296 residues have been described as
being a hydrophobic pocket in the active site of
Homo sapiens SQS and this study we also find this
residues conserved in T. cruzi SQS (Tab. 1).
Table 1. Amino acid residues 15 Å distant from
the inhibitor in the human SQS compared with
residues at the same position in T. cruzi SQS.
The residues that differ are marked in red.

Results and Discussion
The model of SQS of T. cruzi was constructed
based on the SQS of human with 42% identity in
primary structure. Models were optimized and
validated. The analysis of Ramachadran plot showed
93.6% of amino acid residues in favoured regions
and 0% in disallowed region. In Verify3D analysis,
93.75% amino acids of the model had 3D-1D score ≥
0.2 similar to the model (95.73%). The Z-score of the
model was -8.75, while the template was -9.71 and it
was also similar to other structures elucidated by
experimental methods.

Conclusions
In this study model of SQS of T. cruzi was
constructed and allowed the evaluation of
characteristics of the active site of the enzyme and
the binding mode of the inhibitor BPQ-OH in
comparison to the human enzyme. More studies
about SQS and its inhibitors are in development to
guide the proposal of new drugs for Chagas disease
that target this enzyme.
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Introduction

2

Thiosemicarbazones and semicarbazones have a
1
broad spectrum of activities. Recently, our group
have successfully introduced a new application for
thiosemicarbazones as larvicidal agent against the
larvae of the mosquito Aedes aegypti the vector of
the Dengue fever disease. The intensity of this
activity, in turn, depends not only on the nature of the
substituent attached to the phenyl ring, as well as
their position. Larvicidal bioassays performed on
2
DQF/UFPE showed that at the para position of the
phenyl ring the substituent methoxy has a LC50 =
-1
503.1 μ mol L , whereas chlorine in the same
-1
position LC50 = 89.9 μ mol L . Therefore, the aim of
this study is to investigate Quantitative StructureActivity Relationships (QSAR) between the larvicidal
activity and molecular descriptors for a series of
(thio)semicarbazone derivatives (Figure 1).

H
Y

R

N

N

X
NH2

X = S, O

Figure 1 – Generic molecular structure of the
thiosemicarbazones studied.
To obtain the electronic properties of these
compounds, molecular orbital calculations were
performed at B3LYP/6-311++G(d,p) level of theory
using the standard internal criteria of the Gaussian
03 program. To evaluate the hydrophobicity of these
compounds the parameter LogP was calculated
3
using the program Kowwin 1.67 . Low correlated
descriptors were used in a multiple linear regression
(MLR) to obtain the QSAR equation. For obtaining
the MLR and the statistical analysis, the
STATISTICA 6.0 software was employed.

square value (LogP) and the experimental LC50
-1
values (20.9 – 503.1 μ mol L ), we obtained the
following QSAR equation:

2

with, n = 10, R = 0.94 and F = 54.61. This equation
indicates that the larvicidal activity is directly related
to the molecular electric dipole moment (μ) and the
octanol/water partition coefficient (logP). Using this
QSAR equation it was possible to predict a new
compound that showed the best larvicidal activity
(3.95 μ mol L 1) as well as to interpret the low activity
-1
(LC50 > 1024,4 μ mol L ) of some compounds not
used to create the QSAR equation.

Conclusions
From our QSAR studies it was possible to
understand the dependence of the larvicidal activity
with the molecular structure for a set of
thiosemicarbazone derivatives, to predict one new
compound that in fact exhibited the best activity in
the series and to point out which molecular
modifications must be done toward the next
generation of thiosemicarbazones with improved
larvicidal activity against the Aedes aegypti
mosquito.
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Results and Discussion
Using the descriptors belong to the whole ligand: i)
atomic charge or sum of atomic charges, ii) the
electric dipole moment, iii) HOMO, LUMO and
HOMO-LUMO energy difference, iv) Log P and it
th

The 7 Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

th

Poster Titles

CAB-039

The 7 Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

Constructions and validation of a pharmacophore model of LSD-1
inhibitors for virtual screening
1,

Genesi, G. L. *; Trossini, G. H. G¹; Maltarollo, V. G.¹. giovani.genesi@usp.br
1

Department of Pharmacy, Faculty of Pharmaceutical Sciences - USP - SP

Keywords: Cancer, LSD-1, Virtual Screening, Pharmacophore model.

Introduction
Lysine-specific demethylase-1 (LSD-1), a nuclear
protein which belongs to the flavin adenine
dinucleotide (FAD)-dependent amine oxidase family,
1,2
plays an important role in epigenetic regulation of
gene expression by removing methyl groups from
methylated lysine 4 of histone H3 (H3K4) and lysine
2,3
9 of histone H3. Over-expression of LSD-1 was
1-4
and was
observed in several types of tumors
shown to promote tumor cell proliferation, migration
4
and invasion. Pharmacological LSD-1 inhibition was
also shown to result in growth inhibition of cancer
2,3
cells. Hence, LSD-1 and histone H3K4 methylation
have recently been established as cancer-selective
epigenetic targets in cancer cells with pluripotent
2
stem cell properties. Therefore, the objective of this
work is to build and to validate a pharmacophore
model for virtual screening (VS) of new LSD-1
inhibitors.

Material and Methods
84 LSD-1 inhibitors synthesized and tested by
1
Zheng et al. were used to build and validate
pharmacophore models. The 3D structures were
built and then the minimum energy conformations
5
were generated using OMEGA 2.5.1.4 employing
conformational analysis using MMFF94 force field.
For validation, the compounds were grouped
according to their activity on inhibiting LSD-1 as
actives or decoys. Then, two groups of molecules
were created with different proportions of
active/inactive molecules (group A: 5%/95% and
group B: 10%/90%). The inactive/decoys copounds
were considered according IC50 values higher than
19µM. Several pharmacophore models were built
6
using vROCS 3.2.0.4, and the COMBO Score
(linear combination of both pharmacophore and
molecular shape similarity) was employed to rank
the inhibitors with a pharmacophore screening.

Results and Discussion
Eleven pharmacophore models were built and
validated using a dataset with both groups A and B.
The models were constructed employing the 4 most
active compounds (5% of dataset) isolated and in
combination with each other. The ROCS curve was
calculated for all models and values of area under
the curve (AUC) and enrichment at 0.5% (enr.) of
dataset were compared. An optimal model was
found in comparison with the other 10 models by
providing best results to distinguish the active
th

compounds of the inactive ones using both datasets
A and B (A: AUC = 0,952; enr. = 67,565 and B: AUC
= 0,842; enr. = 36,030).
This pharmacophore model consists of 3 ring
moieties, 4 hydrogen bond acceptors, an
hydrophobic centroid and also the 3D shape of the 4
most active compounds, as shown by Figure 1.

Figure 1. The best constructed pharmacophore model.
Hydrogen bond acceptors are shown in red spheres,
hydrophobic centroids in orange and ring moieties as
green spheres.

Conclusions
This work would able to provide statistical
information
about
the
pharmacophoric/steric
features responsible for the distinguishing between
active and inactive LSD-1 inhibitors. Therefore, we
expect to apply this model as a virtual screening
filter in order to develop new compounds of new
chemical class with a significant IC50 value for LSD-1
inhibition.
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Introduction
Malaria is one of the most lethal diseases
responsible for almost 2 million deaths per year. The
widespread of resistance to the current anti-malarial
1
drugs worsens the situation. Plasmodium falciparum
deoxyuridine triphosphatase (PfdUTPase) is an
enzyme involved in nucleotide metabolism and has
relatively low sequence similarity with human
2
ortholog (HsdUTPase) (28,4% identity), making it an
attractive target for the development of selective
inhibitors. In this study, we have developed robust
and predictive comparative molecular field analysis
(CoMFA) models for a series of inhibitors of
PfdUTPase, in order to search for chemical and
structural features, which could lead to the design of
new inhibitors with improved potency.

group, and electronegative groups in the region of
hydroxyl connected to the pentose ring are related
with increasing affinity to the enzyme.
Table 1. Best CoMFA models
r

2

Q2ext

0.256
0.504

0.552
0.640

*
-0.029

0.544
0.539

0.901
0.920

0.585
0.531

0.665
0.535

0.743
0.795

0.633
0.558

q
Alignment 1
Gasteiger-Huckel
AM1BCC
Alignment 2
Gasteiger-Huckel
AM1BCC
Alignment 3
Gasteiger-Huckel
AM1BCC

2

* Q2ext was only calculated when q2>0.5.

Results and Discussion
The data set of 127 compounds was retrieved
from a series of publications of Ian Gilbert group
(University of Dundee, UK) along with the Ki values
against PfdUTPase. The Ki values were converted to
the corresponding pKi (-logKi) and used as
dependent variable in the CoMFA modeling,
performed using SYBYL-X v.1.2 package. The 3D
conformers of the compounds were generated using
3
OMEGA 2.5.1.4 software. Two different chargeassigning methods were tested, the semi-empirical
AM1-BCC charges, calculated with QUACPAC v.
4
1.6.3.1 and the empirical Gasteiger-Hückel (GH),
calculated using SYBYL-X v.1.2. For each charge
assignment method, three alignment hypothesis
were tested: two receptor-independent approaches,
the rigid-body fit (alignment 1) and the morphological
similarity function implemented in Surflex-Sim
(alignment 2), available in SYBYL-X v. 1.2 software,
as well as one receptor-dependent, accessed by
molecular docking (alignment 3). The X-ray crystal
structure of PfdUTPase complexed with the inhibitor
2',5'-dideoxy-5'-[(diphenylmethyl)amino]uridine (PDB
5
ID: 3T64) was used for the molecular docking, using
6
the HYBRID software available at OEDocking suite.
The best CoMFA models are presented in Table 1.
Significant correlation coefficients were obtained with
alignment by molecular docking (3) and partial
atomic charges Gasteiger-Huckel (q2 = 0.665; r2 =
0.743). This model showed substantial predictive
power (Q2ext = 0.633), indicating the reliability of the
model in predicting the biological activity of untested
compounds. The 3D CoMFA contour maps show
that sterically bulky groups in the region of trityl
th

Figure 1. 2D structure of the most potent compound and
3D CoMFA steric and electrostatic contour maps in the
PfdUTPase active site.

Conclusions
The generated QSAR models and the 3D contour
maps provided important insights into the chemical
and structural basis involved in the molecular
recognition process of this series PfdUTPase
inhibitors, and should be useful for the design of new
inhibitors with improved potency.
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Introduction
The dengue virus has three structural proteins and
seven non-structural proteins (NS). NS3 is a
multifunctional protein with an N-terminal domain of
the protease (NS3 Pro) that is responsible for the
proteolytic processing of viral polyprotein and a Cterminal region that contains an RNA triphosphatase,
RNA, and RNA - helicase domain that stimulated
NTPase are essential for the replication of RNA1.
This study aimed at determining the parameters
related to Rule of five (RO5) to obtain drugs for the
treatment of viral disease caused by dengue virus
type 2. According to the rule, most drugs exhibit oral
bioavailability obeys at least three of the following
parameters: molecular weight ≤ 500; number of
acceptors of hydrogen bonding groups ≤ 10; number
of donors of hydrogen bonding groups ≤ 5; log P ≤
5.Therefore, a search for inhibitors of NS3 protein
was made in BindingDB database, in also, the
necessary information was obtained to determine the
parameters of RO5.

Results and Discussion
Fifteen inhibitors were found with the activity
described in the literature through the BindingDB
database (Figure 1).
Figure 1. Representation of the chemical
structure of the inhibitors of NS3

Table 1. Parameters related to RO5
Description

Log P

Mass

Hydrogen
Donors

Hydrogen
acceptors

CID_44405920

-1.11

703.65 amu

13

8

CID_6857723

-1.68

671.84 amu

11

6

CID_11635300

-2.40

546.67 amu

10

5

CID_11974567

-1.68

659.83 amu

11

6

CID_11974635

-2.94

617.75 amu

11

6

CID_11974637

-2.02

693.85 amu

11

6

CID_11974730

-0.47

675.83 amu

8

7

CID_11974732

-2.03

689.66 amu

9

6

CID_11974958

-0.20

650.82 amu

8

6

CID_11974959

-0.52

678.83 amu

10

5

CID_11974960

0.41

726.92 amu

8

6

CID_11975081

-1.84

707.88 amu

11

6

CID_44405937

0.39

727.83 amu

11

6

CID_44406112

-1.63

418.50 amu

8

3

CID_44406113

-0.04

664.85 amu

8

6

In the analysis of compound CID_11974960 was
observed that the mass value was much higher than
that referenced by RO52, and the number of donor
hydrogen according to this rule should be ≤ 5 and
showed the 8 number of donors, these results
demonstrate that compound drug candidate wouldn’t
have good absorption and distribution if administered
orally.

Conclusions
Determination of parameters related to RO5 are
important when you want to know the features of a
future drug candidate which will be administered by
the oral route. The results obtained from 15
molecules, just one wouldn’t be a candidate drug
compound. Additional studies are needed to
determine
other
descriptors
(constitutional,
geometric, electronics and solubility) to further
substantiate our findings.
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Introduction
N-Aryl anthranilic acids are an interesting class of
compounds which shows antibacterial and anti1
inflammatory properties and it is also employed as
precursor of biologically important compounds such
2
3
as acridine
and acridone alkaloids. These
properties prompted us to synthesize and evaluate a
small library of N-aryl anthranilic acids and acridonic
4
alkaloids against cathepsins L and V . Interestingly,
selected compounds from N-arylanthranilic acids
showed uncompetitive inhibition of catL and catV,
whereas acridones exhibited competitive inhibition.
In the present work, we performed molecular
Docking and 3D-QSAR studies of some N-aryl
anthranilic acids against Cathepsin L.

Figure 3 illustrates the docking result of 5-nitro-Nphenylanthranilic acid (1), which exhibited a best
alignment score, into the cathepsin L (pdb code:
-1
3BC3) with a -5.85 Kcal.mol binding energy value.
These virtual screening calculations were performed
6
by AutoDock 4.2 software.

Results and Discussion

Figure 2. Visualization of N-arylanthranilic acids
derivatives isocontour surfaces.

Optimized structures of 17 N-aryl anthranilic acids
derivatives, employing Gaussian 03W software
using B3LYP 6-31G (d, p) calculations, were divided
into a test set of 3 compounds and a train set of 14
4
compounds. The pIC50 of these 17 compounds
covers a range of 4.30 to 5.68. This set of
compounds was aligned using the Open3DAlign and
the further 3D-QSAR model was modeled using
5
Open3DQSAR software. The results obtained for
the model are r² =0,99, q²=0.59 and r² (pred)=0.79
(Figure 1). Isocontour surfaces of steric
(positive=green
and
negative=yellow)
and
electrostatic fields (positive=blue and negative=red)
of these interfaces are depicted in Figure 2.

Figure 3. Binding mode between (1) and
cathepsin L.

Conclusions
(1)

3D-QSAR model and docking result of the N-aryl
anthranilic acids derivatives are very promising. This
can be valued by the good agreement between
calculated and experimental pIC50 values as well as
-1
the docking result of -5.85 Kcal.mol on the
cathepsin L inhibitor.
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Introduction
The cancer, also called malignant neoplasm or
malignant tumor, corresponding to a disease
characterized by the uncontrolled growth of
abnormal cells in an organism [1]. Artemisinin has
been reported for its ability to exert a cytotoxic effect
on cancer cells [2].
In this work, a computational study of artemisinin
and 20 derivatives that showed different degrees of
cytotoxicity against human hepatocellular carcinoma
HepG2 line [3]. Initially, the structures were modeled
with B3LYP/6-31G** method and many different
molecular descriptors were computed. Principal
Component Analysis (PCA) and Hierarchical Cluster
Analysis (HCA) were employed to choose the
molecular descriptors that are most related to the
anticancer biological property investigated. The
multivariate data analyses (PCA and HCA) were
performed by employing Pirouette 3.01 software [4].

Results and Discussion
The PCA results showed that the most important
descriptors were the following: ALOGPS_logs,
Mor29m, IC5 and GAP energy. They were chosen
from the complete data set (1716 descriptors) and
they are assumed to be very important in the
investigation the anticancer mechanism involving
artemisinins.
The PCA model was constructed with three main
components (3 PCs). The first principal component
(PC1) describes 38.6537% of the total information,
the second principal component (PC2) describes
21.5859%, and the third (PC3) 12.3501%. PC1
contains 48.3171% of the original data, and the
combination of the first two components (PC1 +
PC2) contains 75.2996%, and all three (PC1 + PC2
+ PC3) explain 90.7373% of the total information,
losing only 9.2627% of the original information. The
descriptors ALOGPS_logs (0.4232), Mor29m
(0.5937) and IC5 (-0.6223) contribute the most to
PC1, while in PC2, the descriptor GAP energy
(0.7746) is the primary contributor.
Figure 1a shows the scores for the 21 compounds
studied. PC1 distinguishes between compounds that
are more potent and less potent. The most potent
compounds are located at the left (3, 4, 5, 6, 8, 12,
13, 18, 19, 20 and 21), while the less potent
compounds are located in the right side of the graph
(1, 2, 7, 9, 10, 11, 14, 15, 16 and 17).

th

Figure 1b shows the loadings for the four (4)
descriptors that are most important in the
classification of compounds. Less potent compounds
have high contributions from the descriptors
ALOGPS_logs and Mor29m, while more potent
compounds have a high contribution from the
descriptor GAP energy and IC5.
a)

b)

Figure 1. Plot of PC1–PC2 scores (a) and
loadings with the four descriptors selected (b)
for artemisinin and derivatives with anticancer
activity.
The HCA dendrogram in Figure 2 showed results
similar to those obtained with PCA. The compounds
are grouped according to their biological activities.

Figure 2. HCA dendrogram for artemisinin and
derivatives with anticancer activity. Positive
values indicate more potent analogs, and
negative values indicate less active compounds.

Conclusions
The model used in the work can provide a useful
tool to predict the activity and design new
compounds with high activity because the model is
robust e satisfactory. The use of computational study
can provide a valuable insight during the process
experimental of syntheses and biological evaluation
of the compounds
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Introduction
The monoamine oxidase (MAO) inhibitors are a
group of enzymes called isozymes, are divided in
two subtypes: MAO-A and MAO-B, which differ only
by substrate specificity, namely MAO-A preferentially
deaminates serotonin and noradrenaline, whereas
MAO-B has high affinity for dopamine (promoting its
degradation), which is related to the pathogenesis of
Parkinson's disease (PD). PD is a degenerative,
chronic and progressive disease characterized by
neuronal death in nigra substance¹.
Pharmacological treatment for PD is basically the
symptomatic control recovery of dopamine pathway,
particularly through the use of monoamine oxidase B
(MAO-B) ².
This study aims to verify the biological activity of
three natural compounds described in the literature
with inhibitory activity against MAO-B: Harmaline,
Harmalol and Amburoside A. The prediction of
biological activity was performed using the
webservidor Similarity Ensemble Approach (SEA)
(sea .bkslab.org).
The SEA is an online server that uses chemical
similarity between receptor and ligand to generate
their results, which are presented as E-value and
Tanimoto coefficient (Tc), which quantify the degree
of similarity between the measured chemical entities.

Results and Discussion
Ratings of similarity between the ligand series
(SEA) were made for the prediction of activity of
natural compounds. Results were obtained as
Harmalina to four sets of ligands for monoamine
oxidase A (MAO-A) and 100 molecules in the first
set; 42 in the second set, 235 in the third set and 503
in the fourth set.
The E-value is the expected statistical similarity
based on a value greater than 1 and less than 10 for
the first group of ligands was obtained 2.99e-36 to
2.38e-32 second for the third 8.13e-25 and fourth
4.85e-15. The third ligand iwas the most significant
similarity.
The Tanimoto coefficient (Tc) is the expected
chemical similarity value 1 was calculated for each
pair of ligands and all gave high value of 1.0
suggesting the similarity of chemical binders.
It was not possible to predict two compounds in
SEA, probably because the server does not have a

th

similar subject in order to perform the calculation
chemical structure.

Figure 1 Prediction of activity for the compound
harmaline.

Conclusions
The study showed that the compound Harmaline
which could make the prediction showed similarity to
other ligands with inhibitory activity for MAO-A. Thus,
from the results obtained, it can be proposed
molecular modifications to the compounds previously
identified, in order to propose new molecule drug
candidates for the treatment of PD with inhibitory
activity for MAO-B.
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Introduction
Chagas disease (CD) affects around 8 million
people worldwide and, currently, there are only two
drugs available, benznidazole (BZD) and nifurtimox
1
(NFX) (Fig. 1A), which are nitrocompounds. In this
study, nifuroxazide (NF) was used as lead
compound (Fig. 1B) to design a set of fifteen
compounds. The Lipinski’s rule of 5’ was taken into
account, mainly regarding the hydrophobic property
(ClogP), which was previously highly correlated with
desirable IC50 values against Trypanosoma cruzi
2
epimastigote forms (Y strain).
Exploratory data analysis is a multivariate method
of classification that includes hierarchical cluster
analysis (HCA) and principal component analysis
3,4
(PCA).
In this regard, herein, this chemometric
approach was applied to evaluate the activity of N'[(5-nitrofuran-2-yl)
methylene]
substituted
hydrazides (Fig. 1B) against three T. cruzi strains: Y
(TcII), Silvio X10 cl1 (TcI), and Bug 2149 cl10 (TcV),
that represent the discrete typing units (DTU) more
5
prevalent in human patients.

Figure 2. (A) HCA of samples  the compounds were
grouped into two clusters, A (more hydrophobic and bulky
compounds) and B; (B) PCA findings  loadings table: geometric
property ASA + presented higher value in PC2 whereas steric,
hydrophobic, and topological descriptors displayed higher values
in PC1; (C) PCA findings  scores plot, the solid lines split bulky
and more hydrophilic compounds in PC1 or factor 1, and
compounds with high values of ASA+ in PC2 or factor 2.

Conclusions

Figure 1. (A) Chemical structures of drugs (BZD and NFX) used
in the CD treatment; (B) Chemical structure of the lead compound
(NF) and scaffold of the designed compounds.

There is a significant influence of ClogP, steric and
topological properties in this data set, highlighting
hydrophobic and bulky compounds as more active.
The HCA and PCA findings can drive the designing
and synthesis for the most promising molecules as
novel anti-T. cruzi agents.

Results and Discussion

Acknowledgements

The activity of fifteen compounds was assayed on
epimastigote forms of the three strains in the
exponential growth phase. The most active
compound
was
4-buthyl-N'-((5-nitrofuran-2yl)methylene) benzohydrazide (11), which presented
IC50 values of 3.10 ±0.29, 4.75 ±0.36, 4.41 ±0.46
μM for the Y, Silvio X10 cl1, and Bug 2149 cl10
strains, respectively. This compound and other
nitrocompounds
derivatives
showed
higher
trypanocidal activity than BZD (IC50 ≈ 40 μM). HCA
and PCA findings are displayed in Fig. 2.
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Introduction
AMPA receptors are ligand-gated ion channels
that have a full activation in presence of glutamic
acid. They are essentials in the development and
homeostasis in the CNS, and impairments in their
function can cause several disorders, like Parkinson
and Alzheimer. Aiming to elucidate your mechanism
of action, four 5-substituted willardiines were
synthesized to study the differences in partial
agonism.
We obtained the willardiine-AMPA interaction
energy, together with the most important residues,
allowing a better understanding of the molecular
mechanism of receptor activation, aiming the drug
development.

Results and Discussion
Figure 3. Interactions formed by the most
important residues.

Conclusions

Figure 1. Energy stabilizing in FW≈HW>BrW≈IW.

In concordance to Jin et al., we find the order of
efficiency FW≈HW>BrW≈IW.
Glu705 and Arg485 were the most important
residues, in agreement with other studies. Where
Arg485 is seem as the dock site of the carboxyl
group of glutamate, AMPA and Kainate. Glu705 is
the point in S2 that helps close the domains, making
two interactions with the ligand.
Met708 is the key point to recognize the
differences between the ligands, since it interacts
with HW and FW, and suffer repulsion of BrW and
IW. This is in agreement with other studies, where
the size of Br and I atoms are correlated with your
lower efficiency.
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Introduction
Diseases plants’s are responsible for high losses
in cocoa production in Brazil and abroad, among
them the witches'broom (WB) is one of the most
1
important and destructive to the cocoa . The WB is
2
caused by the Moniliophthora perniciosa the
understanding of the functioning of the metabolism
from this pathogen from molecular data can lead to
the development of the more effective control
3
measures . In the search for an effective control was
chosen the enzyme UDP-N-acetylglucosamine
pyrophosphorylase (UNAcP) which catalyze of the
reaction that synthetase UDP-N-acetylglucosamine
(UDPGlcNAc). The inhibition of the UNAcP affect the
formation of chitin and thus the cell wall synthesis, a
crucial component for the development of the
4,5
fungus .

Results and Discussion
For the virtual screening was be utilized UNAcP
6
model's . The DOCK6.5 (Grid Score and Grid
Score+GB/SA Hawkins) and AUTODOCK VINA
1.1.2 (BGFS) were evaluated by docking studies.
The docking evaluation was made by measuring the
Area Under Curve (AUC) the ROC curve.
For the construction of ROC curve were used
7
decoys from DUD-E constructed from UNAcP
inhibitors: uridine monophosphate ligands (UMP) Ki
0.25 mM, Uridine 5 'triphosphate Ki 1.8 mM, Ki
UDPGlcNAc 10μM and UDP-N-acetylgalactosamine
(UDPNAcGal) Ki 10μM.
The AUC values were 0.87, 0.81 and 0.76 for the
Grid Score, Grid Score + GB/SA Hawkins and
BGFS, respectively. With these results. These
results to scoring function Grid Score has been
selected for the virtual screening.
The virtual screening was performed with the
molecules obtained of the natural products the ZINC
database. The 10 top ranked molecules by Grid
Score were submitted to the online platform
8
ChemGPS-NP . The values assigned to chemical
descriptors were used for grouping by similarity in
the chemical space (Figure 1).
The molecules under study are positioned on the
map using interpolation in terms of prediction score
by principal component analysis. The properties of
the compounds together with trends and clusters can
be easily interpreted from the resulting projections.
The nearest molecules of the ligands have lower
Euclidian Distance and therefore greater similarity.
The molecules were re-classified using the value
of the Grid Score and the Euclidean distance (distant
values of the reference molecules in the chemical
space).
th

Figure 1. ChemGPS-NP results. In pink UMP; in
red to Uridine; in Blue and Green Cluster of the
UDPNAcGlc; in orange UDPNAcGal; in black top
ranked matches molecules by Grid Score.

After the re-classification of the variables, the
molecules ZJI01, ZJI02 and ZJI03 obtain the
best results (Table 1). The objective is to select
molecules with structural diversity.
Table 1. Ranking of selected variables with reclassification score, Grid Socre and Average ED.
Molecule
ZJI01
ZJI02
ZJI03

Reclassification
Score
33.00
29.50
23.00

Grid
Score
-145.49
-137.17
-131.36

Average
ED
6.37
6.36
5.12

Conclusions
The chemical structural diversity observed in
chemometrics between molecules of cans selected
prioritize different interactions with UNAcP. These
molecules could be used in vitro inhibition assays.
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Introduction
Alzheimer's disease (AD) is a devastating
and fatal neurological disorder, and the exact
explanation of the cause and a possible cure are still
unknown. The AD affects primarily elderly, being
known as a disease of the elderly and the increase in
life expectancy has gradually raised the number of
people who are developing the disease1.
Research
on
the
enzyme
acetylcholinesterase have increased due to new
findings supporting the involvement of the enzyme in
the formation of ß-amyloid peptide during the
pathogenesis of AD2. The aim of this study is to
expand the research in the search for new drugs for
the treatment of Alzheimer's, with emphasis on the
identification of the pharmacophore of a group of
compounds.
The pharmacophore is described from the
understanding of a chemical property derived from
an existing group or atom in a chemical structure
which is responsible for the biological activity of
interest, because the absence of such a set prevents
the interação3. Predicting molecular interactions is
the primary objective of the strategy "active
analogue" in rational drug design.
From a search on the data base BindingDB
(www.bindindb.org/bind/index.jsp), were found 8536
inhibitors with activity for acetylcholinesterase
enzyme, described in the literature, from these 30
most active human acetylcholinesterase inhibitors
were selected. Selected inhibitors were subsequently
submitted
to
webservidor
PharmaGist
(bioinfo3d.cs.tau.ac.il/PharmaGist/) which performs
multiple alignments from the submitted compounds
without the need to have a receiver and base in
order to identify the common chemical properties of
the
compounds
line,
thus
generating
a
pharmacophoric pattern4.

Results and Discussion
The
pharmacophore
hypothesis
was
obtained from the alignments provided by
websevidor PharmaGist. The best alignment
obtained showed 20 molecules, having a score of
48.917, this number quantifies the closeness
between the molecules, determining factor for the
choice. The pharmacophore pattern chosen has the
following features: two aromatic groups, four
hydrophobic regions, one donor and one acceptor
hydrogen bond.
These common features of the alignment
selected are relevant for present in all aligned

molecules, and can be decisive for the composition
of new proposals to drugs in the treatment of AD
(Figure 1).

Figure 1. Representation the pharmacophore
derived from the alignment of the 20 inhibitors.

Conclusions
With this study was identifying a
pharmacophore pattern with possible features which
can be decisive for the interaction between a
compound and the acetylcholinesterase enzyme. In
the next research steps the molecular docking and
prediction of physicochemical, pharmacokinetic and
toxicological properties of selected compounds will
be performed. Based on all the results will be
possible soon propose new drug candidates for AD.

Acknowledgements
Laboratory of Modeling and Computational
Chemistry - Federal University of Amapa.
____________________
1 Rauk,

A. Chemical Society Reviews. 2009, 38, 2698.
S.; Gopi, M. C. Medicinal Chemistry Research. 2010. 20,1422.
3 Leitão, A.; Andricopulo, A. D.; Montanari, C. A. Eur. J. Medicinal.
Chem. 2008, 43, 1412.
4 Schneidman-Duhovn Y. D.; Dror, O.; Inbar, Y.; Nussinov, R.;
Wolfson, H. J. Nucl. Acids., 2008, 36, 223.
2 Gupta,

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

Poster Titles

The 7 th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

CAB-049

Molecular docking study of M onoamine oxidase B inhibitors for the
treatment of Parkinson disease
Souza, L. R. 1*; Oliveira, A. M.1; Marino, B. L. B. 1; Oliveira, R. B. 1; Santos, C. B. R. 1; Hage-Melim, L. I.
S.1
*lucilenerocha1053@gmail.com
1Lab oratory

of Modeling and Computational Chemistry, Federal University of Amap á – Rodovia Juscelino
Kub istchek, Km 02. Jardim Marco Zero 68.902-280 – Macapá-AP, Brazil.
Keywords: Parkinson disease, Docking, MAO-B.

Introduction
The pharmacological treatment of Parkinson
disease is aimed at restoring dopaminergic activity of
the substantia black region through inhibition of the
enzyme monoamine oxidase B, however, determine
undesirable effects of such treatment that is started
only when symptoms are harmful daily tasks 1-2. The
objective of this research is to study the interactions
that occur between enzyme and inhibitor for future
propose new compounds MAO-B inhibitors as a future
candidate drugs for the treatment of Parkinson
disease.

Waals (VDW) and a hydrogen bond with Tyr60,
Tyr398 and Tyr435 amino acids, while the inhibitory 3,
4 and 5 made nonpolar interaction with only one type
VDW amino acid (Tyr398). The 8 inhibitor did nonpolar
type VDW interaction with Tyr398 and Tyr435 amino
acids and 9 did nonpolar type VDW interaction with
Tyr435 and Phe343 amino acids.
Amino acids responsible for the MAO-B,
Tyr398 and Tyr435 activity made active site
interaction with most of the inhibitors.

Results and Discussion
Searching BindingDB 4 database where 1493
MAO-B inhibitors, from these were selected the 10
most active inhibitors to study the docking, according
to the classification of the database itself.

Compound 1

Compound 2
Compound 7

Table 1. Enzyme-inhibitor interactions.
Compound

Tyr60

Tyr398

Tyr345

Phe343

Score

1

CID 54579079

X

X

X

5884

2

CID 53248722

X

X

X

5858

3

CID 71461376

X

5772

4

CID 54586974

X

5720

5

CID 53248721

X

5702

6

CID 54585999

7

CID 46233269

8

CID 54580119

9

CID 54583085

10

CID 53248723

5654
X

X

X

X

X
X

5638
5630
X

5612
5528

Some structural factors are important in the
development of IMAO that should be considered: the
inhibitor's lipophilicity, the presence of hydrogen
bonds between polares groups of the inhibitor and the
enzyme, mainly involving the grouping flavin cofactor
FAD or residues, Gln, Tyr, Asn or Glu present in the
catalytic site, stabilizing the enzyme-inhibitor
complex; the presence of an inhibitor planar structure
that can better adapt to the catalytic cleft 3.
The dock ing5 molecular simulation between
the selected enzyme and its inhibitor showed that the
docking of 10 inhibitors that showed higher score, two
did not interact with any amino acid of the active site
of MAO-B (Tyr60, Tyr398, Tyr435, and Phe343).
Inhibitors 1, 2 and 7 did apolar interaction type van der

Conclusions
The VDW interactions provide a weak
attractive force between enzyme-inhibitor and, most
drug-receptor interactions described in the literature
consist of these links. The interaction by hydrogen
bridge constitutes a significant binding force between
the enzyme-inhibitor are also common, however, were
less common. Therefore, 8 inhibitors showed good
interaction with your target constituting potential drug
candidates, however, worth noting that to have a
strong interaction (high affinity) the enzyme-inhibitor
complex should present multiple interactions of weak
forces.
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Introduction
Alzheimer's
disease
(AD)
is
a
neurodegenerative
disease
progressive
and
1
irreversible, which inevitably goes to death . The use
of inhibitors of the enzyme acetylcholinesterase
(AChE) has been effective in reducing the symptoms
of this disease. However, some of these drugs have
side effects that lead patients to discontinue
2
treatment . In this sense, there is a need to study
plants anticholinesterase effects, which have less
toxicity to promote continuity of care. This work
search to analyze the pharmacokinetic and
toxicological properties of five compounds isolated
from species of the family Amaryllidaceae that has
been investigated for having a source of active
compounds capable of inhibiting AChE. For this, we
used the PreADMET webservidor, which were
calculated
pharmacokinetic
and
toxicological
properties of natural compounds.

Results and Discussion
The prediction analysis of pharmacokinetic
properties of natural compounds (Table 1), revealed
that epinorgalantamine, galantamine, sanguinine,
oxoassoanine and assoanine showed good human
intestinal absorption (HIA %), however the latter
molecule showed 100% absorption, which is not a
reliable result, since no compound or drug has
completely absorbed when administered orally. Of
the five compounds studied, three showed median
cell permeability to Caco-2, they are: the assoanine
(57.6436 nm/sec), galantamine (20.9301 nm/sec)
and oxoassonine (43.2344 nm/sec). To permeability
of MDCK cells, three molecules also showed
average permeability, including sanguinine (41.9999
nm/sec) which also obtained average result for these
cells. According to the predictions ADME just
molecule oxoassoanine revealed high distribution in
Central Nervous System (2.804 C.brain/C.blood),
regarding the results of the calls to plasma proteins
(%PPB),
compounds
epinorgalantamine
(23.565406),
galantamine
(25.772647)
and
sanguinine (20.348745) showed weak binds, which
shows greater disposition and effectiveness in
relation to those who were strongly linked as
assoanine, oxoassoanine.

th

Table 1. Results of pharmacokinetic analysis of
natural compounds
Absorption
Compounds

Distribution

HIA(%)

PCaco2(nm/sec)

PMDCK

PPB(%)

CBrain/CBlod

Assoanine

100.000

57.643

265.004

90.644

1.803

Epinorgalantamine

92.613

2.480

6.347

23.565

0.396

Galantamine

95.402

20.930

78.091

25.772

0.578

Oxoassoanine

98.100

43.234

268.687

92.060

2.804

Sanguinine

92.064

0.360

41.999

20.348

0.722

PreADMET

As
the
toxicity
analyzes
only
epinorgalantamine alkaloid presented not mutagenic.
For mice, all compounds showed clear evidence of
carcinogenic activity. Already in rats only assoanine,
oxoassoanine showed no carcinogenicity.

Conclusions
The results showed that the assoanine and
oxoassoanine
not
provided
a
satisfactory
pharmacokinetic properties, because test % PPB
showed a strong link. The prediction of mutagenicity
and toxicity showed clear evidence of carcinogenic
activity in mice. In rats, showed no evidence.
The sanguinine and galantamine showed
good results. The prediction of toxicity showed
mutagenicity in both, and clear evidence of
carcinogenic activity in mice and rats. Low
permeability molecule epinorgalantamine, prevents
its good absorption. The compound is not
mutagenic, but revealed carcinogenicity in mice and
rats.
Importantly, the family Amaryllidaceae have
promising compounds for the design of new drugs.
The search for new AChE inhibitors, contribute to the
improvement of life of patients with AD.
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Introduction
DNA
damage
occurs
constantly
due
to
environmental factors and normal metabolic
processes inside the cell. A DNA repair process is
rapidly initiated in response to the damage, and is a
critical cellular event to maintain genome integrity.
Poly(ADP-ribose)polymerases (PARPs) are a family
of nuclear enzymes that polymerize poly(adenosine
diphosphate–ribose) on substrate proteins critical for
cellular regulations, including DNA repair and gene
1
transcription . PARP-1 has emerged as a promising
molecular target in the past decade, particularly for
2
the treatment of cancer . In the present work we
performed molecular docking studies, using the
®,3
software Molegro Virtual Docker MVD , of
compounds (Figure 1) previously selected from the
2
work of Zhu et al., inside the active site of human
PARP-1.

compounds 5-7 presented the lower values of Ki (6,
2.5 and 0.9 respectively).
Table 1 – Docking results for PARP-1.
Compound

E.
Interaction
(Kcal.mol-1)

H-Bond
(Kcal.mol-1)

Veliparib

-190.00

-13.50

1
2
3

-106.14
-64.88
-99.75

-6.30
-4.44
-5.61

4
5
6

-153.43
-172.71
-192.88

-2.50
-2.41
-3.87

7

-175.88

-6.63

Interacting
residues
His201, Gly202,
Tyr(235,246)
Lys242,Tyr246
His201, Arg217
Lys242, Tyr246,
Glu327
Tyr228
Tyr246
Tyr(228,246)
His201, Gly202,
Thr226, Tyr228

Figure 2 – Interactions of Veliparib inside active site of
PARP-1.

Conclusions
Figure 1 – Compounds studied.

Results and Discussion
Our results suggest that all compounds studied
could be potential inhibitors of PARP-1, considering
former docking results and interactions observed
with the same residues (Figure 2) related to the
stabilization of the usually drug veliparib.
Compounds (5), (6) and (7) were the most stable
inside the active site of PARP-1 and showed large
energies interaction (Table1). However, no
compound was better than veliparib. Dynamics
studies will help us understand better the stability of
complex enzyme-ligand. Our results corroborate with
2
the experimental results from Zhu et al. were
th

Our results points to compounds (5), (6) e (7) as
potential PARP-1 inhibitors and, eventually, new
drugs. Additional molecular dynamics simulations
are now been performed in order to investigate the
dynamics behavior of these compounds inside the
active site of PARP-1 and check the docking results.
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Introduction
The Moniliophthora perniciousa (Stahel) Aime &
Phillips-Mora 2006 is the causative fungus of plant
pathology known as witches' broom disease, which
causes drastic losses in the cocoa cultivation in
Southern Bahia, Brazil. Many researches are still
being directed to combat the M. perniciousa, to
develop efficient fungicides to eradicating this
disease. A possibly strategy used is the desruption
of the cell wall, composed by chitin, a major
component to the fungi and insects cell wall,
responsible for forming the fibrous wall displays. The
aim of this study is determine the threedimensional
structure of chitinase (EC 3.2.1.14), an enzyme that
acts in the degradation of chitin and addicionally,
search, by virtual screening, compounds which have
potential to inhibit chitinase, providing an alternative
to disruption to this essential metabolic pathway to
the fungus development.

12

supplemented by similar structures of Zinc
available, composing a total of 96 possible structures
for testing, which were added to the database of
natural products (NatProDB -UEFS). The selection
of potential ligands was performed by AutoDock Vina
3
using the platform PYRX Prescription Python 0.8
and were selected according to their affinity energy
values, RMSD number and character of ligandprotein interaction (Figure 1).
Figure 1. Analysis of the complex, representing
the surface of the receptor highlighting regions
propitious for donor (pink) and hydrogen
acceptor (green).

Results and Discussion
The primary structure showed 46% identity with six
different models based on crystallographic deposited
at the Protein Data Bank (PDB). The constructed
models were refined by sander program in AMBER
12 package, employing a method of molecular
mechanics with the ff03 force field. The models were
solvated in tLeap using solvation TIP3PBOX with
spacing of 8.5 Å, and before and after refinement
validations ware done. The model proposed for
chitinase of M. perniciousa, based on the template
1
PDB 1LL6 selected for represent the best results
after refinement, is composed of 395 amino acids,
6125 atoms connected by 6179 interactions and
molecular weight estimated of 44.4896 kDa. Before
refinament the selected template presented in
ANOLEA 4640.186 E / kT and 94.4% with the amino
acid residues in the favorable and allowed regions in
the Ramachandran plot. After refinement the value
of ANOLEA reduced to -1766 E / kT and
Ramachandran plot also showed better distribution
of residuals, this time with 97% of residues in
favorable and allowed regions.
For the inhibitors selection by virtual screening was
constructed a database consisting of compounds
described in the literature as potential chitinase
2
inhibitors . Thus, we used 6 ligands cited as
inhibitors to chitinase, and this database was
th

Conclusions
After the evaluation of the models generated, the
model built using homology 1LL6 showed the best
results after refinement and therefore was used in
the screening of potentially active compounds. This
group of compounds are being analyzed in its
potential inhibition and the database used to screen
features a variety of bioactive molecules derived
from common plant in the Brazilian semi-arid region
and Zinc. This Molecules are possibility of synthesis
or extraction which could be applied to the
proposition inhibitors for M. perniciosa chitinase.
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Introduction
Currently Alzheimer disease is considered a
public health problem. Cholinesterases (ChEs) are
enzymes that play a key role in cholinergic
neurotransmission by regulating the levels of
acetylcholine in the synaptic cleft. There are two
types of cholinesterases, acetylcholinesterase
1
(AChE) and butyrylcholinesterase (BuChE).
Although the two enzymes exhibit molecular forms
with certain structural similarities, they differ in
inhibitory specificity and sensitivity.2 The aims of
this study was to evaluate in silico eight compounds
of natural and semi-synthetic origin candidate
inhibitors of ChEs and drugs used to treat Alzheimer
disease. In the present study, we carried out in-silico
physicochemical, oral bioavailability, toxicological
properties and predicts sites of phase I of
metabolism and metabolites formed in order to
understand the pharmacological behavior of lead for
rationalization medicinal chemistry studies.

Discussion
In this study, we report a preliminary theoretical
structure-activity relationship (SAR) study of 4
natural products of the Piper rivinoides and 4 semisynthetic derivatives, with structure similar to
Donepezil (Fig 1), which is inhibitor of ChEs.
H3 C

H3 C

H-bond donors and rotatable bonds were obtained
using the Molinspiration program to calculate the
activity prediction of compounds to Lipinski
descriptors for bioavailability predict.3 The
MetaPrint-2D and MetaPrint-2D-React software
were used to predict forms of metabolism and
metabolites of the compounds.
The results suggest that none of the compounds
showed risks to mutagenic effects and their values
of drug likeness and drug score were satisfactory
and values of drug score to the compounds 12, 14,
15 and 17. The compounds also showed that they
are among the ideal conditions according to
“Lipinski rule” (Table 1) as it was describes:
Molecular Weight must be less than 500; clogP
should be less than 5; the number of H-bond donors
must be until 5 atoms and H-bond acceptor groups
3
must be until 10 atoms.
The compounds showed phase I metabolism like
donepezil and the hydroxylation reactions were the
main metabolism of these compounds.
Table 1: Physicochemical properties of the
compounds of natural and semi-synthetic origin
as candidate inhibitors and donepezil.

O
O

O

N

Conclusions
Figure 1. Structure 2D and 3D of Donepezil (DON).
The in silico assays were conducted using the
following software: the SPARTAN’10 to calculate
the physicochemical properties: molecular weight
(MW), molecular surface area (PSA), energy of
HOMO/LUMO and others. The Osiris Property
Explorer was employed to calculate drug likeness
and drug-score properties of designed molecules
and to estimate their possible mutagenic,
tumorigenic or reproductive risks. The numbers of

The results of the description of the SAR stimulate
the continuous development of this series of
inhibitors as drug candidates for the treatment of
Alzheimer disease. Structural studies of docking and
in vitro assays against AChE and BuChE are under
development in our laboratory.
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Introduction
In pharmaceuticals, toxicity is a major contributor to
the withdrawal of new drugs and often the
underlying biological mechanism of toxicity is related
1
to metabolism. Metabolic liability can lead to a
number of diverse issues, including drug−drug
interactions (DDIs), in particular enzyme inhibition
and induction, which in turn may cause therapeutic
2
failure, toxicity, and adverse effects. CYP3A4 is the
most abundant cytochrome isoform of liver and is
responsible for the metabolism of more than 50% of
the marketed drugs. In this study, we developed and
extensively validated QSAR models for two large
datasets of substrates, non-substrates and inhibitors
of CYP3A4, aiming to develop robust and predictive
models that could be useful for discarding drug
candidates with potential metabolism issues.

PLSDA and KNN) were used to model generation,
totaling in 16 different QSAR models. The models
were built using the qsaR package and its
integration workflow for KNIME 2.9. The statistical
results of generated QSAR models for dataset I
(modeling and test sets) are summarized in Figures
1 and 2, respectively. The combination of different
descriptors and machine learning methods led to
robust and predictive QSAR models, with correct
classification rate (CCR) values ranging between
0.79-0.83 and coverage of 0.69-1.0. The AtomPairGBM model obtained the best ability to correct
classifying compounds as substrates or nonsubstrates of CYP3A4.

Results and Discussion
In this study, two large datasets were employed
for profiling the CYP3A4 activity. The dataset I
contained 8,214 compounds, in which 475 are
substrates of CYP3A4 (metabolizers) and 7,739 are
non-substrates (or inactive). The annotated dataset
3
was gathered from the literature and PubChem
bioassay (Assay ID: 1851). The goal was to obtain
models for classifying compounds as substrates or
non-substrates of CYP3A4. The dataset II is one of
the largest public dataset available for CY3A4,
containing 9,265 compounds that are inhibitors,
substrates and non-substrates. The annotated
dataset was gathered from ChEMBL340 assay. The
goal was to obtain models for classifying compounds
as inhibitors, or substrates or non-substrates by
CYP3A4. The molecular modeling studies were
performed using a workflow in KNIME platform
developed in our laboratory. As the datasets were
unbalanced, different divisions were tested to
investigate the more adequate dataset balancing.
From the six different datasets splits generated, the
balancing with proportion of 1:1 and the total
unbalanced dataset were selected for having the
best statistical results and covering the largest
chemical space. Thus, various QSAR models were
generated using different types of descriptors e
algorithms, in order to exploit more information from
QSAR models. Four different types of molecular
fingerprints were utilized in this study (Atom Pair,
PubChem, MACCS and FeatMorgan), as well as
four machine learning algorithms (SVM, GBM,
th

Figure 1. Statistical results of QSAR models for CYP3A4
assessed by 5-fold cross-validation for the modeling set. AD:
applicability domain.

Figure 2. Statistical results of QSAR models for CYP3A4 for
external test set.

Conclusions
Computational models for predicting the
interaction with CYP450 enzymes are very important
in the early stages of drug development. The
developed models can reliably identify inhibitors,
substrates and non-substrates of CYP3A4, which
could be useful for discarding drug candidates with
potential metabolism issues or with significant drugdrug interactions.
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Introduction
The neuropeptides such as neurokinin (NK),
have become the focus of intense research because
they are widely distributed throughout the CNS, and
although not fully elucidated its function, actively
participate in several physiologic processes¹.
Since they are located in specific areas of the brain
that act to modulate responses of stress, anxiety,
mood and behavior, several studies have focused on
the hypothesis that NK can be a potent
neurotransmitter
or
neuromodulador
with
participatory potential in the pathogenesis of
neuropsychiatric diseases such as major depressive
disorder
(MDD)2.
One of the main techniques currently used in the
search for new drugs is the virtual screening, which
presents two main approaches: screening based on
target molecular structure and screening based on
ligand3.
The virtual screening based on ligands is a
strategy that uses compounds with biological activity
known as a source of initial information, without
taking into account the structure of the molecular
target. By allowing overlap of active compounds to
create an outline of the key molecular features
shared3.
From a search for inhibitors with activity for
neurokinin receptors, described in the literature on
the
basis
of
BindingDB
(www.bindindb.org/bind/index.jsp) data, prioritized
the most active, totaling twenty-two inhibitors for NK1
receptor, which from the download have been
optimized in order to generate structures of higher
quality, hence were subjected to PharmaGist server
that generated the pharmacophore through the
alignment of five molecules.

Results and Discussion
Of essential importance in the development of
new drugs, the pharmacophore appears to contain a
group or atom with a key chemical property for the
biological activity of the structure, so that, in the
absence of property the compound is inactive4.
The pharmacophore hypothesis has been
generated from the server using PharmaGist twentyone inhibitors obtained from the data bank
BindingDB. The result of the highest score (16,971)
filed alignment with five molecules being considered
as the most active molecule pivot, generating two
distinct
properties
of
interaction
in
the
pharmacophore, donor and acceptor hydrogen bond.
For the chemical property of hydrogen bond donor
has been found only one region and three acceptor
of hydrogen bond regions, thus totaling four spatial

features
present
in
the
pharmacophore.
Despite the low score, due to chemical and structural
differences of the compounds submitted, the study
contributes to the knowledge of the responsible
compound / receptor interaction chemical properties
as the pharmacophore presented, has five aligned
molecules of varying characteristics, providing the
set representation more appropriate to their
properties from the most active ligand.

Figure 1 Representation of the pharmacophore
derived from the alignment of five NK1
inhibitors.

Conclusions
Determining the molecular pharmacophore
derived from a set, you can incorporate chemical
groups to specific ligands in order to increase the
specificity and provide a template or in the search
and selection of new prototypes that meet the main
molecular requirements responsible for biological
activity.

Acknowledgements
Modeling and Computational Chemistry Laboratory Federal University of Amapa.
_________________

¹ Silva, A. R. D.; Mcleod .A.L.; Krau. J.E. Elsevier Science, 2000, v. 16,
195-240.
2Ratti, E;Bettica, P; Alexander, R; Archer, G; Carpenter, D; Evoniuk, G;
Gomeni, R; Lawson, E; Lopez, M; Millns, H; Rabiner, E. A; Trist, D;
Trower, M; Zamuner, S; Krishnan, R; Fava, M.
J.
Psychopharmacology, 2013, 424-434.
3 Rodrigues, R. P; Mantoani,S. P; Almeida, J. R; Pinsetta, F. R;
Semighini, E. P; Silva, V. B; Silva, C. H. T. P. Rev. Vir.Qui. 2012,V. 4,
739-776.
4Leitão, A.; Andricopulo, A.D.; Montanari, C.A. Eur. J. Med.
Chem. 2008,v. 43, 1412-1422.

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

Poster Titles

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

CAB-057

Validation of structure-based and ligand-based virtual screening
strategies to identify Leishmania braziliensis Trypanothione reductase
inhibitors.1,2
1,2
1,2
2
1,2
Costa, G. M. *; Teles, A. L. B.

; Leite, F. H. A.

; Froes, T. Q. ; Castilho, M. S.

1 Programa de pós-graduação em biotecnologia, Universidade Estadual de Feira de Santana, Feira de Santana, BA. 2-Faculdade de Farmácia, Universidade Federal da Bahia
Salvador, BA.

Keywords: Docking, pharmacophoric hypothesis, Leishmania braziliensis,
Trypanothione reductase.

Introduction
Leishmaniasis is considered a major public health
problem that affects 350 million people in 98
countries around the world1. However, there is a
limited number of drugs available to fight this
disease and resistance is becoming an important
issue.2 Thus, novel drugs are urgently needed. As
trypanothione reductase (TR) plays a crucial role
against in parasite´s defense against reactive
oxygen species, it is considered a promising target
for drug development3. In order to accomplish this
goal virtual screening tools can be useful, as long
as their enrichment rates are superior than random
selection methods. Herein we report our efforts to
build and compare docking tools pharmacophore
models regarding their ability to identify L.
braziliensis TR inhibitors.

Results and Discussion
Given the high sequence identity among
tripanosomatides TRs (>84%), it is expected that
both the crystallographic structure and known
inhibitors
of
Trypanosoma
cruzi/Leishmania.
infantum are good starting points for the
identification L. braziliensis TR inhibitors. Hence, 5
TcTR inhibitors with Ki < 1µM were employed to
build pharmacophore models, using GALAHAD
default parameters. 3 models with low steric strain
and Mol_Qry >30.0 were probed for their ability to
recover 17 active compounds among 1050 decoys,
built within www.dud.docking.org server, as
available in UNITY-3D software (Figure 1). This
ligand-based
strategy
achieved
AUC=0.73,
retrieving 8 active molecules and 15 decoys,
whereas random selection techniques (gray
diagonal line) show AUC=0.50. A reasonable
explanation for not achieving higher values is that
the pharmacophore models do not fully depict the
bioactive conformation of the inhibitors within TR
active site. Aiming at circumvent this limitation, we
resorted to structure-based tools such as docking.
Accordingly, the same database (17 active:1050
decoys) were docked to the crystallographic
structure of L. infantum TR (PDB: 4APN), using the
genetic algorithm available in GOLD 5.2 software
and CHEMSCORE scoring function (Figure 2). Next,
all poses were re-ranked with GOLDSCORE,
CHEMSCORE, PLP and ASP. This strategy showed
that higher enrichment can be achieved when
CHEMSCORE and ASP scoring functions are
combined (AUC=0.82) (Figure 1).

Figure 1- Roc curves for the 3 best pharmacophore
models and docked poses according to Chemscore
and ASP+Chemscore scoring function.

Figure 2- Docked poses of 17 TcTR within the
active site of LiTR.

Conclusions
Structure-based virtual screening approaches have
shown superior recovery rate in comparison to
ligand-based ones, however, if only the very first
part of the database is considered (e.g. 0.001%),
pharmacophore models (model 01) show higher
enhancement rates.
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Introduction
The currently available treatment for Alzheimer's
disease (AD) is based only increase the synaptic
1
availability of acetylcholine , providing just the natural
delay in disease development. The β-secretase
(BACE1), one of the enzymes that cleave the
amyloid precursor protein (APP), seems related to
the onset of the disease and the formation of one of
its major markers, senile plaques (insoluble structure
formed β-amyloid from fragments). With this, BACE1
is particularly attractive and recognized as a
promising therapeutic target in controlling the onset
and progression of AD. This paper presents results
of study of molecular docking in planning new
candidate inhibitors of BACE1.

Results and Discussion
The docking experiment predicts virtually
receptor/ligand interaction, the use of threedimensional information of the molecule is required.
Thus,
if
used
webservidor
PatchDock
(http://bioinfo3d.cs.tau.ac.il/PatchDock/),
whereas
the analysis of the results was performed with the
program Accelrys Discovery Studio Visualizer 4.0.
For BACE1, are described in the literature
residues important activity for the interaction with the
inhibitor, as: Gly34, Ser35, Pro70, Thr72, Glu73,
Asp93, Gly95, Thr133, Glu134, Asp228, Gly232,
Thr293, Asn294, Ser386, Asp32, Thr72, Gln73,
2,3
Phe108, Asp228, Thr231 and Agr235 .
In the analysis of docking was assessed the
possible interaction between these amino acids and
compounds with inhibitory activity obtained in the
BinindgDB
database
(www.bindindb.org/bind/index.jsp) and it was realized
that the waste Asp93, Gly95, Thr133, Glu134,
Thr293, Asn294 and Ser386 are at a distance, the
ligands, suggesting the absence of interaction
between them, however, the fragments Thr72,
Gly230, Thr231 and Thr232 interacted with at least
80% of the compounds.
With respect to inhibitors, the compound was
CID447068 with highest score, having interacted
with eight amino acids (Asp32, Ser35, Thr72,
Phe108, Gly230, Thr231, Thr232 and Arg235). The
interactions observed in this complex are Van der
Waals interactions and hydrogen bonds. The
relationship between amino acids and certain region
of the ligand with larger distances than 3.500 Å and
less than 1.400 Å were disregarded because they
have characteristics of weak interactions, or even,
for not demonstrating effective interaction.
th

Figure 1. Representation of the docking
simulation between the inhibitors described and
the β-secretase protein.

Figure 2. Inhibitor highest score and their
interactions.

Conclusions
The study demonstrated the forms of interaction
between the inhibitors and the biological target
(BACE1) and that these compounds have the ability
to interact with the active site of the target.
This information is very important in the design of
the proposal of a new drug candidate compound.

Acknowledgements
To the Laboratory of Modeling and Computational
Chemistry – Federal University of Amapa.
____________________
1

Forlenza, O. V. Rev. Psiq. Clín. 2005, 3, 32.
Muthusamy, k.; Singh, Kh. D.; Chinnasamy, S.; Nagamani, S.;
Krishnasamy, G.; Thiyagarajan, C.; Premkumar, p.; Anusuyadevi, M.
Interdiscip Sci Comput Life Sci. 2013, 5, 119.
3
Zou, Y.; Li, L.; Chen, W.; Chen, T.; Ma, L.; Wang, X.; Xiong, B. Xu,
Y.; Shen, J. Molecules. 2013, 18, 5706.
2

The 7 Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

th

Poster Titles

The 7 Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

CAB-059

Identification of Flavonoids as potential inhibitors to Enoyl-ACP
Reductase in Plasmodium falciparum by Virtual Screening.
1,2,3

Silva, D. A. A
1

1

2

*; Brandão, H. N ; Leite, F. H. A. ; Santos Junior, M. C.

2

Laboratório de Bioprospecção Vegetal - LABIV, Universidade Estadual de Feira de Santana – UEFS, Bahia, Brasil;
Laboratório de Modelagem Molecular - LMM, Universidade Estadual de Feira de Santana – UEFS, Bahia, Brasil.
3
Email:dayse.aasilva@hotmail.com
Keywords: Docking, FAS-II, Flavonoids.
2

Introduction
Malaria is the most important parasitic disease of
human beings, sometimes fatal, is caused by
parasites of the genus Plasmodium, which affects
more than 100 countries around the world. Although
antimalarial drugs play a central role in the control
and elimination of the disease, its activity against
Plasmodium spp. showed reduced efficacy because
of drug resistant parasites. This makes the
development of new antimalarial therapeutic agent is
1
a subject of great interest to the public health .
One recent discovery is the inhibition of Enoyl-ACP
Reductase promising target fatty acid biosynthesis
type II (FAS-II) present in the malaria parasite
Plasmodium falciparum. This species is responsible
for most debilitating forms of disease in humans and
is therefore an ideal target for the development of
2
new antimalarial .
A report in the literature showed common flavonoid
glucoside, luteolin-7-O-glucoside, as the first
antimalarial natural product inhibitor of FAS II in P.
1
falciparum . Therefore, the current study aims to
identify flavonoids as potential inhibitors of EnoylACP Reductase of P. falciparum by virtual
screening.

Results and Discussion
DOCK 6.6 program was used for virtual screening,
the enzyme was obtained from the PDB (PDB ID
3LT0). The evaluation of the scoring function used
was taken through the RMSD of the re-docking and
the area under the curve obtained from the ROC
curve.
The crystallographic ligand was re-docking in the
enzyme using the scoring function Grid Score
(DOCK 6.6). The result showed RMSD of 0,5Ǻ
(Figure 1-a). Values below 2Ǻ are considered
3
satisfactory .
The enrichment of docking was calculated using a
database consisting of molecules inhibitors (IC50
<0.1 µM) and decoys built in DUD-E. The area
under the curve obtained of the ROC curve was
utilized as a measure of accuracy of the method.
Were used 33 inhibitors that originated in 1600
decoys. The AUC obtained was 0,84 showing the
4
accuracy of Grid Score function the DOCK6.6
(Figure 1-b).
The Bank of flavonoids was built after the
searches CHEMBL. About 4008 structures were
used. The results for the top ten ranked are shown
in Table 1.

th

Figure 1. Evaluation of docking: a) result for the
re-docking (RMSD = 0.5Ǻ); b) ROC curve (AUC =
0.84).
a)

b)

Table 1. Grid Score (GS) for the top 10
complexes.
Molecule
GS
CHEMBL538670
-83.664818
CHEMBL69574
-82.385460
CHEMBL501025
-78.976814
CHEMBL597096
-78.171799
CHEMBL305022
-76.732788
CHEMBL449937
-76.303047
CHEMBL538669
-75.442520
CHEMBL74692
-75.284569
CHEMBL499432
-75.072556
CHEMBL378564
-74.843193
TRICLOSAN
-51.504951

Conclusions
The molecular docking performed between 4008
structures of flavonoids and enzyme Enoyl-ACP
Reductase revealed satisfactory Grid Score. This
can be observed by comparing the values obtained
in the top 10 Flavonoids-enzyme complex (Table 1)
with the Grid score of Triclosan-enzyme complex
(-51.504951) because the lower the Grid score the
better the ligand-receptor interaction. Therefore, it
can be inferred that the flavonoids of the top 10
complexes are promising candidates for inhibitors of
Enoyl-ACP Reductase as it showed better Grid
scores than Triclosan an effective inhibitor and
already known for that enzyme.

Acknowledgements
CAPES, CNPQ e PPGCF-UEFS.
__________________
1

Tasdemir, D.; Lack, G.; Brun, R.; Ruedi, P.; Scapozza, L. e Perozzo, R.
Journal of Medicinal Chemistry. 2006, 49, 3345-3353.
Xiaoyun, L.; Kun, H. e Qidong, Y. Expert Opinion Ther.Patents. 2011,
21, 1007-1022.
3
Wong, C. F. Biochimica et Biophysica Acta. 2008, 1784, 244-251.
4
Seifert, M. H. J. Drug Discovery Today. 2009, 14, 11-12.

2

The 7 Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

th

Poster Titles

The 7 Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

CAB-060

Docking studies of a group of tetrahydropyridazinone derivatives as
potential new inhibitors of PARP-1
1,

1

1

1

1

2

Garcia, D. R. *; Souza, F. R. ; Bastos, L. C. ; Affonso, R. S. ; França, T. C. C. ; Figueroa-Villar, J. D.
danielle.ime@gmail.com
1

Laboratory of Molecular Modeling Applied to the Chemical and Biological Defense, Military Institute of Engineering,
22290-270, Rio de Janeiro, Brazil.
2
Chemical Engineering Department, Military Institute of Engineering, 22290-270, Rio de Janeiro, Brazil.
Keywords: PARP-1, Molecular Modeling, tetrahydropyridazinone.

Introduction

Table 1 – Docking results.

PARP-1 (Poly [ADP-ribose] polymerase 1) is an
enzyme that performs a vital role in many biological
processes. In certain situations, for example, when
the DNA is slightly damaged, this enzyme is
activated. After activation, PARP-1 can participate in
the DNA’s repair, but depending on the damage, it is
over activated and can cause some important
dysfunctions, inducing cell death. Pharmacological
inhibition of PARP-1 activity in combination with antitumor drugs in chemotherapy is a strategy against
1
cancer .
On this sense, we performed in this work docking
studies tetrahydropyridazinone derivatives as
inhibitors of PARP-1, using the software Molegro
® 2
Virtual Docker (MVD ) , in order to investigative the
mode of interaction of these compounds inside
PARP-1.

Compound

E. Interaction
(Kcal.mol-1)

HBond
(Kcal.mol-1)

Veliparib

-190.00

-13.50

1

-168.24

-6.13

2

-187.23

-7.02

3

-176.00

-7.79

4

-179.01

-13.36

5

-176.80

-11.46

6

-171.08

-6.31

7

-187.37

-9.16

8

-176.94

-11.79

Interacting
residues

His201, Gly202,
Ser243,
Tyr(235,246)
Gly 202, Ser 243,
Tyr 228
Ser 243, Gly 202,
Tyr 228
Ser 243, Gly 202,
His 201, Tyr 228
Gly 202, Ser 243,
His 201, Tyr 228,
Arg 217
Ser 243, Gly 202,
His 201, Tyr 228
Gly 202, His 201,
Tyr 228
Ser 243, Gly 202,
His 201, Gly 202,
Arg 217
Ser 243, Gly 202,
Tyr 228
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Figure 1 – Structures of compounds studied.

Results and Discussion
The docking results suggest that the compounds
studied have good stability inside PARP-1. All
compounds showed good values of energy and HBond interactions and interacted with the same
residues as veliparib (Figure 2). A PARP-1 inhibitor
1
studied by Zhu et al. The values of Interaction
energy (IE) and H-bond energy (HE) obtained for
compounds 1 – 8 inside PARP-1, are showed in
Table 1.
th

Figure 2 – Interactions of Veliparib inside active site of PARP-1.

Conclusions

Our results suggest that all compounds studied are
able to inhibit PARP-1 despite none presented lower
energy of interaction inside PARP-1 than veliparib.
Molecular dynamic studies are now in course in
order to corroborate the docking results and
understand better the interactions of these
compounds inside PARP-1.
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Introduction
The drugs available for the treatment of
Parkinson's disease attempt to restore it is reduced
dopamine in the substantia nigra, but only tries to
reduce treatment symptoms and signs present in
carriers such as, bradykinesia, tremor and rigidity, on
which much research has were made for drugs
suitable for the treatment, however, most of them
have side effects on human beings1.
Catechol-o-methyltransferase
enzyme
reduces excess of dopamine and potentiate the
action of levodopa, drug widely used, there are two
inhibitors for the (COMT) entacapone and tolcapone
which inhibit dopaminergic neurons, and thus obtain
positive characteristics, and the entacapone more
effective but causes serious liver injury2 .
To obtain the result, were identified in the
database
BindingDB
(www.bindindb.org/bind/index.jsp) 88 inhibitors, from
these data were selected fourteen most active
molecules
with
activity
in
catechol-omethyltransferase described in literature. Aiming the
better quality of molecules all were optimized and
submitted
to
Pharmagist
(www.bioinfo3d.cs.tau.ac.il/PharmaGist)
that
generated the pharmacophore hypothesis.
Pharmagist is a server that has as aimed
understanding
and
to
demonstrate
the
pharmacophore from an alignment of group of
structures based on one molecule pivot, without the
structure of the receiver is used. The webservidor
search in this group of molecules to align similarities
present in chemical property, identified as
pharmacophore group3.

Results and Discussion
The derivation of pharmacophore suggests a
chemical property, responsible for the biological
activity of a compound, so that in the absence of
such property the compound is inactive in
receptor/ligand interaction4.
The Pharmagist generated results from
fourteen inhibitors, showing a positive and
appropriate development, aligning nine molecules
and quantifying the proximity of the overlapping
molecules in scoring (score) of 54 447 and
demonstrating 11 spatial features present in
pharmacophore group, distributed two aromatic,

seven acceptors and two donor hydrogen bond, so
these properties are defined or not as responsible for
inhibition of the catechol-o-methyltransferase
through further studies such as molecular docking.
Figure 1 Representation of the pharmacophore
derivation of catechol-O-methyltransferase.

Conclusion
Obtaining a pharmacophore group provides
important information that will assist in future
analyzes of interaction with the target. The
pharmacophore obtained from the superposition of
the inhibitors may coincide with regions that interact
with COMT. May well interfere with the interaction
pharmacophore about their biological action in the
compound to confirm these results need further
analysis, which will be verified at the molecular
docking and thus giving their proper validation
performed.
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Introduction
Dengue infection is an important tropical disease.
According to a recent estimative, there are around
390 million dengue infections per year [1]. The two
principle hormones that regulate insect growth,
development, and reproduction are the steroidal
moulting hormone, 20-hydroxyecdysone (20E), and
the sesquiterpenoid juvenile hormone (JH). Any
interference with the titres of these hormones, or the
mechanisms by which they manifest their actions,
results in abnormal or detrimental growth,
development, and reproduction.
Ecdysteroids are signaling molecules that fulfill
diverse functions in the life of an insect by virtue of
their roles as hormones, pheromones, or insect
deterrents [2].
This work has as main objective to study the
energetic and structural features of 6 compounds
with agonist function of Aedes aegypti ecdysone
receptor (AaEcR) and compare these results with
experimental data. Study the features of these
compounds in the active site of the AaEcR using
molecular dynamics simulations, comparing the
results with the study of docking in order to establish
which compound have greater potential for AaEcR
and also establish the essential structural features of
a good agonist of AaEcR. Perform simulations of
molecular dynamics (MD) to assess the main
interactions between the compounds already tested
and evaluate such interactions in the compounds
and the Gibbs free energy of the chosen complex.
An MD simulation consists of the following steps:
minimization of system energy, heating, equilibration
and production of the trajectories and analysis of
those trajectories. The structure of the enzyme (PDB
code 2R40) (Figure 1) will be submitted to the above
steps for obtaining the system in thermodynamic
equilibrium. In all simulations the PME method will
be used to take into account the electrostatic
contributions, the bonds of hydrogen atoms to heavy
atoms will be constrained by SHAKE algorithm as
well as the internal structure of water molecules. The
radius of interaction of no bonded atoms will be 10Å.
The temperature will be maintained at 310K by
Nosé-Hoover thermostat and the pressure will be
maintained through the Parrinelo-Rahman barostat,
which should preserve the NPT ensemble. The
binding molecules should be parameterized so it can
be added to the structure of the enzyme. For this, the

program GAUSSIAN 09 [3] will be used with the
theoretical model B3LYP/6-311G (or some other
theoretical model of equivalent quality).
After obtaining the enzyme/ligand complex
calculations to obtain the interaction energy will be
realized through MMPBSA method (Molecular
mechanis-Poisson Boltzamann Surface Area), which
coupled with the entropic contribution will provide the
variation of Gibbs free energy for the interaction
between each ligand and enzyme. All calculations
are performed in the AMBER 11 MD software [4].

Figure 1. Crystal
the ecdysone receptor.

structure
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Introduction
Trichomonas vaginalis is a protozoan parasite that
causes trichomoniasis in humans, which is a
sexually transmitted disease with an annual
incidence in the world to 180 million cases [1].
Nucleoside hydrolases (NH) are key enzyme in the
purine salvage pathway of in protozoan parasites.
Nucleoside hydrolase of the T. vaginalis are vital
enzymes and is apparently absent in mammals,
shows up as an excellent target for development of
chemotherapeutic agents [2,3]. In this study, the
three-dimensional structure of T. vaginalis NH
(TvgNH) obtained from homology modeling, we
screened a large dataset of substrate and potential
inhibitors described in the literature for nucleoside
hydrolases.

Results and Discussion
The 3D structure of TvgNH was predicted using
Swiss-Model Workspace by multiple alignment of the
primary sequences throught the X-ray Crystal
structure of Crithidia fasciculata (PDB 2MAS),
Leishmania major (PDB1EZR), Trypanosoma brucei
brucei (PDB3FZ0), Trypanosoma cruzi (PDB2FF2),
Bacillus anthracis (PDB2C40) nucleoside hydrolase.
The multiple sequence alignment was obtained
using ClustalW 2.1 program, and the geometry
model otimized in the Swiss-PdbViewer 4.1 program.
The final model was validated using PROCHECK,
Verify3D Structure Evaluation server and ProSaweb programs. Additionaly, PROCHECK program
was used for the calculation of a Ramachandran
plot (Figure 1).

Ala250 in the TvgNH. Gopaul et al. (1996) performed
a site-directed mutagenesis of His241Ala in IUNucleoside Hydrolase and caused a 2100-fold loss
in kcat for inosine but a 2.8-fold increase in kcat with pnitrophenyl-β-D-ribofuranoside,
establishing
the
location of the catalytic site and implicating His241
as a proton donor for leaving group activation [4]. To
evaluate the docking accuracy of Autodock 4.2, we
ran experiments with a selection of protein-ligand
complexes (PDB 2MAS) and each of the energyminimized ligands was docked to the corresponding
protein target, and the root-mean-square deviation
(RMSD), between the predicted and the
cocrystallized structure was recorded. The RMSD
value obtained for the re-docking of paminophenyliminoribitol
(pAPIR)
inside
the
crystallographic structure CfNH, was of 0,62 Å.
Docking studies were performed in an attempt to
understand the difference in activity observed with
inosine, adenosina, guanosine, uridine and o pnitrophenil--D-ribofuranoside (p-NPR) to further
investigate the structure–activity-relationship (Figure
2).

Figure 2. The active sites of TvgNH interacting
with substracts: (A) Inosine, (B) Uridine.

Conclusions
The homology modeling was an efficient method for
3D structure of TvgNH prediction and docking
studies can be used to determine the interactions of
substrates in the active site of the enzyme.
Figura 1. Ramachandran plot. The plot was
generated using the program PROCHECK. (A)
TvgNH (B) Template (2MAS).
The speciﬁcity of TvgNH for the ribose fraction is
established by a net of conserved interactions
involving the hydroxyl groups of the ribose. The
difference was that the His241 in the CfNH and
th
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Introduction
Visceral leishmaniasis is an important tropical
neglected disease. Its transmition occurs by the bit
of a phlebotominae, the Lutzomyia longipalpis.
Vector is more attracted by the profile of volatile
organic compounds (VOCs) emanated from sick
hosts in comparison with healthy hosts VOCs¹. This
work focuses on the prediction of 3D structure of the
L. longipalpis OBP that could serves for a rational
identification of chemical attractors for the VL vector,
based on the OBP-ligand molecular affinity.

Results and Discussion
Amino acid (aa) sequences of OBPs used in this
study were obtained in a research of expressed
genes in the antennas of L. longipalpis realized in
Institute Fiocruz (not published)². The aa sequences
of OBPs were submitted to BlastP tool in NCBI
platform, and were selected those templates with
aligned higher 45% on the identity.
The five sequences chosen fall in the classic
group of OBPs and aligned with two protein
templates stored in the RCSB Protein Data Bank.
Here we present the OBP target sequences like:
BAF008A01; BAM001C09; BAM011G02 (Template:
3OGN, resolution=1,3Å, e-value=8e-43, 6e-43, 3e49, respectively) and BAM004B04; BAM006E08
(Template: 3V2L, resolution=1,8Å, e-value=2e-36,
2e-36). Multiple alignments between sequences and
templates were generate in MEGA6 program fig. 1.

theoretical models, Procheck was used for evaluate
the stereochemical quality of structures, and Anolea
assessed the energy interaction between atoms.
These results revealed that before refinement
BAF008A01 was the best model, with a quality
estimate of 0.637, higher percentage of residues in
most favored regions on Ramachandran plots, and
better energy minimal values, according to the
identity levels results in BlastP.
The models were refined in Sander program
present in Amber12 package, employing a method of
molecular mechanics with the ff03 force field. The
models were solvated in tLeap using solvation
TIP3PBOX with spacing of 8.5 Å. After refinement,
all models showed good quality and satisfactory
energy values.
Molecular dynamics simulation of 5ns was
performed in the best model of previous step, and
the final model have a RMSD of 1.37Å considering
conserved residues. The superposition of structures
is depicted in fig. 2.

Figure 2. Model (BAF008A01) superimpose with
the template (3OGN)
Target - BAF008A01
Template - 3OGN PDB ID

Figure 1. Multiple alignments
BAF008A01
BAM001C09
BAM011G02
3OGN_

BAM004B04
BAM006E08
3V2L_

Conclusions
The built models exhibit the general OBP features,
six alpha helices connected by loops and stabilized
by disulfide bonds. Greater DM simulations will be
accomplished and models will be compared to
choose the best of them for virtual screening and
identification of chemical attractants.
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Introduction
The arboreal genus Copaifera, the Leguminosae
family includes more than 30 native species in Latin
America. In Brazil, the Copaiba oil is used in popular
medicine, especially in the Amazon, such as healing,
anti-inflammatory, antiseptic, antitumor, and as an
agent to treat bronchitis and skin diseases. Its
chemical composition is predominantly of terpenoids
such as sesquiterpenes and diterpenes [1].
The initial structures of the compounds majority
diterpene of copaiba oleoresin (1) ent-16-β-kaurane19-oic acid, (2) hardwíckiico acid and (3) 11-acetoxycopalic acid were modeled with the Gauss View 5.0
program and optimized by using hybrid B3LYP/631G* calculations with the Gaussian 03 program
package, while the chemical reactivities and
molecular stability of the compounds were predicted
by means of total energy (a.u), HOMO (eV), LUMO
(eV) and GAP energy which is an indicator of
molecular stability and chemical reactivity given by
the difference between highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO), and this were calculated for the three
compounds in order to predict their behaviours and
reactivities with electrophiles and/or nucleophiles [2].
Later, the results were compared between them.

Results and Discussion
The presences of electrophiles and nucleophiles
sites in compounds are very important to understand
the behaviours and reactivities of these species in
the drug design. The comparison of compound 3
with molecules having furan ring without the –COO–
(ester) group (compound 2) and with the –COOH
(acid) group (compound 1) is essential to understand
the influence of both groups on the structures and
properties of these compounds.
In compound 1, the HOMO is located in the region
of the carboxyl group and in the region of
cyclohexanes. In the compounds 2 and 3, the
HOMO is in the region carboxyl group, and in the
compound 3 extends to the region of the double
bond. The HOMO is strongly influenced to perform
electronic stereo side effects that can compromise
the pharmacological activity of the compound. The
energy of the HOMO is directly related with the
ionization potential of the compound, and
characterized the ability of the molecule to perform
nucleophilic attack pronounced in these regions.
In compound 1, the LUMO is located in the region
carboxyl group, and this is due to the fact that this
compound, the –COOH (acid) functional group is
th

more reactive and susceptible by nucleophilic attack
at the carbonyl carbon. In compound 2, the LUMO
these in the region of the furan ring, and in the
compound 3, the LUMO is located in the ester group
in the molecule. Thus the energy of LUMO is related
to the electron affinity [2].
In Table 1 are showed the quantum-chemical
descriptors calculated for the compounds studied.
Comparison of compound 1 with compound 3
indicates that the GAP energy increasing of
±0.2575eV among them, due to the –COO– (ester)
and –COOH (acid) groups, for this, compound 1 is
more reactive and less stable than compound 3. On
the contrary, comparing the energy band gaps for
the compound 2 (-0.0209eV) with the calculated
value for compound 3 (-0.0120eV), we observed that
the absence of the –COO– (ester) group in
compound 2 genera the slightly reduction of the GAP
-3
(±8.9x10 ) indicating that compound 2 is more
reactive and less stable than 3. However, molecules
with low band GAP value are generally reactive,
while molecules with a high value of GAP indicating
high stability of the molecule in the sense of low
reactivity in chemical reactions [3].
Table
1.
Quantum-chemical
descriptors
calculated for the compounds studied using
B3LYP/6-31G*
Quantum-chemical
descriptors
Total Energy (u.a)
HOMO (eV)
LUMO (eV)
GAP (eV)

1
-971.171
-0.2624
0.0071
-0.2695

2

3

-1043.928 -1199.023
-0.0018
-0.0013
0.0191
0.0107
-0.0209
-0.0120

Conclusions
The comparison among the quantum-chemical
different descriptors of compounds 1, 2 and 3 show
that (i) the total energy (TE) following the trend:
TE(1)>TE(2)>TE(3), (ii) the GAP energies following
the trend: GAP(1)< GAP(2)<GAP(3), and (iii) the
compound 3 with the –COO– (ester) group has
better capability to accept electrons due to their
bigger GAP and HOMO values and, additionally, it
has high stability and a low reactivity.
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Introduction

Yersinia pestis is the gram negative bacillus
responsible for the transmission of plague and
infects humans through the bite of fleas that parasite
1
rodents. According to the Centers for Disease
Control and Prevention (CDC/USA) Y. pestis is
included in the list of agents from class A because of
its capacity of causing mass deaths in its pneumonic
2
form. The occurrence of resistance to drugs used in
3
the treatment of plague exposes the need for the
development of new and more selective drugs. In
this sense the enzyme, belonging to the folate cycle,
6-hydroxymethyl-7,8-dihydropterin
pyrophosphokinase from Y. pestis (YpHPPK), arises
as a suitable target to the drug design against
plague, because this enzyme has not been found in
4
humans yet.
In the present study we performed docking studies
® 5
using Molegro Virtual Docking (MVD ) of 06
molecules proposed, in a former work, as prototypes
of inhibitors of dyhidrofolate reductase from Y.
6
pestis.

Table 1. Energies of interaction and H-bond of the
compounds studied inside YpHPPK.
Compound
Redocking
1
2
3
4
5
6

IE (kcal/mol)
-112,43
-158,94
-179,61
-143,63
-163,29
-200,65
-194,22

HE
-11,90
-12,54
-11,56
-5,23
-8,13
-16,59
-15,20

The RMSD of 0.48 observed for the superposition
of 2-amino-6-hydroxymethyl-7,8-dihydro-3H-pteridn4-one (HP) to its crystallographic structure inside
YpHPPK available in PDB (Figure 2) validates the
docking protocol used. Table 2 shows that
compound 5 presented the best values if IE and HE
inside YpHPPK. This compound interacted with
residues Thr43, Lys44, Leu46, Asn56, Asp96 and
Arg122 as shown in Figure 2.

Results and Discussion
Compounds 2-5 in Figure 1 are analogues of
compound 1 (6-hydroxymethyl-7,7-dimethyl-7,84
dihydropterin) a known inhibitor of HPPK.

Figure 2. Left: Interactions of compound 5 inside YpHPPK
(red spheres are water molecules). Right: Redocking of
HP (pose is shown in red and crystallographic HP is
shown in green).

Conclusions

Our results suggest that the compounds studied
have more affinity for the active site of YpHPPK than
HP and could become effective inhibitors of this
enzyme. Molecular dynamic studies are now in
course in order to corroborate the docking results.
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Introduction
Collagen is an essential component of most
tissues in the human body, carrying out important
unctions such as the preservation of their structure,
shape, and physical characteristics. We present
here a computer simulation to describe, at the
quantum level, the non-covalent interaction
energies among the amino acid residues of T3-785
(PDB 1BKV), a model collagen-like peptide.

Figure 2. Amino acid residues interacting with
arginine for each monomer of T3-785 and most
relevant binding forces.

Results and Discussion
Interaction energies between the amino acid
residues and monomers of the collagen-like peptide
T3-785, showed that arginine residues exhibited the
strongest residue-strand interaction, with interaction
energy of -65 kcal/mol (Arg14-B_strand) and -59
kcal/mol (Arg44-C_strand), repealing each other at
the same time, a result probably due to the large
number of water molecules with which they form the
hydrogen bonds. Windows of low interaction energy
occur in the central zone of T3-785, near the
cleavage site for collagenase, which can help
enzymatic action.
Figure 1. Energy profile for each amino acid
residue-monomer interaction.

Conclusions
Quantum DFT computations are a valuable tool
for calculating relative contributions of each amino
acid residue for the stabilization of collagen and,
lastly, reinforce the essential role of arginine
residues in keeping the structural integrity of its
triple helix. Understanding collagen stability more
fully is important to (1) identify functional
sequences, (2) describe the drug delivery properties
and explain the drug-collagen binding affinity, both
are relevant for drug design. Last but not least, (3) it
will help on custom synthesize of “stronger” collagen
for treatments of diseases associated with abnormal
collagen, including arthritis, osteoporosis and
osteogenesis imperfect.
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Introduction
Depression is the most common psychiatric
disorder. It is the debilitating medical condition, in
1
terms of years lost due to disability .
Monoamine oxidase (MAO) is a flavin adenine
dinucleotide (FAD) containing enzyme localized in
the exterior mitochondrial membrane. The enzyme
exists in two isoforms, MAO-A and MAO-B, which
differ only in substrate specificity, sensitivity to
2
inhibitors and amino acid sequences .
Molecular docking is a molecular modeling
technique that aims predicting the structure of the
complex formed between two or more molecules
across a closest structural modeling accuracy
3
generating a estimated activity of a ligand .
This study aimed to conduct docking between
MAO-A and its inhibitors to assess whether the
inhibitors were binding to the enzyme active site and
interactions were doing.
To baseline, was downloaded 45 MAO-A inhibitors
in BinindgDB (www.bindindb.org/bind/index.jsp),
and after, all had their structure optimized.
Shortly thereafter, it was downloaded the file
containing the coordinates of MAO-A in the online
database of the Protein Data Bank (www.pdb.org).
Using the Discovery Studio Visualizer 4.0
software, were removed the water molecules, FAD
and crystallographic inhibitor, removed the B domain
making a monomer and Hydrogen atoms were
added.
To simulate the docking, MAO-A and their
inhibitors
were
submitted
to
PatchDock
(http://bioinfo3d.cs.tau.ac.il/PatchDock/),
online
server that simulates the interaction of the protein
with inhibitors.

Results and Discussion
During the analysis of Docking, were considered
the interactions of hydrogen bonding, Van Der Waals
interaction and dipole. Interactions with high or very
close distances between the inhibitor and the active
site amino acids was disconsidered, as they are
evidence that the interactions are very weak or even
non-existent, and therefore having no interest.
The amino acids which form the catalytic site of
the enzyme MAO-A are TYR69, LEU97, ILE180,
PHE208, VAL210, ILE325, ILE335, LEU337,
PHE352, TYR407 and TYR444.
th

Among the inhibitors, the compound CID
21721847 had the highest score, where it interacted
with five amino acids (TYR69, LEU97, PHE208,
VAL210 and ILE335), of which there were two
interactions by hydrogen bonding (TYR69 and
VAL210) and three per Van Der Waals interaction
(LEU97, PHE208 and ILE335).
Figure 1. Representation of simulation docking
between inhibitors selected from the literature
and the enzyme MAO-A.

Conclusions
The study showed that the compound was CID
21721847 most promising compounds analyzed.
However, studies that assess other properties of the
compound, to ensure that it is really possible.
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Introduction
Malaria is a parasite disease that most affects
humans with a global impact. However, the
therapeutic arsenal available for its treatment is
limited and has low efficacy and safety profile1.
Aiming at circumvent this dilemma, key enzymes of
the fatty acid metabolism have been targeted, once
It shares no similarity to the human counterpart
Noteworthy, Enoyl-ACP reductase (ENR) has been
targeted because it is the rate determining enzyme
of elongation module on fatty acid synthase
pathway2. Pharmacophore modeling has emerged
as a rational tool to understand essential features
that trigger a biological activity. Thus, a
pharmacophore study have been performed by
using GALAHAD module implemented on SYBYL-X
2.0 plataform3, based on the knowledge of PfENR
inhibitors.

Figure 1: ROC curve for pharmacophore models of PfENR
inhibitors.

After Galahad routine, the Mol_Qry was associated
with biological activity of PfENR inhibitors (pKi 4 to
8) as described in the figure 2.

Results and Discussion
Pharmacophore models were built from a dataset of
5 PfENR inhibitors with Ki < 1µM using GALAHAD
default parameters (Table 1).

7–8
6–7
pKi

Poster Titles

Table 1. Statistical parameters of GALAHAD models for PfENR
inhibitors.
MODELS

FEATS

ENERGY

STERICS

HBOND

MOL_QRY

1
2
3
4
5
6
7
8
9
10

6
3
5
6
5
4
4
7
4
5

14.69
31.62
22.92
47.23
10.27
48.74
30189.39
16.62
36.61
21.89

6626.00
6730.80
6686.80
6689.20
6592.80
6791.80
6714.20
6691.10
6891.40
5311.90

825.60
820.30
826.80
825.20
773.50
844.40
859.60
814.90
730.10
819.60

16.51
36.92
11.36
25.14
21.51
9.56
16.45
5.39
15.60
19.40

Three models (2, 4 and 6) with low energy, high
Mol_Qry and steric overlap were evaluated in two
steps: First, they were probed for their ability to
differentiate true inhibitors from decoys that were
built within www.dud.docking.org. Next, these
models were investigated regarding their ability to
explain the relationship between pharmacophore
features and biological activity from known PfENR
inhibitors.
In the first strategy, the selected models showed low
predictive capacity (AUC < 0.7). In order to remove
unnecessary
features
and
enhance
AUC
performance, these models were edited as available
in UNITY-3D software. In this procedure, only the
model 6 has better result than original model (Figure
1).
th

model 2
model 4
model 6

5–6
4–5
0

10

20

30

40

Mol_Qry
Figure 2: Relationship between pharmacophore features and
biological activity.

Only model 6 shows adequate ability to explain the
relationship between pharmacophore features and
biological activity. This model consists of two
acceptor sites and one hydrophobic center.

Conclusions
This study provides a rational tool for identify PfENR
inhibitors as well as essential features to trigger
biological responses on this target. Thus, the model
6 can be selected as template for pharmacophore
based virtual screening.
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Introduction
The increase of resistance to classic antimalarial
drugs by Plasmodium falciparum has motivated a
search for new molecular targets. Homology
modeling methodology was used in a previous study
to build a theoretical model of P. falciparum hexose
transporter (PfHT)1. This protein has a fundamental
role in the transport of hexose, which is important to
the life cycle of the parasite and considered as
potential molecular target2.
The main goal of this study was to perform
Quantum Mechanics and Molecular Mechanics
(QM/MM) approach in order to describe the
intermolecular interaction between PfHT and
carbohydrate derivatives. Initially, three O-(undec-103
en-1-yl)-D-glucose derivatives (Fig. 1) were docked
against PfHT by Autodock Vina.

OH

OH

HO

-6.3

-9.35 10

2 (α)

-6.4

-8.91 10

2 (β)

-6.0

-8.85 10

3

3 (α)

-5.9

-9.36 10

3

3 (β)

-5.9

-9.50 103

3

* AM1/ff03 = Complex Energy - (Protein Energy + Ligand Energy).

The compounds 1-3 interact with PfHT by
electrostatic, van der Waals interactions and
hydrogen bonds (Fig. 2).

Legend

O

OH

2

O-(CH2)9-CH=CH2

CH2OH
OH

H2C=HC-(CH2)9-O

3

1 (β)

CH 2OH

CH2OH
O-(CH2)9-CH=CH2
O
1
OH

HO

Table 1: Binding energy between derivatives of O(undec-10-en-1-yl)-D-glucose in model
Binding Energy (kcal/mol)*
Derivatives O-(undecDocking
AM1/ff03
10-en-1-yl)-D-glucose
3
-6.0
-9.38 10
1 (α)

O

OH

3

OH

Figure 1: O-(undec-10-en-1-yl)-D-glicose derivatives3.

The complexes were refined by the hybrid QM/MM
method, in which the docked ligands and the rest of
the protein were defined by AM1 and ff03 force
field, respectively (AM1:ff03). QM/MM calculations
were performed using the implicit solvent model in
Amber 11.0 software.

Results and Discussion
The O-(undec-10-en-1-yl)-D-glucose derivatives3 have
similar conformations. Consequently, they had
similar docking binding energies, differing in only
0.5 Kcal/mol at most (Tab. 1), making the biological
activity prediction of these compounds difficult.1,2
In addition, docking results were improved by
QM/MM calculations increase the range of binding
energy in 0.65 Kcal/mol, closer to experimental
results.

Figure 2: 2D diagram of intermolecular interactions
between 3 (β) and PfHT by AM1/ff03 method

These calculations described the pharmacoforic
conformation of antimalarial glycosides by in silico
methodologies.

Conclusions
The docking results were improved by QM/MM
calculation, which were able to show the essential
amino acids responsible for molecular recognition of
antimalarial D-glucose derivatives 1-3. These results
can contribute to design more selective
carbohydrate analogs. These compounds can inhibit
the glucose uptake, important for the biological
development of parasite, suggesting a new
alternative treatment against malaria.
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Introduction
The endocannabinoid system acts to control many
physiological processes, among which we can
mention the modulation of pain, cognition, among
others. This system consists of two receptors: CB1
and CB2. In recent decades, there has been an
increase in the need to identify new bioactive
compounds that act in this system, mainly operating
in the CB1 receptor, because it is related to memory
1, 2
loss, obesity and drug addiction of abuso.
Before
addition, the objective of this paper is to model the
3D structure of the CB1 receptor using the technique
of modeling threading.

Results and Discussion
Initially, the choice of the receptor structure was
3
performed in the bank Uniprot data (ID P21554,
cannabinoid receptor CB1). Then, the CB1 receptor
(FASTA sequence) was used for the alignment of
the structure using HHPred server, which is used for
detecting the homology of the protein as well as the
prediction of the structure of the model. 46 templates
were generated in the HHPred server and they were
analyzed from the score E-value (prediction error
value) of each model. After this analysis, 17 potential
candidates were selected as template. Then, we
5
used the Molprobity server to the best template.
This server was used to validate the quality of the
three-dimensional structures of proteins (Table 1),
since it provides detailed information on the
stereochemistry, hydrogen bonds and van der Waals
energy. The selected structure was PDB 4DKL by
presenting the best parameters (Table 1), as well as
it can be seen in the Ramachandran plot (Figure 1a).
Table 1. Parameters obtained from Molprobity server for the best
model of CB1

Ramachandran
outliers
Ramachandran
favored
Bad backbone
bonds

A

Obtained value

Default value
(limit)

0, 21 % (1)

< 0,05%

98,09% (461)
0,00% (0/3791)

> 98%
0%

Table 1 shows the parameters obtained for the best
model using Molprobity server. The data generated
by this server indicate that the model has most of the
residues in favorable regions in the Ramachandran
plot (98%) (Figure 1a). There is only one outlier in
the Ramachandran plot (located in the alpha helix
region forming the loop).The structure with PDB
code 4DKL was used as template and it was
considered the chain A as preserved (Figure 1b);
this structure was employed to generate 50 models
of the CB1 receptor, among them, the best model
was selected according to the lowest measure of
energy and the parameters of Molprobity. These
results show the importance of conducting studies of
molecular dynamics, as this technique has the aim to
minimize the protein structure and optimize the
results. This step is in development,

Conclusions
The 3D model of the CB1 receptor was constructed
using modeling threading. All steps performed
(selection of the template, the analyses of all
parameters and the construction of models) are
initial steps in the studies of molecular dynamics.
From this model, other molecular modeling studies
can be performed, providing a better understanding
on the action mechanism of the CB1 receptor..
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Figure 1. (a) Ramachandran plot; (b) Chain A preserved (pdb
4DKL).
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Introduction
Tuberculosis is an infectious disease caused by
Mycobacterium tuberculosis that primarily affects the
lungs, but can also occur in other organs such as
1
bones, kidneys and meninges . Despite being one of
the oldest infectious diseases, well known for over
half a century and vulnerable to drug treatment,
tuberculosis (TB) remains one of the major health
2
problems being faced worldwide .
Based on these aspects this work aims to employ
in silico techniques to identify potential inhibitors of
the enzyme dihydropteroate synthase (EC 2.5.1.15)
contributing to the development of new drugs for TB
control. The database used to conduct the screening
was NatProDB, formed by compounds derived from
natural sources only the semi-arid region of Bahia.
Then a virtual screening was performed in the
DOCK6.6 program, thus, the compounds are
ordered according to their Grid Score.

Table 1: Grid Score of top 10 compounds from
virtual screening.
Ligands
Crystal Structure

* VE0UDA0AF	
  
VE0EAA0SF	
  
VE0IFA0SF	
  
VE0BFA0SF	
  
VE0ZNA0SF	
  
VE0URA0AF	
  
VE0TIA0AF	
  
VE0BKA0SI	
  
VE0BTA0SI	
  
VE0QAA0AF	
  

Results and Discussion
Crystal structure of dihydropteroate synthase was
selected from RSCB Protein Data Bank. PDB ID1EYE; Resolution= 1.7Å.
To assess the quality of the docking, re-dock was
performed between native geometry and the best
pose of the ensemble geometries of co-crystallized
inhibitor. The RMSD obtained by re-dock procedure
was 0.536 Å, It is acceptable to a value of RMSD
4
below 2.0 Å . As shown in figure 1.
Figure 1: Results of re-docking superimposed on the
crystal structure.

The structure presented the best grid score is
shown in Figure 2, and The top 10 compounds with
the best grid score were selected and subjected to
structural diversity and drug likeness analysis as
shown in Table 1.
Figure 2: Chemical structure of the Spermine that
had the best score, recognized in NatProDB with
code VE0UDA0AF, compound of vegetable origin,
found in species heliotropium indicum L.
th

GridScore (Kcal/mol)
-79.53
-89.84
-84.16
-81.97
-81.74
-79.53
-77.77
-62.38
-61.78
-54.86
-54.08

*The codes of the compounds listed in the table were obtained
directly from the database (NatProDB). The first part of the code
refers the origin of compound (VE = vegetable origin), while the
last part refers to previous studies of pharmacologically activity
(SF = No pharmacological activity; AF= With pharmacological
activity)

Conclusions
Before performing in vitro testing of the
compounds that exhibited better grid score, the
binding energy and the binding free energy will be
estimated by molecular dynamics simulations using
the AMBER program.
The purpose of this research was contribute to
find new alternatives for the treatment of
tuberculosis,
which
has
as
a
pathogen
Mycobacterium Tuberculosis. The use of in silico
tools can contribute significantly to find ligands with
favorable binding energy and indicate compounds
for further biological assays
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Introduction
Herpes simplex virus (HSV) infections are among
the most common infections, affecting about one
third of world population1. There are two types of
HSV: HSV-1 which is normally associated with
orofacial infection, and HSV-2 that normally causes
genital herpes2. The main treatment for HSV
infections is acyclovir and its analogs, which inhibit
viral thymidine kinase (TK), and consequently inhibit
viral replication2. Lately many acyclovir-resistant HSV
strains have been reported and they are mainly
associated with TK mutations2. This work aims to
propose the 3D structure of the mutants of TK of
HSV-1 and HSV-2 and perform docking studies of
acyclovir against wild-type and mutants TK.

HSV-1 mutant was different which might have led to
an increase of binding energy to -5.28 Kcal/mol.
The structural analysis of mutants of HSV-1 and
HSV-2 TK showed that some mutations were closed
to the acyclovir binding site and may interfere directly
in the ligand binding while others are distant and may
influence only indirectly.

Results and Discussion
Initially, the Model of HSV-2 TK was constructed
using Swiss Model and HSV-1 TK as template. The
resulted model showed identity percentage of 73% in
primary structure and 3D structural conservation.
Punctual mutations were done on HSV-2 TK using
Swiss PDB Viewer to build models for the following
mutants: R217H, N100H, G59P, P85S, Y133F and
V192M described in literature as resistant to
acyclovir. Punctual mutations were also done in
HSV-1 TK to build the TK mutants: A174P, A175V,
A189V + L227F, R51W, R220C, R222H, D162A,
E83K, H105P, L364P, Y53H + R163H AND Y172C.
The models mutants of HSV-1 TK and HSV-2 TK
wild and mutants were refined by performing a
geometry optimization and their validation was
performed by the analysis of their Ramachandran
plot, 3D-1D score using Verify 3D and Z-score using
PROSA. The results of validation indicated good
quality of the proposed models.
Molecular docking studies were performed to
analyze the interactions between acyclovir and HSV2 TK wild-type and mutants and HSV-1 TK mutants
using AutoDock 4.2. The Lamarckian genetic
algorithm was used as a search engine. The binding
energy for docked HSV-1 TK ranged from -7.37 to 5.28 Kcal/mol, whereas it ranged from -6.11 to -5.87
Kcal/mol for HSV-2 TK complexes. Despite the
binding energy variation which may be related to
different affinities, acyclovir showed the same
binding mode with wild-type and mutants TK for the
majority of models and also similar to the wild type
(Figure 1). The acyclovir binding mode on Y172C

Figure 1. Docking results of acyclovir against A)
wild-type and mutants HSV-1 TK; B) Y172C HSV1 mutant TK; C) wild-type and mutants HSV-2 TK.

Conclusions
Mutants of HSV-1 and HSV-2 TK were constructed
and validated in this study, showing their good quality
for further studies. Molecular docking showed
difference in binding energies but no significant
difference on acyclovir binding mode in comparison
to the wild TK of HSV-1 and HSV-2. Therefore,
molecular dynamics will be performed to give more
insights about 3D structure of the mutants TK and
interactions with acyclovir in biological environment
which may help in the comprehension of resistance
mechanism.
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Introduction
The development of drugs is an area well explored
today. A large number of technology appears on the
market to make this faster and with less cost. In this
context, Inverse Virtual Screening (IVS) methods
can be used to predict the molecular targets of
compounds. The main goal of this study is perform
IVS of Brazilian natural compounds on Our Own
1
Molecular Targets Data Bank (OOMT) suggesting
lead compounds for specific molecular targets.

Results and Discussion

A)

B)

C)

D)

Figure 2: Selected OOMT's targets. A and B)
PDB: 1GKC and 1W6M complexed with MOL141
and
MOL77,
respectively;
C
and
D)
Pharmacophoric map of 1GKC-MOL141 (δ= 1,44)
and 1W6M-MOL77 (δ= 1,37), respectively.

Conclusions

Figure 1: Methodology used by OOMT
As a result of 18920 docking simulations, the
molecular targets 1GKC, 1DDX and 1W6M were
suggeted for biological assay. These targets are
involved in the pathophysiology of cancer and in
inflammatory processes (Tab 1 and Fig. 2).
Table 1. Selected OOMT's targets with
respective inhibitors obtained by docking
(Kcal/mol).
Ligands

1DDX

1GKC

1W6M

Crystallographic

-9.2

-6.6

-4.3

Mol65

-10.3

-9.4

-5.7

Mol77

-12.2

-7.9

-5.9

Mol141

-10.7

-9.5

-4.6

The methodology suggested which compounds
should be subjected to biological assay. The
performance of biological assays 18920 would
require much time and resources, which are not
available at present. Thus, the IVS approach
applied to OOMT can contribute to improve the drug
discovery process.
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Introduction
The current work presents a conformational
evaluation of new semisynthetic pentacycles
derivatives from ursolic and betulinic acid, employing
molecular modeling studies in order to characterize
the main structural features of organic compounds,
as well as to provide subsidies to understand the
mechanism of action of this molecule class. Three
new prototypes (A, B, C) with effective antimalarial
activity against Plasmodium falciparum obtained by
1,2
our group, according to previous study , were
submitted to conformational analysis using RM1 semi-

empirical method. The minimum energy conformation was
determined and applied on optimization geometry.

Results and Discussion
The 3D model of three new semisynthetic triterpene
derivatives from betulinic and ursolic acid (A, IC50 =
14 μm; B, IC50 = 7 μm; C, IC50 = 4 μm against P.
falciparum 3D7) were constructed in their neutral
forms using GaussView 4.1.2. The files were
subjected to MOLDEN 5.0.6 (an open-source
molecular builder and visualization tool). Afterwards,
TM
MOPAC 2012 was run for geometry optimization
and conformational search. All the structures were
minimized to gradient norm values below 0.05, using
the eigenvector method (EF) at PRECISE level, and
they all went through to FORCE calculations. The
obtained minimum energy conformation was
geometrically optimized under RM1 semiempirical
calculations.
Conformations of pentacycle were generated by
varying the dihedral angles from -180° to 180° with a
30 step, in a total of 80 conformers.
The most stable conformer for A, B and C
compounds showed relative energy of ΔHconf (9.8,
7.5 and 5.9 Kcal/mol) respectively (Figure 1).
Conformers A and B reveal a similar conformational
preference to chair form in D-ring; however
compound C, the most active,
exhibited
conformational preference to boat form in D-ring, in
spite of having lowest ΔHconf. These founds provide
preliminary information about the conformational
profile of antimalarial pentacycles and are in
agreement with the rigid stereochemistry of these
molecules. The influence of the substituents on the
conformation of D-ring is still in process through
employment of molecular dynamics simulations
beyond molecular docking investigation.
th

Figure 1. Chemical structures of compounds
A, B, C and their most stable conformer
respectively.

Conclusions
A conformational analysis of three new triterpene
derivatives with antimalarial activity, using semiempirical methods were conducted and provide
preliminary information about the stereochemistry
feature of organic compounds.
This result is currently in progress in our group and
provide subside in the search of new drug
candidates obtained by molecular modeling.
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Introduction
Miltefosine is an anticancer alkylphospholipid
whose primary target is the plasma membrane (PM);
however, the precise mechanism of interaction with
biological membranes is not fully known yet. Some
data suggest that Miltefosine disrupts rafts and alters
nonvesicular transport of cholesterol from the PM to
the endoplasmatic reticulum, leading to cell
1
apoptosis . Other experiments show that at
pharmacologically
relevant
concentrations,
Miltefosine does not affect the biophysical properties
2
of lipid rafts or PM . In this work, we used coarsegrained molecular dynamics simulations to calculate
the free-energy change (ΔG) of transferral of
Miltefosine from water to different bilayers: DPPC
(containing 0%, 10%, and 30% cholesterol), DOPC,
POPC, DAPC and DUPC (Figure 1). ΔG was
calculated through umbrella sampling simulations
and used to compute the water/bilayer partition
coefficient (K) of Miltefosine.

Results and Discussion
Compared to the pure DPPC bilayer, the
relative K values were found to be: 5.3 (DOPC), 7.0
(POPC), 1.0 (DAPC), 2.2 (DUPC), 14.9 (10%
cholesterol), and 76.2 (30% cholesterol). We also
calculated the ΔG of Miltefosine-cholesterol complex
formation by pulling the surfactant laterally in the
DPPC + 30% cholesterol system. The negative ΔG
for Miltefosine-cholesterol association confirmed a
tendency for this particular interaction, indicating a
propensity to partition into lipid rafts. We also
characterize the kinetics of the transport of
Miltefosine through these bilayers using permeance
values computed indirectly from umbrella sampling
simulations. The highest permeance value was seen
-2
2
in DUPC (2.28x10 m /s) and the lowest in the
-7
2
bilayer with 30% cholesterol (1.10x10 m /s),
pointing out that flip-flop is facilitated in
polyunsaturated, loosely organized bilayers (Table
1).

th

Figure 1. Example of PMF curves calculated for
DOPC, POPC, DPPC, DUPC and DAPC bilayers.
Table 1. Permeance values, P, for the studied
bilayers.
Bilayer
P (m²/s)
DPPC + 0% Cholesterol
DPPC + 10% Cholesterol
DPPC + 30% Cholesterol
N/A
DAPC
DOPC
DUPC
POPC

Conclusions
The data indicate that in most biological contexts,
the mechanism of action is probably related to
interactions with lipid rafts, which results in
alterations in lipid transport and in the function of
membrane proteins.
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Introduction
2+

Ecto-5'-nucleotidase (e5NT, CD73) is a Zn -binding
glycosylphosphatidilinositol-anchored homodimeric
1
protein found in most human tissues. E5NT is found
in both open and closed conformations and
catalyzes the hydrolysis of AMP to adenosine, acting
as a major control point for the extracellular provision
1,2
of this signal molecule.
Recent studies have
shown that e5NT is upregulated in various human
cancerous cells, suggesting that tumor-derived
adenosine constitutes an important mechanism of
3
tumor immune escape.
In addition, higher
expression levels of e5NT have been associated
with tumor neovascularization, invasiveness and
3,4
metastasis.
All these findings suggest that
targeting tumor-derived e5NT is an effective strategy
in controlling tumor progression, alone or in
2,3
combination with other strategies. Recently, crystal
structures of human e5NT in complex with various
ligands (including inhibitors) have been determined
2
and are available in PDB. In spite of its potential
relevance as a target for anticancer therapy, so far
only few e5NT inhibitors have been reported.
Additionally, the majority of these inhibitors are not
5
suitable as drug candidates. In this study, in order to
search for novel potential e5NT inhibitors, virtual
screening (VS) models have been generated, based
on both open and closed conformations of e5NT 3D
structures. In these VS models, a sequence of five
filters
(pharmacophore,
drug-like,
structural
similarity, docking and visual inspection) was applied
to the ZINC database.

Results and Discussion
Crystal structures of human e5NT in complex with
PSB11552 (open conformation) and AMPCP (closed
conformation) were used in the construction of four
five-step VS models (Models O1/O2 and C1/C2,
proposed for open and closed conformations,
respectively). In the first step, hydrogen-bond
acceptor (HBA), hydrogen-bond donor (HBD),
hydrophobic, aromatic ring and zinc-binding features
were recognized in the e5NT catalytic site by
LigandScout program v.3.1 and selected to construct
pharmacophore
models. For this purpose,
interactions with zinc ions and residues N117, N245,
R354, N390, G393, R395, L389, L415, P417, P500
and D506 were prioritized. For the construction of
Pharmacophore Models O2 and C2, the minimum
energy regions (recognized through the generation
of the molecular interaction fields by GRID program
v.22C) were also considered. In this procedure,
th

dry/hydrophobic, amide nitrogen and carbonylic
oxygen probes were used to map hydrophobic, HBA
and HBD properties inside e5NT catalytic site,
respectively. The pharmacophore models were
applied to the ZINC database (release 12, 2011;
6
~23x10 structures; conformers generated by Omega
6
program ), selecting 58, 1388, 191 and 1138
compounds (Models O1, O2, C1 and C2,
respectively), which were subjected to a drug-like
filter. In this step, compounds which fell outside one
or more of the parameter limits of Lipinski's “Rule of
7
5” were eliminated. This filter reduced the initial
number of compounds in 0%, 0.03%, 9.9% and 7.1%
(Models O1, O2, C1 and C2, respectively). To
reduce the number of similar compounds keeping,
however, structural diversity, the remaining
compounds (excpept those from Model C1) were
reduced to a new subset, considering a value of the
Tanimoto coefficient (obtained using Babel program
v.2.3.1) of maximally 0.85. This step reduced the
number of compounds in 34.4%, 36.1% and 29.1%
(Models O1, O2 and C2, respectively). The resulting
compounds were docked into the e5NT catalytic site,
using Gold program v.5.2.2. In these calculations,
Asp and Goldscore scoring functions were used, and
Gold default parameters were applied. The docking
filter reduced the number of compounds in 55.2%,
96.5%, 81.4% and 93.1% (Models O1, O2, C1 and
C2, respectively). Finally, the compounds that best
fitted into e5NT catalytic site were subjected to visual
inspection. In this final step, compounds that
displayed a complete or nearly complete fit into the
features of the pharmacophore models were
prioritized, leading to the selection of 4, 27, 18 and
22 potential inhibitors of e5NT (Models O1, O2, C1
and C2, respectively). These compounds are being
purchased and submitted to enzymatic assays for
the experimental validation of the VS models.

Conclusions
The generated VS models (O1, O2, C1 and C2),
applied to ZINC database, selected respectively 4,
27, 18 and 22 compounds, which are being tested as
e5NT inhibitors for the VS experimental validation.
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Introduction
(Q)uantitative Structure-Activity Relationship ((Q)SAR)
approaches have been successfully used as a tool in
drug design. Currently, these models were refined
1
and used within the risk assessment procedures .
Pesticides play, nowadays, a significant role in
1
increasing agricultural productivity and their use
may lead to the presence of pesticide residues in the
treated products and in the environment, causing an
2
unacceptable risk to humans . However, the huge
amounts of pesticide data available are usually not
accompanied by systematic studies that could
generate valid (Q)SAR models3. In environmental
risk assessment and drug design, chemical acute
oral toxicity is an important end point, showing,
2
however, a complex mechanism of action . In the
present study, QSAR (classical and hologram QSAR
(HQSAR)) models have been generated to the acute
oral toxicity of a set of structural diverse pesticides
selected from literature, in order to investigate the
physicochemical parameters and structural features
that are relevant to their acute toxicity, contributing to
understand their mechanism of action and contribute
to design less toxic pesticides. For this purpose, the
admetSAR database4 was utilized to assure the use
of carefully curated high quality data, covering a vast
4
chemical space .

Results a nd Discuss ion
Here, a set of 11 structurally diverse pesticides (1 to
11) and their corresponding acute oral toxicity values
(median lethal dose measured by oral exposure in
rats, LD50 converted to pLD50 for regression
purposes, with ΔpLD50≈1.39) were selected from the
admetSAR database4 and used to generate 2DQSAR models (classical QSAR and HQSAR).
Initially, to obtain classical QSAR models, the
original set was divided into training (n=9) and test
(n=2) sets based on their pDL50 values. 3D structure
of each compound was obtained by CORINA v. 2.30
(MOLECULAR NETWORKS, DE); 2D descriptors
were calculated by E-DRAGON v.1.0 (VCCLAB, DE)
and Volsurf+ v.1.0.7.I (MOLECULAR DISCOVERY,
UK), and QSAR models by program Bilin5. The
internal predictivity of each model was evaluated by
leave-one-out cross-validation (LOO) method. The
external predictivity was made by predicting the
pLD50 values of 2 compds. (10 and 11). The best
QSAR model shows good internal and external
predictivity: pDL50 = 0.471(±0.26) G.O..Cl. – 0.337
(±0.19) HSA + 2.310(±0.24) (n=9, r=0.906; s=0.216;
2
F8,2=13.731; Qcv =0.721 and Qpred²=0.665). In this
model, G.O..Cl. and HSA descriptors represent,
th

Pesticides,

Environmental

Chemistry.

respectively, the sum of geometrical distances
between Oxygen and Chlorine atoms (from EDRAGON), and Hydrophobic Surface Area (from
Volsurf+). t-student test and Y-scrambling procedure
were used to calculate regression terms confidence
intervals and model validation, respectively.
Classical QSAR model showed a negative
contribution of the HSA descriptor, suggesting that a
large hydrophobic surface area decreases pLD50. In
contrast, chlorine atoms (described by G.O..Cl.)
seems to increase pLD50, verified by its positive
contribution to this model. Additionally, a HQSAR
analysis was made, considering that the visual
inspection of the HQSAR contribution maps could
highlight important molecular fragments to the
toxicity. To obtain HQSAR models, the original set
(excluding 5 and 8) was divided into training (n=7)
and test (n=2) sets, based on their pDL50 values.
HQSAR models were generated using SYBYL v. 8.0
(TRIPOS, USA). The Influence of fragment
distinction (FD), fragment size (FS) and hologram
length (HL) parameters on the quality of the models
were done and statistically analyzed. Their internal
stability was verified by LOO and their external
predictivity assessed by predicting the pLD50 values
of 2 compds. (1 and 7). The best HQSAR model
(r²=0.965; Qcv2=0.597; Qpred²=0.854) was obtained
using FS of 3-8 and atom; donor/acceptor hydrogen
as FD, and HL equal to 59. The contribution map of
the best HQSAR model indicated both a negative
and neutral contributions related to the larger alkyl
groups, and neutral and/or positive contributions for
chlorine atoms to the lethal toxicity.

Conclusi ons
The generated QSAR models for the LD50 of a set of
structural diverse pesticides selected from a
literature curated database, showed good internal
and external predictivities. In this set, both QSAR
models seem to agree, concerning which
physicochemical
parameters
(classical)
and
structural features (HQSAR) are relevant to their
acute toxicity. Moreover, the validated QSAR models
provide new insights to design less toxic pesticides.
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Introduction
Parkinson disease is classified the broad
category of diseases with decreased dopaminergic
neurotransmission in the basal ganglia base1. In this
context, the challenge related to treatment, is to
maintain the mobility of the patient ensuring quality of
life without increasing cognitive and behavioral
problems.
Pharmacological
treatment
aims
controlling the return of symptoms via dopamine is
reduced through the use of inhibitors of the enzyme
monoamine oxidase B (MAO-B)2. However, many of
MAO-B are irreversible, by binding covalently to the
enzyme and inactivating it, which results in a number
of side effects. In this study 1493 inhibitors of MAOB compounds were identified through the database
BindingDB, these were selected ten most active
compounds. For the selected compounds to predict
pharmacokinetic and toxicological properties by
PreADMET webservidor was made.

Results and Discussion
Table 1: Results of pharmacokinetic analysis of
compounds
Absorption
Compounds

HIA(%)

71461376, CID-46233269 and CID-545880119
showed clear evidence of activity carcinogenic.
Already in rat, only the compound CID-46233269
showed no carcinogenicity.

Conclusions
The results showed that all compounds presented
pharmacokinetic properties relevant for absorption
and permeability. However, it is noteworthy that only
the compound CID-46233269 showed weak plasma
protein binding, which demonstrates little evidence
that the results satisfactory for the remaining nine
compounds. All inhibitors showed mutagenicity. The
prediction of toxicity in mouse showed only three
compounds carcinogenicity and only one compound
showed no carcinogenic in rats.
Then, we can propose modifications to the
structure of these compounds for the purpose of
improving the pharmacokinetic and toxicological
properties and perform docking studies.
The search for new inhibitors of MAO-B brings
need for research and design new drugs, aiming at
improving the lives of patients with PD.
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Distribution

PCaco2(nm/sec)

PMDCK

PPB(%)

CBrain/CBlod

CID- 46233269

96.172

42.26

48.175

78.206

0.156

CID- 46947643

93.450

31.087

0.120

91.042

7.857

CID- 50994176

96.189

23.044

68.905

95.497

0.160

CID- 53248722

97.186

52.655

0.657

93.608

1.946

CID- 54579079

96.918

46.569

168.838

93.258

0.918

CID- 54580119

93.892

20.107

0.083

100.000

3.840

CID-54583085

95.064

26.267

31.631

97.423

5.358

CID-54585999

99.293

43.291

0.792

98.851

8.120

CID-54586974

99.439

56.171

0.955

93.036

6.552

CID-71461376

98.844

49.705

0.070

100.000

0.234
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*PreADMET

The ten compounds analyzed by prediction
pharmacokinetic properties indicated good human
intestinal absorption (HIA %) and also showed a
median cell permeability to Caco-2 and MDCK cells.
As the distribution prediction, only compound
CID-46233269 showed weak binding to proteins
plasma (78.206478% PPB) which shows higher
efficacy and duration in the current blood compared
to those who showed strong binding. Finally, all
compounds showed average absorption Central
Nervous System, meaning an important prediction
about the passage of compounds across the blood
brain barrier.
According to the toxicity analyzes, all
showed mutagenicity. For mouse, molecules CIDThe 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)
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Introduction
The drugs against tropical neglected diseases,
especially Chagas’ disease, were launched more
than 30 years ago, and the development of resistance
requires the discovery of new and more effective
chemotherapeutic agents. Trypanosoma cruzi has a
redox enzyme called trypanothione reductase (TR)
which acts reducing trypanothione disulfide, its
substrate. This reduction is crucial for the
maintenance of a reducing intracellular milieu in the
parasite1,2 and affects the parasite's ability to survive
in oxidative stress. These reasons turned the TR
enzyme an attractive target for structure-based drug
design2.
With the aim of identifying potential natural product
inhibitors of TR which can be anti-T. cruzi agents, we
have performed an in silico virtual screening of a data
set containing ≈ 600 compounds with diverse
chemical entities obtained from NatProDb database3.

Results and Discussion
Trypanosoma cruzi trypanothione reductase (TR)
crystal structure (PDB ID: 1BZL)4 was used in the
virtual screening process using the Raccoon
program.
Based upon the binding energies obtained from
virtual screening (Tab. 1), the highest ranked
structures from the Raccoon program were clustered
to ligand-footprint the interactions of diverse
compound sets aiding in classification of differential
binding modes exhibited by small molecules at the
active site of TR (Fig. 1). The interactions were
clustered from TR-ligand complexes using
AuPosSOM5, and they were also classified into
different clusters (Fig. 1).
Table 1. Code and binding energy of top 5 ranked
structures obtained from NatProDB17.
Code

Binding
(kcal/mol)

TCA

-12.21

CGA

-10.36

REA

-10.05

CLA

-9.56

EAA

-9.48

energy

Based upon the ligand interaction footprints, the 50top complexes were clustered and for visualization
purpose a Newick tree file was generated (Fig. 1).

Figure 1. Newick tree for the 50-top compounds
obtained by virtual screening using Raccoon
program into T. cruzi trypanothione reductase
and the NatProDB database3 compounds.
This figure shows the major clusters presented in the
50-top complexes, where each cluster signifies a
different ligand footprint on the protein-ligand
complex (Fig.1). The TR-ligand interactions within the
cluster are conserved and they vary between the
clusters. The subclusters within a cluster also show
similar interaction modes with slight variation in the
binding pattern.
We expect to understand these interactions clustered
above intending to comprehend the inhibitor behavior
of the 50-top compounds in an “atomistic view”.
Besides it, we expect in our next steps to analyze the
chemical space of the 50-top compounds through
hierarchical cluster analysis (HCA).

Conclusions
We report that some natural products belongs to
Bahia’s biodiversity can be potential inhibitors of TR
(Tab. 1, Fig. 1). The differential binding mode of these
molecules at the active site of TR has been clustered
into major clusters based upon ligand footprinting.
The clusters have conserved interaction with specific
TR residues either as non-bonding interaction or
hydrogen bonding interaction, reiterating the fact that
this conservative substitution can be utilized for
development of selective inhibitors towards TR.
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Introduction
Bipolar disorder (BD) is a common disorder
that tends to become progressive untreated, and
1
often the treatment tends to be inappropriate .
Currently in the literature, five new secondgeneration antipsychotics are described, FDA
approved. The new compounds, asenapine,
blonanserin, iloperidone, lurasidone and sertindol,
have affinities with characteristics of dopamine, 5HT2A and 5-HT2C receptors, belong to the group of
tetracyclic with a unique pharmacological profile
2
shown in several countries .
In order to study the pharmacokinetic
properties of these compounds, with the purpose of
subsequently propose new drugs to treat TB, the
prediction of pharmacokinetic and toxicological
properties was performed in webservidor PreADMET
(http://preadmet.bmdrc.org/).

Results and Discussion
Bioavailability is a measure of the rate and
extent of absorption of active ingredient available to
exert biological effect. In predicting HIA (%) all
compounds showed an average between 96.911 and
100.000000, with results that were considered good
intestinal absorption, but deserves attention as any
medication taken orally has 100% absorption.
Table 1. Pharmacokinetics prediction
antipsychotic compounds by PreADMET
Compounds
Asenapine
Blonanserin
Iloperidone
Lurasidone
Sertindol

of

HIA(%)
100.000
100.000
97.9280
97.9280

Absorption
PCaco2(nm/sec)
20.4120
58.1681
47.9670
54.3110

PMDCK
43.3799
70.5405
0.10870
0.09730

Distribution
LPP(%)
CBrain/CBlod
78.148
1.633
88.094
8.092
81.418
0.023
86.585
0.514

96.911

52.8454

9.87642

82.062

3.314

The prediction says that permeability of cell
fractions absorbed and dissolved in vitro, before
testing in vivo. In the analysis of cell permeability in
Caco2 cells, all compounds have an average
permeability, while the highest rate was for
Blonanserin with 58.1681 (nm / sec).
In the MDCK cell system, Asenapine, and
Blonanserin Sertindole showed average permeability,
and iloperidone and Lurasidone compounds with low1.
permeability.
The prediction of protein binding - LPP (%)
provides the interaction of the drugs that are
transported to its site of action. The analysis of this
prediction has shown that all compounds showed
th

low levels of LPP, however, a high drug
concentration at the site of action.
In the analysis of absorption in the bloodbrain barrier - Cbrain / Cblod: compounds showed
different results. The average absorption with
asenapine, blonaserina and sertindole with high
absorption, iloperidone and lurasidone showed low
absorption. Compounds with high absorption by the
blood-brain barrier is present as promising in the
treatment of neurodegenerative diseases.
With these results, can be noticed the direct
effect of the bioavailability of the compounds and
ability to perform desired activities, influencing
positively the uptake and distribution of compounds.
Then, the prediction of mutagenicity and
carcinogenicity of the five compounds that were
performed. Since all compounds tested for
mutagenicity were positive. In carcinogenicity testing
all compounds except sertindole, were negative in
rats. Already in mice all compounds except
asenapine
showed
positive
results
for
carcinogenicity.
The results obtained from toxicity and
pharmacokinetics tests for the five compounds show
that can be performed studies for analog compounds
development, which are candidate drugs for the
treatment of bipolar disorder.

Conclusion
The search for new alternatives for TB
treatment instigates researchers to study of
promising molecules to the disease treatment. Drugs
that currently were developed for the TB treatment
can be improved in its structural form and
presentation. The results of the ADME / Tox analysis
demonstrated to be potential compounds for new
drugs synthesized.
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Introduction
The Attention Deficit Disorder with
Hyperactivity (ADHD) is a disorder of unknown
cause so far, what we know today is that this affects
the
Central
Nervous
System
(CNS)
catecholaminergic neurotransmitters more precisely
where they function at low activity, neurochemical
the second aspect. It affects individuals of all ages,
especially children. The possible forms of treatment
are varied and range from herbal to drugs that act
directly on the brain functioning of the affected
individual.¹
With this, there is a need for designing new
drug candidates for the treatment of ADHD. During
this search there is the use of molecular modeling,
once this has been investigated structures and
molecular properties through the use of
computational chemistry techniques and their
2
graphical display.
This study aims to predict pharmacokinetic
and toxicological properties fundamental for
planning drug candidates for the treatment of ADHD.
For this, a search for compounds with activity on
nicotinic receptors at the base of BindingDB
(http://www.bindingdb.org/bind/index)
data
was
made, nine compounds were found, seven chemical
structures of nicotinic analogues were selected. The
exclusion of two chemical compounds was due to
the chemical similarity to other two molecules. The
selected compounds were submitted to prediction of
pharmacokinetic and toxicological properties in
webservidor
PreADMET
(http://preadmet.bmdrc.org/).

Results and Discussion
According to the predicting ADME, all seven
compounds have good human intestinal absorption
(% HIA). Compounds 2, 3, 5 and 6 had average
permeability in Caco2 cells, while the structures 1, 4
and 7 showed low permeability. Compound 7
showed strong plasma protein binding (PPB), and
others showed weak binding, which means
increased availability in the bloodstream. All seven
compounds showed an average absorption in the
blood-brain barrier, which suggests positive result,
since drugs acting on ADHD need to reach the CNS.

Figure 1. Chemical
analogues

structures

of

Nicotinic

To the prediction of toxicity in mutagenicity,
all compounds had positive result. The toxicological
activity prediction for carcinogenicity in mice only
compounds 1, 5 and 6 showed no evidence of
carcinogenic activity. Already in rats, only compound
6 showed no evidence of carcinogenicity.
Table
1.
Results
of
prediction
of
pharmacokinetic and toxicological properties
Absorption
Compounds

Distribution

HIA(%)

PCaco2(nm/sec)

PMDCK

PPB(%)

CBrain/CBlod

Compound 1

95.2

0.24

239.8

82

0.7

Compound 2

80.5

19.7

323.8

44

1.0

Compound 3

79

19

70

15

0.7

Compound 4

95

0.1

63

76

0.9

Compound 5

94.6

21

142

83

0.3

Compound 6

97

18

128

79

0.3

Compound 7

81

0.4

372

100

1.9

Conclusions
According to these predictions, compound 6
showed more satisfactory result is more likely to
become a drug for presenting average permeability
in cells, average permeability of the blood brain
barrier and no evidence of carcinogenic activity. The
compounds analyzed showed prediction of ADME
and Toxicological suggestive for future research of
new drug candidates for the treatment of ADHD.
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Introduction
Cancer of the cervix is a slowly progressive
disease, directly related to persistent infection by
human papillomavirus (HPV) and preceded by
cervical intraepithelial lesions. In Brazil, occupying
the third position in the ranking of the most common
malignancies among the female population and the
fourth leading cause of cancer mortality in women. It
is estimated that in 2014, the incidence of new cases
is about 15,590 (5.7%) 1.
The genomic organization of HPV is divided into a
regulatory region and two coding regions themselves
E (early) and L (late) containing L1 and L2 genes
that encode structural proteins (the same name)
capsid and expressed in groups of cells with higher
expression of the E4 gene.
The L1 protein is approximately 80% of the total
viral protein, is related to the assembly of virions and
has excellent immunogenic potential2,3. Their
presence is essential in the complex adsorption
process for HPV infection2,3.
From the chemical computational methods, this
study aimed to identify potential inhibitors in similar
regions that may be responsible for interaction with
the protein.

Results and Discussion
The derivation of the pharmacophore is one of the
key steps for the design of drugs or by
demonstrating the potential molecular subunits
responsible for the primary recognition site for drug
candidates of the therapeutic target. For the
derivation of this, 30 inhibitors were obtained from
database
BindingDB
(www.bindingdb.org/bind/index.jsp), the molecules
were prepared in Discovery Studio Visualizer
program and subsequently submitted to Pharmagist
webservidor (bioinfo3d.cs.tau.ac.il/PharmaGist/) for
derivation of pharmacophore.
From the result, it can be seen that the highest
score obtained was 38.452 alignment of molecules
09, however, the selected result showed 38,243
score with the alignment of 21 inhibitors representing
the total significant molecules searched.

This alignment revealed 4 spatial features which
are: 1 aromatic, 1 hydrogen bond donor and 2
acceptor hydrogen bonds.
Figure 1. Pharmacophore derivated from 21 L1
protein inhibitors.

Conclusions
The study showed possibly regions responsible for
the inhibitory activity of the L1 protein that the
compounds possess.
This procedure is fundamental in the design of
new molecule drug candidates for the treatment
against HPV infection and its possible evolution to a
uterine neoplasm.
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Introduction
Insecticides are substances that sometimes
cause damage to human health and the
environment. Therefore, it is reasonable to propose
the use of natural insecticides, originated from some
species of plants, over its evolution, developed their
own defenses against insect herbivores through the
synthesis of substances with toxic activity for them,
and in some cases kill them, and others, have
deterrent action of inhibiting feeding of insect¹. Five
compounds (bicyclogermacrene, cyclocolorenone,
myristicin, sabinene and terpinen-4-ol) isolated
species Drimys angustifolia Miers and Drimys
brasiliensis belonging to family Winteraceae which
has been investigated for possessing essential oils
in their leaves and terpenoids are secondary
metabolites found in aromatic plants and possess
insecticidal properties. In this study the prediction of
pharmacokinetic and toxicological properties of five
compounds
isolated
from
species
Drimys
angustifolia Miers and Drimys brasiliensis was
performed
using
webservidor
PreADMET
(http://preadmet.bmdrc.org/), which predict the
pharmacokinetics and toxicological properties of
chemicals.

Results and Discussion
The analysis of the prediction of
pharmacokinetics of natural compounds (Table 1);
revealed that bicyclogermacrene, cyclocolorenone,
myristicin, sabinene and terpinen-4-ol showed a
great human intestinal absorption (% HIA), all
molecules showed 100% absorption. Regarding cell
permeability in Caco-2 cells, all showed median
permeability. Only sabinene compound (60.971697)
showed weak plasma protein binding (PPB%).
Data show low skin permeability, these
results suggest not so good candidates for
insecticides of natural origin. However, sabinene
compounds (5.75623) and Terpinen-4-ol (5.53957)
indicated high uptake in brain barrier. Not favorable
result, since these drug candidates may not exceed
the blood-brain barrier.
The predictions of toxicity only sabinene
presented not mutagenic to mice, and identified
evidence of carcinogenic activity. In rats, only
bicyclogermacrene and sabinene showed no
carcinogenicity.

th

Table 1: Results of pharmacokinetic
analysis of natural compounds

Absorption
Compounds

HIA(%)

PCaco2(nm/sec)

Distribution
Logkp

PPB(%)

CBrain/CBlod

Bicyclogermacrene
Cyclocolorenone
Myristicin
Sabinene
Terpinen-4-ol
*PreADMET

Conclusions
According to the prediction pharmacokinetics, the
bicyclogermacrene, myristicin and cyclocolorenone
compounds showed satisfactory results, considering
the relevance of dermal absorption of these
molecules. The toxicological analysis indicates that
the compound had the best result was the sabinene.
However, there must be changes in such structures
to be able to classify them as candidates for
insecticides not being harmful to humans and the
environment.
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Table 1.

Introduction
The Histone Deacetylase (HDAC) inhibition has
shown antimicrobial, antiviral and antiparasitic
activities. Among the inhibitors of this enzyme, a
class of compounds which has been highlighted are
1-3
hydroxamic acids, which are potent inhibitors of
HDAC. The mechanism of the inhibition it’s by
chelation of the zinc atom. However, the major
difficulty associated with the use of these
compounds is the high concentration required to
achieve the pharmacological effect. A way around
this problem would be to increase the receptor/ligand
binding affinity. In addition to the ability of chelation
of zinc, common to hydroxamic acids, hydroxamic
4
betaines have onium (cationic functional group)
ions which can interact with amino acids in the side
chains increasing the binding affinity receptor/ligand.
This can be widely exploit for innovation in the field
of antiparasitics and anticancer drugs. In this work,
we performed a study in silico the interaction of new
drug candidates with HDAC employing the
methodology of molecular docking.

Compound

Binding energy
(Kcal/mol)

Frequency

SAHA

-7.2

80

SAHA-Betaine

-10.5

54

TSA

-6

34

TSA-Betaine

-6

34

Molecule 3

-7.6

98

Molecule 3-Betaine

-11.4

98

Molecule 4

-8.2

100

Molecule 4-Betaine

-11.6

84

The onium group in betainic analogous hydroxamic
5-7
acid SAHA, well known in the literature, increased
interactions with HDAC-8 due to the fact that group,
positively charged, interacted with Asn-101 and Gly151 amino acids. Figure 2 shows the hidroxâmic
betaine interaction

Results and Discussion
Some structures of hydroxamic acids (R4-CO-NH-O)
and
also
their
betainic
analogues
1
2
3
+
4
(R (R )(R )N -R -CO-NH-O ) in zwitterionic form,
shown in Figure 1, were studied.

Figure 2. Interaction SAHA with betain groupHDAC-8.

Conclusions
The molecular docking calculations showed that
hidroxamic betaines are promising molecules as
drug candidates. This is due to electrostatic
interactions of the onium group present in betaines,
which increase receptor-ligand affinity. For best
results of interaction energy QM-MM calculations
should be performed
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Figure 1. Hidroxamic betaines
analogous hidroxamic acids.

and

their

The onium group present in analogous betaines of
hydroxamic acids, increased interaction with the
enzyme HDAC-8, observed by lowering the binding
energy when compared to the corresponding
hidrodroxamic acid. The results obtained with RMS
2.0 are shown in Table 1.
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Introduction
Tuberculosis treatment follows a six-month
administration of a cocktail in which rifampicin (RIF)
is reported as the main component. 1 However,
several side effects have been associated with this
drug such as nausea, weight loss, hepatotoxicity,
skin and gastrointestinal adverse reactions and
immune responses. In order to improve the
bioavailability of RIF, several research groups have
been developing drug delivery systems (DDSs).
Ideally, a DDS would transport active compounds to
their targets, reducing the therapeutic dosage while
keeping the desired drug level for a long period of
time, minimizing side effects and simplifying the
treatment. Among all possible DDSs, dendrimers
have attracted attention due to their versatility. They
are highly branched artificial molecules designed in
such a way that a core moiety serves as platform for
the binding of repeating molecular groups, forming
concentric shells. Poly(amidoamine) (PAMAM) is
the first and most extensively studied family of
dendrimers.2 They can carry a considerable load of
small molecules and incorporate into biomembranes
and cells thus being capable of delivering small
active compounds in the intracellular region. The
present work reports molecular dynamics (MD)
simulations of RIF-PAMAM complexes at different
pH conditions. The conformational changes and RIF
displacements are monitored so as to contribute to
the understanding of the drug-release process.

integration curves were calculated by averaging the
last 50 ns of the simulation trajectories and are
shown in Figure 1. The distributions do not overlap
and the one corresponding to low pH is shifted to
higher distances. Assuming an effective dendrimer
radius of about 3 nm, at low pH, RIF molecules are
no longer encapsulated in the last half of the
production phase of the simulation. This can be
explained since at low pH the dendrimer is fully
protonated and the electrostatic repulsion favors an
open conformation, allowing the replacement of the
RIF by water molecules. However, at neutral pH, the
dendrimer remains closed since its internal sites are
not charged, favoring the hydrophobic contacts and
preventing the RIF molecules from exiting their
cavities. It is also evident from the distribution that,
in this case, at least four peaks are present which is
consistent with the cavity distribution of a 4thgeneration PAMAM. The estimated number of RIF
molecules are 1, 6, 4 and 9 with increasing radius.

Methods
MD simulations were carried out with the
Gromacs package and the OPLS force field at two
protonation states corresponding to low and neutral
pH conditions. Simulations started from an initial
structure generated by using an in-house software
for multi-docking procedure and encompass a 4 thgeneration PAMAM complexed with 20 RIF
molecules. After thorough equilibration, simulations
were performed for 100 ns at the NPT ensemble
with reference pressure and temperature of 1 atm
and 310 K, respectively. Simulations were analyzed
in terms of distance time series and distributions,
radius of gyration (Rg), radial distribution functions
(g(r)) and hydrogen bonding (H-bonds).

Results and Discussion
The distribution of center of mass (CM) distances
between PAMAM and RIF molecules as well as their

Figure 1: CM PAMAM-RIF distance distributions and
integration curves.

Conclusions
The conformational pH dependence of PAMAM
dendrimers and the ability to load and release RIF
molecules support and efficient DDS and can be
further explored by computer simulation methods.
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Introduction
The identification of the biological targets of a
natural compound represents a fundamental aim in
medicinal chemistry and in the field of natural
products. In this context, computational chemistry
represents today a valid and fast tool for the
scientific research of new compounds with potential
pharmacological activity1. Inverse virtual screening
is an important tool for the rapid identification of new
molecular
targets
and
is
used
for
computer-automated search of a protein cavity
database to identify protein targets in which libraries
of compounds are tested on a panel of targets with
the aim of identifying a specific pharmacological
activity2.
The aim of this study was to evaluate the
applicability of open source software in inverse
virtual screening.

Figure 1. Proteins of HIV able to interact with
papaverine model unrevealed by the screening
process.

Results and Discussion
The papaverine was used to test for screening
carried out by molecular docking. It was found that
the alkaloid has the ability to interact with 190
proteins of the PDB database and human proteins
among them, with interaction percentage of 52%,
18% animals, vegetables 1%, bacterial 15%, viral
9%, fungal 3% and parasitic 2% (Figure 1).
The proteins found in the screening showed that
papaverine has the ability to interact with HIV-1
proteins (Figure 1). Therefore, we infer that it has an
action against viral proteins, among them virus
protease and reverse transcriptase. This is in
agreement with data reported in literature showed
that papaverine hydrochloride (PH) inhibited viral
replication by acting on the enzyme reverse
transcriptase3. It’s of interest to evaluate papaverine
in vitro against dengue virus, a fact that has not yet
been reported in the literature.
A 7.8-μg mL-1 solution of papaverine was chosen
to evaluate the action against Dengue virus strains.
Within 72 h it could be notice a significant reduce of
the viral load.
The protein dataset is been optimized to ensure
better sensibility. We hope to develop and simple
workflow for the proposition of biological tests.

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

Conclusions
Papaverine has potential antiviral activity
considering the results of reversed virtual
screenging and biological tests. The in silico tools
are important for the evaluation of potential targets
to predict therapeutic applications. This approach
can shorten time and costs in the process
considering that they guide to priority assays.
The protein dataset is been optimized to ensure
better sensibility. We hope to develop and simple
workflow for the proposition of biological tests using
only freely accessible software.
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Introduction
Neglected diseases are a set of diseases that
cause illnesses and hinder the economic
development of poor populations. This group
encompasses 17 diseases, including Leishmaniasis,
which has as its etiological agent various species,
such as Leishmania brasiliensis, L. major, L.
donovani, L. infantum, among others¹. The two most
common types of leishmaniasis are visceral, whose
main symptom is hepatosplenomegaly; and the
American cutaneous, which affects skin and mucous
membrane². The squalene synthase (SQS) in
Leishmania sp is involved in the biosynthetic
pathway of the ergosterol, an essential component
for the parasite survival. Thus, it appears as a
promising target for the development of new drugs
for leishmania infection. The objective of this work is
to predict the three-dimensional structure of the
squalene synthase enzyme of L. brasiliensis, L.
major, L. donovani and L. infantum, using homology
modeling.

Swiss Model program was used to build the
models of SQS that were also optimized and
validated. Analysis of the Ramachandran plot
showed that the constructed models displayed more
than 90% of amino acid residues in favorable
regions of the Ramachandran plot, and 0% of the
residues in unfavorable regions. The values of 3D1D score obtained in Verify 3D program was above
90%, demonstrating compatibility between the
tertiary and primary structures of these enzymes³.
Finally, the Z-score values of all model using PROSA
program showed values within the range of other
enzymes elucidated by crystallography and X-ray
diffraction (Table 1).
Table 1. Validation of the models of Leishmania
sp SQS.
Ramachandran
plot

Verify
3D

Zscore

Most
Disfavoured allowed
regions regions

Results and Discussion

L.

Models of SQS of Leishmania species were
constructed using the SQS of T. cruzi (PDB 3WCA)
as a template. The identity percentage between the
primary structure of T. cruzi and Leishmania
enzymes were: 60.35% for L. donovani, 58.3% for L.
brasiliensis, 60.93% for L. infantum and 59.06% for
L. major (Fig. 1). When compared with the human
SQS the identity percentage ranged from 44.02% to
45.19%.

brasiliensis
L. major
L.
donovani
L. infantum

94.6%

0%

92.11%

-9.80

94,3%

0%

91.52%

-9.81

94,3%

0%

91.81%

-9.94

94,0%

0%

91.23%

-9.92

Conclusions
In this study, models of SQS of L. brasiliensis, L.
major, L. donovani and L. infantum were constructed
and the analysis showed that they may be
considered reliable. More studies are being
conducted to evaluate the characteristics of these
enzymes and compare with the human enzyme and
also evaluate the interactions with some SQS
inhibitors which may be important for development of
new antileishmanial agents.
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Figure 1. Models of squalene synthase of 1) L.
donovani 2) L. braziliensis 3) L. infantum 4) L. major.
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Introduction
Schistosoma mansoni, the main causative agent
of schistosomiais, can survive for up to decades in
the human host due its antioxidant system. This
system continuously degrades the reactive oxygen
and nitrogen species produced by the host’s innate
immune response. The principal component of this
defense system is the thioredoxin glutathione
reductase (SmTGR), a parasite-specific enzyme that
combines the functions of glutathione reductase and
thioredoxin reductase. Moreover, this enzyme is a
1
validated target for schistosomiasis drug design. In
this study, we developed and extensively validated
QSAR models for a large dataset of SmTGR
inhibitors and non-inhibitors, aiming to develop
predictive models that could be useful for virtual
screening of new schistosomicidal agents.

physicochemical) with 15 different algorithms. The
robustness and the applicability domain (AD) of
these models were estimated using the 5-fold
external cross-validation method and the similarity
domain, respectively. All steps of this study were
3
performed in our KSAR module for KNIME
(http://labmol.farmacia.ufg.br/ksar).
The statistical results of the best QSAR models
are summarized in Figure 1. The combination of
Morgan fingerprint (ECFP4-like) with Random Forest
(Morgan-RF) led to the most predictive QSAR
model, presenting correct classification rate (CCR)
of 0.86, sensitivity (Se) of 0.86, and specificity (Sp)
of 0.85 (Figure 1). Therefore, this model
discriminates well between SmTGR inhibitors and
non-inhibitors.

Results and Discussion
We retrieved 356,652 compounds with IC50 data
for SmTGR from PubChem Bioassay (Assay ID:
485364). We removed the inconclusive results, i.e.,
compounds with partial dose-response curve, in
order to remove inconsistent data. All compounds
were standardized according to the protocol
2
proposed by Fourches et al. We selected the
threshold value of 10 µM to discriminate between
inhibitors and non-inhibitors. Importantly, we found
an overall concordance of 99.9% between
duplicates, considering multiple assays.
The dataset was highly unbalanced, that is it
presented different proportions of actives and
inactives compounds (2,854 inhibitors and 337,528
non-inhibitors). The recommendation in many cases
is to equalize the number of compounds in different
classes, which is termed “dataset balancing”.
Therefore, the dataset balancing could avoid the
possibility of inaccurately predicting the minority
class. To overcome this drawback, we have
developed an algorithm for under-sampling the
majority class. This algorithm evaluates the whole
MACCS fingerprint matrix of active class and
calculates the k nearest distance of each compound
in the inactive class. It balances the dataset keeping
the most representative compounds, minimizing the
reduction of the chemical space of the inactive
compounds. To accomplish the under-sampling, we
tested different proportions of the dataset (1:1, 1:2,
1:59 and the unbalanced dataset), varying the
compounds in the inactive class.
In the QSAR model optimization, we generated
various models using four types of descriptors
(Morgan, Feat Morgan, Atom Pair, MACCS and
th

Figure 1. Statistical results of the best QSAR
models for the balanced dataset assessed by 5-fold
external cross-validation.
Remarkably, several QSAR models were
generated using multiple machine learning
algorithms and physicochemical and structural
descriptors. Consensus QSAR modeling has been
shown to be advantageous. Finally, model
interpretation revealed several SAR rules, which can
guide structural optimization of new SmTGR
inhibitors.

Conclusions
Computational models for predicting new SmTGR
inhibitors can be very useful to find new compounds
with schistosomicidal activity. The developed models
can reliably identify inhibitors and non-inhibitors of
SmTGR, which could be useful for the identification
of new hits in virtual screening campaigns.
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Introduction
The incidence of diabetes is increasing at an
alarming rate in the world, having already been
classified as an epidemic. Type 2 diabetes, which is
associated with obesity, can be treated by oral
antidiabetic drugs, such as sulfonylureas. These
compounds stimulate endogenous residual insulin
secretion by blocking the ATP-dependent K +
channels upon binding to the SUR1 (sulfonylurea
receptor 1) subunit. However, the side effects
commonly associated to these agents make it
necessary to optimize their structure, achieving
greater antiglycemic response with lower adverse
consequences. The knowledge of the binding mode
of these compounds to the receptor will allow the
design of better drug candidates. Unfortunately, the
three-dimensional structure of SUR1 is still unknown,
and the data about the localization of the
sulfonylurea binding site is limited to mutational and
1,2,3
affinity labeling studies.
The SUR1 receptor is
composed of three transmembrane domains (TMD0,
1 and 2) connected by loops (L0, 1 and 2), and of
two intracellular nucleotide binding site domains
(NBS1 and 2). The sulfonylurea compounds are
believed to bind in a pocked composed by two
subsites: subsite B, located in L0 (amino acids 1901
240); and subsite A, located in TMD2 (aas 11812,3
1251). The main objective of this project is the
study of the binding mode of sulfonylureas to SUR1,
by means of in silico approximations such as
homology and ab-initio modeling, docking and
molecular dynamics. The data obtained will enable
the design of new entities with better antidiabetic
profile.

To study the binding mode of sulfonylureas, three
compounds were docked into the receptor using the
4
AutoDock4 software: tolbutamide (believed to bind
only to subsite A), meglitinide (believed to bind just to
subsite B) and glibencamide (believed to bind to both
5
subsites). Our docking results (figure 1b) are
consistent with former experimental data about these
5,6
compounds binding mode.

Figure 1. a) SUR1-∆ TMD0 3D structure model.
b) Binding mode obtained for the tolbutamide
(white) and glibencamide (pink) compounds. The
A and B subsites are indicated.

Conclusions
The results obtained are consistent with the
experimental data found about sulfonylureas binding
mode. Molecular dynamic simulations of SUR1 free
and bound to each of the three drugs is performed in
order to test the stability of the models, so as to
approximate them to the native structures.

Results and Discussion
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Introduction
Obesity is a medical condition resulting from the loss
on the balance between food intake and energy
expenditure. It predisposes the organism to various
other illnesses, such as cardiovascular disease and
type 2 diabetes, and it is currently considered one of
1
the ten major public health problems in the world.
New studies have shown that high animal fat diets
can cause inflammation in the hypothalamus that
lead to loss of the feeding control ability and energy
expenditure, and thus obesity. It was observed that
these inflammations are due to an saturated fatty
acids (SFAs) association to a receptor of the innate
immune system, called TLR4, belonging to a family
of transmembrane proteins known as toll-like
2,3
receptors (TLR). TLR4 and its coreceptor MD2 are
responsibles for recognizing lipopolysaccharides,
essential components of the Gram-negative bacteria
4,5
outer membrane.
The molecular mechanisms
involved in interactions between SFAs and TLR4MD2 that allow these biomolecules act as agonists
are unknown. In this project, we intend to apply
molecular dynamics (MD) simulation techniques to
study the binding mode and the interactions between
different ligands (lipopolysaccharides and fatty acids)
and TLR4-MD2 in order to elucidate the molecular
reasons of agonists and antagonists behavior.

Results and Discussion
MD simulations were performed for the
coreceptor MD2 and for the TLR4-MD2 dimer
associated with different ligands: Lipid A (agonist),
Lipid IVa (antagonist), various amounts of SFAs (1 to
6 chains of C14:0). MD2 without ligands (apo-MD2)
was also considered for comparison.
The results of the simulations showed that the
different amount of SFAs could remain bound to
MD2, with aliphatic chains buried in its hydrophobic
pocket. The mobility of the SFAs chains was similar
to that observed for both lipopolysaccharides (Lipid A
and Lipid Iva). However, MD2 pocket is very flexible
and adapts to the size and amount of ligands. In the
absence of ligands the MD2 pocket even collapses,
as shown in Figure 1A.
The main differences between the ligands were in
solvent exposure (Figure 1B). Lipid A (agonist) has
part of its aliphatic chains exposed to the solvent,
forming a suitable hydrophobic surface for TLR4
dimerization. 4-6 SFAs can only form part of this
surface, while 1-3 SFAs and Lipid IVa (antagonist)
hardly exposes their aliphatic chains.
th

Taken together, these results allow to propose an
induced-fit model to explain the agonism and
antagonism of ligands bound to TLR4-MD2, as
shown in Figure 1C.

Figure 1. (A) Volume of MD2 pocket; (B) Hydration
of the ligand aliphatic chains. The green columns
highlight the results of apo-MD2 and MD2 associated
with lipopolysaccharides (Lipid A and Lipid IV), while
the remaining columns show MD2 associated with
protonated (blue) and deprotonated (red) SFAs. (C)
Representation of the apo-MD2 and MD2-SFAs
pocket, illustrating the fit induced model proposed to
explain the possible agonist action of these ligands.

Conclusions
The main results of the molecular dynamic
simulations suggest that high concentrations of
SFAs could induce the association of 4 to 6 chains to
MD2. Under these chain amounts, SFAs remain
bound to MD2 pocket. More importantly, 4-6 SFAs
could increases the volume of MD2 pocket and form
an exposed hydrophobic surface. This surface would
allow TLR4 dimerization and, therefore, explain the
agonism action of SFAs.
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Introduction
Chagas disease is a tropical parasitic malady caused
by
the
hemoflagellate
protozoan
parasite
Trypanosoma cruzi1. The nitroheterocycles nifurtimox
(NFX) and benzindazole2 (BZN, see Fig. 1(a)) are the
only know drugs with proven efficacy against Chagas
disease, the latter being considered more trypanocidal
and less toxic than the former. In this work, the
structure of an isolated neutral BZN molecule with
protonation state at physiological pH was optimized
within the density functional theory (DFT) formalism
using the Gaussian093 software package and
B3LYP/6-311+G(d,p). A relaxed potential energy
surface scan (RPESS) revealed a multitude of BZN
molecular structures both in vacuum and solvated in
water (PCM model). The inhibition of sterol 14αdemethylase (CYP51, E.C. 1.14.13.70), on the other
hand, was also proposed as an explanation for the
antiparasitic effect of BZN4,5. To investigate the
interaction between the CYP51 enzyme and the BZN
conformers, molecular docking simulations of BZN1
and BNZ2 into the binding pocket of the crystal
structure of CYP51 (PDB code 2WX2)6 was performed
with the AutoDock 4 program. Afterwards, DFT
calculations were performed to estimate and
characterize the interaction energy of each conformer
bound to the enzyme were carried using DMOL3 code.

Results and Discussion
Two distinct conformers of the trypanocidal BZN were
found after ab initio calculations Fig. 1. However, both
benznidazole structures inhibit CYP51, a key step to
kill T. cruzi, unveiling their action mechanism.

The Molecular Fractionation with Conjugate Caps
(MFCC) scheme was employed to obtain drug-amino
acid residues interaction energies, as well as the total
binding energy of the BZN-CYP51 complex – see Fig.
2.

Figure 2. (a) CYP51 spherical binding pocket of
radius r from PDB 2WX2; (b) Total interaction
energy of the BZN1-CYP51 system (solid triangles)
and BZN2-CYP51 (open circles) as a function of the
binding pocket radius using the MFCC method key amino acid residues involving in the binding
interaction are indicated; BZN-CYP51 binding
geometries after calculations at the quantum level
for BZN1 (c) and BZN2 (d) with important amino
acid residues involved in the binding interaction
are shown as well; (e) Main amino acid residues of
CYP51 interacting with BZN and their interaction
energy contributions for BZN1 (purple bars) and
BZN2 (green bars). Closest BZN atoms are
indicated at the right side of each bar.

Conclusions
The existence of two stable conformers for the
trypanosomacidal BZN conformers was demonstrated
by using state of the art DFT computations. Quantum
biochemistry calculations of the binding interactions of
BZN1 and BZN2 to the CYP51 enzyme, suggest that
BZN1 has a stronger pharmacological activity rather
than BZN2. The results in this work can be helpful to
the future design of more potent drugs for the treatment
of Chagas disease.
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Figure 1. (a) Atom labels of benznidazole; (b) BZN1,
BZN2, and their superposition. (c) The 6.77
kcal/mol transition energy barriers for BZN1 to
BZN2 conversion (top), through the rotation θ1, and
RPESS contour plot (bottom).
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Introduction
The most relevant cells involved in the immune response
1
are the lymphocytes , and the majority of immune
diseases are linked to a loss of T-cell homeostasis. An
important enzyme associated with immune system is
adenosine deaminase (ADA), which is considered as a
nonspecific marker of T-cell activation. Syzygium cumini
(Myrtaceae) (Syn. Eugenia jambolana) commonly known
as ‘Jamun’, is a medicinal plant native to India that
possess a range of pharmacological properties such as
antidiabetic,
anti-inflammatory,
anti-ulcerogenic,
antimicrobial, and antioxidant activities, as well as
2-5
cardioprotective and hepatoprotective effects . So, the
aim of this study was to verify the effect of S. cumini leaf
extract (ASc) and gallic acid on ADA activity and to
assess their effect on cellular viability in lymphocytes
exposed
to
2,
2´-azobis-2-amidinopropane
dihydrochloride (AAPH), a water soluble free radical
generator used to stimulate oxidative stress in in vitro
cellular models

Results and Discussion
We observed a significant increase in ADA activity when
lymphocytes were exposed to AAPH 1 mM (p˂0.001),
affecting adenosine levels and contributing to impaired
6,7
immune regulation . Moreover, ASc was able to protect
the cells from the AAPH-induced increase in ADA activity
[100 µg/mL (p˂0.05); 500 µg/mL (p˂0.001)]. ADA
inhibition by ASc may serve as a therapeutic strategy in
conditions where ADA activity is enhanced. Also, AAPH
caused a decrease of 39.3% in lymphocyte viability,
reduced the levels of neutral red by 34.1% and increased
the LDH activity (p<0.05); however, gallic acid showed
less protective effects than ASc. The results demonstrate
that ASc protects against cell death caused by AAPH and
contributes to membrane integrity.

Conclusions
ASc affects the purinergic system and may modulate
adenosine levels, indicating that this plant exhibits
immunomodulatory properties. ASc also may potentially
prevent the cellular injury induced by oxidative stress,
highlighting its cytoprotective effects.
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Figure 1. In vitro effect of ASc and gallic acid on ADA activity
in AAPH-induced oxidative stress conditions

Figure 1: Data are reported as mean ± SEM (n=8) and expressed as U/mg
protein. Statistically significant differences were determined by one-way
ANOVA followed by Duncan’s multiple range test (*p<0.05, and ***p˂0.001
compared with control; ##p˂0.01, and ###p˂0.001 compared with AAPH
1mM).

Figure 2: In vitro effect of ASc and gallic acid on cell viability
in AAPH-induced oxidative stress conditions

Figure 2: Data are reported as mean ± SEM (n=8). Statistically significant
differences were determined by one-way ANOVA followed by Duncan’s
multiple range test (*p<0.05, **p˂0.01, and ***p˂0.001 compared with
control; ##p˂0.01 and ###p˂0.001 compared with AAPH 1mM).
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Introduction
The diseases caused by opportunistic fungi gain
increasing importance, particularly in the hospital
setting, accounting for a significant cause of
morbidity and mortality in critically ill patients [1].
Dematiaceous
or
demaceous
moulds
are
opportunistic pathogens that could get into the
human or animal body by repeated traumatic
inoculation [2]. Toxic and unwanted drugs of choice
for treating fungal infections effects arouse interest
for research on medicinal plants with antifungal
activity [3]. Thus, the aim of this study was to
evaluate the antifungal activity in vitro of essential
oils obtained from plant species against
dematiaceous moulds. Microbiological screening of
seven essential oils (Laurus nobilis L., Mentha
arvensis, Mentha piperita L., Mentha spicata,
Ocimun basilicum L., Cymbopogon nardus and O.
vulgare) was performed by fungal growth inhibition in
microdilution plates. The antifungal activity of
essential oils with higher percentage of inhibition in
the screening was evaluated by determination of the
Minimum Inhibitory Concentration (MIC) and
Minimum Fungicidal Concentration (MFC) by
microdilution assay.

Results and Discussion
In the screening assay of antifungal activity was
observed that the essential oils of M. spicata and C.
nardus showed a higher capacity to inhibit the fungal
growth, with respective percentage of inhibition on
the six strains tested: 100% and 83,3%.
Subsequently, we evaluated the antifungal activity of
these two oils by determining the Minimum Inhibitory
Concentration (MIC) and it was observed that the
MICs were similar in the strains tested, except for
one of them, C. carrionii URM- 5109, that was more
sensitive. The essential oils of M. spicata and C.
nardus were active against the strains of
dematiaceous moulds tested, with Minimum
Inhibitory Concentrations (MICs) between 32 and
128 µg/mL for M. spicata and 64 and 128 µg/mL for
C. nardus. The MFCs found were equal MICs for all
strains tested (table 1). According to Sartoratto et al.
(2004) [4], essential oils with an MIC between 50 and
500 µg/mL are considered a strong antimicrobial
activity. Thus, we can consider that the essential oils
of M. spicata and C. nardus have a strong
antimicrobial activity, since their MIC was between
32 and 128 µg/mL.

th

Table 1- Minimum inhibitory concentration (MIC)
and Minimum Fungicidal concentration (MFC) of
essential oils of M. spicata and C. nardus against
demataceous moulds
Strains

M. spicata
(µg/mL)
CIM

Henderson.
CQ- 2013
P. verrucosa
URM- 2884
C. carrionii
LM- 01
P. verrucosa
URM- 2667
C. carrionii
CL- 03
C. carrionii
URM- 5109

CFM

C. nardus
(µg/mL)
CIM

Control
of strain*

CFM

128

128

+

128 128

64

64

+

128 128

64

64

128

128

+

128 128

128 128

+

128

128

128 128

+

32

32

64

+

64

*Growth of the microorganism without the addition of
essential oil or antifungal agent.

Conclusions
The essential oils of M. spicata and C. nardus
showed high antifungal activity against strains of
dematiaceous moulds tested and can be a source of
drugs originated from natural products.
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Introduction
Nucleoside Diphosphate Kinase (NDK) catalyzed
the transfer of phosphate from nucleotide
triphosphate (NTPs), to nucleotide diphosphate
(NDPs) and modulate levels of NTPs and
deoxynucleotides in cells, the NDK utilize
extracellular ATP (eATP) as its principal substrate;
which by binding to purinergic receptors to trigger
the death of immune cells This enzyme underlies
the virulence of parasites like Leishmania, because
its hydrolytic function suppresses the host immune
response.1 The catalytic activity of this enzyme is
determinant in the process invasive/evasive during
a successful infection of macrophages.2 Therefore
NDK is a potential biological target for selective
ligands screening.
Considering these important applications, the
development of analytical tools for the identification
of inhibitors for this enzyme has become an
interesting task. One promising approach is the use
of immobilized enzymes onto solid support creating
immobilized enzyme reactors (IMERs), which can
be used as a HPLC column to select specific
inhibitors by the use of rapid on-line screening of
natural and combinatorial libraries. To prepare NDKIMER the enzyme NDK from Leishmania major was
covalently immobilized onto a fused silica capillary
tube, based on the previously published conditions
3
. For the activity assays with the immobilized
enzyme
was
used
a
multidimensional
chromatographic method.

Results and Discussion
The NDK-ICER was placed in a chromatographic
system using conventional UV detection system to
detect the product of enzymatic hydrolysis (ADP
and GTP) of the substrates ATP and GDP. The
decrease in the NDK-IMER activity was expressed
by the decrease of the peak area detected at 254
nm.
In this assay the products formed in the
enzymatic reaction is directly quantified by the
analytical
separation
obtained
in
the
multidimensional chromatographic method having
the NDK-IMER in the first dimension with an
octadecyl column Luna Phenomenex® C18 (5 m,
100 Å, 250 x 4.6 mm I.D), at room temperature in
th

the second dimension (Figure 1). The mobile phase
was a mixture of 50 mmol.L-1 potassium phosphate
monobasic (pH 4.3) with 80 mmol.L-1 ammonium
chloride, and 3 mmol.L-1 TBHS as ion-pair reagent
and MeOH (84:16, v/v), at an isocratic flow rate of
1.0 mL/min. The UV detector was set at 254 nm.
The chromatographic run lasted 10 min.
Branco
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Figure 1. Determination NDK-IMER activity
Using this procedure it was possible to investigate
the activity and kinetic parameters of the NDKIMER. The influence of flow rate and organic
solvents effects on the catalytic activity were
investigated. The kinetic parameters of NDK-IMER
were determined by varying the substrate
concentrations ranged from 20 to 7000 M. The
activity of the immobilized NDK was stable and
preserved for over 9 months. Furthermore a
scanning electron microscopy (SEM) was used to
analyze the internal surface of NDK-IMER.

Conclusions
The method of immobilization employed was
efficient preserving enzyme activity and significantly
increasing the IMER-NDK stability.
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Introduction
Eriocaulaceae is a pantropical, predominantly
herbaceous monocotyledonous family, comprising
around 1200 species in 10 genera1. Our research
team has done the phytochemical studies of several
species of this family, isolating and elucidating its
secondary metabolites. However, this is the first
time that the study of fungal endophytes isolated
from this family was performed. Endophytic fungi
are fungi that grow within plant tissues without
causing immediate symptoms of disease, are
abundant and diverse producers of bioactive
secondary metabolites2. The 25 fungal endophytes
isolated from aerial parts of Paepalanthus
Chiquitensis (Eriocaulaceae) were submitted to
microplate bioassay method to investigate and to
select the major active among AcOEt extracts. In
further works, the follow step will be to find the
active metabolites by chemical studies.

Results and Discussion
All endophytic fungus were isolated according to
3
reported methods by Maier (1997) . The microplate
4
assay, proposed by Eloff (1998) , with modification
was used to determine the MIC (minimum inhibition
concentration) of the studied extracts. The results
of MIC to antibacterial and antifungical activities
showed that 12 extracts were actives. The extract
C8 was the only that display activity to E. coli (250
µg/mL). Other 5 extracts presents activities to S.
aureus, especially C8 (250 µg/mL) and C9 (500
µg/mL). The strain of S. aureus was inhibited by the
major number of active extracts (12 extracts).
Newly, the extracts C8 (31,25 µg/mL) and C9 (62,5
µ g/mL) showed the best activities. Only, C8 (500
µg/mL) and C9 (500 µg/mL) were actives against
Fluconazole resistant C. albicans. The Table 1
summarizes the extracts with major actives.

Table 1. Antimicrobial Activities of extracts
produced by endophyte fungal isolated from P.
chiquitensis
MICa
Ex.
E.coli Salmonella S.aureus C. albicans
500
F4
250
E9
1000
1000
E10
250
250
31,25
500
C8
500
62,5
500
C9
500
F4
a
values in g/mL; (-) MIC > 1000 g/mL
Therefore, the extract C8 showed the best results
of MIC for all strains studied. Once it presented
excellent
inhibition
activities
against
all
microorganisms tested, it was thus selected to
continue the chemical study and evaluation of
antimicrobial activity. The fungus strain was
identified as a species belonging to genus Fusarium
(Genotyping, Botucatu).

Conclusions
In this work, we presented the results of the
biological screening of 25 extracts produced by
fungal endophytes isolated of P. chiquitensis
(Eriocaulaceae). The aim of this study was to find
the most active extract regarding antimicrobial
activity. The extract C8, produced by a fungus
which belongs to genus Fusarium, presented the
major inhibition activity among all studied extracts,
and its chemistry will be explored in the further
works.
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Results and Discussion
The values of MIC found in the oils from different
parts of K. coriacea are shown in Table 1. The oral
bacteria P. nigrescens was the most sensitive to the
essential oil from the inner bark, and this result can
be explained by the presence of secondary
metabolites present in higher concentration in the oil,
such as α-copaene, α-(E)-bergamotene and βbisabolene, which have antimicrobial activity reported
6
in the literature. The oil of wood inhibited the growth
-1
of all aerobic with MIC's of 100 µg mL . This result
may be attributed to the high fatty acids concentration
(22.0%) present in the oil, which have antimicrobial
7,8
activity widely reported in the literature. The MIC
values for the wood and outer bark essential oil were
similar with respect to the aerobic and quite similar
with respect to anaerobic microorganisms. The wood
essential oil has high levels of long-chain alkanes and
fatty acids, while the outer bark oil has high
9
concentration of oxygenated sesquiterpenes. These
results suggest an important synergistic activity of the
constituents of each oil, in this case, for the
10
antimicrobial activity found. The values of MIC from
leaves essential oil presented the worst results for all
microorganisms tested. The SI for the essential oil
-1
from the inner bark at CIM of 50 µg mL and 100 µg
-1
mL were 0.17 and –0.13, respectively. The SI for the
-1
outer bark and wood at MIC of 100 µg mL were 0.10
and >0.71, respectively. And the SI for the leaves at
-1
MIC of 200 µg mL was -0.0760.
th

−1

Minimum inhibitory concentration (MIC) – μg mL
Microorganisms

Anaerobic

Essential oils from Cerrado bioma plants showed
significant antimicrobial properties against several
Gram-positive and Gram-negative bacteria, including
1
oral pathogens. Recently, extracts of different parts
of the K. coriacea were tested against oral
microorganisms and the inner bark ethanolic extract
and cyclohexane partition showed promising results
of minimum inhibitory concentration (MIC) against
2
aerobic and anaerobic oral microorganisms. This
present work evaluated the antimicrobial activity of
essential oils from different parts of K. coriacea
against oral microorganisms and the cytotoxic
activity. The (MIC) values were determined by
3
microdilution broth method in 96-well microplates,
and for cytotoxicity was used microplate dilution
4
method. A relationship between cytotoxicity and
antimicrobial activity was performed through the
5
selectivity index (SI).

Table 1. Inhibitory effect against aerobic and
anaerobic oral bacteria and citotoxic activity (EC50,
−1
μg mL ) of essential oils of different parts from K.
coriacea.

Aerobic

Introduction

Cytotoxic
activity

Poster Titles

P.nigrescens
ATCC 33563
A. naeslundii
ATCC 19039
B. fragilis
ATCC 25285
S.mutans
ATCC 25175
S.sanguinis
ATCC 10556
S.sobrinus
ATCC 33478
S. mitis
ATCC 49456
Vero cells
ATCC CCL 81

Samples of essential oils
Inner
Outer
Leaves
Wood
bark
bark

CHD*

200

50

100

200

1.844

>400

>400

400

>400

1.844

>400

>400

400

>400

1.844

>400

200

100

100

0.922

>400

400

100

100

0.922

>400

100

100

100

0.922

400

100

100

100

3.688

127 ± 1

> 512

-----

168 ± 10

74 ± 3

*

CHD= chlorhexidine dihydrochloride (positive control).

Conclusions
The antimicrobial activity of the essential oils from
K. coriacea against oral pathogens are promising as
natural antimicrobial agents. The positive values of SI
indicate that the essential oils from K. coriacea
showed greater inhibition of bacterial growth and they
are more selective to the microorganisms than
cytotoxic effects to Vero Cells.
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Introduction
Leishmaniasis is an infectious pathology caused
by the protozoa of the genus Leishmania. Visceral
leishmaniasis is responsible for over 50.000 deaths
per year, with the majority of occurrences in
developing countries, thus making the development
1
of new drugs essential.
N-Myristoyltranferase (NMT) is an essential
enzyme in the cotransductional processing of
eukaryotes
proteins,
being
responsible
for
addressing these proteins to the membrane, where
they must to be anchored. The mechanism involved
in the cotransductional process is linking a myristic
2
acid in a terminal glycine residue of the protein.
Masubuchi et al. identified the key residues for the
proper functioning of the Candida albicans NMT
3
(CaNMT). The high interspecific conservation of
NMT between C. albicans e L. major allows the
extrapolation of Masubuchi’s work with CaNMT to
4
tests with L. major NMT (LmNMT).
Try to predict possible activity of a molecule before
its synthesis may save time and money. Docking is a
technique that allows the direct visualization of
interactions and is very useful to identify possible
pharmacophores in studied molecules.

Results and Discussion
Studies were performed employing the crystal
structure of LmNMT retrieved from Protein Data
Bank (3H5Z, resolution: 1,49 Å), while the structures
of the compounds were constructed using
Hyperchem 7.51 software, applying PM3 semi
empirical force field to minimization of the energy
and single point charge calculations. Docking results
were obtained from Gold v.3.1 software, considering
Leu421 as the reference point to docking. The same
protocol was applied to CaNMT to establish a
comparison with LmNMT to understand main
similarities and differences.
Four molecules were tested: two benzofurans
derivatives, one indole and one benzoimidazole. The
first two benzofurans were the molecules tested for
CaNMT by Masubuchi et al. Although these
compounds have showed to be the best ligands for
CaNMT, they demonstrated poor interaction with
LmNMT. Only 29% of BF1 and only 40% of BF2 had
anchored how expected (Figure 1).
The other two molecules were proposed to explore
variation on the type of the benzoheterocycle core.
The indole showed 93% of the anchoring in LmNMT
in a similar way to the observed for benzofurans at
th

CaNMT. The benzoimidazole also presented good
docking results, showing 80% of the anchoring
similar to the expected. It is worth of note that
benzoimidazole systems presents electronic share of
hydrogen between the two nitrogen atoms which
allowed the formation of two populations of results.
Both sets, however, exhibited good distances of
interactions with the residues of proteins.

Figure 1 – Analyzed compounds for interaction
with LmNMT and their numbering. BF:
benzofuran;
IND:
indole,
BIMDZ:
benzimidazole. Numbering referenced to BF1.

Conclusions
The benzoimidazole presented very good docking
results as well as the indole derivative. The binding
mode obtained for all molecules confirmed the
4
Masubuchi’s findings that the hydrophobicity in C2 is
determining in the interaction with the NMTs.
Contrary to expectations benzofurans don’t showed
good interaction with LmNMT. Side chains at C4
seems to be detrimental to the adaptation of the
ligand at binding site. These molecules may prove
promising after some structural changes as remove
of methyl group in C3 and repositioning of the
substituent at C4 to C5.
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Introduction
A series of dihydroquinoxalinone derivatives have
been designed, synthesized and tested as potent
inhibitors of the epigenetic molecular target CREBBP
bromodomain mimicking acetylated-lysine, resulting
in the first potent inhibitors of a bromodomain
1
outside the BET family . Important interactions
between these derivatives and the active site of the
CREBBP were evaluated using a combination of
docking, molecular dynamics (MD) and quantum
mechanical (QM) approaches.

Results and Discussion
Enantiopure compounds (R)-2, (R)-5, (R)-1 and (R)6 inhibit the binding of CREBBP to chromatin in
U2OS cells, with (R)-2 showing the highest biological
activity (Table 1). The presence of hydrogen bonds
formed with residue N1168 and a cation-π
interaction with R1173 revealed an induced fit-pocket
that is maintained during 100 ns of molecular
dynamics simulation. Initial insights were recently
published in Angewandte Chemie International
1
Edition and further work is underway to explore the
structure-activity relationship and to uncover more
active inhibitors with desirable pharmacological
properties.
Table 1. AlphaScreen data for compounds (R)-2,
(R)-5, (R)-1 and (R)-6.

Figure 1. (R)-2 induces the opening of the active
site, changing the known conformation of
CREBBP with the acetylated-lysine, mediated by
a cation-π interaction with R1173. On the left,
apoenzyme with (R)-2 docked (PDB ID: 3DWY).
On the right, protein conformation after 120 ns
MD, corroborating the crystal structure (4NYX).

Figure 2. Electrostatic Potential Surface (EPS) of
dihydroquinoxalinone derivatives. (R)-2, the
most active compound, presents the most
negative potential in the center of the aromatic
ring, suggesting the strongest cation-π
interaction with R1173 (Table 1).

Conclusions
Number

R1

IC50/nM vs
CREBBP[a]

(R)-2

323 (298-351)
KD = 390 nM[b]

(R)-5

549 (511-590)

(R)-1

758 (673-853)

(R)-6

1413 (12221634)

For the first time, a new series of ligands were found
as potent inhibitors of a non-BET bromodomain.
Other analogues of (R)-2 that are suggested to
interact with residues R1173 by cation- π
interactions and with N1168 by hydrogen bonds are
under biological tests.
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Introduction
The enzyme NTPDase exists in several
organisms; its presence in some parasites is
considered a virulence factor. This enzyme acts in
the hydrolysis of extracellular ATP, and it is
associated with purinergic signaling modulation and
1
reduced host immune response . Because NTPDase
plays an important role in human host response, it
has become a key target to screen ligands.
Identifying molecules that can inhibit biological
targets is an important challenge in drug
development. One promising approach is to
immobilize enzymes onto a solid support to create
immobilized enzyme reactors (IMERs). The latter
have found application as HPLC column that select
specific inhibitors via rapid on-line screening of
natural and combinatorial libraries.
In this study we covalently immobilized the
1
NTPDase-2 of Leishmania infantum onto a fused
silica capillary based on the previously published
2
conditions , to obtain LicNTPDase-2-ICER. We
coupled this reactor a LC system to achieve a
multidimensional method for the activity assays.
.

We obtained inhibition of 32.9% and 57.1% for
-1
-1
suramin (1 mmol L ) and molybidate (1 mmol L ),
respectively.
The assays were fast, and LicNTPDase-2-ICER
retained the enzyme activity for a period of six
months.
ATP
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A
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Poster Titles
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Figure 1: Chromatograms for inhibition analysis
A) standard (no inhibitor) B) ammonium
-1
molybdate (1mmol L ).

Results and Discussion

Conclusions

To prepare LicNTPDase-2-ICER, the enzyme was
2
covalently immobilized onto a fused silica capillary .
A multidimensional HPLC method was developed by
using the LicNTPDase-2-ICER in the first dimension
and a C8 column (Ascentis Express, Supelco, 2.7
µm, 10 x 0.30 cm) in the second dimension for the
activity assays.
In this assay, the AMP originating from the
enzymatic reaction is directly quantified by the
analytical separation obtained in the second
dimension of the multidimensional chromatographic
method (LicNTPDase-2-ICER-LC/UV). In this study
two compounds were evaluated as LicNTPDase-2
inhibitors: suramin sodium salt, previously identified
3
and characterized as inhibitor of other ATPases , it
was used to validate the LicNTPDase-2-ICER as a
method to recognize ligands; and ammonium
molybdate, a well known a nucleotidase inhibitor
that has not yet been tested as inhibitor of
NTPDases.

The results revealed that the LicNTPDase-2-ICER
method developed herein represents a useful new
way to maintain enzyme activity, allowing automated
biological fast screening of the candidate ligands
with improved accuracy and reproducibility.

th
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Introduction
There are several hundred species of macroalgae
in the seas and are very abundant in the intertidal
zone, where they form dense bands on the rocky
shores. Hypnea musciformis have is an extremely
abundant red alga having worldwide distribution. It is
commonly found in calm, shallow waters, intertidal
regions, reefs, and state and flourishing in
environments with high light or low in nutrients, can
be found free floating1.
This study describes the evaluation of the cytotoxic
and antitumor effects in vitro in crude extracts of H.
musciformis (EMBHM) and also its chemical
isolation.
Results and Discussion
The seaweed was collected on the shore of truce,
the coast of Paraiba. After collection, it was washed
with distilled water and separate epiphytes and
algae, and then dried at room temperature (~ 25
°C). It was subsequently subjected to exhaustive
maceration with methanol. After evaporation of the
solvent gave the crude methanol extract (EMBHM).
The cytotoxicity was performed in Swiss mice
erythrocytes. The erythrocytes were obtained from
fresh blood collected from the orbital sinus. For the
cell suspension, 1 mL of whole blood was
solubilized in 10 mL of phosphate buffer solution
(PBS) and then centrifuged. The erythrocytes were
then resuspended in PBS, then obtaining a
suspension of erythrocytes 0.5% (v/v). Various
concentrations of EMBHM dissolved in DMSO (5%),
were added to the suspension of red blood cells.
The 96 well plate was maintained under gentle
agitation for 60 minutes and then centrifuged. After
this period, the supernatant carefully removed and
added to each well 200 µL solution of Triton X-100
(0.1%). The amount of hemolysis caused by the
solution of Triton X-100 (0.1%) was determined
spectrophotometrically. During the evaluation, it was
found that the percentage of hemolysis increased
concentration-dependent manner after treatment.
The CH50 value obtained was 28,23 (26,53 to 30,04)
µg/mL, demonstrating that this product is cytotoxic
against mice erythrocytes.
For evaluation of antitumor activity assays were
performed in vitro using the lineage of ascitic
Ehrlich carcinoma. The cells were collected from the

peritoneal cavity of mice for 7 days after inoculation,
resuspended with 10 mL of phosphate buffer solution
(PBS) and then centrifuged at 1,000 rpm for 10
minutes. The supernatant was discarded and the
cells were resuspended in RPMI-1640 (Nutricell ®)
supplemented with 25 mM HEPES, 2 mM Lglutamine, 100 IU/ml penicillin, 100 μg/ml
streptomycin (Sigma-Aldrich ®) and 10 % fetal
bovine serum (FBS) (Nutricell ®). The tumor cells
were then seeded (2 x 105 cells/well) and incubated
with different concentrations (10-640 mg/mL) of
EMBHM for 24 h (37°C and 5% CO2) in 96-well
plates. Doxorubicin was used as positive control..
The experiment was performed in quadruplicate and
repeated twice. Cell viability was assessed by the
MTT reduction assay (Sigma-Aldrich ®). IC50 values
were calculated by expressing the results as a
percentage of the controls, and were determined
graphically from concentration-response curves by
nonlinear regression with a confidence interval of
95%. However, IC50 was greater than 2000 µg/mL.
Thus, the result suggests that the EMBHM, has no
cytotoxic activity against tumor cells of this lineage.
After reviews the pharmacological EMBHM was
subjected to liquid-liquid partition. An aliquot of the
dichloromethane phase (1.5 g) was subjected to
column chromatography resulting in the isolation of
the steroid Saringosterol, which probably confirms
the citoxocica EMBHM activity, since some studies
indicate that metabolites such as steroid present in
H. musciformis may cause changes in the red blood
cell membrane and subsequently produce
2
hemolysis .

Conclusions
Thus the EMBHM was cytotoxic against
erythrocytes of Swiss mice and showed no
antitumor activity in vitro in strains of Ehrlich. And
his phytochemical study resulted in the isolation of
the steroid Saringosterol.
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Introduction
Malaria is one of the 10 most prevailing and fatal
infectious diseases of the world. It has been a public
health problem in about 90 countries, which means
approximately 40% of the world population in risk of
contamination1. Considering that literature has
demonstrated the antimalarial potential of
triterpenes, specially ursolic acid (1), we have
investigate the antimalarial activity against P.
falciparum
chloroquine-sensitive
3D7
and
chloroquine-resistant FcB1 strains of some new
derivatives of 1, with modifications at C-3 and C282.

Table 1. Effect of compound 2 on P. berghei
Anka in mice

Results and Discussion
Among the analogues obtained, compound 2
(Figure 1) showed excellent activity against P.
falciparum
chloroquine-sensitive
3D7
and
chloroquine-resistant FcB1 strains (IC50 = 175 and
170 nM, respectively). After cytotoxicity evaluation
against HEK293T and MRC-5 cells, compound 2
was classified as non-toxic. This triterpene
derivative displays anti-malarial activity by calcium
pathway. Probably calcium is liberated from the
vacuole digestive of the parasite, which is the same
compartment of action of nigericin and chloroquine
drugs. The in vivo effect of compound 2 on
Plasmodium berghei ANKA in mice was evaluated
(Table 1). A significant inhibition in parasitaemia
was observed after 14 days. The ED50 calculated
was 19.68mg/kg, while the Emax was 52.18%.

compound

Doses
(mg/kg/day)

n

%
activity
th
(14 day)

death
(20th
day)

2

125

6

52,18

1/6

2

60

6

34,54

5/6

2

30

6

32,64

2/6

2

15

6

25,29

5/6

CQ

30

6

78,98

2/6

NC

-

6

-

6/6

CQ = Chloroquine Diphosphate. NC = negative control

Conclusions
It has been shown, that this molecule presents
promising antimalarial activity, and that can be of
great importance in the development of alternatives
for the treatment of this infections.
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Introduction
Marine algae are responsible for creating these
natural products, producing a number of different
compounds with a range of pharmacological
activities1. Bryotamniom triquetrum is a species of
red algae, belonging to Rhodomelaceae family, who
live mostly in warm seas and has an average of 20
cm2. One of its main characteristics is the presence
of phycoerythrin pigment in their cells, responsible
for the reddish color of these organisms3.
This study describes the evaluation of the cytotoxic
and antitumor effects in vitro in crude extracts of B.
triquetrum (EMBBT) and also its chemical isolation.
Results and Discussion
The seaweed was collected on the shore of truce,
the coast of Paraiba. After collection, it was washed
with distilled water and separate epiphytes and
algae, and then dried at room temperature (~ 25
°C). It was subsequently subjected to exhaustive
maceration with methanol. After evaporation of the
solvent gave the crude methanol extract (EMBBT).
The cytotoxicity was performed in Swiss mice
erythrocytes. The erythrocytes were obtained from
fresh blood collected from the orbital sinus. For the
cell suspension, 1 mL of whole blood was
solubilized in 10 mL of phosphate buffer solution
(PBS) and then centrifuged. The erythrocytes were
then resuspended in PBS, then obtaining a
suspension of erythrocytes 0.5% (v/v). Various
concentrations of EMBBT dissolved in DMSO (5%),
were added to the suspension of red blood cells.
The 96 well plate was maintained under gentle
agitation for 60 minutes and then centrifuged. After
this period, the supernatant carefully removed and
added to each well 200 µL solution of Triton X-100
(0.1%). The amount of hemolysis caused by the
solution of Triton X-100 (0.1%) was determined
spectrophotometrically. During the evaluation, it was
found that the percentage of hemolysis increased
concentration-dependent manner after treatment. In
the experiment concentrations up to 1000 µg/mL
were not tested occurring cell death, showing that
the value of CH50 was 3.71 µg / mL. Thus, the result
suggests that has high toxicity EMBBT front
erythrocytes, cells affected by these drugs
commonly present in the bloodstream.
For evaluation of antitumor activity assays were
performed in vitro using the lineage of ascitic
Ehrlich carcinoma. The cells were collected from the

peritoneal cavity of mice for 7 days after inoculation,
resuspended with 10 mL of phosphate buffer solution
(PBS) and then centrifuged at 1,000 rpm for 10
minutes. The supernatant was discarded and the
cells were resuspended in RPMI-1640 (Nutricell ®)
supplemented with 25 mM HEPES, 2 mM Lglutamine, 100 IU/m L penicillin, 100 μg/ml
streptomycin (Sigma-Aldrich ®) and 10 % fetal
bovine serum (FBS) (Nutricell ®). The tumor cells
were then seeded (2 x 105 cells/well) and incubated
with different concentrations (10-640 mg/mL) of
EMBBT for 24 h (37°C and 5% CO2) in 96-well plates.
Doxorubicin was used as positive control. The
experiment was performed in quadruplicate and
repeated twice. Cell viability was assessed by the
MTT reduction assay (Sigma-Aldrich ®). IC50 values
were calculated by expressing the results as a
percentage of the controls, and were determined
graphically from concentration-response curves by
nonlinear regression with a confidence interval of
95%. Thus, after the experiment the IC50 was
greater than 2000 µg/mL. Thus, the result suggests
that the EMBBT, has no cytotoxic activity against this
tumor cell line.
After reviews the pharmacological EMBBT was
subjected to liquid-liquid partition. An aliquot of the
hexane phase (200.0 mg) was subjected to
preparative thin layer chromatography, using silica
gel as stationary phase and hexane as the eluent
solvents: dichloromethane (99:1), resulting in the
isolation of the steroid cholest-4-en -3-one, first
isolated in Bryothamnion triquetrum.Therefore,
experiments with this steroid in order to justify the
cytotoxic and antitumor activity of the EMBBT should
be performed.

Conclusions
Thus, EMBBT was not cytotoxic against
erythrocytes of Swiss mice and showed no
antitumor activity in vitro in strains of Ehrlich. And
its phytochemical study resulted in the isolation of
the steroid Cholest-4-en-3-one.
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Introduction
Eugenia hiemalis Cambessèdes (Myrtaceae) is
a tree that grows in the Brazil and other countries of
1
South America, commonly known as “guamirim” .
There are very few studies on its chemical
composition and biological activity, and traditional
use is not reported in the literature. Therefore, the
aim of this study was to investigate the chemical
composition of aerial parts from E. hiemalis (leaves,
flower
buds
and
stems)
bioguided
by
anticholinesterase activity.

suggesting a good potential for the development of
new anticholinesterasic drugs. Virtual screening and
ex vivo studies are being performed to understand
its systemic effects in Alzheimer's disease models.
Primin only has been isolated from species of
Primula and Miconia, and this compound is
responsible for the contact dermatitis observed in
3
some individuals . Despite its comproved allergenic
activity, the OSIRIS Property Explorer applet did not
indicate any potential toxicity for primin.

1

2

th

3´

1´
2´

Results and Discussion
The aerial parts of E. hiemalis were collected in
Porto Alegre (Rio Grande do Sul, Brazil). Fresh
leaves, flower buds and stems were extracted
separately, first with dichloromethane and after with
methanol. The enzymatic activity of the extracts was
measured, using the method described by Mata et
2
al. (2007) with Elman’s reagent. Negative and
positive controls were prepared in the same
conditions as the samples. IC50 values were obtained
plotting the inhibition percentage against sample
solution concentrations. The crude dichlorometanic
extracts of leaves (CDEL) and flower buds (CDEF)
were the most active, and were submitted to column
chromatography. An aliquot of the CDEL (3.45 g)
was fractionated by vacuum liquid chromatography
on silica gel 60 using a gradient system of increasing
polarity solvents (Hex-Chloroform-AcOEt-MeOH)
giving 16 fractions (Fr.A1-Fr.A16). Fraction 8
contained pure compound 1. Fraction 5 (436 mg)
was purified by MPLC over silica gel 60 with a HexAcOEt gradient to give compound 2 (47.5 mg).
Extract CDEF (478 mg) was also fractionated by
chromatography column on silica gel with HexAcOEt gradient to give compounds 1 (138 mg) and 2
(43 mg). Pure compounds were identified by
1
13
spectroscopic methods (IR, H and C NMR) as
miconidin acetate (1) and primin (2). The first
compound was inactive (IC50 > 1000 µg/mL) in the
anticholinesterase activity assay, but primin showed
IC50 9.05 ± 0.09 µg/mL. This result is comparable to
the positive control (IC50 2.17 ± 0.04 µg/mL),

6

3

5´

1

2

1´
2´

4´
3

5

3´

5´

6
4´

5

4

4

(1)

(2)

Figure 1. Structures of miconidin acetate (1)
and primin (2).

Conclusions
The dichloromethanic extracts of leaves and
flower
buds
of
E.
hiemalis
present
anticholinestherasic activity due to the presence of
primin. Since this benzoquinone may induce allergic
reactions, the derivatization aiming to improve its
action profile will be performed.
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Introduction
The role of active oxygen and free radicals in
human diseases is recognized, and they are
involved in cancer, inflammation, atherosclerosis,
1
and aging . Plant constituents with antioxidant
activity can play a role in the prevention of these
diseases. Myrtaceae is one of the most important
families in tropical forests and reported to possess
antioxidant activity. Eugenia hiemalis Cambessèdes
(“guamirim”) is a tree that grows in Brazil and other
2
South American countries . The aim of this study
was to investigate the antioxidant properties of
extract, fractions and isolated compounds from the
aerial parts of E. hiemalis.

60 using a gradient system (CHCl3-MeOH) giving 18
fractions (A-R). Fraction I showed the best results in
the evaluation of the reduction power (544.57 ± 0.80
mg AA/g) and DPPH (18.18 ± 0.08 µg/mL) assay,
and was fractionated by VLC in the same previous
conditions, giving 15 fractions (1-15). Fraction 9 was
purified by column chromatography in the same
previous conditions to give compound 1 (10.8 mg).
Its spectral UV/Vis data suggested it to be a
flavonoid; TLC analysis with reference compounds
and NMR spectra allowed us to identify 1 as
quercitrin. Two others flavonoids were isolated, and
are in process to identification.
3´
2´

4´

8

Results and Discussion

6

The aerial parts of E. hiemalis were collected in
Porto Alegre (Rio Grande do Sul, Brazil). Fresh
leaves, flower buds and stems were extracted
separately, first with CH2Cl2 and after with methanol.
The antioxidant activity of the extracts was
determined by DPPH radical scavenging assay and
the results were expressed in IC50 (mg/mL). The
reducing power assay was performed with addition
of ferric chloride and potassium ferricyanide
solutions, measuring absorbance at 720 nm. The
reducing power was expressed in mg of ascorbic
acid/g of sample (mg AA/g). The lipid peroxidation
inhibition capacity was analyzed by β-carotene
linoleate model. These results were expressed in
percentage of inhibition and were plotted in graphic
correlated with time. The content of phenolic
compounds was determined by Folin-Ciocalteau
phenol reagent, measuring absorbance at 725 nm.
The results were expressed in mg of gallic acid/g of
sample (mg GA/g). The aluminum chloride method
was used for the determination of the total flavonoid
content, measuring absorbance at 415 nm. The
results were expressed in mg of quercetin /g of
sample (mg QUE/g). All tests were performed in
triplicate. The methanolic extract of E. hiemalis´
leaves showed the best results for reduction power
(405.27 ± 10.27 mg AA/g) and DPPH (39.11 ± 0.74
µg/mL) assay. Therefore, the extract was submitted
to vacuum liquid chromatography (VLC) on silica gel
th

5´
2

7
4

6´

3

5

Figure 1: Structure of quercitrin.

Conclusions
The bioguided fractionation of the crude
extracts of E. hiemalis led to the isolation of three
flavonoids; one of them has been identified as
quercitrin, a flavonol glycoside. For this compound,
many properties have been described, such as
antioxidant,
antimicrobial,
antidiabetic,
photoprotective,
cytotoxic,
antiinflammatory
activities, among others, confirming an interesting
potential for this medicinal plant.
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Introduction
Oxidative stress is associated with various diseases
such as cancer, diabetes, inflammatory processes
1
and neurodegenerative diseases . It is important to
investigate new antioxidant substances which are
efficient and with reduced toxicity. Phenolic
compounds use to have significant antioxidant
properties, due to the hydroxyl groups in its
structure. The Rapanea ferruginea, popularly known
as “azeitona do mato” is native of Brazil, and
2
contains myrsinoic acids in its composition , which
may favor a possible antioxidant activity.
This work aims to investigate the antioxidant
properties of crude extracts from different parts of
Rapanea ferruginea, to obtain information about the
mechanism of action and correlate this properties
with the its chemical composition. In this way, the
DPPH and TBARS methods were used.

Figure 1: DPPH scavenging by the leaf extract.

Results and Discussion
Determination of total phenolic content: The
total phenolic contente of Rapanea ferruginea leaf
and peel were detected by the Folin-Denis method,
and quantified as 118.1 and 357 mg/100 g of fruit,
respectively.
DPPH essays: the total antioxidant activity was
●
determined by the scavenging of the radical DPPH
3
method . The Figures 1 and 2 are related to the
antioxidant activity of Rapanea ferruginea leaf and
peel, respectively, which the correspondant IC50
-1
values were detected in 78 and 48 µg mL (Table
1). These results indicated a satisfactory antioxidant
activity of these plant parts, which can be attributed
to the phenolic content detected
Table 1: Half maximal inhibitory concentration
(IC50) of extratos brutos da Rapanea Ferruginea
Part of Plant
Leaf
Peel

-1

IC50 µg mL
78
48

Figure 2 : DPPH scavenging by the peel extract
The peel of Rapanea ferruginea showed antioxidant
activity about 40% greater than the leaf of this plant. This
result can be attributed to the fact that the peel has a
greater phenolic content than the leaf.

Conclusions
The results indicated a satisfactory antioxidant
activity of leaf and peel Rapanea ferruginea, and the
bark showed the highest activity among them. This
can be attributed to the higher phenolic content of
this plant part. The quantification of myrsinoic acid in
the two plant parts is also considered in the
discussion of these results, with the perspective to
isolate this phenolic compound in the future.
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Introduction

Results and Discussion
The bioactivity-guided fractionation of the plant
resulted in seven extracts and fractions. TLC
analysis of B. trimera showed fractions which could
be differentiated by their profile of substances;
suggesting the existence of structural diversity
between them which could be used as an important
element in the discovery of new substances. The
analytical method developed by HPLC proved to be
accurate, precise and specific to the quantification of
rutin and quercetin in the B. trimera phenolic
fraction.
In order to investigate the effect of B. trimera on the
viability of human breast cancer, MCF-7 cell cultures
were treated with extracts or fractions and MTT
assay was performed. B. trimera crude extract and
its fractions (dichloromethane, ethyl acetate,
butanol, aqueous, terpenoid and phenolic) on a dose
dependent manner reduced MCF-7 cell viability
when compared to the DMSO control (figure 1).
After 24 hours of treatment, we observed that PHE
fraction treatment resulted in a high reduction of
MCF-7 cell viability (86% ± 1.3), evidenced by a
diminished ability of MCF-7 cells to reduce MTT,
with an IC50 500 µg/mL.
The reduction in MTT staining suggests not only the
MCF-7 cell damage, but also a decrease in cell
proliferation when compared to DMSO control.
th

According figure 1, it is also observed significant
differences among treatments when compared to
other concentrations of fractions, such as ethyl
acetate,
butanol,
terpenoids
and
phenolic
compounds.
The results were analyzed by ANOVA followed by
Tukey test and compared to the DMSO group (P <
0.05).
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Human breast cancer is an important public health
problem worldwide1 and in Brazil2. Moreover,
resistance to chemotherapeutic agents is a major
problem in the treatment of patients with cancer. So,
due the importance of plants as a source of new
drugs, the search for active plant-derived
compounds as prototypes for new anticancer
therapies is necessary.
Baccharis trimera (Less.) DC. (Asteraceae),
popularly known as “carqueja”, is widely used in folk
medicine for digestive and liver diseases. In relation
to its chemical composition it is reported the
presence of flavones, flavonols and diterpenes3,4.
Biological studies demonstrated several activities as
anti-inflammatory and antioxidant3,5,6. Considering
the potential biological activity of B. trimera it was
conducted bioactivity-guided fractionation of the
plant which extracts were evaluated to human breast
antitumor activity.

CE
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BU

AQ

TP

PHE

C

Poster Titles

Figure 1. MCF-7 cell viability effects. (A) The cells were incubated
with CE, DM, EA, BU, AQ, PHE or SAP for 24 h. All values are
the means ± SE of at least triplicate cultures in four independent
experiments (*p < 0.05 as compared to the control. *p<0.01 as
compared with other concentrations of these fractions).

Conclusions
These results, as far as we know, are reported for
the first time. Herein, it was demonstrated an
important effect of B. trimera on induction of cell
death in cell lines of breast cancer.
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Introduction

Table 1: Percentage of enzymatic inhibition of isolated
compounds
(25 µM)
Hymenaea stigonocarpa Mart. ex Hayne species is a
Percentage of inhibition
medicinal plant endemic from Brazilian Cerrado,
Compound
CatK
CatL
CatV
popularly known as jatobá-do-cerrado. The intestinal
1
65
43
91
anti-inflammatory activity of the methanol extracts from
stem bark and fruit pulp of H. stigonocarpa, as well as
2
12
47
0
the anti-inflammatory action of the constituents of the H.
2*
0
0
0
courbaril against the enzymes cyclooxygenase-1 and 2
3
2
33
88
1,2
have been described in the literature . However, to
4
12
57
95
date, no information on the enzymatic activity of H.
5
21
3
71
stignocarpa against cysteine cathepsins has been
reported. These enzymes play an important role in With regard to the structure-activity relationships 2 and
many (patho) physiological conditions. For example, 2*, it appears that the carboxyl group may play an
cathepsins K, L and V are lysosomal proteases that important role in mediating the enzymatic activity. The
have the main function performing degradation of concentration of the compounds 1, 3, 4 e 5 required for
proteins in lysosomes. However, these enzymes are 50% inhibition (IC50) was determined for CatV. The
also involved in a number of diseases, becoming compound 3 is the most potent inhibitor, with an IC
50
therapeutic targets important in drug discovery and value of 2.9 µM. This is a valuable result, when
development process for the treatment of related compared with luteolin (IC 2.5 µM)5. The structural
50
3
diseases . Though these enzymes have been difference between these flavones is the presence of
intensively studied as valuable targets for drug two methoxy groups located at positions 3' and 5 'of the
discovery and development, few natural product-based B ring in the 3. Regarding diterpenoids, there are no
4
inhibitors have been described in literature . Therefore, reports in the literature of studies on the inhibitory
the aim of this work is to carry out the chemical study of potency against cathepsins evaluated. Thus, this study
the ethanolic extracts from leaves and flowers of H. contributed to the knowledge of the biological activity of
stigonocarpa in perspective to isolate secondary this class of secondary metabolites.
metabolites and to investigate the potential inhibitory of
them against cathepsins K (CatK), CatL and CatV.
Conclusions
Results and Discussion
In this study, the fractionation of ethanolic extracts from
leaves and flowers of H. stigonocarpa was carried out in
the search for secondary metabolites capable of
inhibiting the activity of CatK, L and V. The use of
chromatographic techniques led to the isolation of four
substances from the leaf extract, which have not been
previously reported for H. stigonocarpa: labd-7,13-dien13,14
15-oic acid (1), ent-Δ
-labd-8-β-ol-15-oic acid (2),
4',5,7-trihydroxy-3',5-dimethoxyflavone (3) and phydroxybenzoic acid (4), along with one substance
obtained from the flower extract which has not been
described in the literature: 18-hydroxy-ent-halima 13,14
1(10),13-E-dien-15-oic acid (5). Ent-Δ
-labd-8-β-ol15-oate methyl ester (2*) was prepared by treatment of
2 with diazomethane, in ether solution, to establish the
structure-activity relationship. All compounds were
submitted to the evaluation of inhibitory potential against
CatK, L and V. The determination of enzyme activity
was based on monitoring the hydrolysis of the
fluorogenic substrate Z-FR-MCA. The results are shown
in Table 1.

th

The study of the ethanolic extracts from leaves and
flowers of H. stigonocarpa led to the isolation and
structural elucidation of five substances, which have not
been reported for this species, one of which (5) has not
been described in the literature. Therefore, this work
has contributed to the chemical characterization of H.
stigonocarpa. In the evaluation of these secondary
metabolites against CatK, L and V in the search for
specific inhibitors, the compound 3 showed an
expressive level of inhibition of the CatV. Thus, these
preliminary results suggest that this plant can be a
promising source of compounds able to inhibit cysteine
proteases.
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Introduction
Staphylococcus aureus is a highly important
pathogen in community and nosocomial acquired
infections, which shows a high degree of resistance
to most antimicrobials available. Nevertheless,
traditional antibiotics promote evolutionary pressure
that selects resistant strains. A promising approach
to overcome this drawback is to interfere with
bacterial virulence factors such as staphyloxanthin,
carotenoid pigment that protects S. aureus from
Reactive Oxygen Species (O2-, ClO., H2O2)
produced by our immune system.1 Previously, we
have reported the identification of naphthoquinones
as staphyloxanthin biosynthesis inhibitors (STXI)
through the evaluation of white zone diameter (mm)
on disc-diffusion assays (Figure 1). This approach is
not suitable for potency determination. In order to
further explore the structure-activity relationships for
this series, several naphthoquinones were evaluated
in a quantitative assay.

Figure 2. UV-visible spectrum of carotenoids methanol extract
of S. aureus cultivated in TYB medium plus different
concentration of naphthoquinone 3.
Table 1. Inhibition of staphyloxantin
naphthoquinones at 30M
Compound
R1
R2

O

R1

biosynthesis
Inhibition
(%)-30µM
6.42

1

NH(CH2)3N(CH2CH3)2

2

NH(CH2)2N(CH2CH3)2

Cl

0

3

NH(CH2)2Ph

Cl

10.71

4

N(CH3)2

Cl

20.23

Cl

by

Conclusions
R2
O
Figure 1. Disc diffusion assay employed
staphyloxanthin biosynthesis inhibitors

to

screen

Results and Discussion
Among 43 naphthoquinones screened in discdiffusion assays, 12 molecules show pigment
inhibition halos > 10 mm and were selected for
further characterization. In order to do so, S. aureus
was grown TYB medium in the presence of 3
different concentration of each inhibitor. Next
carotenoid pigments were extracted and quantyfied
2
spectrofotometricaly (463nM).
Staphyloxanthin
versus naphthoquinones concentration shows a
dose-dependent behavior (Figure 2) that excludes
non-specific mechanism of inhibition. Furthermore,
comparison of staphiloxanthin inhibition at a single
concentration (Table 1) suggests that shorter
aminoalkyl chain in R1 along with electron negative
groups (ex. Cl) in R2 increase potency. On the other
hand, electron donor groups at this position (ex. OH)
decrease activity.
th

Although useful chemical insight towards the
structure-activity relationships of naphthoquinones
can be gathered from the quantitative assay
reported herein, it is still not possible to pinpoint
which is the macromolecular target of these
inhibitors. On the other hand, the quantitative
phenotypic assay employed in this work not only is
cheap but also highlights molecules that have good
cellular permeability. Thus it is useful to the initial
steps of drug development efforts.
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Introduction
Red algae of the genus Laurencia are found throughout the
world and produce an amazing diversity of secondary
metabolites,
including
sesquiterpenes,
diterpenes,
triterpenes, and acetogenins1. Many of these molecules are
biologically active, exhibiting antibacterial, antifungal,
antiviral, anti-inﬂammatory, cytotoxic, antifouling activities2.
Laurencia dendroidea was found in several states in Brazil,
with some variation on its constituents according to the
collection places. The isolation of major metabolites of
Laurencia dendroidea collected in Bombinhas, Santa
Catarina and preliminary virtual screening of the isolated
compounds were performed.

Two halogenated sesquiterpenes (Fig.2) were isolated as
major compounds: elatol (1) and isoobtusol (2). The literature
reported cytotoxic3,4,5, antibacterial and antifungal 6 activities.
Their structures were analyzed through OSIRIS Property
Explorer applet, which predicted remarkable mutagenic and
irritant potential for both compounds; isoobtusol should be
also tumorigenic and present reproductive effects. So, their
druglikeness were in the negative range.
CH2
Cl

Br

HO

Results and Discussion
The algae was collected in Praia da Sepultura (Bombinhas,
SC) and identified by Prof. P.A.Horta (CCB, UFSC). The
material was dried under cold air before extraction.
Chromatographic separations (Fig. 1) were performed with
silica gel; HPLC separations were conducted using a
refractive index detector and a silica gel column (Supelco,
250 × 10 mm); TLC was performed with silica gel 60 F254,
and spots detected with sulphuric anisaldehyd/ 100 °C. Pure
compounds were analyzed by Nuclear Magnetic Resonance
(NMR) in CDCl3 in spectrometers Bruker AC200 and Bruker
DRX400.

HO

CH2

Br

Cl

H
Br

(1)
(2)
Figure 2: Structure of elatol (1) and isoobtusol (2).

Conclusions
The chemical investigation of the crude extract of Laurencia
dendroidea led to the isolation of two major metabolites, elatol
and isoobtusol. Despite of the interesting biological activities,
these compounds still should be submitted to derivatization
reactions in order to improve their activity profiles.
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Figure 1: Fluxogram of the extract fractionation leading to the
isolation of major compounds from L. dendroidea.
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Introduction
The Gyceraldehyde-3-phosphate dehydrogenase
(TcGAPDH), an enzyme of the T. cruzi glycolytic
pathway, was studied as target for the design of new
inhibitors employing methods such as Ligand- and
Target-based Virtual Screening (LBVS and TBVS,
1,2
respectively).
Subsequently, based on the results
of biochemical assay the most promising TcGAPDH
inhibitor, Neq0054, was confirmed to have in vitro
trypanocidal activity against amastigote form of T.
cruzi from Tulahuen strain. Aiming to gain insight
into the pharmacokinectic properties of this
compound for future optimization, we characterized
its in vitro metabolism focusing on metabolite
identification and biotransformation pathways using
the LC-ESI-QqTOF-MS technique.

was identified on LC-qQTOF-MS with shorter
retention time (3.4 min) than the prototype, which
eluted at 8.4 min. Mass spectra of product showed
+
the pseudo-molecular ion [M + H] shifts to m/z
296.00. The m/z 296.00 is indicative of hydroxylation
(16 Da) of the prototype (Figure 1(B)). Precursor ion
m/z 296.00 produced two fragments ions (m/z
137.02 - 160.02) showing that hydroxylation occurred
in the quinoline ring of the molecule.

Results and Discussion
For selection of potential TcGAPDH inhibitors, the
ZINC database containing nearly 2.5 million
compounds was assessed through several
molecular FILTERs, leading to a sub collection of
approximately 450 thousand structures that were
scored by molecular docking according to their
complementarily of interactions with the target
enzyme. Based on these results, twelve compounds
that showed to be promising as ligands were
selected, purchased and tested against the
TcGAPDH in kinect assays using Isothermal
Titration Calorimetry. The results revealed that the
compounds Neq0051, Neq0053 and Neq0054 have
Ki values of 11.9 ± 4 µM, 71.0 ± 3 µM and 35.5 ± 5
µM, respectively. In vitro Studies for trypanocidal
activity using the amastigote form of T. cruzi from
Tulahuen strain showed that the compound
Neq0054 exhibited EC50 value of 37 µM.
The predicted mode of binding (MOB) for the
enzime-Neq0054 complex showed interactions with
key amino acids residues into Glyceraldehyde-3phosphate (G3P) site such as T167, T226, S224,
S247 and R249. An H-bond between the nitrogen of
+
quinoline ring and NAD along with cation-
interaction was observed between R249 and
Neq0054. The fact that the ligand has a keto group
occupying the phosphate site suggests a possible
interaction with the C166, as shown in the Figure
1(A).
The NADPH-dependent metabolism of Neq0054
was studied in rat liver microsomes after incubation
at 37 ºC for 6 h and the main metabolism product
th

Figure 1. (A) Predicted mode of binding for Neq0054.
(B) HPLC chromatograms and MS spectra of Neq0054
and its hydroxylated metabolite.

Conclusions
In this work we successfully used the integration of
analytical and computational approaches to discover
new hits with trypanocidal activity against TcGAPDH.
The compound Neq0054 has a LE value of 0.29
-1
-1
kcal mol atom , that combined to its low molecular
-1
weight (279.3 g mol ) and the suitable metabolic
profile, characterize this inhibitor as an excellent
candidate for molecular optimization.
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Introduction
marked increase in the atherogenic index (AI), a
predictor factor of cardiovascular risk. The treatment
with C. baccatum extract was able to prevent the
increase of the total content of cholesterol and LDL
fraction in a condition of high intake of
carbohydrates and lipids, and reduced the AI
(p<0.05) (Fig. 2). Through the glucose tolerance test
(GGT) was possible to observe an impaired glucose
tolerance in animals that received the HP diet (HP)
compared to the control group (SD), which received
standard diet. In fact, the plasma glucose of animals
of HP group is greater at all times of the GGT
(fasting, 30, 60 and 120 min). Interesting, the
animals treated with the C. baccatum extract did not
develop this glucose intolerance in the presence of
HP diet, remaining glucose levels in this group very
similar those observed in control animals (Fig. 3).
E

***

14

Glycemia (mg/dL)

**

Results and Discussion
Employing
a
research
methodology
following bioguided fractionation, C. baccatum fruits
were extracted with increasing polarity solvents
(dichloromethane, n-butanol, ethanol and water) and
the alcoholic extracts presented a significant
antioxidant and anti-inflammatory activities (Fig.1
and Table 1).

GTT - 130 days

400

HP
HP+BUT
SD
SD+BUT

15

CT/HDL-c

Metabolic disorders represent a serious
health condition that has been reaching epidemic
1
proportions
worldwide.
Recent
studies
demonstrated
that
hyperlipidemia
and
hyperglycemia, associated with inflammation and
oxidative stress, are closely linked to an increased
2,3
risk of cardiovascular problems. The development
of new agents with protective effects in these
chronic conditions has high priority in current
research. In this context, purified natural substances
or standardized plant extracts play an important role
4,5
in the treatment of complex disorders. The red
pepper Capsicum baccatum is widely consumed in
Brazil, but there are few reports concerning its
chemical composition and biological properties.
Recently, our research group showed that this
species presents appreciable anti-inflammatory and
6,7
antioxidant proprieties without side effects.
The
aim of this study was evaluate the effects of C.
baccatum administration on lipid and glycemic
profiles of rats, in the presence of a highly palatable
diet (HP diet).
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#
5
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0
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Fig. 2 – Atherogenic index.
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Fig. 3 - Glucose tolerance test.

These findings suggested that C. baccatum
extract avoid the metabolic changes induced by HP
diet, revealing an important preventive action in the
diet-induced development of hyperglycemia and
dyslipidemia.
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Fig. 1-Anti-inflammatory activity.

Table 1 - The total flavonoid and phenolic contents, and
antioxidant activity of C. baccatum extracts.
Samples(

Total(flavonoid(( Total(phenolic((
(mg(QE/g)(
(mg(GAE/g)(

EC50(
(µg.ml@1)(

Ascorbic(acid((
Quercetin(
CE(
DCM(
BUT(
RAq((

(
(
34.36(±(4.04c(
102.48(±(6.38a(
54.68(±(2.92b(
20.80(±(1.56d(

4.68(±(0.58a(
14.91(±(2.74b(
267.58(±(29.08d(
66.21(±(8.50c(
241.64(±(26.12d(
327.37(±(35.26d(

(
(
180.08(±(3.76a(
149.28(±(2.46b(
187.51(±(2.34a(
186.00(±(6.82a(

Our results suggest that C. baccatum
contains potentially hypolipidemic and hypoglycemic
compounds that, associated with antioxidant and
anti-inflammatory effects previously demonstrated,
could be assayed as drug candidates against
pathological processes related to metabolic and
cardiovascular disorders in medicinal chemistry
studies. The continuation of this research aims the
isolation and identification of the responsible
substances for these activities, finding new active
molecules, as well as to study the pharmacological
mechanisms involved in these effects.

(

The contents of flavonoids and total
phenolic compounds could be correlated with the
antioxidant and anti-inflammatory activities observed
for C. baccatum extracts. The most active extract in
the initial screening was selected to be administered
per os to rats for 130 days concomitantly to a
hypercaloric diet. HP diet consumption significantly
increased the body weight gain, modified lipid profile
and glucose homeostasis of rats. There was a
th
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Introduction
Lung cancer is the most deadly and the second
most incident cancer in the US, and the majority of
cases are accounted by non-small cell lung cancer
(NSCLC). The current chemotherapy schedule for
advanced NSCLC includes a platinum drug
1
associated to third-generation agents. Despite
recent therapeutic advances, the overall survival
rate remains poor. Therefore, new drugs and
strategies of drug combination are necessary. In this
study, we investigated the in vitro effects related with
the association of oxaliplatin and LabMol-12, a new
pyridinyl derivative, in NCI-H1299 cells, as well as
performed molecular modeling studies to investigate
whether the combined therapy can provide a better
therapeutically profile effects against NSCLC.

on the pyridinyl and indole rings and on the carbonyl
of the amide group bounded to cyclohexane ring.
Moreover, LabMol-12 LUMO map is similar to the πantibonding orbital observed in oxaliplatin, indicating
a possible synergic effect in their combined
biological action.
In our experimental investigations, it has been
shown that LabMol-12 reduces cell viability of NCIH1299 cells in 2D and 3D cell culture, and also
potentiates the effect caused by oxaliplatin. The
drug combination study showed that LabMol-12 can
acts synergically with oxaliplatin, according with the
combination index (CI), calculated by the ChouTalalay equation (Table 1).
Table 1. Combination Index (CI) of LabMol-12 10 µM
associated to oxaliplatin 2.5, 5 and 10 µM in NCI-H1299
cells.

Results and Discussion
There are three major parameters of critical
importance in the intermolecular interactions those
underlies
ligand-receptor
binding:
electronic,
hydrophobic and steric properties. Therefore, we
have
performed
quantum-mechanics
(QM)
calculations to study the electronic profiles of
LabMol-12 and oxaliplatin, to shed some light into
their reactivities and biological activities. The
structures were fully optimized in vacuum at the DFT
level, using B3LYP hybrid functional with the 6-31G*
basis set for H, C, N, O atoms and LANL2DZ basis
2
set for the Pt, using the ORCA 3.0.2 software. The
electronic density distribution of LabMol-12 and
oxaliplatin can be visualized through the MEPs, (Fig.
1). It is noteworthy that the major electron density in
oxaliplatin is around the oxalate leaving group,
showing how reactive this group is and its
importance on reactivity of this compound. The
higher electron density in LabMol-12 is distributed

LabMol-12 (µM)

Oxaliplatin (µM)

CI*

10.0

10.0

1.1

10.0

5.0

0.6

10.0

2.5

0.4

*CI < 1, CI = 1, and CI > 1 indicate, respectively, synergism,
additive and antagonism effect of the association.

The 3D culture data corroborates with monolayer’s
results, once that it shows that, on tumor’s
microenvironment in vitro, LabMol-12 alone and its
association to different oxaliplatin doses produces
apoptotic morphologic signs.

Conclusions
LabMol-12 was found as a new hit for lung cancer
treatment that reduces cellular metabolic viability
and induces cell death on NCI-H1299 cells both in
monolayer and 3D culture. Moreover, LabMol-12
allows reduction of oxaliplatin dose when they are
combined, thereby; it is a relevant strategy for
reducing the side effects of oxaliplatin. Molecular
modeling studies corroborated the biological
findings and suggested that the combination of
LabMol-12 and oxaliplatin could have a synergistic
effect, and will guide future studies.
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Introduction
It is known, although not well understood, that the
α4-βA loop in TcDHODH and other members of the
Family 1A of DHODHs is flexible enough to allow the
substrates/products to get in/out the active site so
that the catalysis can be performed. The interaction
of ligands in a hidden pocket that we have identified
1
and named S2 site would require some side chain
and backbone conformational adaptation of α4-βA
loop and neighbor region to accommodate
substituents extending from a scaffold bound in S1
(active site). In order to investigate this possibility we
need better comprehend the conformational
behavior of the α4 -βA loop to be able to take
advantage of its high flexibility for the identification of
ligands.

condensation of 3-(2-Furyl)acrolein and barbituric
acid. Additionally, Neq131 and Neq393, that carry
bioisosteric replacement of furane ring by thiophene
and phenyl, respectively, were synthesized and
assayed against TcDHODH. Both compound were
confirmed to be active, but less potent than Neq71.
To advance into the molecular optimization of these
ligands, we successfully obtained high-resolution Xray structures of compounds Neq71 (1.41 Å) and
Neq130 (1.46 Å) in complex with TcDHODH. Figure
2 illustrates the interaction between compound 71
with TcDHODH revealed by structural data.

Results and Discussion
An accelerated Molecular Dynamic simulation
2
(aMD) using the apo form of the protein was
performed to observe some conformational states
that could allow ligands interact in S1/S2 site but are
hidden behind static conformation or the crystal
packing in X-ray structures. After 32 ns of aMD
many conformational states of α 4-βA not observed
using non-accelerated MD came up, evidencing the
actual potential for the design of ligands. Figure 1
shows the loop movement observed in aMD
trajectory compared to the initial structure.

Figure 2 Mode of binding of compounds (a) Neq71 and
(b) Neq130 determined through X-ray crystallography.

The MOB found for Neq71 with TcDHODH
confirms the high plasticity of TcDHODH as
predicted through aMD. Furthermore, the continuous
density between the catalytic cysteine residue
(Cys130) Sγ and the α-carbon atom of the α-βunsaturated substituents with distances of 2.24
(Neq71) and 2.19 (Neq130) Å suggest covalent
inhibition. Notwithstanding, in further dilution
experiments these inhibitors revealed to be fully
reversible.

Conclusions

Figure 1. TcDHODH α4-βA loop movement in the
course of aMD.

It`s is clear in Figure 1 that aMD unveils much
more space to be explored than that observed in
crystal structure. These results confirmed our
expectations for the possibility of S1/S2 to be
occupied by ligands to gain affinity. Based in these
findings we selected some commercial compounds
through Induced-fit Docking to proof this hypothesis
and tested against TcDHODH. Neq71 (Figure 2)
showed to be able to inhibit the enzyme (Ki=250 nM)
and was then resynthesized in through Knoevenagel
th

Employing Molecular Dynamics simulation we
were able to predict the high plasticity of TcDHODH
active site, explore and validate it with the design of
inhibitors and the characterization of their MOB
though high-resolution crystal structures. This
information is going to be useful for the optimization
of inhibitors and discovery of novel classes of
Trypanocidal agents.
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Introduction
The known metabolites of the genus Senna have a
variety of applications, among which the oldest use
is as a laxative. Extracts of several of species of the
genus have been used in traditional folk medicine
preparations
as
a
stomachic,
febrifuge,
antianaemic, antigonorrheal, antimycotic, diuretic,
fungicidal, and to treat skin diseases. Senna
georgica Irwin & Barneby (Leguminoseae),
popularly known as "lava prato” and "mata pasto", is
a shrubby plant with yellow flowers native from
Brazil1. A literature review revealed a complete
absence of chemical and pharmacological studies
performed on this specie, which is the reason why
the plant was selected for study.

Results and Discussion
The botanical material (leaves, bark and root) was
carefully separated, dried to constant weight.
Material (5g) was delipidated with n-hexane (3h).
After drying, the solids were again extracted with
methanol (3x3h). Organic solvent was removed and
the total phenols in extracts of S. georgica were
quantitated by the Folin-Ciocalteu assay2 and
antioxidant capacity of extracts was measured in the
DPPH, FRAP and ORAC assays (Table 1).
Table1. Antioxidant capacity of methanol
extracts de Senna georgica I & B
Material
Leaf
Root
Bark
aDPPH(IC

50)

2741.08

111.24

200.35

bFRAP(EC)

2962.00

486.00

843.71

0.63

2.85

1.81

20.75

190.70

98.25

cORAC
dEAG/g

unit

a IC :
50

concentration of extract (mg/L) where 50% of the DPPH
radical is scavenged.
bEC : concentration of substance (mg/L) giving an absorbance
1
increase equivalent to 1 mmol/L Fe(II) solution.
c1 ORAC unit equals the inhibition of the declining fluorescence
produced by 1 µmol/L Trolox.
dEGA: Equivalent gallic acid.

The antioxidant capacity of the plant extract largely
depends on both the composition of the extract and
the test system. It can be influenced by a large
number of factors, and can not be fully evaluated by
one single method. It is necessary to perform more
than one type of antioxidant capacity measurement
to take into account the various mechanisms of
antioxidant action3. The results indicate all extracts

showed antioxidant activity in the three tests and that
extracts S. georgica root, S. georgica bark are more
potent than S. georgica leaves. Strong correlations
between the polyphenol content and antioxidant
capacity were observed as depicted in ORAC assay.
Chromatographic separation of methanol extract (5
mg/mL) was conducted using LC-ESI-MSD (Fig.1).

Fig.1.The identify of the peaks of Senna georgica root: (1)Transoxyresveratrol, (2)Methoxy oxyresveratrol, (3)Not Identified,
(4)Cis-oxyresveratrol, (5)Butein glucoside; S. georgica bark:
(1)Vanillic acid, (2)Syringic acid, (3)Dihydromyricetin, (4)Methoxy
benzaldeyde, (5)Ellagic acid, (6)Quercitrin, (7)Myricetin,
(8)Quercetin; S. georgica leaf: (1)Rutin glucoside, (2)Quercetin
diglucoside, (3)Kaempferol dirhamnoglucoside, (4)Kaempferol
diglucoside.

The analysis of the chromatograms obtained by LCESI-MSD methanol extracts of S. georgica allowed
by comparing patterns MS spectra and retention
times, enable to propose the identification of 16
compounds in extracts studied. Resveratrol is the most
studied stilbene, because has been associated with
longer life expectancy. However, research has shown

that oxyresveratrol derivatives may be more effective
antioxidants4, which together with flavonoids
identified, justify the antioxidant activity of S.
georgica.

Conclusions
All extracts are promising sources of natural
antioxidants and other bioactive compounds in food
and pharmaceutical industries
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Introduction
Chagas disease, a serious health problem in
South and Central Americas, is caused by the
protozoan parasite Trypanosoma cruzi.1 The enzyme
glyceraldehyde-3-phosphate
dehydrogenase
(GAPDH; EC 1.2.1.12) acts in the glycolytic pathway
and it is a potential target for pharmaceutical
intervention.2 In this work, we report the sequence of
a study where a new class of TcGAPDH inhibitors
was identified: 2,3-dihydro-1H-indole-5-sulfonamide.

Results and Discussion
Using computational methods in drug discovery,
we selected some purchasable compounds to
assay against TcGAPDH. The most potent
app
3
compound, the Neq0125 (Ki
= 13.2 µM),
occupies the outermost region of the TcGAPDH
active site, positioning itself near K230 and making
a hydrophobic interaction with P136. The
sulfonamide group shows two interactions with the
amino acids used as constraint for docking (S247
and T167) and the H194, which is an amino acid
that takes part in catalysis. It kept a distance of 3.92
Å from C166 and showed no interactions or
+
proximity with respect to NAD . To properly confirm
that the site is occupied, a molecular dynamics
(MD) simulation was applied. After MD, Neq0125
was preserved on G3P site without any contact with
+
cofactor (NAD ). This behavior reinforced the result
obtained by Isothermal Titration Calorimetry that
Neq0125 is a competitive inhibitor.
A new series was then proposed by varying
different chemical moieties linked to the phenolic ring
bound on N of 2,3-dihydro-1H-indole-5-sulfonamide
of Neq0125. The virtual collection was docked and
those with better docking results than Neq0125 were
purchased
for
biochemical
assays
against
TcGAPDH by ITC (Figure 1).

Surprisingly, seven compounds with a nitrile on the
phenyl ring (a warhead widely known as reversible
covalent inhibitors of cysteine proteases) were
oriented away from the C166. This led us to propose
that the most important group for interaction with
active site of TcGAPDH was the 2,3-dihydro-1Hindole-5-sulfonamide.
To confirm our hypothesis, we analyzed all docked
poses and it was observed that the sulfonamide
group remained at an average distance of 3.30 Å
from C166 and 3.90 Å from H194. Three of them
differ on a nitrile position in the phenolic ring
(Neq0404, 0429 and 0431). This minimal
modification provided two interactions for Neq0429
(Figure 2). The first is a H-bond between the G227
and the N of 2,3-dihydro-1H-indole ring and the
second is a cation-π interaction between the K230
and the phenolic ring.

Figure 2. 2D representation of interactions
between Neq0429 and G3P site

Conclusions
In the light of the important result where a potent
compound was identified (Neq0125), 15 new
analogs were chosen using chemoinformatics
methods and tools. The 2,3-dihydro-1H-indole-5sulfonamide group was predicted to occupy the
same position in G3P site repeatedly and emerges
as a new scaffold for TcGAPDH inhibitors.
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Figure 1. Docking pose of Neq0125 (light
orange) Neq0404 (grey), 0429 (light blue), 0430
(pink) and 0431 (green). The yellow and red
surface represents C166 and H194, respectively
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Introduction
Brugmansia suaveolens (Humb. & Bonpl. ex
Willd.) Bercht. & C. Presl (Syn. Datura suaveolens;
Common name: Angel’s trumpet) is a flouring shrub
of Solanaceae family and it is native from coastal
regions of the rainforest in Southeast Brazil. This
plant has been investigated due to its inflammatory
and wound healing activities and mainly due to the
presence of alkaloids. Nevertheless, only few
studies related the characterization of flavonoid
glycosides [1]. This prompted us to investigate the
ethanolic extract prepared from its leaves.
(1)
(2)
(3)
(4)

Results and Discussion
Four new flavonol glycosides were isolated from the
leaves of Brugmansia suaveolens: kaempferol 3-Oβ-D-glucopyranosyl-(1'''→2'')-O-α-arabinopyranoside
(1), kaempferol 3-O-β-D-glucopyranosyl-(1'''→2'')-Oα-L-arabinopyranoside-7-O-į-D-glucopyranoside
(2),
kaempferol
3-O-β-D-[6'''-O-(E-caffeoyl)]glucopyranosyl-(1'''→2'')-O-α-L- arabinopyranoside7-O-β-D-glucopyranoside (3), and kaempferol 3-O-βD-[2'''-O-(E- caffeoyl)]-glucopyranosyl-(1'''→2'')-O-αL-arabinopyranoside-7-O-β-D-glucopyranoside (4).
The structure elucidation was performed by MS, 1D
and 2D NMR analyses.

R1
OH
O-Glc
O-Glc
O-Glc

R2
OH
OH
O-Caffeoyl
OH

R3
OH
OH
OH
O-Caffeoyl

Conclusions
The four kaempferol glycosides isolated from the
leaves of B. suaveolensare described for the first
time in Nature. The similarities of the chemical
structures suggest a common biosynthetic pathway
with the constituents reported by [1] for the same
plant species.
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Animals that were treated with H3, HBH57, 13HDS
and galantamine showed higher memory retention in
test session when compared with animals treated
with vehicle (control),
an effect which was
statistically significant (U = 23.5, p < 0.05).

Results and Discussion
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Figure 1. Sesquiterpenoids isolated from
Hedyosmum brasiliense
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In total, five sesquiterpene lactones and a
sesquiterpene alcohol were evaluated against
cognitive deficit induced by amyloid peptide Aβ 1-42,
in 3-month-old male Swiss albino mice weighing 25–
35 g. Aβ1–42 (400 pmol/mouse), or control solution
(PBS) were administered by intracerebroventricular
(i.c.v.) route and animals that received Aβ1–42 were
treated with the isolated compounds (1µg, i.c.v) and
galantamine (3mg/kg i.p.). The sesquiterpenoids
were isolated from the hexane fraction {Podoandin
(H3);
Onoseriolide
(13HDS);
15-acetoxyisogermafurenolide
(HB22)}
and
the
dichloromethane
fraction
{15-hydroxyisogermafurenolide (HB21); 1,2-epoxy-10α-hydroxypodoandin
(AE41); aromadendrane-4,10α-diol
(HBH57)}. These substances are guaine-type (H3,
AE41, HBH57), elemane-type (HB21, HB22) and
lindenane-type (13HDS) sesquiterpenoids.
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It is estimated that about 4.6 million new cases of
Alzheimer´s disease (AD) are added every year to
the existing high number of cases. With the lack of
effective drugs for AD´s treatment, new drug
1
substances from plant sources are being explored .
Hence our group evaluated sesquiterpenoids;
2
sesquiterpene lactones
and a sesquiterpene
3
alcohol from the ethanolic extract of Hedyosmum
brasiliense Miq. (HB) for their anti-Alzheimer activity.
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Introduction
Alzheimer disease (AD) is a progressive
neurodegenerative disorder, and its causes have not
been clearly understood. It has been observed that
the suppression of acetylcholine (ACh) leads to a
massive loss of capacity of central nervous system.
AChE is an enzyme that catalyses the hydrolysis of
the neurotransmitter ACh at the synaptic cleft into its
two components choline and acetic acid and for that
reason some acetylcholinesterase inhibitors (AChEI)
have been used as a therapeutic strategy for the
deficiency in ACh in patients with AD [1],[2]. This
work, we use the calculation of electronic structure
and principal component analysis (PCA) to select
statistically structures of new acetylcholinesterase
inhibitors that best correlate with the donepezil, an
active drug.

Results and Discussion
At the first step of our modelling, the molecular
geometries of all compounds were optimized using
DFT, with hybrid functional B3LYP and 6311+G(2d,p) basis set, in order to find the most
stable conformers. We obtained a set of descriptors
and considering the combination of descriptors, Low
Energy, Refractivity, GAP and PKa for the PCA
technique of pattern recognition, once observed that
candidate LDT161 (number 6) well correlated with
the donepezil. The figure 1 shows the donepezil (D)
and the distribution of our candidates in the two first
principal components. Together, PC1 and PC2,
account 93.5% the information about the correlation,
ensuring a good confidence in our theoretical
results.

At the second step the compounds were
synthesized and tested. Table 1 shows IC50, for our
better candidates for AChE inhibitor.
Table 1. Activity test IC50(µM)
Compounds
4

IC50
27.6

5

16.1

6

6.6

7

17.2

The AChE inhibition data for the compounds of the
series A (considered the heterocyclic amines as
pyrrolidine and piperidine, their hydroxyl derivatives
(positions 2, 3 and 4) position and some acetyl and
carbamoyl derivatives of them.) revealed that nonsubstituted heterocyclic amines as pyrrolidine (2LDT148) and piperidine (1-LDT140) showed a better
profile than the hydroxylated derivatives (8LDT254,9-LDT255,10-LDT256), including those with
acetyl (3 LDT151) and carbamoyl (4-LDT152)
groups. Considering the compounds of the series B
(included the benzylamine derivatives as a
simplification of the pharmacophoric moiety as can
be found in some active drugs like donepezil and
rivastigmine) some interesting conclusion can be
drawn from the data reported in Table 1. The
compounds with a 2-methoxy group at the
benzylamine moiety (6-LDT161,7-LDT167) showed
a better AChE inhibitor profile than benzylamine
non-substituted compound (5-LDT160) and were the
best compounds among all evaluated.

Conclusions
The theoretical predictions are in agreement with
the biological activity test applied to these
compounds so we are able to infer the desired
inhibitory action of our drug candidate. With these
results in mind, new methods will be applied, such
as docking and molecular dynamics to gain insight
into mode of binding of these compounds.
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Introduction
Malaria is an infectious disease caused by
Plasmodium sp., and the main specie responsible
for the malaria-related deaths is Plasmodium
falciparum.
There are chemotherapy drugs such as
artesunate and mefloquine available in the market.
However, the etiological agent has shown an
increasing resistance to these compounds.
Experimental genetic studies have shown that the
Plasmodium falciparum hexose transporter (PfHT) is
a potential molecular target for the development of
antimalarial drugs. Its inhibition impairs the glucose
absorption and therefore eliminates parasites.
In this context, 3-substituted D-glucose,
derivatives mainly 3-O-(undec-10-en-1-yl)- D-glucose
(fig. 1) presented antiplasmodial activity due to
inhibition to PfHT1.

Results and Discussion
The following table shows the values of the binding
energy between the receiver (PfHT) and the
prototype (A) and the new ligand (B and C).
Table 1. Results of bonding energy:
Ligand
A
B
C

Bonding energy (ΔG)
α ( -5,5)
β (- 5,4)
(- 5,6)
α ( -5,0)
β (- 5,1)

The Discovery Studio Visualizer 2.5
software was used to evaluate the participation of
amino acid residues and intermolecular interactions
involved in the PfHT-ligand B complex (fig 3).
complexo

Figure 1 – Structure of the prototype A.
The prototype 1 (Fig 1) is a mixture of
anomers (α and β) and was obtained by the group in
previous studies. This compound was docked
against PfHT by AutoDock Vina software. The
result is showed in Table 1.
The compound C (Fig 2) has a substitution
of the terminal olefin by a carboxyl group. B, on the
other hand, is a bioisoster of A with define
stereochemistry (β) containing an amide group at
the C-1 position instead of the hydroxyl group. This
compound proved to be more promising than A and
C due to the lower binding energy (ΔG) when
docked with PfHT. The interactions of compound B
with the amino acid portions of the protein are
shown in Figure 3.

Figure 3 – Amino acid interactions in PfHTligand B

Conclusions
Considering the docking results, the synthesis and
characterization of analogs B and C were planned
and are in progress. They will be presented in due
course
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Introduction
Efavirenz (EFZ) is one of the most important drugs
used in anti HIV cocktail distributed free by the
Sistema Único de Saúde (SUS) - Unified Health
System (UHS). The structure of EFZ presents
different hydrogen bonding sites that increase the
possibility to exhibit different crystal packing upon
crystallization. In the solid state, the compounds can
exist in more than one polymorphic form. Such
forms often have significant differences in solubility,
bioavailability, processability and physical-chemical
stability. Furthermore, the extreme conditions used
for drug formulations may change with possible
increase in interactions with excipients, or even
affecting significantly on its stability1. A sample of
EFZ (stable form) was recrystallized in n-heptane
(EFZ/HEP) to evaluate the modifications in it crystal
structure by Diffraction Scanning Calorimetry
(DSC), X-ray powder diffraction (XRPD) and Solid
State Magnetic Nuclear resonance (NMR).

4

6

Cl

N

1

2

O

8

CF3
14
10

Figure 1. XRPD of (a) EFZ and (b) EFZ/HEP.

Results and Discussion
DSC curves of EFZ shows a single sharp
endothermic peak around 140.0 ºC, by the other
hand, the EFZ/HEP, prepared from EFZ, showed
two endothermic peaks at 112.7 ºC and 140.7 ºC
and suggests the existence of polymorphism. XRPD
of EFZ and EFZ/HEP are shown in Figure 1. The
XRPD pattern of EFZ shows characteristic peaks at
2θ = 6.06º, 10.4º, 10.94º, 12.22º, 13.22º, 14.16º,
15.25º, 16.86º, 19.2º, 20.1º, 21.22º, 21.98º, 23.12º,
24.38º, 24.9º, 27.36º, 28.1º, 28.66º, 29.22º, 29.6º,
30.78º, 32.36º and 37.34º - Figure 2a2. The overlaid
XRPD of EFZ and EFZ/HEP shows different peaks
at pattern 2θ = 11.3º, 11.7º, 12.5º, 16.5º, 17.7º,
20.8º, 21.56º, 27.56º and 28.3º whereas the
characteristic peaks of EFZ (stable form) appeared
at 6.06º, 10.4º, 14.16º, 20.1º and 32.36º
(highlighted) were absent in figure 2b. The 13C NMR
CP/MAS spectrum of EFZ/HEP showed to be quite
distinct to the obtained for EFZ. The signals around
125-140 ppm on solid-state 13C CPMAS NMR are
broadened and overlapped and no split resonances
are observed for C-10, C-9 and C-11 carbon as EFZ
sample (Figure 2).

Figure 2.
EFZ.

13

C CPMAS NMR: (a) EFZ/HEP and (b)

Conclusions
These results suggest the existence of a new
polymorphic form of Efavirenz and this fact is not
related in the literature before.
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Introduction

Platelet aggregation is one of the main events
involved in the vascular thrombus formation process,
however platelet antiaggregant drugs available or
treatment of cardiovascular diseases have several
adverse effects1, pointing to the importance of new
compounds identification. Recently, our group
characterized the platelet antiaggregant profile of a
new Pyrazolopyridine derivatives series in rabbit
plasma, but aspects such as action mechanism and
toxicity have not been elucidated. Therefore, the aim
of this work is to further characterize the platelet
antiaggregant and toxicological profile in vitro, in
vivo and in silico of these new pyrazolopyridine
derivatives (3a, 3b and 3h).

compared do aspirin and lower
potential through bleeding time.

hemorrhagic

Figure 1. Protein-ligand interaction simulations
between derivative 3a and TXS

Results and Discussion
Derivatives 3a, 3b and 3h (100µM) significantly
inhibited human platelet aggregation induced by
arachidonic acid (IC50 = 29,6μM±2,7; 58,2μM±1,9
and 59,0μM±2,5) respectively compared to the
controls, acetylsalicylic acid IC50 = 40,5μM±4,9 and
ozagrel IC50 = 53,1 ± 2,4) (Table 1).
Coagulation assays (PT and aPTT) did not show
significative influence on extrinsic and/or intrinsic
pathways, prompting to a selectivity mechanism for
inhibition of human platelets.
None of the derivatives presented a hemolytic
profile, implying low toxicity.
Docking analysis for all derivatives with TXS
revealed feasible binding energies greater than
those observed for COX-1 complexes, suggesting
the establishment of tight ligand-protein complexes
in
comparison
to
Ozagrel
(-5.15kcal/mol).
Accordingly to our results, the stability of derivative
3a, 3b and 3h occurs due to the establishment of
strong 1.65 Å hydrogen bonds between ARG371
and the N-acylhydrazone group In addition,
derivative 3a was able to establish two hydrogen
bonds through the substituted hydroxyl group with
ILE181 and ILE183, surpassing both derivatives 3b
and derivative 3h (FIG 1).
Finally, for in vivo assays, derivative 3a showed
better protection against thrombus formation when

Table 1. Binding energy (BE) with COX-1 or TXS
and IC50 values on platelet aggregation induced
by arachidonic acid (500μM)
R
IC50 (μM) BE COX-1 BE TXS
kcal/mol
kcal/mol
3a
OH 29,6 ± 2,7
-6.07
-7.26
3b
CN 58,2 ± 1,9
-7.25
-8.14
3h
NO2 59,0 ± 2,5
-6.86
-8.08
Aspirin
---- 40,5 ± 4,9
-3.28
---Ozagrel ---- 53,1 ± 2,4
----5.15

Conclusions
Derivatives 3a, 3b and 3h showed platelet
antiaggregant effective activity with interestingly in
silico results. These results indicate that derivative
3a is a potential candidate for the treatment of
cardiovascular diseases.
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Introduction
Dalbergia
ecastophyllum
(L)
Taub.
(Leguminosae), a species found in northeastern
Brazil, is described as the botanical origin of a new
1
type of propolis, Red Propolis , rich in several
classes of compounds including flavonoids, which
has potent biological action, which studies prove
antibacterial, antifungal, antioxidant and antitumor
2
properties .

De-1: formononetin

Results and Discussion
The botanical material of D. ecastophyllum
was collected in the state of Paraíba. For
phytochemical studies, an aliquot of the
dichloromethane phase (40,0 g) was subjected to
vacuum filtration using several solvent systems. The
fraction hexane:acetate (7:3) was coded as De-1 (37
mg). The fraction hexane:acetate (1:1) was
submitted to column chromatography, which
fractions
were
analyzed
by
Thin-layer
Chromatography (TLC) and assembled according to
the Rf’s, the fraction 62 (18 mg) were codificated as
1
De-2. The chemical structure was determined by H
13
and C NMR.
For pharmacological studies testing the
antibacterial activity of the crude ethanolic extract
(CEE) was evaluated against Salmonella enterica
serovar typhi ATCC 14028. The CEE was diluted in
Mueller Hinton broth, and the minimal inhibitory
concentration (MIC) was determined by microdilution
method in a 96-well microplate. The MIC was
considered the lowest concentration that inhibited
visible bacterial growth (no turbidity). Then all wells
clean and the first cloudy well were removed 10 µl
and seeded in Mueller Hinton Agar to establish the
minimum bactericidal concentration (MBC), which
was the lowest concentration that inhibited 99% of
bacterial growth. The MIC value of D. ecastophyllum
against Salmonella enterica serovar Typhi was 0.01
± 0.187 mg/ml and MBC was 1.5 ± 0.01 mg/ml.

De-2: daidzein
Figure 1. Chemical structure of De-1 and De-2.

Conclusions
The chemical studies of dichloromethane
phase from D. ecastophyllum resulted in the isolation
of flavonoids, structurally identified by spectroscopic
1
13
methods H and
C NMR. They were named
respectively formononetin (De-1) and daidzein (De2), which in the literature have large pharmacological
properties. The pharmacological study has shown
that the CEE has antibacterial activity against the
microorganisms tested and can be exploited for the
development of antibacterial agents.
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Introduction
Toxicity tests using in vitro culture of immortalized
cells are viable alternatives to in vivo experimental
1
protocols. They are indicated for the acute, systemic
and local tests and have potential to predict drug
toxicities. Among them, fibroblast activity is an
indicator of cytotoxicity used in academic area and
industry. The aiming of this study was to determine
the percentage of mouse fibroblast cells (Balb-c)
alive after its incubation with antichagasic
compounds.

experiment. Because of the correlation between in
vitro and in vivo tests, we expected that these
molecules should not present acute toxicity in
animals. These data are corroborated to Neq0409,
which has no toxic activity in a recent study using
Balb-c mice infected with Trypanosoma cruzi. These
nitrile derivatives are known transient covalent
inhibitors of cruzain and they are providing good
selectivity ratio according to Balb-c screenings.

Results and Discussion
Balb-c 3T3 clone A31 cells were cultured in DMEM
-1
medium supplemented with 3.5 g L glucose, 10%
fetal bovine serum (FBS) at 37 ° C in CO2
atmosphere (5%). 100 µL of Balb-c fibroblasts were
pipetted into culture plate (96 wells) at a
5
-1
concentration of 10 cells mL . After 24 h, the
compounds of interest were added and further
incubated for 24 h. Cell death was monitored using
2
the MTT colorimetric method by measuring the
absorbance at 570 nm using the plate reader
Synergy HT, Biotek.
The initial screening was composed by
antichagasic compounds (250 µM) and the reference
molecule for cell death, doxorubicin (100 uM), Fig. 1.

% Viability

Figure 2: Viability assay during three days of incubation.

Conclusions
Antichagasic molecules show great selectivity for
parasite over mammalian cells. Previous studies
showed that these molecules are potent in the low
micromolar range against Trypanosoma cruzi and
here we confirmed its absence of cytotoxicity on
fibroblast cells at the highest concentration tested
(250 µM). The low toxicity of certain molecules in
vitro has been recently demonstrated in an in vivo
study using a mouse model infected by the parasite.
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Figure 1: Initial screening of the whole set of compounds.
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Figure 1 shows the molecules were not cytotoxic
when incubated for 24 h. Only doxorubicin had mild
cytotoxic activity. Based on this result, four of these
molecules along with doxorubicin were incubated for
3 days (Fig. 2) and, as expected, doxorubicin
1
cytotoxicity toward Balb-c cells (90% of cell death
after 3 days of incubation). All antichagasic
molecules had no effect on cell viability during the
th
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Figure 2. Screening of cruzain inhibitos synthesized
in house.

Conclusions
Cruzain inhibitors and benznidazole have long
term activity. T. cruzi Y strain presents resistance to
many bioactive molecules, including these small set
of cruzain inhibitors even after 5 days of incubation.
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Figure 1. Optimization of the time of incubation with
MTT (a) the type of solubilizing agent and the
incubation time (b).
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These results demonstrate that there is a
correlation between the reference method of manual
counting with the Neubauer Chamber and the MTT
colorimetric method, so both methods have similar
sensitivity to determine the viability of epimastigotes
in vitro.
The compounds Neq 409 (Fig. 2a), 413 (Fig. 2b)
and 414 (Fig. 2c) were synthesized, targeting,
inhibition of the cruzain enzyme, which is very
important for the defense mechanisms of the
parasite.
a)
b)
c)

2

The epimastigote form of the T. cruzi Y strain is
cultivated in LIT medium supplemented with 10%
fetal bovine serum (FBS) and solution of penicillin /
streptomycin (1%) at 28 º C.
3,4
In the colorimetric assays 5 mg / ml MTT and
0.22 mg / ml PMS (phenazine methosulfate) are
used. The incubation time with MTT+PMS solution
(Fig. 1a) and the type of solubilizing agent (Fig. 1b)
were optimized for 4 h and 1h30, respectively.
a)
b)

0 0 0 .1 .4 .6 0 1 4 6
50 25 10 68 46 31 1 6.8 4.6 3.1

% viability

Results and Dis cussion
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0 DM
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1

Chagas is a parasitic disease caused by the
protozoan Trypanosoma cruzi and currently affects
1
16-18 million people and 25 million are at risk area.
For the treatment of the disease there are only two
benznidazole and nifurtimox therapy (banned the
marketing in most Latin American countries). These
drugs are effective in the acute phase, but there is
no therapy available for the chronic phase so far.
Hence novel drugs are eagerly wanted and cruzain
2
inhibitors are having promising bioactivity, being
K777 in late preclinical studies.
Cruzain is an important macromolecular target
because it is essential for the parasite activity, being
expressed in all of its forms. It is involved in the
degradation of proteins to feed the parasite,
remodeling the host cell, and the avoidance of the
defense mechanisms of the host cell. Therefore this
work is aimed to characterize the bioactivity of
putative cruzain inhibitors using epimastigotes.
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Introduction
The stability of the substances are altered by
changes in temperature, humidity, lighting and also
with the incorrect forms being stored. The
photodegradation is based on absorption of
ultraviolet radiation and oxidative reactions that
occurs in the photocatalytic process mechanism,
resulting in changes in the chemical structure and
the molecular weight reducing ¹.
The objective was to study the photostability of
chemical compounds from the analysis of
photodegradation in reactor emission of ultraviolet
light. The studied compounds are Piracetam and
drug Norestin.
The process was carried out over nine consecutive
weeks, during which the compounds of UV light
emission produced photoreactor in the literature
based model. Measurements were taken during
periods of seven days and the results were analyzed
and presented below.

Figure 02: Piracetam photodegradation

The next figure (Figure 03) represents this
variation.

Results and Discussion
For the analysis of Figure 1, the Drug Norestin
decreased in concentration, presented positive
results with respect to photobleaching.
Figure 03: Piracetam absorbance.

Conclusions
Through this work and from the graphs we observe
the sensitivity of Norestin photobleaching. Better,
analyze the results involving the Piracetam as the
Norestin through studies of the structures of
compounds originated from photobleaching, to had
better elucidate them. Studies on the natural
photobleaching (sunlight) will also be analyzed in the
future.
Figure 01: Norestin photodegradation.

Piracetam, at first, showed a decreasing curve in its
concentration; however, over the period of analysis,
the data of concentrations have varied in their
concentrations.
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Introduction
Foot-and-mouth disease virus (FMDV) causes a
highly contagious disease that infects cloven-hoofed
animals,
leading
to
devastating
economic
1
pro
consequences. The FMDV leader protease (Lb ) is
one of the virus-enconded protease responsible for
the virus polyprotein processement, which is crucial
1
pro
to its life-cycle . Moreover, Lb
inhibits the host
protein synthesis through the cleavage of the
homologous eukaryotic initiation factors (eIF4GI and
1,2
pro
II). FMDV Lb is a papain-like cysteine protease
and was recognized to be one of the smallest and
2
the most specific protease in this family. Although
pro
four 3D-structures of FMDV Lb have been already
elucidated, only few inhibitors were described in the
3
pro
literature. To search for novel FMDV Lb inhibitors,
recent docking studies using a set of 52 structural
diverse in house compounds (previously selected by
virtual screening as potential covalent cysteine
4
protease inhibitors) have been done in our group.
All docking poses were then analysed by visual
inspection and six hits were found. From them, two
pro
(A and B) showed FMDV Lb inhibition activity with
4
IC50 values in the range of 300 - 600 µM. Moreover,
the visual inspection of these inhibitors into the
pro
FMDV Lb active site gave some insights about the
interactions that could be important to generate
pro
pharmacophore models of FMDV Lb
inhibitors.
However in the drug design process, besides the
identification of novel inhibitors, it becomes crucial to
characterize their inhibition mechanism, in order to
5
distinguish potential modes of inhibition. For this
purpose, in this study, enzymatic assays were
performed to characterize the inhibition mechanisms
of the previously selected hits, focusing on their
reversibility.

Results and Discussion
For inhibitors A and B, reversibility of inhibition were
determined measuring the recovery of enzymatic
activity after a rapid and large dilution of the enzymeinhibitor complex. All inhibition assays were done in
pH 7.8 buffer (50 mM borate/borax) following
3,5
literature protocols. Initially, a solution containing
pro
Lb (100-fold over the required concentration for
the activity assay) was pre-activated in the presence
of dithiothreitol (2.5 mM) for 5 min. Stock solutions of
inhibitors A and B were prepared in DMSO (106.9
th

µM and 135.2 µM, respectively). Then, 5.0 µL of
each inhibitor was added. After an equilibration time
of 30 min at 0 ºC, the mixture was diluted 100-fold in
the buffer solution. A fluorogenic substrate (3 µM,
KVQRKLKGAGSSQ-Abz, Km = 0.5 µM) was added
to initiate the reaction. All reactions were recorded
on a HITACHI F-2500 spectrofluorphotometer
(λex = 320nm and λem = 420nm) at 37 °C. All
inhibition assays were done in duplicate. The results
were analysed by progress curves, fluorescence
values versus time (s). The slope values of the
progress curves obtained for these two inhibitors
were compared to those obtained for control assays
prepared at the same conditions, but without any
5
inhibitor. It was observed that the slope values
obtained with and without the inhibitors are equal,
considering the experimental error. Take into
account that inhibitors A and B were designed to be
covalent cysteine protease inhibitors, a slow
reversible or an irreversible inhibition mechanism
was expected for both inhibitors. However, the
results indicated that both inhibitors A and B exhibit a
pro
rapidly reversible inhibition against FMDV Lb ,
confirming how important is to characterize the
inhibition mechanism. For compounds A and B, the
reversible modes of inhibition (competitive,
noncompetitive and uncompetitive) are being
characterized.

Conclusions
pro

For both FMDV Lb inhibitors A and B, a rapidly
reversible inhibition mechanism was observed.
Inhibitors A and B are being evaluated to
characterize their reversible modes of inhibition.
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High Throughput Screening (HTS) is a widely used
1
drug-discovery process . In this work we performed
the development, miniaturization and validation of a
β-glucosidase assay in 384-well microplate format
(50 μL of reaction volume). This enzymatic activity is
involved in the pathogenesis of cancer and
Gaucher’s disease.

Assay performance was determined from the limit of
linearity (LOL) = 2000µM (data not shown) and the
limit of quantification (LOQ) = 20µM (Fig. 2).
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Figure 2. Calibration Curve of p-nitrophenol.
Intra-plate tests revealed a coefficient of variation
(CV) of 5.03%. In order to validate this enzymatic
2
assay, the Z’ value was obtained (Fig. 3).

Sodium Citrate (50 mM)
Sodium Phosphate (50 mM)
Tris-HCl (50 mM)

600

Abs/min

LOQ

0.21

0.06

pH
800

0.24

0.09

We performed a kinetic characterization of a
commercial β-glucosidase from almonds (EC
3.2.1.21) in order to establish the best conditions for
measuring this enzymatic activity (Fig.1)
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In this work we adapted a β-glucosidase assay to a
HTS format. This method will allow for the screening
of large chemical libraries in order to identify lead
compounds that can be used as scaffolds to develop
drugs to treat cancer and gaucher’s disease.
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Figure 1. Effect of pH (A), Temperature (B),
substrate concentration (C) on β-glucosidase
activity.
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Introduction
Among the wide variety of pharmacological activity
associated with the N-acylhydrazones (NAH), the
analgesic and anti-inflammatory properties stands
1
out . In this context, our laboratory was able to
identify in the last 5 years several NAH compounds
with
promise
antinociceptive/anti-inflammatory
2
activities .
In this project we aim to determine the
antinociceptive and anti-inflammatory activities of a
novel series of aliphatic-N-acylhydrazone derivatives,
designed in order to verify the contribution of the
aromatic unit connected to acyl function of NAH, that
was replaced by a saturated alifatic subunity.

Moreover, it was also observed in carrageenaninduced peritonitis model that LASSBio 1662, 1669,
1672, 1674, 1675, 1678, 1679, 1680, 1681 and 1682
exhibited anti-inflammatory activity (Figure 2).

Results and Discussion
Antinociceptive activity
Antinociceptive properties were observed in the
acetic acid-induced abdominal writhing model in
mice. The results obtained are illustrated in Figure 1.

Figure 2. Anti-inflammatory effect of aliphatic-N-acylhydrazone
derivatives
and
indomethacin
(100µmol/kg, p.o.) on the carrageenan-induced
peritonitis model (*P<0.05 and **P<0.01 in the
ANOVA test).

Conclusions
Based on the data shown here, we can concluded
that all derivatives exhibited antinociceptive activity
and LASSBio 1662, 1669, 1672, 1674, 1675, 1678,
1679, 1680, 1681 and 1682 also showed
considerable anti-inflammatory activity.
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Figure 1. Antinociceptive effect of of aliphatic-Nacylhydrazone derivatives and dypirone (100
µmol/kg, p.o.) on the acetic acid-induced writhings in
mice (*P<0.05 and **P<0.01 in the ANOVA test).
The results shows at nociceptive model (acetic
acid-induced writhing), which the derivatives
presented considerable antinociceptive activities.
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Stu dy of bi oactiv e molecules for pro state resistant cell line
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Intro duc tion

Prostate cancer, which has hormonal origin, is the
1
second leading cause of death among men .
However, hormone irresponsive cells (often called
androgen receptor independent) may arise for
metastatic cells. Therefore, it is utterly necessary to
evaluate the bioactivity of chemical compounds for
this disease, especially the AR-resistant cells.
In this work, anticancer molecules were tested in
vitro using PC-3 metastatic prostate cancer cells.

suggests that developing dual drugs for the same
family of cysteine proteases is feasible.
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PC-3 cells were cultivated in F12-K medium
supplemented with 10% fetal bovine serum (FBS),
1% solution of penicillin/streptomycin and under 5%
CO2
the
MTT
(3-(4,5atmosphere.
In
dimethylthiazolone-2-yl)-2,5-diphenyl
tetrazolium
5
bromide) colorimetric assay, 100 µL of 10 cells/mL
were cultivated during 24 hours in 96-well plates,
followed by the addition & incubation of compounds.
MTT was incubated for 3 h followed by the addition
of the solubilizing agent. The absorbance was
measured at 570 nm.
The reference set (Fig. 1a) presents different
mechanisms of action, listed below:
 Rapamycin is an mTOR kinase inhibitor and it is
2
investigated as an anticancer compound .
 Doxorubicin interacts with topoisomerase and DNA
intercalator. It inhibits the biosynthesis of
macromolecules being widely used in several
treatments of carcinomas and sarcomas in soft
3
tissues .
 YM-155 is an apoptosis inductor and presents
antitumor activity for several types of cancer
including the prostate, pancreatic and lung4.
 Etoposide is topoisomerase II inhibitor and a
cytotoxic anticancer drug responsible for apoptosis
induction and is mainly used for sarcomas and
testicular cancer5.
Molecules Neq0438 and Neq0440 presented the
highest potency in the test set. They were selected
based on the common structural pharamcophores of
kinase inhibitors and their bioactivity against mTOR
is now under investigation. Interestingly, nitrile
derivatives were also active at the concentration
range of 100 µM. These molecules are known
cathepsin inhibitors and its bioactive profile is being
tested in vitro using cathepsin L. These molecules
are cruzain inhibitors (hence, they are being under
study for Chagas disease) and this approach

Compounds

Fig. 1. Chemical structures of the reference set (a)
and PC-3 viability assay (b).

Concl usion
Results showed that the test set compounds are
promising molecules and deserve further studies in
PC-3 cells, especially because previous studies with
these molecules showed that they were not cytotoxic
for mouse fibroblast cells (Balb-c 3T3 clone A31) at
the same concentration.
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Introduction
Cryptococcus neoformans promotes almost half a
million deaths each year, mainly in HIV positive
patients.1,2 Due to their low immunity, several rounds
of treatment are required along the year and this
scenario prompts the selection of azole-resistant
strains. To make matters worse, antifungals drug
design is based on cellular assays that contribute
little to elucidate the mechanism of action of novel
bioactive molecules or to rapidly increase their
potency against their macromolecular target. Aiming
to overcome these pitfalls we cloned, expressed and
purified the validated target lanosterol 14-alpha
demethylase from C. neoformans (LcLAN). Herein
we report initial features of this target that are
essential to develop a validated bioassay, using
differential scanning fluorometry (Thermofluor®).3

Despite that, it was possible to purify milligram
quantities of LcLAN using a Ni-column (TRIS-HCl
50mM, pH 8.0 eluted with 200mM imidazole). Next,
we carried out a preliminary Thermofluor® assay to
investigate which pH and additives might enhance
LcLAN stability. 96 conditions from Hampton
research solubility and stability screen (HR2-072)
were probed. This approach has shown that
Trimethylamine N-oxide dihydrate, phosphate buffer
and Betaine monohydrate, increase the stability of
LcLAN (increase in the melting temperature – Tm),
whereas Benzamidine hydrochloride and Sodium
benzenesulfonate have the opposite effect (Figure 2)

Results and Discussion
Erg11 gene was cloned into pET28b and pET 32a
expression vector with an additional HIS-tag in the
C-terminal that was inserted in BL21-DE3,
ROSETTA and C41 competent cells. However,
preliminary expression assays using 1mM IPTG,
34oC, 4h, have shown that the C-terminal His-tag
construct in pET28b and pET32a expresses LcLAN
as a no soluble enzyme. Further optimization of
expression parameters were undertaken, but only
small amounts of the can be obtained in soluble
form, even when temperature was reduced to 18oC
together with 0.1mM IPTG (20h) (Figure 1).

Figure 2- Effect of different buffers and
additives over LcLAN thermal stability
This information prompted the modification of the
purification protocol with positive effects over the
stability and solubility of LcLAN. Moreover,
Thermofluor® assay has been used to investigate
the effects of commercial antifungals over LcLAN
Tm (single dose).

Conclusions
The availability of pure and soluble LcLAN is the first,
but crucial, step towards the development of
standardized bioassays that are useful to discover
novel LcLAN inhibitors. This task has been made
easier by the fact that Thermofluor® assay requires
small quantities of the enzyme and is readily
available in HTS format (96 and 384 wells)
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Figure 1- Over-expression of LcLAN-pET32a
(73kDa) in the presence of different IPTG
concentrations (0mM, 0.1mM, 0.5mM, 1.0 mM). I
means insoluble fraction, S means soluble
fraction and SP means standard protein.
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Introduction
The family Combretaceae comprises of genera with
over 600 species, in which Combretum and
Terminalia are the two largest genera, with about
250 species each1. Chemical studies of the
Combretum duarteanum leaves resulted in the
identification of four substances2: ; 2α, 3β-urs-12en-28-oic acid (Cd-2), 2α, 3β acid, 23α-trihidroxiurs12-ene-28-oic acid and 2α, 3β, 23α-trihydroxyolean12-ene-28-oic acid (Cd-5), 3',5,7-trihydroxy-3, 4'dimethoxyflavone
(Cd-9)
and
5,7,3',4'tetrahydroxyflavone-3-O-galactopyranoside (Cd-10).
This study aimed to evaluate the antitumor activity
in vitro of substances. For evaluation of antitumor
activity assays were performed in vitro using the
lineage of Ehrlich carcinoma. The cells were
collected from the peritoneal cavity of mice for 7
days after inoculation, resuspended with 10 ml of
phosphate buffer solution (PBS) and then
centrifuged at 1,000 rpm for 10 minutes. The
supernatant was discarded and the cells were
resuspended
in
RPMI-1640
(Nutricell®)
supplemented with 25 mM HEPES, 2 mM Lglutamine, 100 IU / ml penicillin, 100 mg / ml
streptomycin (Sigma-Aldrich®) and 10% fetal
bovine serum (FBS) (Nutricell®). The tumor cells
were then seeded (2 x 105 cells / well) and
incubated with different concentrations (10-500
mg/mL) of Cd-2, Cd-5, Cd-9 e Cd-10 for 24 h (37 °C
and 5% CO2). The experiment was performed in
quadruplicate and repeated thrice. Cell viability was
assessed by the MTT reduction assay (SigmaAldrich®).
IC50 values
were
calculated
by
expressing the results as a percentage of the
controls, and were determined graphically from
concentration-response
curves
by
nonlinear
regression with a confidence interval of 95%.

Figure 1. Chemical structure of substance Cd-2.

Figure 2. Chemical structures of the mixture Cd-5.

Figure 3. Viability of cells of Ehrlich ascites
carcinoma after treatment with the compounds
Cd-2 (A) e Cd-5 (B) (µg/mL).

Conclusions
The antitumor study using cells from Ehrlich
carcinoma cells, showed that the triterpene
compounds, Corosolic acid (Cd-2), asiatic acid
and arjunolic acid (Cd-5), reduced the growth of
carcinoma
cells,
concentration-dependent
manner, which features a strong cytotoxic activity
for compounds isolates.
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Results and Discussion
Substances Cd-2, Cd-5, Cd-9 and Cd-10 were
tested in vitro during the cytotoxicity assay on
Ehrlich ascites carcinoma cells, in order to evaluate
antitumor activity. The substances Cd-2 (IC50 =
17,82 μg/mL) and Cd-5 (IC50 = 31,23 μg/mL)
showed potent cytotoxic activity. The Cd-9 and Cd10 compounds showed IC50 greater than 1000
mg/mL.
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Introduction
Prostate cancer is one of the most prevalent
neoplasms in male population, has hormonal origin
and may become refractory to chemotherapy,
1
especially after metastasis . The molecule YM-155
(sepantronium bromide) identified as suppressive
survivin expression induces apoptosis in cell lines
owing to its unusually high level on cancer cells,
2
showing its selectivity in relation to healthy cells .
Thereby, it becomes necessary to study bioactive
compounds to observe the best chemotherapeutic
strategies. In this work, YM-155 had been tested in
vitro for prostatic cancer cell lines (DU-145, PC3 and
LNCaP). Studies with the reference molecule (YM155) provided some insights regarding survivin
expression and its potency that are being exploited
in flow cytometry studies.

accordance with the great difference in potency
observed for YM-155 in these cell lines. This work is
also being done for PC-3 and LNCaP cells along
with an optimization of the protocol to decrease the
peak superposition between anti-survivin specific
antibody and the nonspecific one.

DU-145

Balb-c

Results and Discussion

% viability

% viability

% viability

DU-145
cells
were
cultured
in
DMEM
supplemented with 10% fetal bovine serum (FBS),
solution of penicillin/streptomycin (1%) in 5%CO2
atmosphere. PC3 and LNCaP lines were cultured in
RPMI and F12K respectively. The MTT protocol was
3
based on our previous work. Following the flow
4
cytometry general protocol, cells were fixed,
permeabilized and immunostained with antibody
antisurvivin #2866 and non-specific antibody #3452.
According to dose-response curves (Fig. 1), YM155 is more potent for DU-145 and PC3 than LNCaP
cells.

Figure 1. YM-155 dose-reponse assays in three
prostate cancer cell lines
YM-155 showed high selectivity between DU-145,
PC3 and the mouse fibroblast Balb-c 3T3 clone A31
cells used to determine the cytotoxic activity (not
shown) once it was inactive for the Balb-c 3T3 up to
100 uM. Besides that the difference in potency for
this compound displayed in Fig. 1prompted us to
study the survivin expression in these cell lines.
Fig. 2 shows high survivin expression in DU-145
cells, while it is absent in Balb-c 3T3 ones. This is in
th

Figure 2. Determination of surviving expression
in two cell lines

Antibody anti-survivin #2866 (green), cells without mAb
2866 (pink), using non-specific antibody #3542 (c)

Conclusions
The molecule YM-155 showed nanomolar potency
for two of the prostate cancer cell lines (DU-145 and
PC3), while it was only maginally active for LNCaP
and inactive for Balb-c. We could identify a pattern
relating the survivin expression and the potency of
the YM-155 that can lead the road for more
efficacious target-therapy in the cancer. Further
studies in this direction are underway to provide
more information for this focused therapeutic
approach.
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Introduction
Mulberry leaves are widely used in Brazilian folk
medicine to minimize some climacteric symptoms
such as hot flushes and sweating. Its therapeutic
effect is believed to be due to the presence of
phytoestrogens. Some flavonoids isolated from
different plants have been reported as estrogen
1
receptor (ER) agonists or antagonists . Some in vitro
assays have been developed to screen extracts or
isolated compounds estrogenic activity. E-screen is
2
one of the most used . It is based on growth of the
ER-positive MCF-7 breast cancer cells. In this work,
this proliferation cell assay was used to measure the
estrogenicity of different mulberry leaf extracts.

Results and discussion
MCF-7 cells were cultivated in DMEM medium,
supplemented with 10% fetal bovine serum (FBS),
penicilin 10,000 I.U./mL and streptomicin 10 mg/mL;
o
at 37 C in a humidified atmosphere of 5% CO2. At
80% confluence, cells were harvested with trypsin4
EDTA and 100 μL of 5.10 cells/mL was pipetted in
96-well plates. After the first 24 hours, the growth
medium was replaced by phenol-red free DMEM
one, supplemented with 10% charcoal-striped FBS.
The extracts were prepared by cold maceration
extraction, in powdered dried leaves/solvent ratio of
1:40. Different compositions for the solvent were
tested, changing the percentage of ethanol from 1 to
99 in water. All the extracts were totally dried under
vacuum and resuspended in EtOH 50%. For the
assays, the extracts were added to the medium in a
50-fold dilution to the final concentration of 250
g/mL. 17--estradiol (E2) was used as a positive
control at the final concentration of 10 nM. The
experiments lasted 7 days and the medium was
replaced by a fresh one containing control or extracts
every 48 hours.
The estrogenic activity was measured every 24 h
during 7 days by the MTT colorimetric assay at 570
nm (figure 1). The results suggested that the
estrogenicity decreases as the percentage of ethanol
in the extraction solvent increases. Besides that,
when the alcohol content was at the highest levels,
th

the extract biological activity
estrogenic to anti-estrogenic.

changed

from

Figure 1. Evaluation of estrogenic activity of
mulberry leaf extracts prepared with different
EtOH/H2O ratios.
A LC-MS analysis of the extracts indicated the
presence of 6 flavonols: rutin, isoquercitrin, quercetin
3-O-(6”-malonyl) glucoside, astragalin, kaempferol 3rutinoside and kaempferol 3-O-(6”-acetyl) glucoside.
Some of them, especialy the kaepmferol derivatives,
3
have been reported as phytoestrogens . However,
the relationship between the flavonoid content in leaf
extract and the in vitro assays results is still under
investigation.

Conclusions
The preliminary results suggest that mulberry leaf
extracts contain some compounds which seem to be
ER agonists. However, due to the results of antiestrogenic activity, more experiments are needed to
investigate the toxicity of these high alcoholic content
extracts.

Acknowledgement
Authors acknowledge CNPq and FAPESP (process
number 2011/24137-0) for the financial support.
____________________
1

Cos, P.; De Bruyne, T.; Apers, S.; Berghe, D. V.; Pieters, L.;
Vlietinck, A. J. Planta Med, 2003, 69, 589-599.
2
Soto, A. M.; Sonnenschein, C.; Chung,K. L., Fernandez, M. F.;
Olea, N.; Serrano, F. Environ Health Perspect. 1995, 103, 113–
122..
3
Calderón-Montaño, J. M.; Burgos-Morón, E.; Pérez-Guerrero;
C.; López-Lázaro, M. Mini-Rev. Med. Chem., 2011, 11, 298-344.

The 7 Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

th

Poster Titles

The 7 Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

DDD-044

Influence of ring conformation on interactions of a carbohydrate based
compound in a M1 muscarinic acetylcholine receptor model.
1

2

2

2

3

3

Dallagnol, J. C. C. *; Arantes, P. R. ; Pedebos, C. ; Braun, R. L. ; Duarte, M. E. ; Noseda, M. D. ;
3
2
1
Ducatti, D. R. B. ; Verli, H. ; Gonçalves, A. G. *. email: juliana.dallagnol@outlook.com.
Department of Pharmacy. Federal University of Parana (UFPR). Av. Lothario Meissner, 632 - Curitiba - Brazil. 2 Center of
Biotecnology. Bioinformatics Group. Federal University of Rio Grande do Sul (UFRGS). Av. Bento Gonçalves, 9500 - Porto Alegre –
Brazil. 3 Department of Biochemistry. Federal University of Parana (UFPR). Av. Cel. Francisco H. dos Santos, 100 - Curitiba - Brazil.
1

Keywords: virtual screening, muscarinic analogs, Alzheimer’s disease.
(+) muscarine

Introduction
The M1 muscarinic acetylcholine receptor
(mAChR) is a G-protein coupled receptor present in
brain post-synaptic neurons. Its activation is
essential in the learning and memory processes,
making the use of selective M1 agonists a promising
approach for the treatment of cognitive deficits, such
1,2
as Alzheimer’s disease . Cyclic carbohydrates are
valuable materials for drug design since they present
a rigid scaffold that allows a number of
functionalizations and stereocontrolled reactions.
These platforms provide an opportunity for
3
customizing molecules to a pharmacophore model .
With the intention of better understand the
potentiality of a specific substrate as a representative
muscarine analog we evaluated, by molecular
docking, different conformers of a hypothetical lead
compound. The M1 mAChR model was obtained by
homology modeling using program Phyre v2.0. The
optimized 3-D structures of the ligands were
obtained with GAMESS using density functional
theory (DFT) calculation at B3LYP/6-31G* level. The
docking analyses were running with DockThor and
the visual inspection of the docked ligand poses was
proceeded with PyMOL v1.3. Only the poses with the
+
N(CH3)3 oriented to the Asp 105 were sampled and
the discussed poses referred to those with the
lowest interaction energies.

Results and Discussion
The receptor-ligand complex formation heavily
depends on the chemical complementarily, strength
of interactive forces and spatial arrangement of the
pharmacophore groups. In this work we were able to
demonstrate that while one conformer (C4-endo)
could interact strongly and correctly fits to the
receptor orthosteric site (compared with a known
agonist – muscarine), the other (C4-exo) was
incapable to properly interact with key amino acids. A
comprehensive explanation is related to the fact that
the C4-exo conformer occupies less space than C4endo (see Fig. 1). This can difficult the interaction
between pharmacophore groups and amino acids in
the orthosteric site. We could also identify two
residues that directly rule the interaction energy
between receptor and ligand: Asp-105 through an
ionic bound with cationic nitrogen; and Asn-382
through a hydrogen bound with hydroxyl groups.
th
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Figure 1. Distances between key pharmacophore
groups.
Table 1. Distance between amino acids from
orthosteric site of mAChR and pharmacophore
groups.

Ligand

Distance A
(Å)

Distance B
(Å)

muscarine
C4-endo
C4-exo

2.2
1.9
10.7

5.1
4.9
10.0

Interaction
Energy
(kcal/mol)
-16.7
-20.5
-14.2

* Ligands: green for C4-endo conformer; yellow for C4-exo
conformer; pink for muscarine. The distances for muscarine were
omitted.

Conclusions
There is a strong evidence that the C4-endo
conformation of this carbohydrate based derivate will
best interact within orthosteric site of mAChR. It is
important to consider this conformation in the design
of targeted related compounds.
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Introduction
After the bite of Phoneutria nigriventer spider,
patients present priapism. The main toxin
responsible for this effect, PnTx2-6, has 48 amino
1
acid residues and acts on sodium channels ,
2
improving the erectile function via NO/cGMP . After
3
analyzing the tertiary structure of PnTx2-6 , a 194
aminoacid peptide (PnPP-19) was designed and its
activity on erection was evaluated in vivo and ex vivo
using rat models. The encapsulation of PnPP-19 in
elastic liposomes was performed for the
development of a formulation for topical application.

Results and Discussion
Synthesis: the peptide was designed based on
3
the structure of the active site of the native toxin .
After synthesis (Fmoc solid-phase strategy) and
purification (RP HPLC), the molecular mass was
confirmed by MALDI-TOF analysis (MW 2484,970
Da). Circular dichroism (CD) spectroscopy showed
random coil conformations in high concentrations of
NaCl (20mM or 40mM) at pH 7.0. However, in SDS
7.5mM the peptide presents characteristic curves of
a-helix formation (Fig. 1).

Figure 2. In vivo activity of PnPP-19 after (A)
subcutaneous
injection
and
(B)
topical
application.

Figure 3. PnPP-19 mediates NANC relaxation of
cavernosal smooth muscle.

Conclusions

Figure 1. CD spectroscopy of PnPP-19
Biological activity: Pnpp19 was able to cause
erection in Wistar rats after subcutaneous injection
(12 µg/kg) and topical (800 µg/Kg) application (Fig.
2A and B, respectively). It also improved relaxation
in cavernosal tissue strips treated with atropine (Fig.
3).
Encapsulation in elastic cationic liposomes:
HPLC quantification of PnPP-19 was validated and
the encapsulation using reversed-phase vaporization
showed better results (30%) for vesicles with a mean
diameter of 250nm and more than 95% of the
vesicles smaller than 100nm.
th

PnPP-19 is a hydrophilic peptide that is able to
cause erection in rats. Topical application was
effective and liposomal formulations are under
development for the topical treatment of DE.
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Introduction
Caryocar brasiliense Cambess is a widely distributed
Brazilian cerrado tree species Its fruits, popularly
known as piqui. The oil extracted from the fruits has
several applications in the cosmetic industry and
therapeutically, it has been used against influenza
and lung diseases. Leaves infusion has been used
for liver disorders. Molluscicidal activity of the crude
extract
against
Biomphalaria
glabrata,
trypanosomicidal activity of the ethanol extract
against Trypanosoma cruzi and antifungal activity of
the oil have also been reported. Its oleanolic acid
has shown ability to inhibit the growth of mouse
sarcoma 180.

C

th
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Figure 1: Ultrastructural analysis of HL60 cells after treatment 24h with
Caryocar brasiliense Cambess.

Results and Discussion
Leukemias are developed from the malignant
transformation of a cell of the hematopoietic system.
HL-60 cells are derived from promieocítica leukemia
and represent an important model for the study of
cellular and molecular events involved in the
proliferation and differentiation of normal and
leukemic cells.
Results of this study suggest the action of the
extracts evaluated on tumor cells HL-60 (Figure 1).
Although there is evidence of changes in the level of
plasma membrane, organelles and cytoplasm, the
mechanism
involved
and
the
compounds
responsible for this action need to be investigated.
The action of the plant extracts was also evaluated
on the viability of these cells through the neutral red
test and by hemacytometer count (data not shown).
The ultrastructure analysis confirms our findings in
previous analyzes. Another important factor is that
the action of the extract is dose-dependent.
Secondary compounds such as flavonoids,
tannins and terpenoids found in the leaves of
Caryocar brasiliense Cambess and also found in
other plants has shown antitumor activity. The action
of these compounds from the leaves of Caryocar
brasiliense needs to be evaluated.

DMSO

Conclusions
Leaf extracts from Caryocar brasiliense conditions
evaluated alters structures leukemic HL-60 cells.
Such action is dose-dependent.
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Introduction
Leishmaniasis is a disease caused by protozoa
that threatens about 350 million people around the
world (1). Chemotherapy of this disease is based on
drugs which have low efficacy and/or high toxicity,
besides the increasing development of resistance.
New drugs for the treatment of this disease is
therefore necessary. Among the compounds
synthesized in Brazil highlights the compound
LASSBio-1736. This new chemical entity shown high
leishmanicidal activity in vitro/in vivo compared with
usual controls, such as miltefosine and meglumine
antimoniate. The pharmacokinetic pre-clinical tests
are necessary to determine the parameters that
characterize the absorption and disposition of new
chemical entity in rodents (2). This study aimed to
characterize the pharmacokinetics of the compound
LASSBio-1736 in rats.

Results and Discussion
The protocol of this animal study was approved by
the Animal Use of Ethics Committee of the Federal
University of Pampa (No. 23/2013).
The dosage administration form was prepared by
dissolution of LASSBio-1736 in 60% polyethylene
glycol 400, 20% dimethyl sulfoxide and distilled
-1
water, resulting in a concentration of 1.5 mg mL .
The mean plasma concentration versus time curve
obtained after intravenous administration of
LASSBio-1736 to Wistar rats is shown in Figure 1.

and accuracy were obtained on the range 0.2-4.0
ug/mL. The terminal elimination phase of plasma
profile was adequately characterized resulting in
ASC0-∞/ASC0-72h <2 for both rotes evaluated.
The pharmacokinetic parameters determined by
non-compartmental (3) analysis after intravenous
administration are shown in Table 1. LASSBio-1736
had a long half-life (t1/2 = 25 ± 8.62 h), low
-1
clearance (CL = 0.05 ± 0.007 Lhkg ), and low
-1
volume of distribution (Vd = 0.9 ± 0.21 Lkg ).
Table 1. Pharmacokinetic parameters after
administration of LASSBio-1736 in Wistar rats.
Parameter
-1

Ke (h )
t1/2 (h)
ASC0-72h (ug.h/ml)
ASC0-∞(ug.h/ml)
(ug.h/ml)
MRT (h)
CLtot (L/h/kg)

IV route
(3.2 mg/kg)
n=8

Oral route
(12.6 mg/kg)
n=6

70 ± 10
22 ± 6
0.05 ± 0.007

47 ± 9
23 ± 2
0.05 ± 0.008

0.03 ± 0.01
25 ± 8.6
60 ± 11

0.03 ± 0.01
23 ± 5.2
40 ± 8

t½, terminal half-life; AUC0-∞, area under the plasma concentration–
time curve from time zero to infinity; CLtot, total clearance;
MRT, mean residence time.

The absorption of LASSBio-1736 was slow. After
oral administration of LASSBio-1736, it was
-1
observed the Cmax of 1.03 ± 0.27 ugmL at 4 h. The
bioavailability was calculated and the value was
17%. The comparison between IV and oral route
showed that Ke, t1/2, MRT and CLtot were similar
(p<0.05).

Conclusions
The pharmacokinetic parameters showed by
LASSBio-1736 was characterized high half-life time,
low clearance and low volume of distribution
comparable to conventionally used drugs such as
meglumine antimoniate in mice and dogs. However,
LASSBio-1736 has better bioavailability (around
20%).
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Introduction
Neglected diseases cause the suffering of
hundreds of millions of people, especially in tropical
and subtropical areas. In Brazil, diseases caused by
Leishmania protozoa are responsible for 90% of all
cases reported in Latin America. Recently, the Rio
Grande do Sul is among the three states of Brazil
with the highest case fatality rates (28.6%) (1).
Then, because the parasite resistance,
toxicity issues, increasing failure rates of current
treatments, new drugs are needed to have an
effective strategy for treating leishmaniosis.
Numerous compounds have been synthesized by
"Laboratório de Avaliação e Síntese de Substâncias
Bioativas (UFRJ)" emphasizing LASSBio-1736, a
hydrazine N-acillidrazone derivated. In vitro/in vivo
studies have shown that LASSBio-1736 is an
promissory leishmanicidal candidate. Plasmatic
pharmacokinetic analysis in rats showed that this
compound has high half-life time (around 25 h), low
total clearance (~0.05 L/h/kg) and volume of
-1
distribution (~0.9 Lkg ) and bioavailability of 17%
after 12.6 mg/kg oral administration, in rats. The aim
of this study was to evaluate the tissue distribution of
LASSBio-1736 in rats.

Results and Discussion
The protocol of this animal study was
approved by the
Animal Ethics in Research
Committee of the Federal University of Pampa
26/2013, UNIPAMPA, Uruguaiana, Brazil).
LASSBio-1726 penetration was investigated
in homogenates of brain, heart, liver, spleen, skin,
-1
lung and adipose tissue after a single 3.2 mg kg
intravenous bolus dose. Three animals were
sacrificed at 0.5, 1, 2, 4, 8, 24 and 72 h. The i.v.
route was used in these studies because it offers the
advantage of eliminating the absorption process that
could interfere in the results.
Non-compartmental analysis was used to
evaluate the concentration–time profile and
distribution of LASSBio-1736 into target tissues (2).
The mean pharmacokinetic parameters obtained are
listed in Table 1. After systemic administration,
LASSBio-1736 was rapidly distributed into all organs
investigated and the quantification of the compound
was possible in all tissues until the last point of time.
The half-lives were similar in all tissues as
well as with plasma. The highest tissue
concentrations were reached in the Liver (10.6 ug.g
1
-1
-1
), lungs (9.6 ug.g ) and spleen (4.3 ug.g ).
th

Specifically, the tissue penetration also was elevated
to liver and spleen, that is target tissues to visceral
leishmaniosis. Despite the low penetration of
LASSBio-1736 in the skin in comparison to these
organs, the Ft can not be neglected
On the other hand, brain showed the lowest
penetration, only 7%. It is possible that LASSBio1736 was be substrate of transporters.

Table 1. Tissue pharmacokinetic parameters of
LASSBio-1736 after 3.2 mg/kg, i.v., dosing (n = 21)
Tmax
t½
Tissue
Ft*
Cmax
-1
(h)
(h)
(ug.g )
Liver
3.4
10.6
0.5
19.6
Spleen
1.6
4.3
1
22.6
Skin
0.4
1.61
1
36.2
Brain
0.07
0.67
0.5
22
Heart
1.2
3.5
0.5
21
Lung
3.3
9.6
0.5
27
Fat
1
3.2
2
26
Plasma
26
*Ft= tissue-to-plasma ratio, Calculated as (AUC0–72
tissue/AUC0–72 plasma).

Conclusions
After the evaluation of plasma profile of
LASSBio-1736, it was important to determine its
tissue distribution and penetration, especially in liver,
spleen and skin, which is essential for successful
leishmaniosis therapy. The results show that
LASSBio-1736 has acceptable penetration in all
evaluated tissues mainly in the liver and spleen.
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Introduction
Bacterial cellulose (BC) consists in a versatile and
fibrous material, which was produced, specifically in
this work, by Gluconacetobacter xylinum (Gx). The
BC purity is higher than ones from vegetal sources,
once that the first is lignin, hemicellulose and
pectin-free, [2] these characteristics stimulate many
pharmaceutical and industrial applications between
which we could highlight, including for its different
forms (membrane, pellet or powder), such as
support matrix for many drugs and bioactive
compounds. The most popular clinical application of
the BC membranes consists in artificial skin, a
hypoallergenic and biocompatible material used for
wound healing [2-3].
The topic form (gel), proposed in this work should
confer a great way of treatment for wound and
burns, consisting in (i) a water-based composition
(that should facilitate the mechanical debridement of
a wound), (ii) combat the arising of the opportunistic
microorganisms (which interfere negatively in the
healing process), (iii) has bioactive compounds
(capable to stimulate collagen generation and
granulation tissue, reducing inflammatory process)
and (iv) avoiding necrosis occurrence.

aeruginosa as model for growth-inhibition analysis
(Tables 1 and 2).
Table 1. Evaluation of growth inhibition of the
Staphylococcus aureus by the gel composition
proposed.
Plate
Result
Inhibition Halo (mm)
Control
--------------------Spot 1
+++++
5
Spot 2
++++++
6
Spot 3
+++++
5
Spot 4
+++++++
7
Spot 5
+++++++
7
Spot 6
+++++++++
9
Table 2. Evaluation of growth inhibition of the
Pseudomonas aeruginosa by the gel composition
proposed.
Plate
Control
Spot 1
Spot 2
Spot 3
Spot 4
Spot 5

Result
---------+++++
++++++
+++
++++++
++++

Inhibition Halo (mm)
------------5
6
3
6
4

Results and Discussion

Conclusions

The BC membranes were produced using glycerol
as carbon source, in static conditions, under 30°C
(Incubator) during 5 to 20 days. Aiming to purify the
membranes produced (removing Gx-cells), NaOH
solution (0.1 mol L-1) was used. The membranes
were kept in this solution (a quantity enough to
cover all material produced) at 80ºC during 2 h. The
material was washed with deionized water until pH
7. Then, the BC was lyophilized and powdered,
serving to incorporate one bioactive material, whose
antimicrobial and healing properties were confirmed
by a previous work (patent) of our research group.
The gel composition is a proposal for wounds and
burns treatment, which should confer tissue healing
in an optimized way, in comparison with ordinary
gels marketed. The antibiogram assays of the gel
composition was performed using Agar MuellerHinton as culture medium and the microorganism
Staphylococcus aureus and
Pseudomonas

The antimicrobial performance of the gel
composition proposed showed itself efficient against
the Staphylococcus aureus and Pseudomonas
aeruginosa. The BC served as support-matrix for
one of the bioactive compounds, present in the
composition, ensuring its release during long
periods of the treatment based on this gel.
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Introduction

PC-3: 12h incubation

Prostate cancer is the most commonly diagnosed
cancer in men and its incidence is increasing fast,
with about twelve thousand people dying each year
1
in Brazil . Cellular assays have performed an
essential role in biological research and
development, after the discovery of a target and
continuing through clinical trials to the discovery of
new chemical substances. In this study, cell assays
with PC-3 line prostate cancer were used to identify
the anticancer activity of molecules.

% relative to total
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Neq0438 (100 M)
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Table 1. IC50 values for selected molecules.

Compound
Ym155
Rapamycin
Neq0438
Neq0440

IC50
0,092(±0,010) µM
43,1(±0,9) µM
74,9(±4,3) µM
60,7(±9,5) µM

The results from flow cytometry indicate that
YM155 and Neq0438 lead to a reduction in G1, while
there is an increase in phases S and G2/M
compared to the control (Fig. 1).
Neq0438 and Neq0440 were selected based on
inhibitors of mTOR (hyperactive in cancer and
important component of the signaling pathway
4,5
PI3K/AKT) . For Neq0438 cancer cells are retained
in the last stages of the cycle through inhibition of the
mTOR that triggers the cell death process. YM-155
also retained the cells in late stages of the cell cycle.
th
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Results and Discussion

PC-3: 24h incubation
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Cell line PC-3 was cultured in F12-K medium
supplemented with 10% fetal bovine serum (FBS),
1% solution of penicillin/streptomycin (1%) in 5%
o
CO2 atmosphere at 37 C. The colorimetric assay
were in the MTT method (3-(4,5-dimethylthiazolone2-yl)-2,5-diphenyl tetrazolium bromide), cells were
tested with 25 new compounds to determine their
cytotoxic profile. Following the flow cytometry
2
general protocol , cells were fixed, permeabilized
labeled with EMD-Millipore cell cycle reagent, and
the amount of DNA in each phase of cell cycle was
quantified.
Among the whole set, Neq0438 and Neq0440
molecules were selected as potential anticancer
substances (Table 1) having IC50 at the micromolar
range. YM-155 is a well-known survivin inhibitor that
3
leads to apoptosis and it is most potent compound
for PC-3, but Neq0438 and Neq0440 had the same
potency of rapamycin (an mTOR inhibitor).

S

G

1

0

% relative to total

Poster Titles

Stages of the cell cycle

Figura 1. Percentage of cell line PC-3 identified in
each phase of the cell cycle obtained for Neq0438 and
YM155 after 12 and 24h incubation.

Conclusions
Among the 25 new molecules tested, Neq0438
and Neq0440 proved the most cytotoxic, in the same
range of the reference compound rapamycin, which
led prostate tumor cells to death. Furthermore, these
new molecules have selectivity for the cancer cells
compared to normal fibroblasts (Balb-c 3T3 clone
A31 - not shown). Thus, Neq0438 and Neq0440
become promising anticancer molecules for
development and future studies.
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Introduction
Cancer is characterized by deviations in the
control mechanisms of cell proliferation and
1
differentiation . With the rapid proliferation stem
tumors, this can invade other tissues and compress.
Due to the relative similarity between malignant
and normal cells of the body, antiproliferative drugs
not only destroy tumor cells but affects normal cells,
2
rapid cell division as hair and gastrointestinal cells .
The discovery of new anticancer of plant origin has
2
stimulated research in this area .
The design of new drugs based on the study of
structure activity relationships and seeks to establish
a relationship between biological activity and
physico-chemical properties that have influence on
9
the therapeutic activity of a class of compostos .
The aim of the study was to review the literature
on the anticancer agents derived from plants used in
the treatment of cancer as well as to demonstrate
the mechanism of action and structure activity
relationship of these drugs.

Results and Discussion
Articles and theses were searched in the database
as: Medline, SciELO, Web of Science, Scorpus, and
Google Scholar.
Much of chemotherapeutic agents act at some
specific point of mitosis. The consequence of this
action is the prevention of cell division, stopping
uncontrolled proliferation, which is characteristic of a
neoplastic cell, promoting apoptosis.
Groups of plants derived drugs most commonly
used for cancer treatment are shown in Table 1.

Table 1. Drugs derived from plants and their
characteristics of molecular target.
Drugs

Molecular Target

Camptothecin,
irinotecan,
topotecan
(Camptotheca
acuminata)

Interact with topoisomerase I. DNA
breaks by the formation of 5'phosphotyrosyl covalent bond and
relaxes the tension of a strip by
passing it over the other and
forming a covalent bond with the
end 3' and relaxes the DNA by
controlled rotation.

Paclitaxel
(Taxus baccata)

Interacting
with
tubulin
and
stabilizes
microtubules
by
preventing the polymerization and
blocking mitosis in the metaphase
to anaphase transition. Induces
apoptosis.

Vincristine,
vinblastine
(Catharanthus
roseus)

Binds to β-tubulin, preventing
polymerization and microtubule
formation. Also binds directly to the
positive terminal end microtubules,
microtubule destabilizing without
causing depolymerization, blocking
the division and promote death of
the cell.

Podophyllotoxin
(Podophyllum
peltatum)

It
binds
to
tubulin,
inhibit
microtubule
polymerization.
blocking cell division in metaphase.
In the mitochondria, reduces the
activity of cytochrome oxidase and
succinoxidase. Blocks the synthesis
of DNA. This results in slow cell
disruption and destruction of tissue.

Conclusions
Thus, it was possible to verify distinct mechanisms
of action in plant-derived anticancer: interactions with
microtubules and with the enzyme topoisomerase I,
as well as with other proteins during cell division. All
mechanisms aimed at stopping the cancer cell cycle,
and as an essential feature the highest distinction
between them and normal cells.
Considering the results mentioned can realize the
importance of natural products in the discovery and
optimization of new drug candidates, with fewer side
effects and toxicity. Making the most selective
anticancer drugs using bioisosterism, molecular
simplification and latentiation will bring more safety
and efficacy in antineoplastic therapy in cancer
patients.
th
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Introduction
In the past few years, the potential of capsaicin for
inducing apoptosis in a wide variety of tumors has
been demonstrated, although its strong pungency
and chemical instability limit its application in
medicinal field.1 Capsaicin might be considered as a
potential lead, for instance, to the rational design of
a novel class of antineoplastic drugs with improved
pharmacological and chemical profiles.2
Considering our efforts to pursue the search of
new effective anticancer agents, RPF151 (Fig.1A),
an alkylsulfonamide capsaicin-like analogue, was
designed, synthesized and had its antitumoral
mechanism investigated.

Results and Discussion
RPF151 was developed according to the scheme
shown in Fig.1A.

Fig.1. (A) RPF151 development. (B) Synthesis of sulfonamide
derivatives.

Firstly, a series of 30 capsaicin analogues
(ester/amide) was designed, synthesized and had
their cytotoxicity evaluated against B16F10
(melanoma) and MDA-MB-231 (breast) cancer cell
lines (Table 1). RPF306 and RPF452, the most
active compounds, have presented cytotoxicity
higher than the prototype. In addition, they were
chemically unstable, motivating the designing of
another set where the labile ester/amide functions
were replaced by a sulfonamide bioisosteric group.
The choice of sulfonamide group was supported by
the findings from exploratory data analysis, since the
designed sulfonamide analogues have grouped in
the same cluster of more active compounds already
experimentally tested.

Table 1. IC50 values of compounds determined by MTT assay.
compounds
capsaicin
RPF306 - amide
RPF452 - ester
RPF150
RPF151

n.a: not applicable.

MCF-7
53
n.a
n.a
n.a
28

Cell lines – IC50 (µM)
MDA-MB-231
B16F10
120
117
110
87
150
130
110
75
87
38

3T3
83
>300
>300
>300
>300

Then, a series of 18 sulfonamide analogues was
synthesized3 according to scheme B (Fig. 1B). The
most promising compound was RPF150 (Fig. 1A
and Table 1). Solubility features impaired
subsequent assays, though. In order to overcome
this issue, RPF151, a less hydrophobic sulfonamide
analogue, was designed by using inferior homology
approach. The synthesis of RPF151 has provided a
white solid with 70% yield. RPF151 characterization
was performed employing 1H and 13C NMR,
elemental analysis, X-ray powder diffraction, and
melting point. This compound was significantly
cytotoxic to all tested tumor cell lines, except for
normal fibroblasts 3T3 cells, indicating a good
selectivity index. It is well-known that TRPV is a
receptor involved in capsaicin nociceptive function
and pungency. Preliminary mechanistic studies have
revealed that RPF151 causes cell death by
apoptosis in MDA-MB-231 cell line, and this process
is mediated by TRPV-independent pathway. It is
noteworthy that RPF151 has not induced TRPV
stimuli in vivo (hot plate assay). Complementary
studies have demonstrated that RPF151 causes Scell cycle phase arrest and decreases cell cycle
regulators, such as p21, cyclins A, D1, and D3. The
apoptotic effect has also been related to ROS
generation
and
mitochondrial
depolarization.
Moreover, down regulation on Bcl-2 expression and
the increasing of caspase-3 mediated by cleavage
promoted by RPF151 has corroborated cell death
intrinsic pathway.

Conclusions
Through the molecular optimization of capsaicinlike analogues, a novel promising antitumor agent,
RPF151, was pointed out in this study. However,
complementary in vivo assays should be performed
in order to validate its benefits as anticancer
candidate.
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Introduction
Chagas` disease is a protozoan infection caused by
the kinetoplastid flagellate Trypanosoma cruzi which
is widespread in the American continent, affecting
about 16 million of people. There´re no drugs
capable to totally eliminate the parasite of the
mammalian host. In addition to the search for new
compounds, our group has been studying new
strategies, such as pharmacotechnical modifications
and
combinations
with
established
drugs.
Previously, Ursolic Acid (UA) has shown excellent
results. In this work, we evaluate the trypanocidal
effect of UA, both in its commercial form, as in a
microencapsulated formulation (ME) (10% UA) and
in combination with benznidazole (UA/BZ) (1:1) on
epimastigotes forms of parasite.

Figure 1. Percentage of lysis of epimastigotes forms
of T.cruzi with different concentrations of UA, UA/BZ
(1:1)

Figure 2. Percentage of lysis of epimastigotes forms
of T.cruzi with different concentrations of ME and
Placebo.
ME formulation showed 40.83% lysis at a
concentration 1024uM
Although good results presented by this evaluation,
Ursolic Acid showed better activity under
trypomastigotes forms T.cruzi with IC50 values of
3
17.1 M . This results is considerate a good
perspective to continuation of the evaluations of this
kind of compound against the Trypanosoma cruzi.


Results and Discussion





The Ursolic Acid showed a high anti-epimastigote
activity especially at concentration of 128M (IC50
= 54.81 M). The percentage of lysis in this
concentration was 58.26%.
Benznidazole was evaluated in the same
concentrations, with 36,44% lysis at a
concentration of 128uM. (IC50 = 932,70 M).
The association (UA/BZ) (1:1) proved to be a
good strategy to inhibit parasite proliferation,
because in the concentration 128M showed
53,87% of lysis. (IC50 = 111.81 M).

Conclusions
These results indicate that high capacity of the UA to
block the multiplication of the parasites was very
significant and confirm that associate it with
benznidazole is a good strategy against Chagas
disease. It also shows that ME formulation, with only
10% of the active principle, although it has not
shown high activity against epimastigotes, generates
great expectations against intracellular forms of the
parasite. These results will be confirmed by posterior
analysis of these compounds on intracellular
amastigotes forms of the parasites, and in vivo
evaluation.
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Introduction
Malaria is one of the most prevalent parasitic
diseases in the world and affects approximately 500
million individuals throughout the tropical and
1
subtropical areas of developing countries.
Chloroquine (CQ) is an effective low cost
antimalarial drug, with a relatively robust safety
profile. However, CQ is no longer used alone to treat
patients with Plasmodium falciparum due to the
emergence and spread of CQ-resistant strains,
2
which have also been reported for P. vivax. Thus,
the need for developing new, efficient and
synthetically inexpensive drugs continues to be a
major goal to the malaria treatment.
During our search for new compounds that can be
used to treat malaria, we have demonstrated the
importance of compound I that shows IC50 = 0,05
3
µM. This compound is a new hybrid conjugate of
chloroquine-sulfadoxine antimalarial drugs that
contains
the
pharmacophores
groups
7chloroquinoline and sulfonamide separated by a
distinct linker.
In an effort to enhance the anti-P. falciparum
activity of prototype I, we have designed a new
series of compounds (1-15) by the exchanging
between the quinoline ring by a pyrazolopyrimidine
ring which are bonded to the sulfonamide group by a
linker (Figure 1).

The condensation of aminopyrazole with formic
acid
produced
the
derivative
1-phenyl-1Hpyrazolo[3,4-d]pyrimidin-4(7H)-one (17) which was
easily chlorinated with POCl3 under reflux to obtain
4
the derivative 18 in 82% yield . The synthesis of the
1
compounds
N -(1-phenyl-1H-pyrazolo[3,4d]pyrimidin-4-yl)alkyldiamine (19-21) were achieved
by the reaction of 18 with the corresponding
5
diamines. The nucleophilic substitution reaction
between the appropriate sulfonyl chloride and 19 (n
= 3) were performed in MeOH and TEA at 25 °C, to
obtain
the
N-(2-((1-phenyl-1H-pyrazolo[3,4d]pyrimidin-4-yl)amino)alkyl) benzenesulfonamide (16
4) with 50-77% yield.
O

CN
N

NH2

N

N

(i)

N

(16)

Cl
N

(ii)

N

N
N

N
H

N

(18)

(17)

R
NH2

HN

HN

n
N

N
N

S
nO O

N

N
N

H
N

N

N

n = 1-3
R = H, F, Cl, Br, CH3

(19-21)

(1-15)

Reagents and conditions: (i) HCO2H, reflux, 12h; (ii) POCl3,
reflux, 24h; (iii) appropriate diamine, 120 oC, 24h. (iv) appropriate
sulfonyl chloride, pyridine 0-25 oC, 24h.
Scheme 1 Synthetic route used to prepare the compounds 1-15.

Conclusions
This work describes the synthesis of fifteen new 1phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)amino)alkyl)
benzenesulfonamide as promising compounds for
the development of potent anti-P. falciparum agents.
The synthesized compounds (1-4) (n = 3, R = H, F,
Cl, CH3) were sent for evaluation of anti-P.
falciparum activity at CPqRR/FioCruz.
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Figure 1. Rational approach to the design of compounds 1-15.

Results and Discussion
The synthetic route used to prepare the N-(2-((1phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)amino)ethyl)
benzenesulfonamide (1-15) is shown in Scheme 1.
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Introduction
Organophosphate compounds have been employed
in the agricultural industry as pesticides and
insecticides for a long time. These compounds have
neurotoxic effects on the central nervous system,
and their toxicity is due primarily to the irreversible
inhibition of acetylcholinesterase (AChE), the
enzyme responsible for the hydrolysis of the
1
acetylcholine neurotransmitter (ACh) . In an attempt
to find a bioremediation for the poisoning caused by
organophosphates, several enzymes with the
potential to degrade these compounds have been
isolated and characterized. In this sense, one of the
most promising enzymes is Phosphotriesterase
(PTE), which was isolated from the soil bacterium
2
Pseudomonas
diminuta .
PTE
is
a
zinc
metalloenzyme that catalyzes the hydrolysis of a
wide range of organophosphates, including
3
agricultural pesticides and chemical warfare agents .
This work aims to study the interaction modes as
well as the chemical reaction between PTE and the
nerve agents Tabun (GA), Sarin (GB), Soman (GD)
and VX, taking into account the Rp and Sp
configurations for each compound. In search for an
2+
improvement of the PTE catalytic efficiency, the Zn
ions in the enzyme active site were substituted by
3+
Al ions, which are stronger Lewis acids.

Methodology
The compounds were docked inside the PTE
crystallographic structure extracted from PDB with
code 1DPM. QM/MM techniques were used, MM
calculations were performed in the Molegro Virtual
Docker program and Gaussian 09 at DFT level with
B3LYP density functional and 6-31g* basis set.

Results and Discussion
The reaction mechanism is reported in Fig 1.

Table 1. Docking results from the wild-type PTE and
#
relative activation energy values (ΔΔE ) for both wildtype and mutant PTE with 4 nerve agents.
Compounds

Interaction
Energy
-1

DFT
#
ΔΔE

DFT
#
ΔΔE

(kcal.mol )

(kcal.mol–1)*

(kcal.mol–1)**

Sarin-R

-57.62

77.11

12.33

Sarin-S

-56.88

25.29

18.47

Soman-R

-70.34

60.62

9.04

Soman-S

-67.95

40.55

4.29

Tabun-R

-61.30

113.1

0.00

Tabun-S

-60.79

0.00

11.63

VX-R

-60.96

78.94

30.54

VX-S

-62.96

98.69

30.08

Kcat / KM
4

-1

-1

(x10 M min
+/- SD)***

823 ± 68

98 ± 31

69000 ±1400

0.94 ± 0.07

* Activation energy values for the wild-type PTE reaction
** Activation energy values for the Al3+-PTE reaction
*** Experimental values of Kcat/KM (catalytic efficiency) from ref
[4].

From Table 1, it is possible to observe that the nerve
agents showed relevant interaction energy values in
the enzyme active site, and from the DFT results for
the reaction mechanism between the Spenantiomers of the compounds and the wild-type
PTE, we can notice the respective descending order
#
of ΔΔE : Tabun˃ Sarin˃ Soman˃ VX, which is in a
good agreement with experimental values found in
4
literature . The wild-type PTE presented a
stereochemical preference by the Sp-enantiomer,
except for VX. There was a decrease of the
activation energy values for the hydrolysis reaction
by modifying the enzyme binuclear metal center.

Conclusions
From our results, the PTE enzyme showed to be an
ideal candidate for the bioremediation of the
poisoning caused by organophosphates. We
concluded that the mutant enzyme interacted much
more with the compounds studied in this work,
revealing to be more efficient than the wild-type
PTE.
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2+
organophosphates (α = β = Zn ).
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Introduction
The discovery of selective enzyme inhibitors is an
important step in drug development. Scientists are
currently facing the challenge of finding new
strategies to select potential inhibitors. More recently
immobilized enzymes have proven to be a promising
alternative to select ligands assays based on and to
overcome the drawbacks inherent to using free
enzymes. Acetylcholinesterase (AChE) is involved in
the cholinergic hypothesis used to explain the
Alzheimer disease (AD), therefore interest in finding
new cholinesterase inhibitors (ChEIs) to treat
patients with AD is huge. In addition, ChEIs have
found application as pesticides, and obtaining new
ChEIs that are selective and less toxic to humans
has been a major research target.
An interesting approach in screening studies is the
use of online assays based on immobilized capillary
enzymes reactors (ICERs) coupled to a liquid
chromatography system (LC) as a fast technique
that efficiently identifies selective ligands. In, the
search for novel compounds that can inhibit AChE
have we synthesized a collection of metallic
complexes of 41 flavonoid derivatives and evaluated
them by using screening methodologies using ICERs
based on AChE from Electrophorus electricus and
2
Human erythrocytes . From this collection, we
identified and characterized 15 compounds as potent
reversible and selective cholinesterase inhibitors
(ChEIs) with inhibitory potency (IC50) and constant of
-1
inhibition (Ki) ranging from 0.02 to 4.5 μmol.L .

Results and Discussion
The synthesis afforded the 41 target compounds in
high yield and purity; they should have inhibitory
activity for AChE. By using an on-flow inhibitors
screening assay previously reported by our research
2
group , fifteen complexes of flavonoids and
bipyridine with copper (Table 1) exhibited significant
-1
inhibitory activity (> 70%) at 200 µmol L , so we
determined their IC50 and Ki values. We calculated
the percentage of inhibition by comparing the
absorbance of the reaction product (yellow anion YA)
in the absence (A0) of the evaluated compound and
in the presence (Ai) of this compound.
The IC50 and Ki values obtained for these
compounds were better than the one determined for
the standard AChE inhibitor (galanthamine).
th

Inhibition mechanism studies conducted on the
tested compounds showed that Lineweaver-Burk
double reciprocal plots obtained in the absence
(control) and in the presence of a compound
intersected above or below the X-axis, suggesting
that the inhibitions were hyperbolic or linear mixedtype. In these types of inhibition, both the VMax and
KM values are affected.
Table 1: IC50 and Ki values calculated for selected
compounds in the eeAChE and huAChE-ICER.
huAChE-ICER

eeAChE-ICER

IC50 (µmolL-1)
± SEM*

Ki (µmolL-1)
± SEM*

IC50
(µmolL-1) ±
SEM*

Ki (µmolL-1) ±
SEM*

Galanthamine**
206 ± 30
2
1.75 ± 0.4
6
11.5 ± 1
8
5.94 ± 0.7
12
8.19 ± 0.7
14
1.24 ± 0.1
16
2.37 ± 0.7
18
3.05 ± 0.4
20
1.65 ± 0.14
22
1.73 ± 0.3
23
0.012 ± 0.002
24
0.87 ± 0.1
26
0.66 ± 0.2
28
0.25 ± 0.03
31
0.32 ± 0.05
33
0.33 ± 0.02

126 ± 18
0.74 ± 0.1
1.42 ± 0.2
1.35 ± 0.3
0.49 ± 0.1
1.06 ± 0.1
0.65 ± 0.03
2.14 ± 0.4
0.8 ± 0.1
0.98 ± 0.08
0.07 ± 0.01
0.2 ± 0.04
0.6 ± 0.05
0.16 ± 0.01
2.26 ± 0.25
0.17 ± 0.02

12.8 ± 2
10.0 ± 1
2.05 ± 0.4
1.31 ± 0.1
2.9 ± 0.3
0.74 ± 0.1
2.78 ± 0.7
0.88 ± 0.15
0.12 ± 0.02
0.16 ± 0.03
0.17 ± 0.02
1.4 ± 0.3
1.41 ± 0.4
0.46 ± 0.2
1.77 ± 0.4
2.55 ± 0.5

11.9 ± 4
0.32 ± 0.09
0.16 ± 0.09
0.17 ± 0.01
2.88 ± 0.3
0.28 ± 0.07
0.94 ± 0.03
2.09 ± 0.5
0.27 ± 0.09
0.04 ± 0.009
0.37 ± 0.02
1.04 ± 0.02
1.22 ± 0.4
0.30 ± 0.04
2.7 ± 0.2
2.25 ± 0.2

Compounds

* SEM = standard error of the mean. ** standard inhibitor.

Conclusions
AChE-ICER-LC/UV screening methodologies proved
to be a fast, easy, and useful tool to identify
promising AChE ligands and to determine
quantitative parameters, such as IC50 and Ki, which
indicated their promising application in drug
discovery studies. From the screening assay, we
were able to identify seventeen promising
compounds which shall contribute to the discovery of
new cholinesterase inhibitors.
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Introduction

Tuberculosis (TB) is a major cause of death from
infection worldwide, and is caused by Mycobacterium
tuberculosis1. High levels of M. tuberculosis
resistance to current therapy is one of the biggest
challenges to be faced. In this sense, it is very
important to develop more selective drugs, capable
of reducing the duration of treatment, being effective
against resistant strains and dormant TB1. Thus,
exploring new targets, essential to mycobacteria
growth and survival, is of utmost importance1. In this
context,
inhibitors
of
phosphopantetheine
adenylyltransferase (PPAT) are in development in
our group2. PPAT had recently attracted the interest
of the scientific community due to its selectivity in the
regulatory role of Coenzyme A (CoA) biosynthesis in
mycobacteria. In order to predict the interactions
between the designed potential inhibitors and PPAT,
and to guide the synthesis of those inhibitors,
docking simulations were carried out in this study.

Results and Discussion
Based on CoA (PPAT natural inhibitor) interactions
with PPAT, fifty inhibitors were designed with varying
groups R and Q (Fig. 1).

Val73 in the active site likewise phosphopantetheine
and CoA (Fig. 2).

Figure 2. 3NBK active site with phosphopantetheine (yellow)
and the best solution of the best ranked inhibitor in docking
simulation with 3NBK (red)

In order to validate the docking method applied in
this study, a docking simulation was carried out with
PPAT of Escherichia coli (1QJC -1.63 Å), which
presents 44% of identity and 77% of similarity with
M. tuberculosis’ PPAT, and E. coli’s PPAT inhibitors
with known activity4 (Tab. 1).
Table 1. Activity of Escherichia coli’s PPAT inhibitors

Compound

R1

R2

Figure 1. Common core of the designed inhibitors

A

NHFmoc

IC50
(nM)
6

Docking studies were performed with those inhibitors
and PPAT. The structures of the inhibitors were
constructed and had its geometry in HyperChem
8.0.7 (Hypercube) with MM+ force field, followed by
energy minimizations with PM3 semi-empirical
method
were
conducted
in
Spartan’10
(Wavefunction).
Firstly, redocking studies were carried out with three
PPAT crystal structures extracted from PDB (3NBK 1.58 Å, 3UC5 - 1.70 Å, 3RHS - 1.59 Å) using GOLD
5.2 (CCDC), and varying the scoring functions, the
center of interaction's site and the radius of the
binding site. Those simulations showed that the
water molecules in the active site are important to
the interaction between the substrate and the amino
acid residues of this site. The best RMSD between
experimental and docked structures was obtained
with the ChemPLP scoring function3.
Docking simulations were conducted in triplicate with
3NBK co-crystal which contains the substrate
phosphopantetheine in the active site (Fig. 2). Eight
ligands were classified in the top 10 solutions in at
least two out of the three docking runs and were
selected for further analysis. 75% of these ligands
presented the amide group in X (Fig. 1). All of the
selected inhibitors fit the active site in a similar way
of phosphopantetheine (Fig. 2). The amide series
inhibitors showed hydrogen bonds with Ser9 and

B

NHFmoc

11

C

570

In this simulations compound C presented the worst
affinity with PPAT binding site and compounds A and
B showed similar affinity. This shows that the
docking methodology applied in this study can
correlate to the activity of the inhibitors.

Conclusions
PPAT inhibitors designed have an interesting
interaction pattern with the active site of the enzyme.
The amide series seems to be more promising than
the sulfonamide series. This finding will guide further
computational studies, the synthesis of these
potential inhibitors, besides providing information
about the design of other potential inhibitors.
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Introduction
Trypanosoma cruzi trans-sialidase (TcTS) is a
surface enzyme that catalyses the transfer of
residues of the monosaccharide sialic acid from
human
host
sialoglycoconjugates
to
the
glycoproteins mucins that cover the parasite external
surface. TcTS actively participates of the
mechanisms of evasion from the immune system
and cell invasion in life cycle of the protozoan in the
human host. Therefore, this enzyme is essential for
the development of Chagas disease, being
considered a promising molecular target for drug
1
design .
Since the D-galactose moiety of the TcTS
substrates makes several hydrogen bonds with the
enzyme, this residue is an interesting scaffold for
proposing inhibitors. As we previously found that the
nitro group in the aglycone increases the inhibitory
activity of aryl galactosides against TcTS, three
known
nitrophenyl
galactopyranosides
were
evaluated as potential TcTS inhibitors (Figure 1).
These compounds have easy synthetic accessibility
and adequate balance of hydrophilic and
hydrophobic properties.

Graphic 1. Percentage of TcTS inhibition displayed
by the nitrophenyl galactosides.

TcTS. All compounds fitting well in the catalytic cleft,
their carbohydrate moiety makes hydrogen bonds
with the enzyme. A hallmark of this enzyme is the
presence of an arginine triad in the catalytic site (Arg
35, Arg 245 and Arg 314) that establishes an ionic
bond with the carboxylate group of sialic acid moiety
of the natural substrates. Curiously, we found that
the nitro group of 1 and 2 interacts with this arginine
triad by hydrogen bonds. On the other hand, the
aglycone of 3 finds the opposite side of the catalytic
site and its nitro group binds to other arginine, Arg
93. This quite different profile of interaction with
TcTS may explain the greater inhibitory activity of 3.

1 – X = NO2, Y = H, Z = H
2 – X = H, Y = NO2, Z = H
3 – X = H, Y = H, Z = NO2
Figure 1. Structure of the nitrophenyl galactosides.

Results and Discussion
The compounds 1-3 were synthesized employing
2
classical carbohydrate chemistry . The inhibition of
TcTS by the galactosides was evaluate in an
enzymatic inhibition assay, which was performed
using a continuous fluorimetric method based on
TcTS-catalized
hydrolysis
of
2’-(4methylumbelliferyl)-α-D-N-acetylneuraminic
acid
3
(MuNANA) . The most active compound was the
galactoside 3, which blocked 47% of the enzyme
activity at 1mM. The positive control pyridoxal
phosphate blocked 68% of TcTS activity at 1 mM.
Docking studies were performed in order to shed
some light on the interaction of compounds 1-3 with
th

Conclusions
The nitrophenyl galactosides have modest TcTS
inhibitory activity, but compound 3 is substantially
more active than the other isomers 1 and 2. It was
observed that the nitro group of these compounds
interacts well with arginine residues of the catalytic
site. Indeed this kind of interaction can be explored
in search for stronger inhibitors.
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Introduction
Rho GTPases are a family of small GTP-binding
proteins involved in cell cytoskeleton organization,
migration, transcription, and proliferation. They act
as molecular switches that cycle between an inactive
GDP-bound and an active GTP-bound form.
Guanine nucleotide exchange factors (GEFs) highly
regulates this process. The active GTP-bound state
binds preferentially to downstream effectors proteins
1
and actively transduces signals. The aberrant
activation of Rac1, one of the most studied Rho
GTPases, is involved in tumor progression, invasion
and metastasis and it is considered a promising
2
target for novel anticancer drug development.
We and others have been working on the
development of new protein-protein interaction
inhibitors (Rac1-GEF). Through a virtual screening
we have identified hit compound ZINC69391 (1) that
was further optimized to 1A-116 (2) that showed
greater in vivo potency in cell-base antiproliferative
assays and impaired metastatic lung colonization in
3
a syngenic animal model among others studies.

of the sulfonamide group was synthesized.
Benzoylated thiourea 4 reacted with the
corresponding anilines (prepared form commercially
available nitrochlorosulfonyl derivatives) employing
EDCI as coupling reagent. The protected
intermediate 5 was treated in basic conditions to give
the desired compounds (Scheme 1).
NH2.HCl

CF3

H
N

O

H
N
S

O

4

S

O

CF3

NR1R2

H
N

EDCI / TEA
CH2Cl2
0ªC a r.t..

H
N
N

5

NaOH 10%

O

O
S NR R
1 2
O

H2O/MeOH
80ªC

CF3

H
N

H
N

SO2NR1R2

NH

6-14

Scheme 1. Synthesis of sulfonamide derivatives

Cell Proliferation assays. An initial study of
antiproliferative activity in cells showed that
compounds 8 (para, R1=R2=CH3), 11 (para, R1= H,
R2=CH3) and 12 (ortho, R1=R2=H) showed similar
potency as the lead 2. The IC50 value of the best
sulfonamide derivative 8 (5.5 M) was found to be
3c
similar to the one reported for 2 (4.4 M).

Conclusions

Figure 1. Structures of virtual screening hit ZINC69391
(1) and optimized analogue 1A-116 (2)

We now present the design, synthesis and
antiproliferative activity of a new family of derivatives
containing sulfonamide groups.

Results and Discussion
Design. Docking analysis showed that analogues
bearing sulfonamides substituted phenyl rings could
bind more effectively than 2.

Figure 2. Structures of sulfonamide-substituted
derivatives and docked structure of derivative 9
(ortho, R1= H, R2=CH3). Sulfonamide group contributes
with two extra H bonds in addition to the aromatic
interaction with key Trp56 and H bonds between the
guanidine group and Ser71 and Asn57.

Synthesis. A family of nine derivatives (6-14)
varying in the aromatic pattern and the substitution
th

Rac1 is a well validated target for cancer therapy.
The design of inhibitors of its interactions with
specifics GEF is an attractive strategy for the
development of new drug candidates. Compound 8
presented similar potency in cell proliferation assays
as our lead compound 2. Docking studies predicted
that these derivatives could bind more effectively but
other factors may be influencing the cellular activity.
Further studies and in vitro screening methods to
establish structure-activity relationships are being
developed and will be reported in due course.
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Introduction
The development of pharmacological agents with
specific function has been used in several important
aspects of research in biology, and to establish new
1
therapeutic strategies for diseases . The discovery
of new drugs is a long challenge that requires
continuous and substantial financial investment in
research. In this context, computational studies
can aid the discovery of new drugs. Studies of
pharmacokinetic parameters, molecular docking,
2
prior in vitro can to be used to select new drugs .
The screening of molecules is an important step in
drug discovery. Major diseases such as leukemia
and carcinoma may present new drugs for
3
treatment after these screenings .

used to drug of reference in this screening. Various
cell lines including U87 (human astrocytoma cells)
carcinoma, were inhibited by approximately 100%.
This is promising drug because there are few drugs
4
to treatment for this cancer .

Results and Discussion
We work to develop new drugs through the
scheme shown in (Figure 1). The molecules were
designed and pharmacokinetic studies and docking
allowed selecting the Hits. The most promising
molecules
were
synthesized,
purified
and
characterized by NMR.

Figure2. Assay MTT – Drugs vs Cells lines of
Carcinomas.

Conclusions
The work allowed selecting a new drug tested in
vitro studies against leukemia and carcinoma.
Computational tools were used to select the most
promising molecules in pharmacokinetic parameters
and docking studies. Thus, we get the drug called D5
to proceed in vivo studies in future steps.
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Figure1. Hit to Lead in Drug Design, in Drug
Discovery.
The Hits were evaluated by MTT assay in
screening to select the most effective drugs to inhibit
leukemia cell lines and carcinoma. The results
showed that a drug called D5 was efficient to inhibit
leukemia lines (not shown here) and carcinomas
lines see Figure 2. This result was very interesting
because D5 was better than Doxorubicin what was
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Introduction
Cancer is a generic term for a large group of
diseases that can affect any part of the body. One
defining feature of cancer is the rapid growth of
mutated cells and which can then invaded adjoining
parts of the body and spread to other organs.
However, in some cases, that could be prevented by
the addition of a healthy lifestyle or immunization
1
(i.e. HBV and HPV vacines) . Thus, cancer
treatment acquires immense importance in the
current era.
Among all PTPs, PTP1B and LMW-PTP have
been identified as new targets against cancer.
Protein tyrosine phosphatase 1B (PTP1B) is
involved
in
cell
signaling
pathways
and
overexpressed in many types of malignant tumors,
being identified as an important target for new
2
anticancer therapies . Low molecular weight protein
tyrosine phosphatase (LMW-PTP) is a cytoplasmic
enzyme expressed in a wide variety of mammalian
tissues. LMW PTP is identified as a novel diagnostic
and therapeutic target in cancer diagnosis,
3
prognosis and treatment . The aim of this study is to
identify compounds capable to inhibit phosphatases
by the use of molecular modeling tools and inhibition
assays.

Results and Discussion
Based on the docking studies, we selected and
synthesized the compounds depicted below (figure
4
1) .

Figure 2. Single dose assay of the compounds
assayed against PTP1B (red) and LMW-PTP
(blue).
A total of 15 compounds were assayed against
the two phosphatases (PTP1B and LMW-PTP) in a
single concentration assay (5mM). In this initial
screening, compounds MKR -10a/-17a/-23a/-20a,
MK-1 and MK-7a have shown potential inhibitory
activity against PTP1B. Compounds (MKR -8a/10a/-17a/-23a/-20a) gave inhibition higher than 50%
against LMW-PTP.

Conclusions
The selected families have shown potential
inhibitory activity against phosphatases. Determining
of the IC50 values and co-crystallization are in
course.
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Introduction
Capsaicin is the main component of pungent chili
peppers and has antitumor activity. Recently, our
group showed that sulfonamide derivatives,
analogues of capsaicin, cause cytotoxic effects in
MCF-7 breast cancer cell lines. The main compound
(RPF101 IC50 = 32 μM) induced cell morphological
changes characteristic of apoptosis, causing arrest
of the cell cycle at the G2/M phase through a
1
disruption on the microtubule network . Thus, the
aim of this work is to optimize RPF101 activity by the
synthesis of sulfonylhydrazone analogues, using the
bioisosterism as molecular modification strategy.

Results and Discussion

were
purified
by
extraction
and
column
chromatography. All compounds were characterized
1
13
by H and C NMR.
The compounds were obtained in moderate yields,
1
between 23 and 85%, as shown in table 1. NMR H
data of final compounds presents a singlet at 7.82
ppm assigned to the imine hydrogen which confirms
the structure of a sulfonylhydrazone analogue.
Peculiar signals are observed at 6.04 (CH2 of
benzodioxole group) and 11.31 ppm (NH).
Compound 8d presents signals assigned to methoxy
(3.78 ppm), imine (7.81 ppm), hydroxyl (9.49 ppm)
and amine (11.27 ppm) groups.
Table 1. Results obtained from the synthesis of
sulfonylhydrazone analogues.

Two series were designed, as follow: series I, with
benzodioxole group (5a-g; 6e); and series II, with
methylcathecol group (8d) (figure 1). Substituent
groups (R) were rationally chosen from Craig´s
Diagram.

Compound

RMN 1H
(300 MHz, δ = ppm)

Global
Yield (%)

R

5a

-H

85

5b

-CH3

57

5d

-Cl

78

5e

NO2

44

5g

-OCH3

23

6e

-NH2

56

8d

-Cl

60

6.04 (s, 2H); 7.82 (s, 1H);
11.31 (s, 1H).
5.97 (s, 2H); 7.67 (s, 1H);
7.90 (s, 1H).
6.05 (s, 2H); 7.89 (s, 1H);
11.39 (s, 1H).
6.06 (s, 2H); 7.87 (s, 1H);
11.66 (s, 1H).
5.98 (s, 2H); 7.67 (s, 1H);
7.70 (s, 1H).
6.04 (s, 2H); 7.76 (s, 1H);
10.83 (s, 1H).
3.78 (s, 3H); 7.81 (s, 1H);
9.49 (s, 1H); 11.27 (s,
1H).

13

Moreover, C NMR data (not shown) corroborated
the obtained results and confirmed the structure of
all desired compounds.

Conclusions
Reactional conditions: i: MnO2 (15 eq), CH2Cl2, r.t., 2h; ii: N2H2
(2,1 eq), CH2Cl2, 0 °C, 0,5h; iii: HCl 5%, CH3OH, reflux, 24h; iv:
SnCl2.H2O (6 eq), C2H5OH, reflux, 2h.

Fig.1. Synthesis of sulfonylhydrazone analogues.
Until now, seven analogues were synthesized in
three reaction steps: oxidation of piperonyl alcohol to
the piperonyl aldehyde; nucleophilic substitution
reaction between sulfonyl chloride and hydrazine
hydrate to obtain the intermediate sulfonylhydrazide;
nucleophilic addition reaction between intermediate 4
and 2 or vanillin (7), to obtain sulfonylhydrazones.
Final products were purified by recrystallization or
column chromatography, and intermediates 4 and 2
th

The
synthesis
and
purification
of
sulfonylhydrazone analogues were successful.
Subsequently, new analogues will be synthesized.
Moreover, these compounds will be evaluated for
their cytotoxic potential in breast tumor cell lines
(MDA-MB-231 and MCF-7). The most promising
product will be further evaluated in order to elucidate
mechanistic properties.
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Introduction

100

*

One of the main tools for introduction into the
clinic of novel therapeutic, potentially active and less
1
toxic agents, is the rational drug design . Two
structurally similar drugs, differing only by an atom
or position that it occupies in the molecule, may
have differences in their physicochemical properties
and, consequently, for biological activity, both in
2,3
quantitative and qualitative terms . In medicinal
chemistry, heterocycles are target of early studies,
the thiophene ring being one of the most active
4
against the most diverse biological activities . The
structure of thiophenic ring, in particular, has
become attractive to medicinal chemistry from the
moment in which various biological activities have
been attributed to this nucleus. The literature reports
various properties among which stand out the
5
antitumor activity . Currently a sample containing the
drug core is raltitrexed thiophenic (Tomudex ®), a
6
drug used in the treatment of colorectal cancer .

Results and Discussion
All thiophene derivatives presented capacity to
induce cell cycle arrest. Stands out, SB44 and
SB200 which obtained the highest cytostatic power
(p <0.001) when compared to untreated control.
Of the four thiophene derivatives analyzed, three
showed cytostatic activity. The compound SB44 was
able to decrease the percentage of cells in S/G2/M
cycle phase, however the difference was not
significant (p> 0.05). The compound SB68 reduced
more than 5% of T47D cells in S/G2/M (p<0.05).
However, the compound that showed the highest
cytostatic effect was SB200 (Figure 1) which
induced cell arrest in more than 10% of T47D cells
(p <0.001). Our results are in agreement with some
studies in the literature showing that a major
mechanism of action of thiophene derivatives is cell
6
cycle arrest .

Figure 1. General
derivatives
th
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Conclusions
The cell cycle analysis was performed by the
stoichiometry of the propidium iodide through flow
cytometry in at least three independent experiments.
All thiophene derivatives presented relevant capacity
to induce cell cycle arrest. Stands out SB44 and
SB200 which obtained the highest cytostatic power
(p <0.001) when compared to untreated control.
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Introduction
Cruzain is the major protease expressed by the
parasite Trypanosoma cruzi and is a validated drug
target that is acutely involved in Chagas disease.
Virtual screening methods based on fragments
represent an efficient approach to sampling a
chemical space in order to select bioactive
compounds that might evolve to lead-like
candidates. This evolution is often based on the
Mode of Binding (MOB) for the initial fragments. Xray crystallography is the leading method for MOB
determination
in
drug
design
endeavor.
Nevertheless, cruzain is a challenging target to the
method due the self-proteolysis that precludes
protein stabilization and crystals production
especially for when weak binding inhibitors are
fragments. Herein, we show two interesting crystal
structures elucidated for fragments in complex with
cruzain, which provides new insights into the
catalytic active site structure of cruzain that might be
important for future selectivity and potency
optimizations.

Results and Discussion
The crystal structure deposited to the RCSB PDB
with the code 4KLB for a fragment-like inhibitor
app
Neq0176 (Ki
= 100 ± 5 μM) in complex with
cruzain wild type was resolved at 2.62 Å of resolution
with final Rwork and Rfree values of 18.9 % and 23.8
%, respectively. The crystal structure for another
app
fragment, Neq0147 (Ki
= 910 ± 40 μM), in
complex with C25S mutant type cruzain (PDB ID
4KLB), was resolved at 2.71 Å with final Rwork and
Rfree values of 19.5 % and 24.8 %. Both crystal
structures were resolved at space group P43212. The
Neq0176 inhibitor is bound in three of the five copies
of cruzain asymmetric units (ASU) at 4KLB structure
and the Neq0147 bound in all the six copies of the
ASU at 4KNO structure. Both inhibitors were
selected using our expertise on virtual screening
methods and represent good starting points for
optimization. They are bound to different pockets
within the site in a non-covalent manner making a
network of strong hydrogen bonds (as shown in
Figures 1A and C). The aa residues shown are
essential for the correct positioning and cleavage of
the peptide bond in natural substrates. The Neq0176
inhibitor assumes different conformations at chains
B and C as shown at Figure 1B. These
conformational variants are due the high amount of
free rotational bonds of the inhibitor and the large
and shallow S3 site with few spots for interactions.
The Neq0147 on the other hand, have few rotational
th

bonds and is located at the deepest portion of
cruzain catalytic site with several hot spots for
interactions as predicted by the complete analysis
using SuperStar and GRID softwares.

Figure 1(A). MOB of Neq0176 at chain A of
4KLB structure and the overlap with chains B
and C showing the conformational variants in
(B). The MOB for Neq0147 is shown in (C) and
the overlap with all the chains is shown in (D).
Neq0147 assumes almost the same conformation in
all chains of its X-ray structure except at chains E
and F (as shown in Figure 1D), which is due the
crystal packing that makes the inhibitor assume a
completely different orientation. Its carboxylic moiety
remarkably interacts with Glu208, the essential
cruzain residue for the substrate specificity and
enzyme selectivity.

Conclusions
We show the first crystal structures of fragments
elucidated for a protease belonging to papain family.
Our tools developed to comply with the results for a
hard target, incorporate new possibilities for future
drug design initiatives. These X-ray data also show
that the fragments can be used to investigate
unexplored interactions, especially in order to identify
hot spots for selectivity.
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Introduction
Molecular simplification is a strategy widely used in
Medicinal Chemistry in the search of new bioactive
compounds, usually considered the first step in drug
development. Many successful drugs have been
discovered based on this technique, such as
meperidine, chloroquine and zidovudine1.
In this work, molecular simplification was used to
design potential inhibitors of the cysteine protease
cruzain, present in Trypanosoma cruzi, the etiologic
agent of Chagas disease. Cruzain plays vital roles
during the lifecycle of T. cruzi and has been validated
as a potential target for new drug design.
The compounds were designed and synthesized
based on the structure of the known cruzain inhibitor 1
(IC50 2 µM) (Figure 1).2 Molecular docking also was
carried out in order to compare the predicted binding
affinity and investigate binding mode of the designed
molecules.

Mannich reaction between pyrrole and substitute
amines afforded the amines 8a-d with yields of 24-42%,
after column chromatography.
The compounds were evaluated in vitro for their ability
to inhibit the enzyme cruzain. Compounds were
evaluated at 100 µM, with a 10 minute incubation. All
tested compounds exhibited weak inhibitory activity
against cruzain (< 50% inhibition). The lack of activity
might be related to the oversimplification of the lead
compound.
Molecular docking against cruzain (pdb: 3I06) was
conducted using AutoDock Vina and showed low affinity
between synthesized compounds and the enzyme due
to loss of important interaction points (Table 1).
Table 1. Calculated affinity and cruzain inhibition.

Comp.

Calc.
affinity
(kcal/
mol)

Cruzain
inhibition*

6a

-5.2

16%

8a

-4.5

24%

6b

-5.2

50%

8b

-4.7

11%

6c

-6.0

-

8c

-5.9

3%

Figure 1 - Comparison of the structures of the inhibitor
1 and of the potential inhibitors proposed.

6d

-5.7

1%

8d

-4.9

1%

7a

-4.7

21%

1

-6.8

-

Results and Discussion

7b

-4.9

37%

3I06lig

-7.1

-

7c

-5.9

-

7d

-5.7

1%

The compounds were designed by removal of the two
outer aromatic rings of 1, maintaining a pyrrolic ring
bound to a substituted amine (Figure 1). Using pyrrole2-carboxaldehyde derivatives 2 and 3 commercially
available, the corresponding carboxylic acids 4 and 5
were prepared by oxidation of the aldehyde with AgO,
generated in situ. Further, the carboxylic acid was
converted to its NHS-activated ester by reaction with
NHS in the presence of EDC. Then, amides 6a-d and
7a-d were obtained by reacting the NHS-activated
esters with different amines (Scheme 1).

Calc.
affinity
Comp.
(kcal/
mol)

Cruzain
inhibition*

* tested at 100 µM. 3I06lig: crystallographic inhibitor.

Conclusions
The compounds were obtained in moderate yields but
showed no activity against cruzain, indicating that
structural simplification removed important binding
groups. A new series of compounds, maintaining either
of the outer rings of 1 will be synthesized in order to
evaluate their importance in enzyme inhibition.
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A with 15% yield and the structure was confirmed by
NMR with the published data for the natural product.

Introduction
Chaiyaphumine is a new class of depsipeptide,
recently isolated from entomopathogenic bacteria
Xenorhabdus, which live in symbiosis with
1
nematodes of the genus Steinernema. Among
these peptides, Chaiyaphumine A (Figure 1) present
high antimalarial activity (P. falciparum IC50= 0.61
mM) and very good selectivity index of >151 (IC50
against L6 cells/IC50 against P. falciparum) and can
be regarded as a screening hit according to the
2
criteria published by Pink et al. In this sense, this
work aims the total synthesis of Chaiyaphumine A
and analogues by Alanine scan and biological
evaluation on P.falciparum cells for further SAR
studies.

Scheme 2. Reagents : a) Fmoc-D-Phe, PyBOP, DIPEA

(3 equiv); (b) (i) 20% piperidine/DMF; 1, PyBOP, DIPEA (3
equiv), (c) (i) 20% piperidine/DMF; (ii) Fmoc-D-Trp, DIC (3
equiv), DMAP (0.4 equiv); (d) (i) 20%piperidine/DMF;
Fmoc-L-Pro, PyBOP, DIPEA (3 equiv); (e) (i) 20%
piperidine/DMF; Boc-D-Ala, PyBOP, DIPEA (3 equiv); (f)
(i) 10 equiv. ICH2CN, DIPEA (12 equiv), (ii) 50%
TFA/CH2Cl2; (g) 3 equiv DIPEA/THF.

Figure 1 : Retrosynthetic
depsipeptide Chaiyaphumine A

analysis

of

the

Results and Discussion
The synthesis of Chaiyaphumine A started from
the synthesis of the building block 2-phenyl-acetyl-Lthreonine (1) from L-threonine and phenyl acetyl
chloride in presence of base (Scheme 1) with 78%
yield.

Scheme1.Synthesis of 2-Phenyl-acetyl-L-theronine.
The total synthesis of Chaiyaphumine A began
with the attachment of Fmoc-D-Phe to the
commercially available sulfonamide resin, followed
by successive deprotection and couplings to afford
the linear depsipeptide. Sulfonamide alkylation with
iodoacetonitrile then activated the linker, and Boc
deprotection to the free amine resulted in
macrocyclative cleavage of the depsipetide in
solution (Scheme 2). The crude peptide was purified
by RP-HPLC reverse phase (C-18 Nucleosil 300 mm
× 25 mm, 3 mL/min, detection at 230 nm, eluent A:
Water/TFA:
99.95/0.05,
eluent
B:
acetonitrile/water/TFA80/19.95/0.05) Chaiyaphumine
th

Although the overall yield was modest, it was
possible to synthetize for the first time this natural
peptide, confirmed by the published data. The
synthesis of the alanine scan analogues of
Chaiyaphumine A is under way by solid phase and
solution phase strategies. After completion of
analogues, the SAR studies will be performed based
on the biological essay on P. falciparum cells.

Conclusions
To summarize, an efficient solid-phase total
synthesis of Chaiyaphumine A was achieved.
Structure versus antimalarial activity will be
performed based on alanine scan analogues from
the natural product, which will allow identifying new
potent and selective antimalarial compounds.
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Introduction
Chagas disease, caused by the parasite
Trypanosoma cruzi, is a neglected tropical disease
due to lack of effective drug to its treatment. Cruzain
is the major cysteine protease expressed by the T.
cruzi and it is a validated therapeutic target for new
chemotherapy for Chagas disease.1
It is of our interest to discover novel cruzain
inhibitors with trypanocidal activity and advance to
their optimization as drug candidates. We have
been applying fragment-based molecular design,
among other approaches, to probe cruzain active
site for novel interactions. In this endeavor, the use
of X-ray crystallography is of utmost importance for
the determination of the mode of binding (MOB) that
helps the hit-to-lead optimization.1
This work reports the discovery of fragment-like
cruzain inhibitors and their affinity optimization
guided by X-ray crystallography.

Results and Discussion
We recently identified a set of fragment-like
cruzain inhibitors hits with activity in the high
micromolar range, using in silico methods. The best
hits of this group were screened for crystallization
conditions along with cruzain. The first structure of
cruzain bound to an inhibitor with weak binding,
Neq0147 (Figure 1), was solved and reveal
important interactions to drive the selection of a new
series. The crystallographic structure of Neq0147 in
complex with cruzain shows that the ligand occupies
the deepest pocket of enzyme catalytic site, located
between the catalytic triad and the S2 site.
Additionally, Neq0147 interacts in a non-covalent
manner, stabilized at the pocket by four hydrogen
bonds with amino acid residues from the catalytic
triad (Cys25, His159 and Asn175) and with the
Gly66, a crucial residue for the recognition of
natural substrates into the site. In addition, the
chlorine in phenyl ring of the inhibitor is located on a
hydrophobic environment interacting with Met68,
Leu67 and Ala138.
Many hypotheses to improve the binding affinity
were thought based on Neq0147-Cruzain MOB and
a set of 10 compounds were purchased and
assayed against cruzain to validate them. The new
series of compounds had the carboxylate replaced
by a nitrile group that binds in a covalent-reversible
manner to the enzyme, in the attempt to increase
the affinity and act as an anchor to explore others
modifications in order to probe hot spots for
selectivity.

Figure 1. MOB for the inhibitor Neq0147 at
cruzain crystal structure on a van der Walls
surface with the H-bonds highlighted.
Different heterocyclic groups to replace the
oxadiazole ring were proposed in order to interact
also with an Asp161 residue by hydrogen bonds.
Compounds containing substituents in different
positions of the phenyl ring were also proposed to
interact more efficiently with the deep portion of S2
pocket. These hypotheses were validated by the
kinetic assays and we were able to identify new
fragment-like inhibitors (MW between 183 and 250
Da) with up to 14-fold affinity improvement relative
to initial most potent hit, Neq0147, resulting in the
inhibitors Neq0556 (Ki = 65.3 ± 4.4 μM, LE = 0.36
kcal.mol-1.atom-1, LLEAT = 0,13 kcal.mol-1.atom-1),
Neq0557 (Ki = 133.13 ± 11.1 μM, LE = 0.33
-1
-1
-1
-1
kcal.mol .atom , LLEAT = 0,10 kcal.mol .atom ),
and Neq0561 (Ki = 268.13 ± 22.9 μM, LE = 0.32
kcal.mol-1.atom-1, LLEAT = 0,19 kcal.mol-1.atom-1).

Conclusions
We were able to characterize the MOB for the
first fragment-like inhibitor in complex with cruzain
using X-ray crystallography. The information
obtained allowed us to achieve 14-fold affinity
improvement in relation to Neq0147. The use of a
fragment-based approach was successfully applied
and resulted in ligands with adequate LE to feed
novel cycles of molecular optimization into the hit-to
lead process. An expected challenge is the LLEAT
that lies below the desired threshold and we are
undertaken chemical synthesis to address this
problem using results shown herein.
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Introduction

by AOAC method 9110, the results of 211,8
mg/100g fruit were obtained5.

The infusion of Bunchosia glandulífera plant
(Malphiguiaceae family, founded in the north region
of South America) has been consumed by the Santo
Antonio da Patrulha – RS population as a stimulant
and its frequent consumption provides greater
longevity, stamina and mental clarity1. This plant
contains bioactive substances, with benefics effects
which may be related to its antioxidant properties2 In
this context, this is necessary to investigate with
more details the antioxidant mechanism of action of
Bunchosia glandulifera. The aim of this work is to
evaluate the mechanism related to the antioxidant
activity of the Bunchosia glandulifera extract by
specific methods, such as the DPPH one.

Conclusions

Results and Discussion
The fruit pulp was circulated oven for 72 hours at
35°C and after placed in ethanol for 7 days for
extraction. After the solvent was evaporated in a
rotary evaporator at 40°C to obtain ethanolic extract.
The antioxidant activity was determined by the
method of free radical scavenging DPPH, adapted
by Mensor and co-workers3. The obtained results
are showed in Figure 1.

The Bunchosia glandulifera extract showed a
favorable antioxidant activity, by the DPPH method,
related to its compounds.
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Figure 1. Antioxidant activity of Bunchosia
glandulifera extract.
The IC50 value 3,6mg/mL indicate a favorable
antioxidant activity of the Bunchosia glandulifera
extract, probably due its phenolic and carotenoids
4
compounds .
In the analysis for the determination of phenolic
compounds in the extract of the pulp Bunchosia
glandulífera according to the methodology described
The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

MCA-018

In vivo evaluation and structure-activity relationship studies of potential
mPGES-1inhibitors.
Froes, T.Q. (PG)1*, Soares, D.M. (PQ)1, Melo, M.C.C2, de Souza, G.E.P (PQ)2, Castilho, M.S. (PQ)1
*thamiresquadros@hotmail.com

1 Faculty
2

of Pharmacy, Federal University of Bahia, Salvador, BA

Faculty of Pharmaceutical Science, University of São Paulo, Ribeirão Preto, SP.

Keywords: docking, in vivo, NSAIDs, mPGES-1.

Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are
widely used analgesic and anti-inflammatory drugs1.
However,
currently
available
drugs
show
gastrointestinal (unselective COX-inhibitors) and
vascular side-effects (selective COX2 inhibitors) that
limit their use. Thus, novel molecular targets, such
as microssomal prostaglandin E synthase-1
(mPGES-1) has been considered as an alternative
target for drug development.2 Previous results from
our laboratory have led to identification of potential
mPGES-1 inhibitors,3 among which Z0219 proved
active in animal models (fever reduction). Aiming to
further understand the structure activity relationships
for this series of compounds, 5 Z0219 derivatives
(Figure 1) were investigated.

to the active site surface, whereas those with
branched moieties, such as isopentane (Z6274)
show steric crashes to the surface (Figure 3). These
results are in good agreement with biological data
once Z0219 (P<0.05) and Z5454 (P< 0.05) are active
in the fever assay, but Z6274 and Z3451 are not (P>
0.05).
2.0
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Figure 2: Results of in vivo assays for Z0219 and its
derivatives.

Figure 1: General scaffold of Z0219 derivatives
investigated in this work

Results and Discussion
Z0219 derivatives were assayed in LPS-induced
fever model that is highly dependent of the levels of
PGE2 (Figure 2). As these compounds have
structural diversity only on R1, the differences in
biological
activity
must
be
related
to
pharmacodynamic (steric/electronic complementarity
to the macromolecular target) or pharmacokinetic
(lipophilicity) features that vary among the
molecules. In order to investigate this matter further,
Z0219 was docked to the active site of mPGES-1
(4AL1), using SURFLEX-DOCK default scoring
function, whereas search parameters to generate the
putative binding site (protomol) were adjusted to
Bloat=1.0 and Threshold=0.6. Next, considering that
all derivatives should bind in the same pocket and in
a similar conformation to Z0219, SURFLEX-SIM
(default parameters) was employed to superpose the
other molecules onto the docked Z0219 pose.
This strategy suggests that moieties that are
identical bind to the same position inside the active,
whereas differences in binding are observed in R1.
For instance, cyclopropane ring (Z0219) and
aliphatic ether (Z5454) have good complementarity

Figure 3: Docked poses of Z0219 derivatives. Z6274
(orange) clashes to the solvent-accessible surface,
whereas the other derivatives do not.

Conclusions
Docking results suggest that steric features are
responsible for Z6274 reduced activity in the LPSinduce fever model employed in this study. A similar
explanation does not explain the marginal activity of
Z3451 (cyclobutane). Hence further studies are
necessary to also verify the influence of lipophilicity
and metabolism over the biological activity of this
series of congeneric molecules.
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Introduction
As reviewed extensively, biodiversity provides
unique chemical scaffolds that have been used as
templates for medicinal chemistry and drug
1
discovery. The lack of organized data is still one of
the drawbacks in the natural products and medicinal
chemistry area. Recently, we reported the creation of
the NuBBE database (NuBBEDB) containing
botanical, chemical, and biological information of the
secondary metabolites obtained and published by
2
NuBBE in 15 years. This is the first effort in
cataloguing the chemistry of the Brazilian
biodiversity. The compilation of accessible data of
secondary metabolites from natural sources is of
great value, especially for the identification of
molecular leads. In this work, we used NuBBEDB
data as starting point to select a natural model to
design new compounds inhibitors cell migration.

The series of the designed compounds were
3
synthesized using a recent and simple approach
described by the coupling of the 3,4,5-trimethoxy
cinnamoyl chloride and the nitrogenated reagent in
basic and aprotic medium.
The biological assay revealed the importance of
the Michael Acceptor group. The analogue designed
by molecular simplification (4) was the most active of
the series, inhibiting 97% of cell migration at 10 µM
in the wound healing assay. This result is
comparable to the natural product piplartine, but with
a simpler structure as an additional feature.
Table 1. Results obtained in the wound healing
assay (MDA-MB-231) for piplartine analogues (1-5).

Results and Discussion
The results of the screening in vitro assays
indicated piplartine as active compound inhibiting
97% of cell migration (10 µM) in the Wound Healing
assay and the EC50 obtained in the Boyden Chamber
assay was 2.65 ± 1.1 µM. Piplartine is described in
the literature as cytotoxic and selective for cancer
cells and it was selected to be a model for the design
of 5 new compounds described in Fig.1.
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Figure 1. Design of new compounds with piplartine
as the natural product model
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Conclusions
The NuBBEDB was a useful source of compounds
for the identification of a model for the design of new
synthetic analogues. Piplartine and compound 4
presented a good profile for further studies
concerning cell migration. We aim to further
determine EC50 of compound 4 using Boyden
Chamber assay and evaluate the selectivity and the
possible mechanism of action of these compounds.
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Introduction
Cruzain is the major cysteine protease found in the
parasite Trypanosoma cruzi, the etiologic agent of
Chagas disease. The enzyme is essential for the
development and survival of the parasite within host
cells, having excellent pre-clinical validation evidence
as druggable target1. Several classes of peptide
inhibitors including transition state-based reversible
and irreversible ones effectively inhibit cruzain.
However, most of these inhibitors still have poor
pharmacokinetics profiles and are related with
potential off target effects. In order to find more
efficient and selective inhibitors, we applied a
hypothesis driven ligand design approach, combining
cheminformatics, organic synthesis, biochemical
assays and mode of binding determination to
validate the designed compounds as cruzain
inhibitors. Here, we show a set of dipeptidyl nitriles
that were synthetized and evaluated based on these
methods to probe interactions at S2 and S3 pockets
of cruzain binding site.

Results and Discussion
The dipeptidyl nitriles synthesized and evaluated
were designed based on previous results from
literature2,3,4 and the Mode of Binding (MOB), found
through X-ray crystallography for the inhibitor
Neq0409, reported in the PDB data base with the ID
code 4QH6. Its MOB is illustrated in Figure 1a.

Figure 1. (a) 2D representation of Neq0409
interactions with cruzain as observed through X-ray
Crystal structure data; (b) generic scaffold of cruzain
inhibitors designed in this study.

This inhibitor binds covalently and reversibly to the
catalytic Cys25 of cruzain, which was further
confirmed in our research group through kinetic
assays. (S)-Neq0409 exhibited a Kiapp of 453 ± 32
nM, so it has been defined as a hit. Taking Neq0409
MOB as the reference, modifications were carried

out at P2 and P3 positions (Figure 1b) of dipeptidyl
nitrile scaffold to probe S2 and S3 subsites of
cruzain and get novel interactions. To avoid
racemization Nα-BOC-protected L-aminoacids as
leucine,
4-cloro-phenylalanine,
cycloleucine,
tryptophan, tyrosine and arginine were coupled with
aminoacetonitrile and then deprotected to couple
with P3 substituents benzyl, tert-butilpirazole using
their corresponding carboxylic acids.4
Leucine and tryptophan side chains, which are
expected to bind at S2 subsite, showed to be more
favorable to the potency than benzyl group of
phenylalanine as in Neq0409, furthermore, a
significant improvement of potency was achieved
when less hydrophobic amino acids as the tyrosin
(Kiapp = 192 ± 10 nM) or arginine are placed to
occupy S2 site. These interactions predicted via
molecular docking in which hydroxyl group of tyrosin
and the guanidine of arginine interact through Hbond to Glu208, an important residue that is not
conserved in homologous proteases present in
mammals were thereby confirmed. With regard to P3
modifications, the combination of tert-butilpirazole
with leucine at S2 subsite resulted in a remarkable
potency increase, achieved through compound
Neq0568, which showed a Kiapp of 56 ± 3 nM. This
information can be exploited to guide the design of
novel compounds able to inhibit the cruzain.

Conclusions
Employing our hypothesis driven ligand design for
dipeptidyl nitriles we were able to propose and
synthesize potent cruzain inhibitors that were used to
probe interactions at S2 and S3 sites of the cruzain.
The fragment-like size of these inhibitors (250 to 350
Da) put them as good candidates to be optimized in
order to get potency and selectivity improvements.
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Introduction
Chagas disease is caused by Trypanosoma cruzi
protozoa and transmitted by hematophagous
triatomine insects. This disease mainly affects Latin
America countries, however it is becoming a global
emerging problem due to international migrations
from endemic areas to non-endemic ones. World
Health Organization estimated that approximately 10
million people are infected by T. cruzi.1 The large
number of infected people in the world, especially in
poor regions, demands a special attention and
efforts with more innovative research, and
development of new drugs to treat Chagas disease.
Xanthones from natural sources presented
interesting activity against some parasites and have
been described as promising natural product
molecular models for new drugs to treat neglected
tropical diseases, such as Chagas disease.2 The
natural xanthone 1 (Figure 1) isolated from
Andrographis paniculata roots (Acanthaceae)
presented biological activity against the amastigote
form of T. cruzi (EC50 = 4 µg/mL).3
OH

O

OH

O
O

O

1

Figure 1. Xanthone isolated from A. paniculata
roots (Acanthaceae).

Results and Discussion
Xanthone 2 (Figure 2), recently synthesized by our
research group presented an interesting activity
against epimastigote form of T. cruzi (EC50 = 3.5
µM). This result indicated that compound 2 is ten
times more active than benznidazole (EC50 = 38 µM),
a drug used in the treatment of Chagas disease.
This result stimulated us to further evaluate this
molecular structural model aiming at new active
xanthone derivatives. Therefore, two substituted
hydroxylated xanthone derivatives 2- 3 (Figure 2),
were synthesized by a simple condensation of dry

phloroglucinol and the respective substituted salicylic
acid (4 or 5) in Eaton’s reagent under heating.4 The
products were purified by column chromatography
affording 2 (97% yield) and 3 (98% yield),
respectively. The structures of the derivatives were
elucidated by 1H RMN.
OH

O
COOH

HO

OH

R

P2 O5 /CH 3SO3 H

OH
4
5

OH

R

R
CH 3
H

O
2
3

OH
R
CH 3
H

Figure 2. General synthesis of xanthones 2 and 3.
Aiming at the in vitro evaluation of the trypanocidal
activity of these synthesized xanthones, cruzain,
GAPDH enzymes and amastigote form of T. cruzi
bioassays are being undertaken.5, 6

Conclusions
The synthesized xanthone 2 exhibited important
trypanocidal activity, and it is more active then
benznidazole. The syntheses of xanthone analogs
were achieved with only one synthetic step and very
high yields. The trypanocidal activity of the
xanthones in the amastigote form of T. cruzi, and the
evaluation of the inhibition of cruzain and GAPDH
enzymes may result in important data to be used in
the development of new xanthone structures by a
rational design approach.
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Introduction
Recent numbers of cases of Type II diabetes
demonstrate the urgency to develop new drugs for
the treatment of this pathology. Our group has
synthesized glycoconjugate triazole compounds
(GTCs) with 20X greater inhibitory activity than
acarbose (a hypoglycemiant α-glucosidase and
pancreatic α-amylase inhibitor in clinical use) against
yeast MAL12 (Saccharomyces cerevisiae maltase).
Studies on the kinetic mechanism of inhibition of
these compounds showed that all inhibitors act noncompetitively both on yeast maltase and porcine
(Sus scrofa) pancreatic α-amylase (PPA) (Table 1).
MAL12 and PPA are homologous proteins thus
sharing a common fold. Both enzymes belong to
glycosyl hydrolase 13 family (GH13) of the CAZy
1
database .
Table 1. Inhibition constants of glycoconjugate
triazoles (GTC) active on GH13 enzymes MAL12
and PPA 2,3.
Ki (µM)
MAL12

Ki (µM)
APP

49.6 ± 15.6

33.6 ± 5.0

GPESB14

99.5 ± 39.2

204 ± 72

GPESB11

50.6 ± 10.9

234 ± 61

GTC

GPESB15

GPESB02

R1

Structure

120 ± 46.6

342 ± 71

74.3 ± 28.0

780 ± 354

enzyme - substrate (ES) complexes as receptors in
docking simulations of the GTC ligands with the
induced-fit docking (IFD) protocol (Schrödinger,
LLC).
Docking results indicate that the R1 substituent
and the triazole ring are positioned at the (+2)
subsite while the ribose moiety of the ligands is
bound to the (+3) subsite of the substrate binding
cleft of MAL12 (Figure 1).

Figure 1. Scheme for the intermolecular
interactions found within the MAL12 complexes.
Similar observations were made for the complexes
between PPA and GTC ligands (Figure 2).

Figure 2. Comparison between acarbose (7TAA)
and GPESP15 binding to PPA.

Conclusions
GPESB01

* MAL12 substrate was p-nitrophenyl-α-D-glucopyranoside
(pNPG) and PPA substrate was 2-chloro-4-nitrophenyl-α-Dmaltotrioside (CNPG3).

Based on kinetic data, it has been hypothesized
by our group that GTCs bind to the +2 and +3
subsites, adjacent to the substrate (pNPG for
MAL12 and CNPG3 in the case of PPA).

Results and Discussion
Since there is a lack of experimental data on the
structural aspects of the inhibition process of the
GTCs, we performed a comparative analysis of the
active site topology of three GH13 enzymes: MAL12,
PPA and human pancreatic α-amylase (HPA). In
accordance with the results of non-competitive
inhibition, we used both free enzyme (E) and

When interacting with the ES complexes,
inhibitors preferentially bind between the +2 and +3
subsites of MAL12, AAPS or AAPH. When
interacting with the free enzyme E, inhibitors tend to
bind closer to the catalytic site, i.e. the -1 and +1
subsites and can thereby prevent substrate binding.
This is consistent with the mixed inhibition
mechanism proposed from experimental data.
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Introduction
Cruzain is the major cysteine protease found in the
parasite Trypanosoma cruzi (the causative agent of
Chagas disease), and is essential for its survival.1
Several research groups have demonstrated that
irreversible inhibitors of cruzain eradicate the
parasite infection in cell culture and animal models.
Notwithstanding, most of these inhibitors have poor
pharmacokinetic profiles and potential off-target
effects. Hence, new efficient inhibitors have to be
developed and so we have been focusing on the
synthesis of nitrile containing compounds as cruzain
inhibitors. They are known as potent covalent
reversible inhibitors of cysteine proteases. In this
work, a series of cruzain inhibitors were designed
and synthetized, driven by the mode of binding
obtained through X-ray crystallography for the
prototypic compound Neq0409 with wild type
cruzain.1

Results and Discussion
The dipeptidyl-nitrile S-Neq0409 is able to inhibit
cruzain (Kiapp = 453 ± 0.032 nM). The binding mode
observed for this compound with cruzain (PDB ID
4QH6) was determined and is shown in Figure 1. It
can be seen that the -nitrogen substituent interacts
in the S3 site, the side chain of central peptide
occupies S2 pocket and the nitrile warhead, as
expected, is bound to the catalytic cystein.

carrying a warhead, which in this case is the cyano
group, is also in place for correct bimolecular
interactions. Accordingly, we have selected a series
of commercially available acids of small
substituents using molecular docking. These acids
were then coupled to amino acids according to the
scheme shown in Figure 2.

Figure 2. Synthetic route used to obtain
dipeptityl-nitriles as cruzain inhibitors.
The apparent inhibitory constant (Kiapp) was
determined for eleven synthesized compounds
using fluorimetric assays. The results showed that
most potent compound (Neq0536) is able to inhibit
cruzain at the concentration of 526 ± 0.06 nM. This
compound contains a carboxyfuranyl group at N,
which is expected to bind in S3 subsite, the
phenylalanine as a central peptide, and the cyano
group as warhead. Additionally, it presented a
-1
-1
remarkable LE of 0.47 kcal mol atom , and so can
be considered a great starting point for ligand
optimization.

Conclusions

Figure 1- X-ray structure of Neq0409 in complex
with cruzain (left) and 2D representation of
cruzain subsites occupation by the ligand
(right).
This MOB has allowed us to hypothesize on the
design of novel derivatives to explore interactions
with the protein subsites. The coupling of the nitrogen of peptide with a carboxylic acid carrying
the desired group is expected to lay on S3 site. The
coupling of carboxyl group with methylamine group
th

We have designed and synthesized dipeptidylnitriles
as
cruzain
inhibitors
that
show
submicromolar affinity to cruzain and high LE.
These compounds are good starting points for
molecular optimization and future development as
trypanocidal agents.
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Introduction
Phenyl-N-t-butyl nitrone and derivatives act as
effective protective agents in rat models of transient
and permanent focal ischemia and against
microvascular damage induced by ischemiareperfusion in hamsters1,2. However, only in 1997 its
antiproliferative activity started to be evaluated2,3.
Stimulated by these previous results, we decided to
design and prepare a series of N-methyl arylnitrones
with potential antiproliferative action having as its
starting point LQB 110 and 123, nitrones previously
prepared in LQB.1 Once the lypophilicity in N-methyl
nitrones play an important role on the protective
action when LQB compounds were administered by
gavage and geraniol and farnesol have an
antiproliferative action already described4,5 we
proposed an association of antiproliferative and
citoprotection action by the insertion of terpenoid
moieties on the aromatic ring, by using molecular
hybridization7 as structural modification strategy.

Figure 1. Molecular hybridization of nitrones.

Results and Discussion
Hybrid targets were synthesized according to the
methodology described in the literature 6. The results
of cytotoxicity tests show that the O-geranyl and Ofarnesyl nitrones exhibit antiproliferative action in at
least one of the tested cell lines as indicated by
moderate IC50, except for LQB-384. Among these
nitrones, LQB-278 and LQB-385 showed higher
potency in reducing the cellular viability after 72h of
culture, exerting its cytotoxic effect in the three
chosen cell lines, Jurkat, K562 and PC3 (Table 1,
enter 3 and 10). It’s noteworthy that between the
nitrones O-geranylated and O-farnesylated, the meta
isomers showed the worst performance in evaluation
of cytotoxicity. It seems to be a preference for ortho
and para interaction with the molecular target. No

one of the prenylated nitrones showed cytotoxic
activity, demonstrating that the size of the isoprenic
chain is also relevant to the antiproliferative activity.
In spite of being inspired in LQB-110 and 123, the
hybrid nitrones showed no protective action against
microvascular
damages
induced
by
ischemia/reperfusion. Besides, the LQB-110 and 123
didn’t demonstrate cytotoxic effect on the cell lines in
described before.
Table 1. Antiproliferative activity of nitrones.
Entry SAMPLE JURKART
K562

PC3

1

PBN

>50

>50

>50

2

LQB 325

>50

>50

>50

3

LQB 278

6.7

19.0

20.0

4

LQB 383

20.5

>50

>50

5

LQB 300

>50

>50

-

6

LQB 299

43.8

>50

>50

7

LQB 384

>50

>50

>50

8

LQB 301

>50

>50

>50

9

LQB 298

44.8

>50

49.4

10

LQB 385

20.8

32.4

>50

All values described in (M)

Conclusions
The LQB-278 showed greater potency than the
reference drug in Jurkat cell lines, which are rich in
Bcl2, a protein with antiapoptotic property. Geranyl
and Farnesyl terpenic branches in arylnitrones were
essential for the cytotoxic property. We are currently
conducting studies to identify the molecular target
and evaluations of chemical stability (pH dependent),
plasma and aqueous solubility.
____________________
1Costa
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Introduction
For
a
set
of
[2-(4-R-benzamido)ethyl]
benzyldimethylammonium bromides (Figure 1) with
neuromuscular blockage activity, QSAR models
revealed a positive contribution of the lipophilic term
(logP) to their activity¹. However, their apparent
partition coefficient (logPapp) determinations are
usually associated with experimental shortcomings,
leading to low accuracy logPapp values, since they
are quaternary ammonium salts showing either a
hydrophilic or a low lipophilic character. To make
these experiments feasible and increase the
accuracy of the lipophilicity measurements, the ion
pair concept was applied as a methodological
strategy², initially to a small set of compounds¹. In
the present study, in order to further investigate this
strategy, the lipophilicity of a large set of compounds
has been studied in the presence of a large and
hydrophobic counter ion: sodium n-octyl sulfate
(OcS). It was proposed that, due to ion pair
formation, the addition of this kind of counter ion
would lead to an increase in lipophilicity of the
compounds, allowing both an improvement in the
experimental conditions as well as high accuracy².
R = NO2, CN, H, OCH3,
Cl, n-C4H9, n-C6H13,
SO2CH3, CH3, Br, CF3

Figure 1. Set of quaternary ammonium bromides.

logPapp values of compound 1 obtained, without and
with NaBr (I = 0.10 M) respectively, using eleven
OcS concentrations were observed in the following
ranges: -0.92 to 1.77 and -0.45 to 1.93; without OcS:
-1.35 (±0.05) and 0.17 (±0.06), and extrapolated to
OcS zero concentration: -1.29 (±0.07) and 0.15
(±0.05). logPapp values of compound 2 obtained,
without and with NaBr (I = 0.10 M) respectively,
using eleven OcS concentrations were observed in
the following ranges: -0.59 to 1.91 and -1.19 to 1.52;
without OcS: -1.54 (±0.16) and -0.25 (±0.01), and
extrapolated to OcS zero concentration: -0.92
(±0.11) and -0.26 (±0.01).
It was observed that logPapp values of 1 and 2
increased with higher OcS concentrations, until they
reached a maximum value. These observations
indicate that there is a saturation value for the ion
pair formation. Within the experimental error, all
logPapp values extrapolated to OcS zero
concentration agreed with the corresponding values
determined directly without addition of OcS, with the
exception of logPapp value of 2 determined without
NaBr. These results suggest that the ion pair
concept can be applied for the determination of
logPapp values of highly hydrophilic compounds.
There is, probably, also a competition between the
Br and OcS anions for the ammonium cation,
considering the differences observed, under
controlled ionic strength. Even in the absence of
OcS, the partition of the ion pair formed with Br
contributes to the increase of logPapp values of
quaternary ammonium salts.

Results and Discussion
For this purpose, logPapp measurements of two [2-(4R-benzamido)ethyl]
benzyldimethyl
ammonium
bromides, where R = NO2 and CN (compounds 1
and 2, Figure 1), were done, in duplicate, in the
-5
presence of eleven OcS concentrations [2.10 –
-4
35.10 M] by the shake-flask method³ and using noctanol/water. 1 and 2 initial concentrations were: 5
-5
to 7.10 M. All experiments were done at 25±1ºC
and
the
concentrations
were
determined
spectrophotometrically, in aqueous phase. To
evaluate the effect of the ionic strength (I) on logPapp
values, measurements were performed in two
conditions: with NaBr (ionic strength controlled at
0.10 M) and without NaBr. logPapp values extrapolated to OcS zero concentration - have been
compared with their corresponding values obtained
without OcS.
th

Conclusions
The lipophilicity of compounds 1 and 2, expressed by
logPapp values, increased with the addition of OcS,
suggesting that the ion pair concept can be applied
as a strategy to improve the experimental conditions
and increase the accuracy of lipophilicity
measurements of hydrophilic compounds.
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Introduction

3

The development of small molecule modulators
that interfere with microtubule dynamics through of
the interaction with the tubulin is a particularly valid
1
approach in cancer chemotherapy . Recently, the
search for simpler polymerization inhibitors agents
has renewed the interest in the development of
colchicine analogs, sometimes discarded for their
high toxicity. In the present work, a series of new
microtubule-destabilizing agents were designed and
synthesized based on classical strategies of
Medicinal Chemistry, such as bioisosterism and
molecular hybridization.

Using the concepts of Lipinski , we have been
selected molecules whose log P values were below
5, molecular weight below 500 Da and hydrogen
bonding number below 5. Moreover, the data were
compared with the docking information and the
synthetic viability of the compounds.
All
changes
were
made
starting
from
cyclopenta[b]indole 1 (Figure 3), the most potent
compound in microtubule inhibition assays.
O
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Figure 1. Effect of cyclopenta[b]indole 1 in the
microtubule inhibition.

O

O

R1

(4) R1= H
(5) R1= CH3

O

N
H
O

O

O
O

O

O

O

(1)

O

O
N
H

N
H

(18) R1= OH
(19) R1= OBn

O

O
O

O

R1
N
H

NH

R1

O

O

(6) R1= OH; R2=CH3
(7) R1= OBn; R2=CH3
(8) R1= OH; R2=H
(9) R1= OBn; R2=H

O

O
R1

R2
O

N

O

N
H
O

O

R1

O

HO

R2

N
H

R2
O

N
R2

O
O

(10) R1= OH; R2=H
(11) R1= OBn; R2=H
(12) R1= OH; R2=CH3
(13) R1= OBn; R2=CH3

O

O

(14) R1= OH; R2=CH3
(15) R1= OBn; R2=CH3
(16) R1= OH; R2=H
(17) R1= OBn; R2=H

Figure 3. Design based on classic Medicinal
Chemistry for the synthesis of new microtubuledestabilizing agent.
The modification of the lipophilicity (logP) and the
number of donors and acceptors of hydrogen bonds
of the cyclopenta[b]indole was carried out in order to
observe the influence of these parameters in the
anticancer activity of biochemical and biological
assays.
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2
Ciclopenta[b]indol
1
Ciclopenta[b]indol
2
Ciclopenta[b]indol
1

1

O

(2) R1= OH
(3) R1= OBn

O

N
H

R1

Controle

R1

O

O

N
H

(24) R1= H
(25) R1= CH3

Results and Discussion

(a)

O

O

A series of substances synthesized from Morita2
Baylis-Hillman adducts (258 compounds) was
screened using molecular docking. Application of
physico-chemical filters guided the selection of a
focused collection of cyclopenta[b]indole derivatives
as potential microtubule polymerization inhibitors.
The competitive assays against the colchicine
binding site, molecular modeling studies and its
effects on microtubule organization, cell migration
and cell cytotoxic activity confirming the importance
of the methoxy and hydroxyl group for the inhibitory
microtubule activity (Figures 1 and 2).

OH

R1

Conclusions

A classic approach of medicinal chemistry allowed
the identification and the synthesis of a new series of
tubulin modulators with anticancer activity. The
studies led to the elucidation of the mechanism of
action, revealing key molecular aspects involved in
the interaction of these compounds with the target
protein.
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Figure 2. Proposed binding conformations for
compounds 1 in the colchicine binding site of
tubulin (Gold 5.1, PDB ID: 1SA0).
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Introduction
Malaria is a very serious infectious disease caused
by protozoans of the genus Plasmodium and is
transmitted through the bite of infected female
Anopheles mosquitoes. Many drugs have been
investigated for their efficacy in the treatment of the
disease, but strains of P. falciparum resistant to
some of these drugs have appeared. Hence, the
discovery of new classes of more potent compounds
to treat the disease is necessary 1.
In this work, a molecular docking study of
artemisinin and 20 derivatives selected from the
literature with different antimalarial activities, tested in
vitro against P. falciparum (W-2), was performed.
Initially, the structures were modeled with HF/6-31G**
as proposed by Santos et al. 2 Molecular docking was
employed to better understand the interaction
between the compound and receptor (heme) with aid
of the AutoDock 4.0 program 3 to help in future studies
searching for other new antimalarial drugs.

Results and Discussion
Molecular docking calculations showed that the
entire ligand molecule is placed parallel to the plane
of the porphyrin ring of heme, and the polar part of the
ligand, which contains the peroxide bond, is directed
toward the polar part of the heme system containing
Fe2+. These orientations were assumed to be the
most favorable and therefore to represent the real
system under investigation, given that they were
chosen based on the lowest free-energy of binding
(interaction energy).
For the compounds in the studied set, the values of
d(Fe–O1) ranged from 2.310 to 2.727Å; however, this
interval for the d(Fe–O2) distances ranged from 2.760
to 3.808Å. The d(Fe–O13) distances ranged from
4.811 to 5.434, and the d(Fe–O11) distances ranged
from 4.897 to 5.525, as shown in Table 1. For
artemisinin (1), the d(Fe–O1) calculated distance was
2.542Å, which is very close to the value reported (2.7
Å) in other theoretical studies 4. Compounds 4, 10, 11
and 20 have higher activity than artemisinin and also
higher values of d(Fe–O1). They have a large
substituent that certainly causes repulsion due to
steric effects, which prevents them from binding
closer to the heme. Compounds 5 and 6 were
designed to increase lipophilicity because it was
observed that higher lipophilicity of artemisinin
correlates with greater biological activity. Compounds
15, 16 and 20 present large substituent groups on the

–methylene carbon (*C) that substantially increase
the antimalarial activity of the compounds due to
electronic and steric effects, respectively. Compound
3
demonstrated
that
the
sugar-containing
dihydroartemisinin acetylation derivatives have similar
or better activities than artemisinin. However, the
deacetylation of sugars reduces the antimalarial
activity
considerably.
The
substituent
and
conformation effects may affect the charge distribution
at the oxygen and even the Fe–O1 bond4.
Table 1. Parameters calculated by molecular
docking of heme-artemisinin and most active
derivatives.

Currently, even though some orientations were
associated with the lowest interaction energy, the
most accepted mechanisms of antimalarial action
involve the formation of a complex between heme and
artemisinin derivatives in which the iron of heme
interacts with O1 of the endoperoxide4.

Conclusions
Molecular docking studies reinforced the idea that
the Fe2+ ion from heme preferentially binds the O1
atom from artemisinins rather than the O2 atom and
that such a preference may be due to a greater steric
hindrance at O2 than O1 and a more negative charge
on the latter atom. Both factors are essential for
intermolecular approach.
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Introduction
Cancer is currently a leading cause of nonaccidental death, accounting for 8.2 million deaths

recorded worldwide. The increasing number of
cancer cases emerges today as a major public
health problem.¹ LMW-PTP and CDC25B (E.C.
3.1.3.48) are protein tyrosine phosphatases (PTPs)
involved in critical cell signaling pathways and have
been identified as targets for new anticancer
therapies.²
Assays based on fragments have shown very
attractive results due to the lower complexity of these
compounds, increasing the probability of the
molecule to have good complementarity with the
binding site of the target.³ In this study, structurebased virtual screening (SBVS) was applied in order
to find new inhibitors for tyrosine phosphatases using
a fragment library.

Results and Discussion
A collection of 500,000 fragment molecules was
4
5
retrieved from ZINC using the program FILTER .
For the selection of potential PTPs inhibitors, two
different docking strategies were adopted. Nine
fragments were selected for LMW-PTP through
consensual analysis using the programs FRED,
DOCK6.0 and GOLD, and a crystal structure
determined by our group. The principal interactions
observed included hydrogen bonds with residues
L13, G14, N15, C17, R18, D129, and hydrophobic
contacts with Y49, E50, Y131 and Y132. In the case
of CDC25B, another nine fragments were selected
through ensemble docking with FRED, using the
PDB entry 1QB0 and a set of additional structures
6
obtained by molecular dynamic simulations . The
selected
compounds
displayed
interactions
consisting in hydrogen bonds with residues Y428,
R544, E474, S477, E478, R479, and hydrophobic
contacts with P444, C473, F475, F486 and M531.
While PTPs have limited sequence similarity, they
share the highly conserved loop structure, C(X)5R,
which is thought to interact with the phosphate group
of phosphotyrosine residue. To take into account an
eventual selectivity, a more extensive evaluation of
the selected fragments was carried out by assaying
all of the compounds against both LMW-PTP and
CDC25B. A single-concentration assay was
employed using colorimetric e fluorimetric assays for
LMW-PTP and CDC25B, respectively (Figure 1).
For both enzymes, all of the fragments were
assayed. Two compounds were not assayed due to
their low solubility in the reaction medium.
th

Compound EM30 was soluble only in the CDC25B
assay conditions and compound EM24 absorbs in
the same wavelength of pNP (product of reaction
between LMW-PTP and pNPP - synthetic substrate
used in colorimetric assay).
Promising new scaffolds were identified, capable
of inhibiting in more than 50 % the activity of two
PTPs (LMW-PTP and CDC25B), in the experimental
conditions (enzyme and substrate concentration).

Figure 1. Remaining activity of LMW-PTP and
CDC25B in the presence of compounds planned for
the former (shown in red) and the latter (in blue).
Inhibitor concentration was 5 mM or 2.5 mM for
LMW-PTP and CDC25B, respectively.
The IC50 was determined for the best fragments
and ligand efficiency (LE) was calculated. Values up
-1
to 0,33 kcal mol per non-H atom were obtained,
7
which can be considered an important outcome , in
accordance with it was anticipated by the analysis of
Figure 1.

Conclusions
In this work we present an in silico approach for
the selection of fragments as PTPs inhibitors. The
results were validated through inhibition assays in
which new inhibitors were discovered. Further
characterization by X-ray Diffraction Crystallography
is in course in order to better understand the mode
of binding of the target compounds.
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Introduction
Melanoma and non melanoma skin cancer are the
most common types of cancer worldwide. Some
studies have estimated that 1 in 50 people will be
diagnosed with malignant melanoma during their
lifetime, mainly who are exposed to risk factors such
1
as ultraviolet (UV) radiation. UV radiation is divided
in UVA (320-400nm), UVB (280-320nm) and UVC
(100-280nm). The UV radiation could damage
genetic material directly or indirectly. The indirect
effect is mediated by increased reactive oxygen
species (ROS). It has been demonstrated that
antioxidant compounds, such as resveratrol, could
2
prevent ROS-induced DNA damage. In addition, the
reduction of ROS levels decrease skin aging. The
use of sunscreen which combines UV filter
properties and antioxidant effect is a new trend to
prevent skin cancer and photoaging.
In order to develop new candidate sunscreens to
prevent skin cancer and radiation-induced oxidative
stress, we have reported herein the design,
synthesis, antioxidant and photoprotective effects of
hybrid molecules obtained from resveratrol,
avobenzone and octyl methoxycinnamate. The aim
was to combine in the same molecule UVA /UVB
photoprotection associated with antioxidant activity.

Results and Discussion
Eight compounds (JR1-JR8) containing Nacylhydrazone subunits were synthesized through
coupling reaction between aldehydes and hydrazides
in ethanolic medium in excellent yields (75-95%). All
compounds were characterized using analytical
3
methods.
The antioxidant activity was evaluated by
measuring their free radical scavenging capacities
against test compounds using the adapted DPPH
microplate assay. All compounds, except JR6, had
antioxidant properties. The IC50 values for compound
JR1, JR7 and JR8 were 275 µM, 88 µM and 108 µM,
respectively. JR7 and JR8 were more potent than tresveratrol (IC50 113 µM) used as control.
Structurally, α,β-unsaturated carbonyl moieties in
compounds JR7 and JR8 contributes to antioxidant
effect. In addition, the presence of N-acylhydrazone
promotes π-electron delocalization and conjugation
between aromatic rings reacting with high-energy
oxygen species.
th

In vitro photoprotection analyses were determined
using an Optometric 290S analyzer. We have
determinated the sun protector factor (SPF), critical
wavelength (λc) and UVA protection factor (UVAPF)
using a stable cream containing 7% of all
compounds (Table 1).
Table 1. Photoprotection activity.
Compound
Code
SPF
JR1
3 ± 0.1

a

t-resveratrol

λc
376

UVAPF
2 ± 0.1

JR2

5 ± 0.2

368

4 ± 0.1

JR3

4 ± 0.3

366

3 ± 0.1

JR4

2 ± 0.1

379

2 ± 0.1

JR5

2 ± 0.1

388

2 ± 0.1

JR6

4 ± 0.2

386

4 ± 0.1

JR7

2 ± 0.1

389

2 ± 0.1

JR8

2 ± 0.1

387

2 ± 0.1

-

2 ± 0.1

365

2 ± 0.1

SPF: sun protector factor (SPF);
UVAPF UVA protection factor.

b

λc: critical wavelength;

c

The SPF values for JR1-JR3 and JR6 were
greater than that of t-resveratrol (SPF = 2). UVAPF
were also superior to t-resveratrol for compounds
JR2, JR3 and JR6.

Conclusions
The hybrid compounds have demonstrated to act
as UVA/UVB filters with antioxidant effect. These
compounds could be used in sunscreen formulation
in order to prevent skin cancer.
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Introduction
Dengue fever is a severe public health problem for
several countries. Up to 80 million infections occur
annually. Additionally, 500,000 cases of Severe
Dengue (SD) and 24,000 deaths, mainly among
children, are reported, indicating that the impact of
1
both Dengue Fever (DF) and SD are substantial .
Since no drugs or vaccines are available to avoid the
dissemination of dengue, the remaining method
would be controlling the spreading of its vector,
Aedes aegypti Linn (Diptera: Culicidae), by either the
use of insecticides to prevent adult mosquito
infestation or the use of larvicides, such as
2
3
organophosphates . Resistance to pesticides
prompted our research to find new methods intended
to control Ae. aegypti propagation. Borneol was
previously reported to exhibit moderate larvicidal
activity against Ae. aegypti larvae. In order to find
effective larvicides to aid control programs, the
Activity of borneol derivatives against Aedes aegypti
(Diptera: Culicidae) larvae was further accessed.

Results and Discussion
We aimed to synthesize a series of estersubstituted borneol containing two to seven linear
hydrocarbon chains to verify the result of increasing
the number of carbons in the larvicidal activity.
Additionally, a few branched esters, as well as two
halogenated ester derivatives, were synthesized.

Ester derivatives of borneol were synthesized
using acid chlorides and DMAP in dichloromethane
(Scheme 1).
Borneol derivatives were tested for their in vivo
larvicidal activities against Rockefeller Ae. aegypti
larvae and were able to produce larvae mortality.
Compound (20 mg) was added to a 1 mL eppendorf
vial and dispersed in Tween-80. DMSO was added
and the mixture stirred until a clear solution was
obtained. Decholrinated tap water was added to
make a standard solution (20,000 ppm). The stock
solution was used to make 20 mL water solutions
with five concentrations. A mortality count was
conducted 24 h after treatment.
Borneol derivatives were, to a certain extent, more
efficient larvicides against Ae. aegypti larvae than
borneol. Borneol exhibited LC50 = 254 (225 to 285)
ppm.Borneol derivatives exhibited LC50 varying from
50 to 1000 ppm. Protection of the hydroxyl resulted
in overall increase in larvicidal activity. A reasonable
explanation for this result may be an increased
lipophylicity allowing the substance penetration in the
larvae cuticle and reaching its targets.

Conclusions
The ester derivatives of borneol resulted in an overall
increase in the larvicidal activity. We have identified
structural characteristics which may contribute to the
understanding of the larvicidal activity of this
monoterpene. The current approach may help future
work in the search for larvicidal compounds.
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Introduction
Mycobacterium tuberculosis (MTB), the main
agent of tuberculosis (TB), is responsible for the
annual death of two to three million people
worldwide and global economic losses of about 12
billion dollars by year. Currently, one of the major
global concerns is the increasing number of cases of
multi-drug resistant tuberculosis due to its high
mortality rate, difficulties to treatment and the high
1
costs involved . The N-acylhydrazone subunit is
considered a privileged structure due to its wide
spectrum of biological activities such as, for
2
example, antimycobacterial and antimicrobial . The
furoxan subunit (N-oxide-1,2,5-oxadiazole) also
represents an important class of compounds that
demonstrate a variety of biological activities. These
pharmacological activities are due in part to its ability
to release nitric oxide after biotransformation3. The
aims of this work were to synthesized and evaluate
the antimycobacterial effect of new furoxan
derivatives containing the N-acylhydrazone subunit
useful to the treatment of tuberculosis.

Results and Discussion
We have synthesized eighteen furoxan and/or
benzofuroxan derivatives (Lapdesf_TB1-18). All
compounds were characterized by analytical
methods. The minimum inhibitory concentration
(MIC90) against Mycobacterium tuberculosis H37Rv
(ATCC 27294) was determined using Resazurin
Microtiter Assay. The MICs values of rifampicin and
isoniazid, used as control, were determined as being
0,5 μM and 0,2 μM respectively. The compounds
Lapdesf_TB1-18 showed MIC90 values between
1,02 and 83.82 μM. In addition, the cytotoxicity was
determined using VERO cells and the result was
expressed as the highest concentration of
compound at which 50% of the cells remained viable
(CC50). The compounds showed CC50 values
between 17 and 1682.03 μM. The selective index
(SI) was calculated as the ratio between the values
of CC50 and MIC90. For these compounds the
selectivity index ranged between 1.84 and 116. The
results of the most active compounds are exhibited
in Table 1.

Table 1. Cytotoxicity and antimycobaterial activity of
the most active furoxan and benzofuroxan
derivatives.
Compounds

Anti-TB
MIC90
(μM)

Cytotoxicity
CC50 (μM)

SI*

1,02

33,51

32,84

20,62

297,63

14,43

0,2

-

-

Lapdesf_TB1

Lapdesf_TB18
Isoniazid
*SI – selectivity index

The compounds Lapdesf_TB1 and 18 were the most
active compounds with values of MIC90 ranged
between 1,02 and 20,62 μM. We have observed
that furoxan derivatives containing at 3-position of
furoxan an electron withdrawing group such as the
phenylsulphonyl are the most actives compounds.
Furhermore,
the
benzofuroxan
derivative
Lapdesf_TB18 has demonstrated good activity
against M. tuberculosis.

Conclusions
The novel molecules are potential candidates for
new drugs useful for treatment of tuberculosis.

Acknowledgements
FAPESP, CAPES and CNPq.
____________________
1

World Health Organization. Global Tuberculosis Report 2013,

ISBN 978 92 4 156465 6. 2013. 289 p.
2

Rollas, S.; Küçükgüzel S. G. Eur. J. Med. Chem. 2008, 43, 348-356.

3

Cerecetto, H.; Porcal, W. Mini Rev. Med. Chem. 2005, 5, 57-71.

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

Poster Titles

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

Potential Leishmanicidal
Derivatives

Activity

of

SBA-004

Novel

Synthetic

N-Oxide

*Dutra, L. A1.; Melchior, A. C. B1; Almeida, L1.; Passalacqua, T. G1.; Reis, J. S1.; Torres, F. A. E1.;
Martinez, I1.; Peccinini, R. G1.; Chung, M. C1.; Chegaev, K2.; Guglielmo, S2.; Fruttero, R2.; Graminha,
M. A. S1.; Santos, J. L1.
1Faculdade
2

de Ciências Farmacêutica, Universidades Estadual Paulista-Unesp, Araraquara, Brazil
Dipartimento di Scienza e Tecnologia del Farmaco, Università degli Studi di Torino, Torino, Italy

luizdutra_qf@yahoo.com.br
Keywords: Furoxans, Benzofuroxans, nitric oxide, Leishmanicidal.

Introduction
Leishmaniasis is caused by protozoan parasite
Leishmania spp and it is transmitted to humans by
the bite of infected female phlebotomine sand flies.
The disease is a public health problem in several
tropical countries and the treatment is stil
complicated due its high toxicity. It has been
described that furoxans and benzofuroxans are
promising
pharmacophores
to
design new
leishmanicidal drugs1.

Results and Discussion
In this work a new series of furoxan and
benzofuroxans derivatives were synthezed and
characterized by analytical methods. The furoxans
and benzofuroxans derivatives were prepared
according methods in the literature1. The syntheses
of the NO donors are summarized in Figure 1.

amphotericin (IC50 = 4.92 µM). Furthermore, the
selectivity index (SI) for 4a and 6a showed high
selectivity to parasite (SI = ˃29.25) than
amphotericin (SI = 4.69). The NO release activity
was evaluated indirectly in vitro through NO2detection (mol/mol) in presence of l-cyteine3.
Compounds 4a and 6a have demonstrated NO
release values of 0% and 25.3%, respectively. These
results suggest that high leishmanicidal effect by 6a
is related to its ability to act as NO donor. On other
hand, compound 4a, which not act as NO-donor,
was able to stimulate the NO production by
macrophage cells. In order to investigate the
chemical stability, we have studied the hydrolysis of
compounds 4a and 6a in buffer solution (pH 5.4–
phagolysosome) and water (pH 7.0) at 37ºC.
Compounds 4a and 6a were added in such medium
and sample were collected at 1; 2; 4; 6; 8; 18 and
24h and then analyzed by UPLC method. Compound
4a has demonstrated stability on pH = 7.0 until 18h
and on pH 5.4 until 8h. On the other hand,
compound 6a was less stable in water and its
concentration was reduced at 40% during the first
four hours. In pH 5.4, compound 6a was cleaved
immediately to its parental aldehyde (7). This
aldehyde (7) was very active against promastigote
form of L. amanozensis (IC50 = 0,70 µM). Then, we
have suggested that 6a can act as prodrug, which
permeates through macrophage’s membrane and
releasing its potent leishmanicidal aldehyde inside
the phagolysosome. Interestingly, microscope
studies have shown that L. amazonensis is totally
eliminated inside macrophage after treatment with
compound 6a.

Conclusions

Figure 1. Synthesis of new NO donors. a)
EtOH, H+, o-, m- ou p-aminebenzhydrazide, 12h, rt.;
b) EtOH, H+, o-, m-, p-hydroxybenzhydrazide.
All the compounds were evaluated against
promastigote and amastigote forms of L.
amazonensis
according
methods
previously
described in the literature2. The compounds 4a and
6a were more active against promastigote (IC50 ˂
2.90 µM) than amphotericin (IC50 = 3.33 µM). For
amastigote 4a and 6a have demonstrated IC50
values of 2.16 µM. This activities were better than

In this work we have obtained two series of
leishmanicidal
compounds:
furoxan
and
benzofuroxan derivatives. Compound 4a was the
more active among the benzofuroxan series. The
furoxan derivative 6a was identified as a prodrug.
This compound was more potent than amphotericin
against promatigote and amastigote forms.
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Introduction
Leishmaniasis is a neglected tropical disease
caused by parasitic protozoa of the genus
Leishmania and threatens 350 million people in 98
countries around the world. All currently available
chemotherapeutic agents have serious drawbacks,
like severe side effects and parenteral administration
for long time. Then, the search for new alternative
and safe treatments is necessary. Some 2-chloro-Narylacetamide derivatives have been described as
1,2
antimicrobial, antifungal and herbicidal agents .
However, the leishmanicidal activity of this class has
never been studied. Thus, in this work, we
synthesized a series of compounds of this class and
evaluated their potential as leishmanicidal agents
and their cytotoxicity against mammalian cells.

Table 1. Reaction yields, leishmanicidal activity
(IC50), cytotoxicity (CC50) and selectivity index (SI) of
synthesized 2-chloro-N-arylacetamides.
Compound

Yield (%)

IC50 (µM)

CC50 (µM)

SI*

1

63

11.41

46.37

4.06

2

93

18.84

29.95

1.59

3

59

21.01

25.15

1.20

4

88

11.91

17.71

1.49

5

90

11.88

17.99

1.51

6

54

4.78

18.50

3.87

7

81

5.39

34.28

6.36

8

88

4.74

18.52

3.91

9

92

Inactive

ND**

ND

10

85

14.42

22.84

1.58

*SI = CC50/IC50 **ND: not determined

Results and Discussion
2-Chloro-N-arylacetamide
derivatives
were
obtained by reaction of the appropriately psubstituted aniline with chloroacetic anhydride
(Figure 1). Ten different 2-chloro-N-arylacetamides
were obtained and evaluated against promastigote
forms of Leishmania amazonensis. The cytotoxicity
was evaluated against murine macrophage. The
reaction yields and results of biological evaluation
are shown in Table 1. Leishmanicidal activity is
presented as IC50, cytotoxicity as CC50 and selectivity
profile as selectivity index (SI).

These ten compounds were obtained in moderate to
good yields. Only one of the tested compounds (9)
was inactive and three compounds (6, 7, 8)
presented good leishmanicidal profiles, with IC50
below 10 µM. Moreover, 7 showed the best
selectivity profile, with a selectivity index above 5.

Conclusions
Ten 2-chloro-N-arylacetamide derivatives were
synthesized and demonstrated great potential as
leishmanicidal agents, especially 7 that also
presented a good selectivity of action.
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Introduction
Leprosy is a chronic infectious disease caused by
Mycobacterium leprae and it is a serious public
1
health problem in various countries . The treatment
is performed using multidrug therapy and it
demonstrates good efficacy. However, the
chemotherapy could cause serious adverse events
such as reactive episodes (RE). The most common
of them is erythema nodosum leprosum (ENL), a
2
type 2 reaction . The pain and inflammatory
disorders in ENL can be aggravated due to the
increased pro-inflammatory levels for some
3
cytokines such as tumor necrosis factor-α (TNFα) .
Thalidomide is frequently used to treat this RE
4,5
because of its ability to reduce levels of TNFα ,
however it is associated with several adverse effects
justifying the discovery of new drugs.

Results and Discussion
A series of thalidomide-dapsone hybrids were
synthesized in excellent yields (70-90%) according
Figure 1. All compounds (3a-i) were characterized by
6
analytical methods .

Cytotoxicity studies have confirmed that the cell
viability was <90% for all compounds at
concentrations until 150 μM. For the measurement
of TNFα levels, the compounds 3a-i were added to
the culture cells at concentrations of 15.62 and
125μM. Thalidomide was used as the positive
control. All compounds were able to inhibit
lipopolysaccharide-induced TNFα production in a
dose-dependent manner. Compound 3i have shown
the greatest TNFα inhibition effect at 15.62 μM and
125 μM, reducing the cytokine levels by 86.33% and
87.80%,
respectively.
The
evaluation
of
antimycobacterial activity was performed with
compound 3i due its remarkable anti-TNFα levels
and analgesic effects. Mice infected with M. leprae
were treated orally for 4 weeks using 200 mg/kg of
compound 3i and thalidomide. After treatment, the
mean number of bacilli in the control group, and in
mice treated with thalidomide and compound 3i were
6
6
6
3.56 × 10 , 4.6 × 10 , and 2.5 × 10 cells,
respectively. Finally, the potential mutagenic of
compound 3i was examined using Samonella
typhimurium strains TA100 and TA102, with or
without metabolic activation. The mutagenic index
(MI) was <2 at all tested concentrations for 3i that
was not considered mutagenic compound.

Conclusions
In conclusion, the compound 3i have shown
analgesic properties and ability to inhibit TNFα levels
better than thalidomide. The compound 3i did not
increase the number of bacilli and it did not
demonstrated
mutagenic
effects
using
S.
typhimurium strains. The compound 3i is a novel
lead compound for the treatment of type 2 leprosy
reactions.
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Introduction
7-Hydroxyartemisinin was prepared through fungal
biotransformation of artemisinin by the fungus
Cunninghamella elegans1 and used as starting
material for semi-synthetic derivatives modified at
the C-7 position of Artemisinin scaffold. Various
carbamate, carbonate, thiocarbonate, and sulfate
analogs were prepared, some of which showed
better in vitro antimalarial and antileishmanial
properties than the parent drug. It is expected that
these new derivatives can open a new perspective
for the use of artemisinin and potentially overcome
some of the issues associated with its
pharmacokinetics.

Table I - Antimalarial and antileishmanial activities
of artemisinin analogs

Results and Discussion
C-7 Artemisinin derivative carbonates 1-12,
thiocarbonates 13-14 and carbamates 19-32 were
synthesized by reacting the corresponding
chloroformates, thiochloroformates or isocyanates
3
with 7-hydroxyartemisinin in the presence of 4dimethylaminopyridine (DMAP). When adding
amino functionalities to the artemisinin skeleton, 7hydroxyartemisinin was first treated with triphosgene
in the presence of DMAP to give the chloroformate
intermediate, which was subsequently reacted with
the appropriate alcohols/amines to give the
corresponding carbonates 15-18 or carbamates 3345. Similarly, sulfonyl chlorides were used to form
compounds 46-51. In vitro antimalarial and
antileishmanial
activities
of
representative
compounds are presented in Table 1, showing a
dramatic improvement of activity when compared
2
These results are
with parent artemisinin .
encouraging towards the development of new drug
candidates with broad-spectrum anti-parasitic
activities.

Compound

Antimalarial
IC50 (nM)

Antileishmanial
IC50 (µg/ml)

3

2.3

n/a

7

2.9

n/a

9

1.0

n/a

19

0.9

17

21

0.9

n/a

23

1.6

8.4

29

0.2

37

37

1.0

22.0

43

1.4

n/a

49

2.1

n/a

Artemisinin

2.2

50

7-Hydroxyartemisinin

57.3

n/a

Conclusions
C-7 modified artemisinin analogs were prepared and
their antimalarial and antileishmanial activities were
evaluated. Carbonate 9, carbamates 19, 21, 29, and
37; and sulfate 49 have been identified as lead
candidates. New strategies for the incorporation of
various chemical groups to the artemisinin skeleton
were explored. Further biological studies with the
lead candidates are expected to give a clearer
picture on their stabilities, bio-availabilities and
pharmacokinetics.
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Introduction
Chagas' disease affects approximately 18 million
people in endemic areas of Mexico and Central and
South America. Its treatment relies on two
nitroheterocycles discovered more than 50 years ago.
Besides their toxicity, a main drawback of these
drugs is the fact that they are highly efficient only
during the acute phase of the infection1.
Aware of the urgency of new chemotherapeutics for
this disease, our group has developed several
nitroimidazoles actives against T. cruzi without toxic
effects 2,3, for example nitroimidazole 1. Encouraged
with our results, this work presents the synthesis and
biological evaluation of new nitroimidazoles (2a-g),
employing the study of bioisosterism.

In the subsequent step of nucleophilic aromatic
substitution, reaction of 4 was performed with the
corresponding amines 3a-g in the presence of sodium
hydride and dimethyl sulfoxide for synthetic products
5-[N-(3-(5-R)-1H-1 2,4-triazolyl)] amino-1-methyl-4nitroimidazole (2a-g) (Scheme 2).

Figure 1. Planning of novel nitroimidazoles 2a-g

Results and Discussion
The synthetic route was started by obtaining the 5-R3-amino-1,2,4-triazoles 3a-g, as described in Scheme
1. Intermediates were obtained with satisfactory
yields.

Scheme 2. Route of synthesis of 2a-g.
The evaluation of trypanocidal activity of new
analogues of 2a-g was taken against blood
trypomastigotes of the Y strain of T. cruzi. All the new
derivatives were less active than 1 with >500µM.

Conclusions
All the new derivatives were synthesized with good
yields and characterized. The compound 2a-g has
little activity. New azole derivatives are being
synthesized in our laboratory.
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Introduction
Chagas disease, also known as American
Trypanosomiasis, is caused by an infection of the
flagellate protozoan Trypanosoma cruzi. Such
disease is prevalent from the south of South America
to Central America, from Argentina to Mexico. There
is an estimative that about 10 million people are
infected and other 100 million are at risk of
contamination. Nowadays, there are only two drugs
available
for
treatment
(nifurtimox
and
benznidazole), and just the second one is
commercialized in Brazil. The

treatment. A wide spectrum of biological activities
have been reported for compounds furoxans (1,2,5oxadiazol-2-N-oxide) and benzofuroxans (benzo[1,2c]-1,2,5-oxadiazol-1-N-oxide) and thus was obtained
a series of derivatives of nitrofural isosteres,
nitrofuran ring by replacing the respective furoxans
and benzofuroxans. The compounds were evaluated
for in vitro trypanocidal activity amastigotes of T.
cruzi, ability to donate nitric oxide and mutagenicity
in vivo.

measurement of the absorbance of chlorophenol red
product. Were used amastigotes T. cruzi, strain
called Tulahuen LacZ, genetically modified. Of the
eight compounds synthesized, seven showed
percentage inhibition at a concentration of 100 µM
equivalent or improved to the drug available for the
treatment of disease, benznidazole. All the
synthesized compounds showed IC50 higher
(between 1,12 and 1,69 µM ) than or equal to a drug
used as reference (benznidazole, IC50 = 1,35µM).
3. Detection of nitrite: No donor activity was
realized according with previously method describing
by Sorba et al [4] using Griess reagent. All
compounds demonstrated ability to induce nitrite
formation between 0,2-6 mM. The ability to donate
nitric oxide (NO) derivatives which have furoxans to
the aromatic ring substituted with hydrogen and nitro
attached to the carbon alpha subunit N-oxide was
similar to the drug isosorbide dinitrate (standard).
4. Assessment of mutagenicity: The method used
in this work was the micronucleus assay (MN) in
peripheral blood of mice using slides stained with a
fluorescent dye called acridine orange. The
compounds were less mutagenic potential when
compared with the results obtained for the drugs
nitrofurazone and benznidazole. It was observed that
none of the compounds were mutagenic when
compared to the positive control.

Results and Discussion
1. Synthesis: The compounds were obtained by
reacting
the
corresponding
furoxans
and
benzofuroxan
with
semicarbazide
(a)
and
thiosemicarbazide (b). All compounds were
characterized by NMR 1H, NRM 13C, infrared
spectroscopy
Figure 1. Synthesis of benzofuroxans and
furoxans derivates
O

R
H2N

N
H

O
N
O
N

H

NH2 +

i

H
N

H2N

Conclusions
The compounds were obtained and characterized
and presented Chagas disease activity, the NOdonor capacity and are not mutagenic.
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2. Antichagasic activity: The compounds were
evaluated using the colorimetric assay, by direct
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Introduction
Coumarins belong to a class of phenolic
secondary metabolites formed by fusion of benzene
and α-pyrone rings. This class is often used as a
base for chemical modifications, can provide new
bioactive derivatives by synthetic procedures such
as Pechmann, Suzuki, Wittig and Knoevenagel
condensation reactions. Coumarins are known for
their high biological potential as anti-inflammatory,
antitumor, anticoagulant and antimicrobial agents.1
Bacterial resistance is a major problem which has
undermined the therapeutic value of know
antibiotics, one of the main pathogens that
contributing to this problem is Staphylococcus
aureus. Due this problematic it is necessary to
search new alternatives that can reverse or reduce
resistance mechanisms such as inhibitors of
transmembrane efflux protein (efflux pump), which
has been associated with resistance to multiple
drugs.2 The present work evaluated coumarin
derivatives as modulators of drug resistance, using
S. aureus strains that express efflux pump genes.

Results and Discussion
Nine new derivatives were obtained through
standard procedures according Figure 1.
AcO

RO
O
10 = 7-OAc
11 = 6-OAc
12 = 4-OAc

O

a

b

HO
O
1 = 4-OH
2 = 6-OH
3 = 7-OH

O

O
O
4: R = 7-Allyl
5: R = 7-Geranyl
6: R = 7-Isoprenyl
7: R = 6-Isoprenyl
8: R = 6-Geranyl
9: R = 6-Allyl

Reagents and Conditions: (a) Acetic Anhydride, Pyridine, rt., ultrasound irradiation; (b)
Allyl Bromide, Geranyl Bromide, or Isoprenyl Bromide, K2CO3, Acetonitrile, reflux.

Figure 1. Synthesis of coumarin derivatives.

After purification steps, the compounds had their
yields (45.5–90%, except 8) and physico-chemical
characteristics determined, and their structures
were confirmed by 1H NMR and IR. The compounds
were submitted to evaluation of the modulation of
antibiotic activity in three S. aureus strains (SA1199B, RN-4220 and IS-58). Were determined the
Minimum Inhibitory Concentrations (MICs) to
antibiotics by microdilution assay in the absence
and presence of the coumarins in subinibitory

concentration.3
Some
coumarin
derivatives
potentiated the action of the antibiotics tetracycline
and norfloxacin. Ethidium bromide (EB) was used as
a standard molecule against SA-1199B strain,
because the resistance is restricted to efflux system
(Table 1).
Table 1. MIC of antibiotics in the presence and
absence of coumarins in strains of S. aureus.
S. aureus (μg/mL)
SA-1199B
SA-1199B
(NorA)/Nor
(NorA)/EB
128
64

Antibiotic
+
Coumarin
Absente

IS-58
(TetK)/Tet
64

+4

64

32 (4x)*

4 (16x)

+5
+6
+7
+8
+9

64
64
32 (2x)
32 (2x)
64

32 (4x)
16 (8x)
64 (2x)
64 (2x)
64 (2x)

8 (8x)
16 (4x)
64
32 (2x)
64

*(fold reduction in MIC)

O-alkylated derivatives were the most active
compounds.
The
compounds
6-substituted
demonstrated the best results (compound 4 - the
most active), mainly against SA-1199B strains. The
7-substituted were the most active against IS-58
strains. O-acetylated derivatives presented no
modulatory activity. None of the compounds showed
modulatory activity against strain RN-4220
(erythromycin resistant), which shows according to
literature, to suggests that MsrA protein isn’t
probably a protein efflux.4

Conclusions
Nine synthetic coumarin derivatives were
synthesized and had their chemical structures
proved. Some of these derivatives showed
promising activity as putative inhibitors of efflux
pump, indicating that coumarins can be a possible
source of antibiotic adjuvants against resistant
bacterial strains.
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Introduction
Benzimidazole moiety is present in various
therapeutics agents such as antimicrobials,
anticancer, antihypertensives, anticoagulants etc [1].
Benzimidazole derivatives have been widely studied
as anticancer agents, particularly with respect their
ability to inhibit topoisomerase I and DNA synthesis
[2]. The aim of this study was to synthesize and
evaluate the antiproliferative activities of 24
benzimidazoles derivatives against 10 human
cancer cells of various histological origins.

Results and Discussion
The benzimidazole derivatives used in this study
were synthesized, in good yields (80-100%), from
condensation
of
aldehydes
to
orthophenylenediamine. Further synthetic procedures are
described in Figure 1.

Figure 1. General procedure for the synthesis of
benzimidazole derivatives.
The antiproliferative activities of benzimidazoles
derivatives synthesized were evaluated against
glioma (U251), melanoma (UACC-62), breast cancer
(MCF-7),
adriamycin-resistant
ovarian
tumor
(NCI/ADR-RES), kidney cancer (786-0), lung nonsmall cancer (NCI-H460), ovarian cancer (OVCAR3), colon cancer (HT-29) and leukemia cancer (K562) cells. Compounds were used at concentrations
in the range of 0.25-250 µg/mL and doxorubicin was
used as reference drug. Table 1 summarizes the
concentration of most promising benzimidazole
derivatives that elicited the inhibition of cancer cells
growth by 50% (GI50).

th

Table 1. Concentration of the benzimidazole
-1
derivatives (GI50; µg mL ) that elicits cancer cells
growth inhibition by 50%
Cell line
U251
UACC-62
MCF-7
NCI/ADR-RES
786-0
NCI-H460
OVCAR-3
HT-29
K-562
HaCat

6
6.7
23.0
8.4
24.5
2.8
25.6
9.0
5.8
1.3
24.9

7
11.6
22.3
9.1
11.9
2.9
18.4
2.9
4.4
2.6
5.1

Compounds
12
14
1.7
19.5
17.0
34.8
0.7
23.0
5.1
25.5
7.4
>250
0.6
62.2
10.8
5.9
19.0
25.1
0.2
>250
5.0
89.1

19
1.0
0.3
0.4
0.8
0.2
0.1
0.6
0.6
2.6
0.4

Dox
0.03
0.03
0.03
0.41
0.02
0.01
0.08
0.20
0.04
0.02

Compound 12 negatively affected the growth of
MCF-7, NCI-H460 and K-562 cells when used at
-1
concentrations equal or lower than 0.7 µg mL . This
benzimidazole derivative was 7-, 8- and 10-fold
more selectivity for these cancer cells than normal
HaCat cells. It is noteworthy that 12 was 7-fold more
potent against adriamycin-resistant ovarian tumor
(NCI/ADR-RES) than non-resistant ones (OVCAR3). Compound 14 was the most potent
benzimidazole against OVCAR-3 cells; its GI50 value
was 15-fold lower than that for HaCat cells. Among
the tested compounds, 19 exhibited a large
spectrum of action affecting all the cell lines at
-1
concentrations lower than 2.6 µg mL . However, this
benzimidazole derivative also showed high
antiproliferative activity against the HaCat cells
(Table 1). Benzimidazoles 6 and 7 were also
promising against MCF-7, 786-0, K-562, HT-29 and
OVCAR-3 cells as they exhibited GI50 values lower
than 10 µg/mL.

Conclusions
Overall, the benzoimidazoles 19 and 12 were
shown to be the most potent compounds
synthesized against the cancer cell lines studied.
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Introduction
Inflammation is a normal response to infection
involving the innate and adaptive immune
responses [1]. The pathway of inflammation is a
complex and dynamic event involving multiple
effectors such as tumor necrosis factor alpha (TNFα), interleukin (IL-1β), leukotrienes, prostaglandins
and vascular endothelial growth factor [2]. However,
if not properly controlled, these responses can lead
to auto-immune diseases or autoinflammatory
disease, neurodegenerative diseases, or cancers
[1]. The idea of developing new anti-inflammatory
with nitric oxide (NO) donor release (NO-NSAIDs)
was based on the reduction of toxicity presented by
traditional
anti-inflammatory
drugs on
the
gastrointestinal (GI) tract [2,3]. NO also has
beneficial effects on the cardiovascular system by
inhibiting platelet aggregation and vascular
adhesion
[4].
The
phthalimide
ring,
a
pharmacophore present in thalidomide, is an
interesting biophore with many biological activities,
including analgesic and anti-inflammatory by
inhibition of TNF-α [5]. Thus, in the present work we
have used molecular hybridization based on
thalidomide and furoxan cores adding a spacer
between the groups.

Results and Discussion
1. Synthesis. The synthetic final products were
obtained according to the methodology used by
Santos (2009). Thereafter these intermediates were
coupled leading to final products (1-6), global yield
variable between 41-91%. All compounds were
characterized by NMR 1H, NRM 13C and infrared
spectroscopy.

2. Anti-inflammatory evaluation. The pharma
cological evaluation of anti-inflammatory activity
was used two different assays, the acute
inflammation assay, based on rat paw edema model
induced by carrageenan [6], in this assay the
compounds 3 and 6 showed equivalent activity to
thalidomide control, while compounds 4 and 5
showed equivalent activity the indomethacin control.
And the immunochemical test for detection of TNFα (ELISA) from peritoneal macrophages of mice,
compounds 2 and 6 reached statistically significant
values of TNF-α (pg/mL) when compared to the
positive control (lipopolysaccharide) and the same
levels of inhibition of thalidomide, but in a lower
concentrations.
4. Determination of partition coefficient (log P) by
HPLC. The determination of the Log P was used the
OECD Guideline for the Testing of Chemicals N°
117. The values are obtained are shown in Fig.1.
5 In vivo mutagenicity test (micronucleus). The
assay used peripheral blood of mice in pre-stained
with fluorescent dye acridine orange [7]. The
compounds 1-6 were considered non-mutagenic,
non-inducing micronucleus formation, the results
were statistically equal to the negative control the
only exception was the compound 2.

Conclusions
The proposed compounds were obtained in
excellent yields and results of pharmacological and
physicochemical tests validate the strategy of initial
planning of obtaining new candidate drug
compounds with potential anti-inflammatory activity
and NO donor possibly useful for the reduction
process inflammatory.
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Figure 1. Structures of compounds obtained
by molecular hybridization.
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Introduction

The incidence of fungal infections has increased
dramatically in recent decades, becoming a serious
public health problem [1]. Butenafine (BUT)
(Scheme 1), an antifungal belonging to the class of
allylamine exhibits high activity against fungi of
clinical interest [2]. Although many BUT derivatives
have been synthesized, no simplified synthetic
approaches for obtaining this commercial drug are
so far described. The aim of this work is to
synthesize BUT and investigate the potential of BUT
precursors as antifungal agents.

Results and Discussion

Butenafine (BUT) was prepared according to the
synthetic approach shown in Figure 1. Briefly, we
have obtained, rapidly and in good yields, the Schiff
base 3 from the 1-naphthaldehyde (1) and 4-tertbutylaniline (2) by using microwave irradiation (MWI)
[3]. Reduction of 3, followed by N-monomethylation
of the resulting amine, furnished BUT in three steps
and 44% of global yield (Figure 1).

nitrogen basicity is an important feature for the
antifungal activity of these type of compounds.
Trichophyton species were the most susceptible
ones, followed by Cryptococcus and Candida
species. It is noteworthy that amine 4 was more
potent than BUT against Candida species and as
effective as BUT against Trichophyton species
(Table 1). The amine 4 was found to be the most
promising lead compound for the development of
new antifungal agents. Moreover, 4 was obtained in
83% yield and 2 reaction steps.
Table 1. Minimum inhibitory concentration (MIC,
μg.mL-1) of butenafine and its precursors against
fungi of clinical interest.
MIC values (μg.mL-1)

Fungi
C. neoformans

BUTa

TBFb

FCZb

128

8

<2c

0.5

4

>0.5

2

C. gattii

128

8

C. glabrata

>128

64

>128

>0.5

32

C. krusei

>128

32

>128

>0.5

64

8

<2c

<2c

0.007

>128

8

<2c

<2c

0.007

128

T. interdigitale

BUT, butenafine. Terbinafine (TBF) and fluconazole (FCZ) were
used as reference drugs. cThe lowest concentration of
compounds tested for MIC determination was 2 μg.mL-1.
a

Six fungal species (Cryptococcus neoformans
ATCC 24067, Cryptococcus gattii ATCC 24065,
Candida glabrata ATCC 90030, Candida krusei
ATCC 6258, Trichophyton rubrum ATCC 40051,
Trichophyton interdigitale ATCC 4004) were used for
the biological assays performed according to the
protocols M27-A3 and M38-A2 from Clinical and
Laboratory Standards Institute (CLSI). The minimum
inhibitory concentration (MIC) of each compound
was determined by broth microdilution assay using
terbinafine (TBF) and fluconazole (FCZ) as positive
controls.
All the analyzed fungi species were more
susceptible to amine 4 or BUT than to the Schiff
base 3 (Table 1). These results suggest that

4

<2c

T. rubrum

Figure 1. Synthesis of butenafine (BUT). Reagents
and conditions: a) EtOH, MWI, 80 oC, 2 min (91%);
b) CeCl3, NaBH4, MeOH, 0 oC, 90 min (92%); c)
NaH, DMF, 1h, then (CH3)2SO4, rt, 8h (54%).

3

b

Conclusions

An efficient three-step approach was developed to
synthesize butenafine (BUT). The antifungal activity
exhibited by amine 4 points out this compound as a
promising lead compound for the development of
new antifungal agents.
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Introduction
It was described that L. amazonensis has the
capacity to produce cell-associated aspartic-type
protease activity, which was inhibited by pepstatin A
and several HIV protease inhibitors. These results
suggest that the parasite aspartic peptidase has an
intracellular localization and may be a target for
1
protease inhibitors.
In parallel, published works showed that HIV
protease inhibitors induced several injuries on
crucial biological processes of L. amazonensis,
reinforcing that aspartyl protease could be a
potential therapeutic target for the development of
new drug prototypes for the treatment of
leishmaniasis.
In the present work, we have synthesized and
tested the activity of different asymmetric
pseudopeptides as L. amazonensis protease
2
inhibitors.

All compounds were able to inhibit the aspartic
peptidase activity of L. amazonensis cell extract;
however, they did at different intensities. In general,
the inhibition was dose dependent and compound
5c was the most effective in inhibiting the aspartic
activity having an calculated IC50 value of 0.04 µM
(Table 1).
Table 1. Compound concentration necessary for
50% inhibition (IC50) of aspartic peptidase activity
present in the soluble fraction of the cell extract of L.
amazonensis promastigotes on cathepsin D
substrate 2 mM, pH 5.0 at 37 ° C
Compound

IC50 (µM)

Results and Discussion
We synthesized 6 different asymmetrical
pseudopeptides using the synthetic route described
by de Resende et al. starting from L-tartaric acid and
2 compounds using the same synthetic route but
2
starting from D-tartaric acid (Figure 1).

4a

72.3

4b

-

4c

38.4

5a

55.4

5b

-

5c

0.04

6a

56.3

6b

84.6

Conclusions
A group of 8 asymmetrical pseudopeptides were
synthesized starting from tartaric acid and natural
amino acids through a non expensive synthetic route
with good yields.
The compounds were assayed against the L.
amazonensis aspartic protease activity. All
compounds showed activity at least at the
micromolar range. Compound 5c was the most
active compound with an IC50 value of 0.04 µM.
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Figure 1. Synthetic route: (a) acetic anhydride,
H2SO4, reflux; (b) L-amino acid methyl ester, THF,
o
RT; (c) 1) ClCO2Et, NMM, CH2Cl2, 0 C; 2) L-amino
acid methyl ester, CH2Cl2, RT; (d) K2CO3, MeOH, 0
o
C. Compounds 6a and 6b were synthesized using
the same methodology but starting from D-tartaric
acid. All yields of all steps are above 70 %.
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Introduction
Neglected diseases (ND) are thus considered by
affecting mainly poor populations and, therefore, do
1
not arouse interest of the “big pharma” industries .
Available therapies are far from satisfactory, either
due to the drugs low efficiency or because of their
associate toxicity. As a result, it is still urgent the
search for new therapeutical alternatives.
Leishmaniasis is a set of ND caused by protozoa of
the genus Leishmania, which affects around 350
2
millions of people, in 88 countries . The cysteine
proteases of the leishmanias are involved in
processes of host cell invasion and of nutrition.
Recently, it was reported that nitroheteroaromatic Nacylhydrazones were able to act as inhibitors of
cysteine proteases in addition to their classical
activity of producing free radicals from the nitro
3
group reduction .
This work aims the search for new antileishmanial
compounds by applying parallel syntheses to obtain
a library of N-acylhydrazones compounds, analogs of
nitroderivatives with known activity against
Leishmania sp. Molecular diversity associated with
rational planning are advantages of the parallel
syntheses explored in this work.

Results and Discussion
It was employed, as structural prototype, the
compounds studied by Rando et al which have
already showed inhibitory activity of the growth of L.
donovani. Molecular modifications on the structure of
N-acylhydrazones have been proposed by the use of
2 sets of building blocks.

bound to the nitro group as well as to demonstrate
the real importance of this functional group to the
biological activity by the syntheses of analogs not
carrying it. N-acylhydrazones derivates was obtained
in parallel according to the general reaction scheme
shown in Figure 2.

Figure 2. N-acylhydrazones synthesis.
It was synthesized 32 final compounds, which
have been purified by filtration followed of washing
with distilled water or, in the case of
thiophenecarboxaldehyde derivatives, washing with
MeOH. These procedures decreases the yields of
the compounds but increases their final purity
(~97%), as required by bioassays. Structural
1
characterization has been performed by IR, H-NMR
1
and chromatography coupled to mass analyses. HNMR (300 MHz) analyses of all compounds indicate
the presence of singlets at 8.6 and 12.1 ppm
corresponding to the hydrogens at positions 1 and 2
of the structure. IR (KBr) of these compounds show
-1
carbonyl bands at 1670 cm such as already
4
described to these structures .

Conclusions
Parallel synthesis proved to be an appropriate
methodology for obtaining our structurally related
compounds, with good molecular diversity, yield and
purity as well as in a short period of time. These
molecules have been submitted to antileishmanial
bioassays.
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Figure 1. Library of N-acylhydrazones.
The set A was selected in order to comprehend the
biological behavior of the compound with the
variation of the hydrophobicity of the system, since
the more hydrophobic compounds from Rando el al.
showed particularly interesting antileishmanial
activity. The set B was chosen to explore the
importance of the kind of cyclic system directly
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Introduction
4-aminochalcones compounds are open-chain
flavonoids in which two aromatic rings are joined by
a three-carbon ,-unsaturated carbonyl system.
These chalcone-based structures have shown an
array of pharmacological activities, including
antibacterial, cytotoxic and anti-inflammatory
actions, and they are largely used as a scaffold for
design of new bioactive compounds.1 The research
of new antibacterial agents is important to obtain
compounds that can interrupt the rising prevalence
of multidrug resistant Gram-positive bacteria. Some
4-aminochalcones derivatives are potential agents
to be used against Staphylococcus aureus, an
important pathogen causing nosocomial infections.
In this work it was studied the synthesis of seven
4-aminochalcones,
the
evaluation
of
antiStaphylococcus aureus activity, the synergism effect
with antibiotic oxacillin, and the in silico toxicologic
assay aiming to be used to design new bioactive
compounds.

Results and Discussion
The (E)-chalconic building blocks were synthesized
by Claisen-Schmidt condensation of benzaldehydes
derivatives with 4-amino-acetophenone, in basic
media under ambient conditions. All compounds
were characterized by IR, 1H and 13C NMR analysis.
Synthetic route is described in figure 1.
O
O

O

CH3

R1

CH3OH

+

H2N

NaOH 20% H2N

H

R2
R3

1

2

3
H

4
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H

H

H

NO2

OCH3
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F

N(CH3)2 CH3

Cl

NO2

Cl

OCH3

R3

H

H

H

H

H

OCH3

H

Figure 1. Route of synthesis of 4-aminochalcone
derivatives.

The
determination
of
Minimal
Inhibitory
Concentration (MIC) and synergism (Checkerboard)
were carried out using microdilution assay (CLSI,
2009)2, which was determined as the lowest
concentration of test compound able to inhibit visible

growth of Staphylococcus aureus ATCC 25923 and
multiresistant N315 strain lineage. Oxacillin was
used as standard in MIC and Checkerboard (0.25
and 128 g.mL-1, respectively). All compounds
studied showed no or low activity against both
Staphylococcus aureus ATCC 25923 and N315
strain in comparison with oxacillin. The chalcones 1,
2,
and
7
showed
MIC
of
512 g.mL-1 against standard and resistant S.
aureus. The compound 8 showed MIC 512 g.mL-1
to N315. The chalcones 1 and 3 were evaluated in
combination with antiobiotic oxacillin throw the
Checkerboard assay, which the MIC of 1024 was
observed when in presence of β-lactamic antibiotic.
The fractional inhibitory concentration index (FICI)
for two compounds were 6, respectively. These
results suggest the occurrence of antagonism effect
when used in combination with oxacillin. This effect
is the opposite as described for other chalcone
derivatives described in literature.3 Compound 7 was
assayed against N315 yeast and the FICI result was
2, considered indifferent. The toxicity in silico
analysis was performed using OSIRIS Property
Explorer® program4 which allows to determining the
relative risk of toxicity of compounds. All 4aminochalones show moderate risk to mutagenic
effect, and 2 and 5 show high risks to tumorigenic.

Conclusions
Seven 4-aminochalcone analogues synthesized
showed low antibacterial activity compared with
standard antibiotic, however three of these may be
considered lead candidates for new antibacterial
drug development. Compounds 1 and 3 showed
antagonistic antibacterial effect when assayed in
combination with oxacillin.
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Introduction
In 2004, de Lima and coworkers described a new
synthetic amino acid 1 that interacts with N-methyl-Daspartate receptors (NMDAR) in cultured of rat
hippocampal neurons. This compound is the first
aromatic exogenous NMDA agonist described in the
literature and can be considered a potent lead
compound for the treatment of neurodegenerative
1,2
diseases such as schizophrenia and Alzheimer's.
In order to continue the pharmacological studies, we
present herein our efforts to synthesize this amino
acid and analogs through an efficient strategy using
as key steps the enantioselective organocatalytic
3
amine conjugate addition and the aryllithium
addition (Scheme 1).
O

O
N

HO
NH2

1

O

MeO

O

TBSO

Aryllithium
addition

N

2

Br
Boc b-amination

O
TBSO

N
H

+

N

3

O
OtBu

+

4

O

MeO

In the sequence, we accomplished the synthesis of
the nucleophile component for the amine conjugate
addition in two steps from the N-protection of
hydroxylamine hydrochloride (8) with Boc2O and
NaHCO3 in CH2Cl2/H2O at room temperature to give
the correspondent carbamate, followed by hydroxyl
group protection with TBSCl and Et3N in CH2Cl2 at
room temperature yielding the N-silyloxy-carbamate
4 in 92% (Scheme 3).
HO

N
H

8

H
.HCl

1. Boc2O, NaHCO3, r.t., 12h
CH2Cl2:H2O, 53%

O
TBSO

2.TBSCl, Et3N, r.t., 12h
CH2Cl2, 92%

N
H

OtBu

4

Scheme 3. Synthesis of N-silyloxycarbamate 4
To conclude the synthesis of components of the
amine conjugate addition, we focused on the
preparation of the organocatalyst. According to the
3
literature, the best organocatalyst choice to promote
an efficient amine conjugate addition with high yields
and high enantioselectivities is the cis t-Bu,Bn
imidazolidinone 11, synthesized in 4 steps from
D-phenylalanine (9) in 12% global yield (Scheme 4).

5

Scheme 1. Synthetic strategy for amino acid 1

Results and Discussion
Our approach to obtain amino acid 1 started with the
synthesis of the ,-unsaturated aldehyde 5 through
the esterification reaction of maleic anhydride (6) by
the treatment with methanol in toluene at room
temperature to give mono-methyl malonate in 98%
yield, followed by isomerization of double bond in
reflux of xylene in the presence of iodine furnishing
the mono-methyl fumarate (7) in 29% yield and
> 95:5 ds. The next steps consist of selective
reduction of the carboxylic acid employing BH3.THF
in THF to give the correspondent allylic alcohol in
25% yield and oxidation with IBX under reflux of
AcOEt leading to the desired ,-unsaturated
aldehyde 5 in 32% yield (Scheme 2).
O

O

6

O

OH

MeO

2. I2, xylene, reflux
12h, 29%

7

All components needed for carrying out the amine
conjugate addition were successfully prepared,
however, a new methodology to prepare the
aldehyde 5 in higher yields is under investigation.
Moreover, studies involving the amine conjugate
addition have been performed and will be reported in
the future.
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5

Scheme 2. Synthesis of aldehyde 5
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Conclusions

O

1. MeOH, toluene
reflux, 12h, 98%

2. IBX, AcOEt, reflux
2h, 32%

Scheme 4. Synthesis of the organocatalyst 11
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Introduction

Table 1 - Inhibitory activity of the seleno-DHPMs towards AChE

Alzheimer’s disease (AD), the most prevalent of the
neurodegenerative diseases, affects approximately 15
million
people
worldwide.
The
multifactorial
pathophysiology of AD hampers the development of an
efficient therapy. The main therapy available is based on
the cholinergic hypothesis and is focused on the inhibition
of cholinesterases (ChEs). In addition to this hypothesis,
two more hypotheses are known, the oxidative stress and
the metal hypotheses. The accumulation of reactive
oxygen species (ROS) and metals such Fe and Cu results
in damage to DNA, membranes and proteins leading to
1
cytotoxicity, cell death and formation of Aβ plaques. In
this context, it is known that selenium has been shown to
prevent oxidative damage and modulate the cholinergic
2
system. And also dihydropyrimidinones (DHPMs) are
3
4
known as good antioxidants and potent AChE inhibitors .
Therefore, we report the synthesis of AChE inhibitors with
antioxidant
function
combining
DHPMs
and
organoselenium compounds.

.
Table 2 – Antioxidant activities of seleno-DHPM 5a-g.

Results and Discussion
The starting materials 6-Cl-DHPM 1a-g were synthesized
trough a three component Biginelli reaction (i). Seven
examples were obtained with different substituents on the
aromatic portion, both electron donating and withdrawing
groups in ortho, meta or para positions. The 6-Cl-DHPM
were treated with potassium selenocyanate in MeOH at
r.t. to afford the selenocyanates derived from DHPM 5a-g
(Figure 1).

Conclusions
In summary, we designed, synthesized and evaluated a
series of novel seleno-DHPMs endowed with both
excellent activity as inhibitors of AChE and very good
antioxidant activity through different mechanisms of
action.
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Figure 1 - Reaction conditions.i) HClconc., neat, 100 C, 2h,
68-99%; ii) KSeCN (1.2 equiv.), MeOH, r.t., 24h
All compounds were assessed as AChE inhibitors
following an adaptation of the method described by Mata
5
et al (2007) . All compounds showed a high percentage
inhibition of the enzyme acetylcholinesterase. Some of
them were even more potent than the standard drug
Galantamine (Table 1). The antioxidant activities of the
seleno-DHPM were investigated applying the tests listed
in the Table 2. All compounds showed activity levels
comparable to that of PhSeSePh as GPx mimics. The
seleno-DHPM, especially the compound 5b, demonstrate
a very good iron chelating, reducing power and total
antioxidant capacity activities, sometimes more effective
than the standards BHT and Rutin.
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Introduction
Infections caused by MRSA (multidrug-resistant
Staphylococcus aureus), especially those resistant to
methicillin, have been a serious public health
1
problem worldwide . The emergence of bacterial
resistance is undermining the therapeutic value of
existing antibiotics, increasing the demand for
alternatives capable of reversing or reducing
resistance. Having in view of the guanidine functional
group has been presenting important role in the
behavior of various pharmacologically active
2
substances among them antibacterial , the objective
of
this
study
is
to
evaluate
new
8
guanidinilhydrazones against three MRSA strains of
different mechanisms of bacterial resistance.

Results and Discussion
Compounds were synthesized according known
3
procedures and were previously characterized .
Assays of anti-MRSA activity was conducted using
eight guanidinilhydrazone derivatives (Figure 1),
norfloxacin, erythromycin and tetracycline against
three strains of Staphylococcus aureus resistants,
(SA-1199B, RN-4220 and IS-58). The minimum
inhibitory concentration (MIC) was determined by
microdilution method using concentrations ranging
from 256 to 0.25 μg/mL.
N

R

H
N

NH
.HCl
NH2

R=
1: 4-chloro
2: 4-carbonitrile
3: 4-hydroxy
4: 4-bromo
5: 4-hydroxy-3,5-di tertbutoxy
6: 4-phenyl
7: 3,4-dichloro
8: 2-phenyl

Figure 1. Structures of the tested compounds.
Among the eight assessed guanidinilhydrazones, six
(compounds 1, 4, 5, 6, 7 and 8) had anti-MRSA
activity in at least one of the strains. The most active
compounds were 5 and 6, showing:
- MIC = 16 μg/mL for the RN-4220 strain
(presenting the gene encoding for macrolide
efflux protein MrsA), being 32 times more potent
than erythromycin (MIC > 256 μg/mL) for these
strain;
- MIC = 16 against SA-1199B ( strain resistant to
norfloxacin, by overexpression of the gene for
eflux norA), being 8 times better than Norfloxacin
(MIC = 128 μg/mL);
-

th

resistance,

Staphylococcus

aureus

-

MIC = 16 against IS-58 (strain resistant to
tetracycline, having the antibiotic efflux protein
(TetK)), being 4 times better than tetracycline
(MIC = 64 μg/mL).
Compounds 7 and 8 showed moderate antibacterial
activity with MIC values at 32 and 64 μg/mL
respectively, against RN-4220 strain, being 16 and 8
times better than erythromycin, respectively.
Compound 7 also presented antibacterial activity
against SA-1199B strain (MIC = 32 μg/mL) – being 4
times better than Norfloxacin. The least active
compounds were 1 and 4 that were active only
against RN-4220 strain with MIC = 128 μg/mL, being
4 times better than erytromicin.
Based in these results, it was found that the
presence of hydrophobic and/or bulky groups
(phenyl, tert-butoxy) increase the antibacterial
activity of these compounds (found in 5, 6 and 8).
Disubstitution also increase de activity, as observed
in
7
(3,4-dichloro),
when
compared
to
monosubstituted compounds (1 and 4), this can also
be related to the increased of the lipophilicity. Polar
group as hydroxyl seem to contribute negatively for
the anti-MRSA activity in these strains.

Conclusions
The anti-MRSA evaluation of these new
guanidinillhidrazones compounds demonstrated that
this class is promising for the development of new
antibacterial agents due to the fact to provide
superior activity when compared with conventional
antibiotics (erythromycin, norfloxacin and tetracyclin),
particularly against multiresistant strains. Among the
eight assessed compounds, six
demonstrated
activity against RN-4220 strain with a power up to 32
times greater than erythromycin (5 and 6 MIC = 16
μg/mL). These results are promising and justify
further study of new antibacterial agents based in the
guanidine structure.
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Introduction
Tumor cell lines which overexpress anti-apoptotic
Bcl-2 proteins are related with greater resistance to
anticancer drugs. In this context, the development of
molecules with inhibitory activity against these
proteins is a promising therapeutic strategy for
cancer treatment.1 Chelerythrine, a natural
compound, has shown considerable antiproliferative
activity due to inhibition of Bcl-XL anti-apoptotic
protein.2
Thus, the aim of this study is to synthesize
chelerythrine analogues designed by molecular
simplification, and later evaluate the cytotoxic and
inhibitory activities of these compounds against
tumor cell lines which overexpress anti-apoptotic
proteins of Bcl-2 family.

Four secondary amines (1a-1d) and four tertiary
amines (2a-2d) were obtained. The compounds
were synthesized in moderate yields, varying from
5% to 54%, and the products were given as oils, as
shown in Table 1. The 1H NMR data of compounds
showed a singlet at δ 5.95 ppm (highlighted in blue),
assigned to the methylenedioxol hydrogens, similar
structural feature to all synthesized analogues.
Another two singlets, around δ 3.70-3.82 ppm or δ
3.39-3.48 ppm (highlighted in green) are attributed
to the N-vicinal methylene hydrogens of secondary
and tertiary amines, respectively. Differences in their
chemical shifts rely on the number of methoxy
substituents. For compounds 2a-2d, the presence of
a singlet at δ 2.11 ppm (highlighted in red) indicates
the formation of tertiary amines.
Table 1. Characterization results obtained for compounds 1a-1d
and 2a-2d.

Results and Discussion
The analogues were designed by molecular
modifications based on simplification methods and
substituent variations (methoxy and hydroxyl
groups) at the portion E of chelerythrine structure, as
illustrated in Figure 1.

Fig.1. Designed analogues based on Chelerythrine structure.

The synthetic methods included one-pot synthesis of
secondary amines (1a-1d) by reductive amination
with NaBH(OAc)3 and subsequent N-alkylation with
methyl iodide in order to obtain tertiary amines (2a2d), as shown in Figure 2.

Compounds

1

H NMR*

Rf**

Yields
(%)

7.37, 7.35, 7.28, 6.90, 6.81, 6.78,
1
1a
0.37
44
5.96, 3.82, 3.75.
7.24,
6.88,
6.85,
6.77,
6.74,
5.93,
1
1b
0.33
54
3.80, 3.72, 3.70.
6.91,
6.88-6.74,
5.93,
3.89,
3.87,
2
1c
0.30
54
3.73, 3.71.
6.89, 6.81, 6.78, 6.60, 5.96, 3.89,
2
1d
0.29
39
3.86, 3.75.
7.34, 7.32, 7.25, 6.90, 6.85, 6.79,
1
2a
0.73
5
5.98, 3.48, 3.41, 2.06.
7.27-7.24, 6.88-6.84, 6.77, 6.73,
1
2b
0.57
13
5.93, 3.80, 3.44, 3.40, 2.14.
6.94, 6.89-6.72, 5.93, 3.90, 3.87,
2
2c
0.47
23
3.46, 3.42, 2.17.
6.90, 6.85, 6.78, 6.63, 5.98, 3.76,
2
2d
0.47
16
3.64, 3.42, 3.39, 2.09.
* 300 MHz, CDCl3 or DMSO-d6, δ = ppm
1
** Retention factor applied to mobile phase ethyl acetate:hexane 1:4 and
2
2.5% triethylamine or ethyl acetate:hexane 1:1 and 2.5% triethylamine

Moreover, 13C NMR data (not shown) corroborated
the obtained results and confirmed the structure of
all desired compounds.

Conclusions
Eight analogues were successfully obtained.
However, further characterization process is
required. We hope to submit the synthesized
compounds to cytotoxicity activity soon.
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Introduction

Scheme 4: Synthesis of compound 5

Cucurbitacins are natural compounds which have
shown promissory activity against different cancer
cell lines. Our research group have been working to
obtain
new
semi-synthetic
derivatives
of
Dihydrocucurbitacin B (DHB), with strategies used in
Medicinal Chemistry, such as chain extension,
modification of functional groups and addition of
1
heterocyclic rings . Here we report the obtention of
novel triazole derivatives of di-hidrocucurbitacin B in
order to find a prototype molecule for the synthesis
of compounds with anticancer activity (scheme 1).
Scheme 1: Synthesis of new triazole derivatives
of DHB.
HO

O

HO

O

HO

O
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O

O
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O

MW; P=150 W; 7'

O

4

5

Click Chemistry strategy was used
for the
cycloaddition reaction between derivative 2 and the
commercially obtained alkynes, to obtain the triazole
ring. The derivatives 2a-e were prepared using
microwave irradiation for 10 minutes, catalyzed by
3
CuSO4 .
Scheme 5: Synthesis of compounds 2a-e.
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Results and Discussion

Conclusions

The azide derivative 5 was obtained in 3 steps. First,
DHB, was selectively oxidized in C-16 with
chlorocromate
piridinium
and
BaCO3
in
dichloromethane. The product 3 was obtained with
1
50% yield (Scheme 2).

The new DHB derivatives were obtained in good
yields(~40%) and their cytotoxic activity will be
evaluated against cancer cell lines. New triazole
derivatives of DHB and other cucurbitacins will be
synthesized.
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Chain extension was performed at C-2 with 4bromobutiryl chloride, promoted by N, Ndimethylaminopyridine and pyridine, generating
1
compound 4 (Scheme 3).
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Scheme 3: Synthesis of derivative 4.
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Substitution of bromine for an azide group was
performed with NaN3 salt, under microwave
2
irradiation for seven minutes (Scheme 4).
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treat sickle cell anemia complications.
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Introduction

Sickle Cell Anemia is a genetic blood disease in
which there is a mutation in the β-hemoglobin gene.
This
mutation
promotes
polymerization
of
hemoglobin molecules that change the structure of
the erythrocyte promoting sickling of the cell.
Moreover, the increased adhesion of blood cells into
vessel and pro-inflammatory cytokines like TNF-α
contributing to the increasement of the vasoocclusive process[1]. Hydroxyurea (HU) is the only
drug available for the treatment and its beneficial
effects are associated with its capacity to metabolize
in nitric oxide [2]. The NO plays beneficial effects
such as vasodilation, inhibition of platelet
aggregation and production of fetal hemoglobin
(HbF), that decrease hemoglobin polymerization [3].
In this context, in continuing the research that aims
to design, synthesis and pharmacological evaluation
of new prototypes drug candidates for the treatment
of sickle cell anemia complications, in this work we
were synthesized a serie of hybrid compounds (I- IV)
containing the phtalimide (TNF-alfa inhibitor subunit)
and furoxan subunits (nitric oxide donors), using as a
spacer the N-acylhydrazone that has been described
as anti-inflammatory subunit.

Results and Discussion

Synthesis: Four new compounds (I- IV) were
synthesized with yields between (25 and 55%), and
1
13
were characterized by NMR H, C, infrared
spectroscopy and elemental analysis.

control. The compound I was the most promising,
with IC50=1.15μM.

Figure 2: Inhibition of TNF-α, determined by
ELISA (24 h), in the supernatant of mononuclear
culture treated with LPS and co-incubated with
test compounds in different concentrations
(SEM; p < 0.05, compared to thalidomide (ANOVA
followed by Dunnett’s test)
HbF expression: The γ-globin gene expression was
measured by Real time PCR using K562 cells
induced by compound (I) at different times (24, 48,
72, and 96h) and different concentrations (5, 30, 60,
and 100 μM)[6]. The compound (I) were able to
induce γ-globin gene expression two times more
than the hydroxyurea at 24h and 72h (5 μM).

Conclusions

Figure 1. Synthesis of compounds (I-IV)
Detection of nitrite: NO donor activity was performed
according with previously method describing by
Sorba et al. 1997 [4]. All compounds demonstrated
ability to induce nitrite formation between 6,7 and
12,1%. The compounds III and IV showed % of
nitrite generation higher than isosorbide dinitrate
used as control.
TNF-α inhibition: TNF-α was quantified in enzymelinked immunosorbent assay (ELISA) [5]. The
compounds I, III and IV inhibited significatively the
TNF-α production higher than thalidomide used as
th

The synthetic methodologies were appropriate to
obtain the hybrid compounds. These compounds
showed NO donor ability, TNF-α inhibition and HbF
inducer properties. Thus, these compounds are
promising drug candidates for sickle cell anemia
complications treatment.
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Introduction
Diseases transmitted by ticks have been a
constant problem for the cattle industry and the
breeding of pets. To man, ticks can transmit Rocky
Mountain spotted fever. In Brazil, the economic
1
losses are of the order of two million dollars/year.
The usage of acaricides has been the main
method of combating the pest for at least 60 years
and, due to the continuous application of these
substances, it was inevitable the development of
resistant strains. Thus, it becomes necessary to
discover and produce new, more efficient chemical
agents to control such parasites.
One of the most efficient acaricide commercially
available is the Fipronil® (Figure 1). This
phenylpyrazole damages the central nervous system
of the tick by blocking the passage of chloride ions
through the GABA receptors and the GluCl channels.
This causes the over-excitation of the muscles and
2
nerves leading them to death.

Figure 1. Phenylpyrazol with potencial
insecticidal properties
This work aims to prepare phenylpyrazol-4-ones
from chalcones, similar to Fipronil, with electronwithdrawing groups and electron-donating groups on
the aromatic ring and evaluate their acaricide
activities.

Results and Discussion
Our synthetic route is depicted in Scheme 1.
Chalcones (1a-c) were prepared from the aldol
condensation between acetophenone and aldehydes
in basic medium. The reaction of 1a-c with H2O2
under basic conditions led to the formation of the
respective epoxichalconas (2a-c) in good yields.
Following, in order to obtain 4a, epoxichalcona 2a
was reacted with semicarbazide, pyridine in ethanol,
under reflux. However, pyrazole 5a was isolated in
26% yield. Increased reaction time led to the same
product in 30%.
Decreasing the reaction temperature, we could
isolate the desired compound 4a in only 15% yield,
as well as the intermediate 3a (16%).

th

Reaction conditions

i) pyridine, reflux, 5h
ii) pyridine, reflux, 8h
iii) pyridine, rt, 8h
iv) imidazole, rt, 8h

3a 16%
3a 52%, 3b 20%

Compound/yield
4a 15%
4a 30%, 4b 35%

5a 26%
5a 30%
-

Scheme 1: Studies for preparing phenylpyrazol4-ones.
Changing pyridine for imidazole, 4a was obtained
in higher yield (30%), while 3a in 52%. The
preparation of phenylpyrazol-4-ol 4b containing nitro
group in the para position may be obtained using the
same methodology, from the chalcone 2b, in 35%
yield.
All compounds obtained had their structures
1
13
confirmed by their spectra IR and H-NMR and CNMR. Chalcones 1a-c show two doublets at δ 7,08,0 ppm, with high value coupling constants (J = 16
Hz) for hydrogens α and ᵦ. Epoxidation of the double
bond was evidenced by the presence of two relative
doublets for the same hidrogens α and ᵦ, at δ 4,0-4,3
ppm, with J = 1,5 Hz. 3a presents the NH and NH2
hydrogens (semicarbazone) at δ 9,4-9,6 ppm and
δ 5,5-6,0 ppm, respectively. The OH hydrogen from
4a appears at 3.28-3.43 ppm and a large band at
-1
3650 cm in the spectra IR. The compounds 5a,b
have only aromatic hydrogens.
All other protons and carbons, aromatic and
aliphatic, were observed at the expected regions.

Conclusions
There is still a need to optimize a reaction
condition that provides 4a,b in good yields. As
prospects these compounds will be subjected to
tests to check their acaricide activity.
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Introduction
The glucocorticoids (GCs) are used in the
treatment of chronic inflammatory diseases,
minimizing the damage caused by the infectious
agent1. However, prolonged use of GCs is
associated with various side effects, limiting the use
of these drugs in prolonged therapies2. Therapy
anti-tumor necrosis factor α (anti-TNF-α) has
become an interesting approach in the treatment of
chronic inflammatory diseases, especially those
patients who do not respond to conventional
treatment3. Thus, in this work, we realized the
viability of synthesis of new GC derivatives
connected to the phthalimide group with modulating
properties of cytokine TNF-α in order to achieve a
synergism of action useful in the treatment of
diseases chronic inflammatory diseases.

Results and Discussion

The compound 1 showed higher antiinflammatory activity acute than prednisolone in
paw edema model (Figure 2).

Figure
2.
Inflammatory
carrageenan injection

response

post-

In the distal ulcerative colitis test, compound I
was
superior
to
standard
glucocorticoid
(prednisolone), with greater reduction in the
inflammatory infiltrate in the colon of animals
(Figure 3) and the exclusion of clinical signs such as
bleeding and weight loss.

The compounds 1-3 (series Lapdesf GL-FT)
were synthesized in two steps: a) condensation of
appropriately functionalized amine to phthalic
anhydride using acetic acid as solvent; b)
nucleophilic substitution using coupling agents in
dichloromethane at low temperature; with yields
ranging between 41-52%.

Negative control
intensity of the
inflammatory infiltrate = 2

Prednisolone
intensity of the
inflammatory infiltrate = 2

Negative control
Lymphoid hyperplasia
(arrow)

Prednisolone
Lymphoid hyperplasia
(arrow)

Positive control
intensity of the
inflammatory infiltrate = 3

Compound 1
intensity of the
inflammatory infiltrate = 1

Figure 3. Histological picture of rats colons

Conclusions
Figure 1. Synthesis of glucocorticoid derivatives
(Series Lapdesf GL-FT)
The structural characterization of the obtained
compounds was carried out employing infrared
spectroscopy (IR), 1H NMR (300 MHz; DMSO-d6)
and 13 C NMR (50 MHz; DMSO-d6).
The analgesic activity of derivatives was
evaluated by writhing abdominal induced by acetic
acid in mice. Were observed that they inhibited
writhing abdominal
between 34-46%, with
compound 1 being the most active (46%), while
prednisolone, used as control group, inhibited 30%.

The results shows that the introduction of
phthalimide subunit increased anti-inflammatory
activity of the glucocorticoid prednisolone,
suggesting a synergy of action of the two subunits.
In vitro studies anti-TNF-α activity are in progress.
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Introduction
O-GlcNAcylation is a post-translational protein
modification for addition of N-acetylglucosamine
(GlcNAc) to serine or threonine residues on
cytoplasmic or nuclear protein, being involved in the
onset of pathologies such as cancer, type II
diabetes,
and
neurodegenerative
diseases.
Changes in the pattern of O-GlcNAcylation have
1
being highlighted as a relevant biomarker . Thus, in
this work we describe the docking design and partial
synthesis of three new fluorinated methyl β-glycosyl
2-deoxy-2-(1,2,3-triazole) sugars, as bioisosteres of
N-acetylglucosamine with potential inhibition of OGlcNAcase (OGA), enzyme that cleaves GlcNAc
from the protein, allowing the preparation of
radiolabeled sugar for use in PET diagnostic studies
(figure 1).

Figure 1. Target compounds considered
bioisosteres of N-acetylglucosamine.

(1)

STZ

(3)

(2)

Figure 2. Mode of interaction proposed by docking
studies for STZ, 1, 2, 3

The synthesis involves the chemical modification of
the 2-amino group of 4 into azide 5 for sequential
coupling with propargyl alcohol through Cu(I) azidealkyne cycloaddition reaction to give 6 for further
glycosylation and substitution of the hydroxyl group
of 7 by fluorine (compound 1), via the mesylate 8
(scheme 1).

as

Results and Discussion
The molecular docking study was performed using
STZ, as reference, and the candidates 1, 2, 3, in
order to predict their binding affinity in the OGA
active site. Docking simulations were performed
2
using the GOLD 5.1 software . Clostridium
perfringens OGA (PDB ID 2VUR) was selected for
docking study, which contains an active site highly
conserved compared to human OGA. The
orientations of highest score were selected using the
score function CHEMPLP. Redocking was carried
out successfully (RMSD = 0.609). Score values
obtained for 1, 2, 3 and STZ were 56.6, 67.1, 67.6
and 63.1, respectively. These values showed that a
candidate 2 and 3 has a higher score than STZ and
candidate 1 obtained a very close result. Moreover,
observing the possible interactions (figure 2) it was
shown that 2 and 3 displayed similar interactions
with STZ and compound 3 showed the same
number of interactions.
According to these results, the synthesis of
compound 1 has been carried out using the
synthetic strategy outlined in scheme 1.

Scheme 1. Synthetic strategy to produce the target
compound 1.

Conclusions
From the docking studies it was possible to obtain
strong clues that the glucopyranosides 2 and 3 will
be active for OGA inhibition and a good feature for
PET biomarker. The advantages these new
candidates: (1) have lower toxic potential when
compared to STZ due to absence of toxoforic Nnitrosourea moiety, and (2) can be obtained through
a synthetic strategy in few steps and using
inexpensive reagents.
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Introduction
The 3-acyl-tetramic acids are derived primarily from
tetramic acids and constitute the structure of many
biologically active natural products, especially with
antitumor and antiviral properties.1,2 The natural 3acyl-tetramic acids are found as mixtures of different
enol forms.1,2
Despite of their pharmacological potential, a scarce
number of efficient synthetic methodologies for the
preparation of 3-acyl-tetramic acids is described in
the literature, where the direct C-acylation reaction of
tetramic acids is the most attractive.3
In a systematic study of this reaction, Jeong &
Moloney described the achievement of a 3-acyltetramic acid derivative from the protected N-BocGlycine.4 This report leads to the possibility of
obtaining peptide mimics possessing the core 3-acyltetramic with potential enzymatic inhibitory activity,
especially on serine protease. Enzymes serine
proteases are involved in the key stages of the
biological life cycle of important viral pathologies such
as Hepatitis C and Dengue, which makes them a
strategic drug target to fight these diseases.5
Herein we show the direct C-acylation of the tetramic
acid 1 with N-Boc amino acids to reach novel 3-acyltetramic acids, which can be seen as peptide mimics
as potential inibitors of serine proteases.

Results and Discussion
The preparation of the N-Boc-tetramic acid 1 from Lphenylalanine (L-Phe) was performed based on the
protocol described in the literature6 and routinely
applied by our group (Scheme 1).7
In order to evaluate the direct C-acylation of 1, we
performed the reaction with propionic acid in the
presence of the system DCC/DMAP.4 The 3-acyltetramic acid 2a was obtained in good yield as a
mixture of enol tautomers. This protocol was then
applied for the C-acylation of 1 with the N-Boc-Gly
and N-Boc-Ile to furnish the corresponding of the 3acyl-tetramics acids 2b, c in moderate yields. The
procedure was also applied to the reaction of 1 with a
1,2,3-triazole acid producing the compound 2d in
52% yield.
It is noteworthy that both compounds 2c and 2d were
formed as single enol tautomers.

Scheme 1: Synthesis of the 3-aciltetramic acids 2a-d.

Conclusions
The direct C-acylation of the tetramic acid 1 was
shown to be effective to reach the compounds 2a-d
and can allow the access to several related 3acyltetramic acids with potential biological activities.
The investigation of compounds 2a-d as inhibitors of
the serine protease NS3 of hepatitis C and dengue is
under investigation.
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Introduction
The diaryl sulfides (DS) 1 and 2 (Figure 1) have
potent antitubulinic effect (IC50 2.8 and 0.74 µM,
respectively) as compared to combretastatin A-4
1
(CA-4, IC50 1.1 µM). Therefore, it is important the
study of the in vivo biological behavior of these
compounds.
MeO
MeO

S

NO2

MeO

S

NH2

OH
OMe MeO

MeO
MeO

OMe

OMe

OMe
OMe

OMe

(DS2)

(DS1)

CA-4

Figure 1. Structures of CA-4, DS1 and DS2.

Results and Discussion
DS1 and DS2 were synthesized according to
Scheme 1. The products were purified by
preparative TLC and were characterized by HRMS
S
and, 1H/ 13C NMR.
I

NO 2 MeO
OMe

OMe
OMe

(4)
70 %

OEt

iii

+

NO2
OMe

(3)

S

SH

i

iv

(7)
95 %

NH2

ii
MeO

OMe

MeO

OMe

(6)
62 %

OMe
OMe

(5)

Reagents and conditions:
MeO

S

NO2

MeO

OMe
OMe

(iii) EtOH, NaOH, 65 oC, 1.5 h;

v
S

MeO

(ii) 1) NaNO2 , HCl(conc.), H2O, 0 oC, 10 min,
2) EtOCS2K, 50–55 oC, 40 min;

(DS1)
45 %

MeO

(i) NIS, H2SO4(conc.), 0 oC, 20 min;

NH2

(iv) Neocuproine, CuI, t-NaOBu, toluene,
reflux, N2, 17 h;

OMe

(v) SnCl2 , HCl (36%), AcOH, rt, 2 h.

OMe

(DS2)
80 %

Scheme 1. Synthesis of DS1 and DS2.
DS1 and DS2 were submitted to in vivo biological
tests. It was used 70 Swiss male mice, divided in 14
groups2 as shown in Table 1. DS 1 and 2 are
genotoxic and, when administered concomitantly
with cyclophosphamide (CTX), DS2 potentialized
genotoxic damages of this chemotherapy drug. Both
compounds are also mutagenic and, DS2
potentialized up to 70.58% the antineoplastic
effects, mediated by mutations, of CTX. DS1
increased the frequency of splenic phagocytosis
and, DS2 when associated with CTX greatly
potentialized the effect of liver withdrawal of
mutated cells. Only the highest doses of DS1 and
DS2 increased the levels of apoptosis. In general,
when associated with CTX only the highest dose of
th

DS1 and the two highest doses of DS2 increased
the apoptosis. As for differential blood cell count,
there was alteration for DS1, leading to
lymphopenia
and
neutrophilia,
which
are
characteristic effects of the chemotherapy drugs.
Table 1. Results of in vivo biological tests
Biological Assay*
Comet
PhagoMicronucleus
Apoptosis
Assay
cytosis
13,00±
a
a
a
NC**
14,80±1,74
42,7%
1,20±0,20
a
0,45
CTX
87,20±
e
e,f
e
100
72,40±2,58
77,6%
21,60±0,93
f,g
***
0,86
30,00±
5
24,80±0,86b 45,6%a,b 2,80±0,37a,b
c
0,73
40,20±
c
a,b
b,c
DS1
7.5
36,80±0,73
46,2%
4,80±0,37
d
0,92
49,40±
d
a,b
c
44,60±0,51
47,2%
6,20±0,86
10
e
0,87
89,80±
f
f
e
5
80,00±0,71
79,8%
22,00±1,00
g,h
2,01
DS1+
93,60±
f
g
d
CTX
7.5
84,60±0,51
85,4%
27,20±0,73
h
1,44
****
99,40±
g
g
f
10
93,00±0,71
89,7%
35,40±0,51
i
0,24
21,20±
a
b
a,b
14,20±1,24
49,8%
1,60±0,24
5
b
0,58
21,20±
a,b
e
a,b
DS2
7.5
20,20±1,65
57,2%
2,80±0,49
b
0,58
20,00±
b
d
b,c
10
22,00±0,71
64,6%
4,60±0,40
b
0,71
85,00±
e
e
d
71,40±2,06
73,4%
11,40±0,40
5
f
0,71
DS2+
83,80±
e
d,e
d
CTX
7.5
70,40±2,29
69,3%
14,00±0,45
f
0,66
****
83,00±
e
c
e
10
68,60±1,03
54,8%
22,00±0,84
f
0,71
*Letters denote statistically significant difference between treatments
(ANOVA, p < 0.05), Comet: unit/100 cells, Micronucleus: unit/1000
cells (Time: 24h), Apoptosis: unit/100 cells; **NC: Negative Control
(saline and vehicle); ***Concentration: 100 mg/Kg.
Group

Conc.
mg/
Kg

Conclusions
The presented data, suggest that DS1 and DS2
showed chemotherapy action and, increased the
effect of CTX. Therefore, the compounds merit
further studies in order to evaluate the possibility to
use them as adjuvants for oncology therapy.
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Introduction
Dihydrobenzofuran is an important class of oxygencontainig heterocycles found in a wide variety of
biologically active compounds, such as morphine,
ramelteon and darifenacin. The iodine-promoted
1
cyclization of 2-allylphenols is a suitable procedure
to access the corresponding 2,3-dihydrobenzofuran
nucleus with good yields.
Although allyl bromide and K2CO3 are common
reactants used to perform the allylation of phenols, a
systematic study about the amounts of each
reactant were not performed yet, as well as to the
iodocyclization reaction. In this work, we present a
2
2 factorial study of a synthetic route starting from
the unsubstituted phenols, in order to achieve the
optimized conditions in the two main steps: the
allylation and the iodocyclization.

Results and Discussion
Functionalized dihydrobenzofuran nucleus can be
obtained through several synthetic routes described
2
in the literature. In our lab, we use as starting
material substituted phenols, which are O-allylated
using allyl bromide and K2CO3 as commonly
performed in literature. The following steps consists
in thermal Claisen rearrangement to obtain the
corresponding 2-allyl derivatives, followed by its
iodocyclization (Figure 1).
The factors studied in the vanillin (1) allylation
procedure, as well as the average yield obtained are
shown in Table 1. Observing the results, it was
possible to conclude that equimolar amounts of allyl
bromide and K2CO3 led to higher yields, although it
was identified an interaction factor (effect 4.16, p
0.01) among them that must be considered to
optimize the reactional conditions (Figure 2),
suggesting a synergistic effect among them. Excess
of one of the factors usually leads to lower yields,
although the effect of each factor had not shown to
be significant (p > 0.05).
The factorial study to the iodocyclization procedure
was performed using the commercial 2-allylphenol
as starting material. Regarding this, we decided to
evaluate the influence of a co-solvent (ethanol) in
the yield and the presence of NaHCO3 (1 eq.) to
deprotonate the phenolic hydroxyl. The factors
explored and the obtained yields are shown in Table
2. The results show that although the co-solvent is
beneficial to dissolve the 2-allylphenol, it led to lower
yields (p 0.0007), probably due to the formation of
ethoxylated products identified blended to the crude
th

product. Moreover, the presence of NaHCO3 was
detrimental to the yields (p 0.005), differently as
1
observed before when using apolar solvents. The
interaction factor was negligible (p 0.57).
To validate the conditions defined by the factorial
design results, we performed the iodocyclization of
2-allylvanillin (3) using the optimized conditions. We
obtained the product 4 with 89% yield, very close to
1
that obtained in previous work (90%), however
without NaHCO3 and using an environmentally
adequate solvent (water) than the previously used
(CH2Cl2).
BrAll
K2CO3
60 °C
acetone
12h
1: 5 mmol

Zn, 50 °C

I2
(1.1 eq.)

THF
12h

water
4h

2

3

4

Figure 1. Synthesis of 2-(iodomethyl)-7-methoxy2,3-dihydro-1-benzofuran-5-carbaldehyde.
Table 1. Variables and results of process to
allylation of vanillin.
Entry
1
2
3
4
Effects

Allyl bromide
(mmol)
7,5
7,5
12,5
12,5
-0.25

K2CO3
(mmol)
7,5
12,5
7,5
12,5
-0.75

Average yield
(%)±SD
80 ±1.41
74 ±2.82
74 ±2.12
79 ±1.41

Table 2. Variables and results of process to
iodocyclization of 2-allylphenol.
Entry

Co-solvent

Base

1
2
3
4
Effects

EtOH
EtOH
-15.5

NaHCO3
NaHCO3
-9.0

Average yield
(%)±SD
87 ±0.71
72 ±2.83
79 ±2.12
62 ±2.83

Conclusions
This work contains helpful information regarding
the allylation and iodine-promoted cyclization
reactions to prepare 2,3-dihydrobenzofurans, since
the results allowed concluding the influence of the
studied factors in the yields.
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Introduction
The indiscriminate use of antibiotics and the
emergence of multidrug-resistant strains of
microorganisms justify the need for the constant
search for new therapeutically effective antibiotics,
with low toxicity and greater specificity which may be
used as alternative treatments for fungal and
bacterial infections1. In this context many
cycloalkyl[b]thiophenes derivatives has been shown
to be active against various microorganisms, and the
molecular modification of these compounds can
produce compounds with even more pronounced
2
activity . The aim of this study was to evaluate the
potential antifungal of new 2-amino-4,5,6,7,8,9hexahydro-cycloocta[b]thiophene-3-carbonitrile.

from position 2 (8CN08) to 3 (8CN06), there was a
small decrease in inhibitory activity (2 to 4 times).
We also point out that the compound 8CN10 (with
polar group) and disubstituted compounds (8CN03)
were in general two times less active than the other
compounds. The cycloocta[b]thiophenes derivatives
tested in this study have logP values even higher
(bigger than 6) than those of the study Scotti, L. et
4
al , this substantial increase in the lipophilicity, may
partly explain the low antifungal activity of the
derivatives tested.
Table 1. MIC
compounds.
Compd.
8CN01
8CN02
8CN03
8CN04
8CN05
8CN06
8CN07
8CN08
8CN09

Results and Discussion
The compounds evaluated in this work, were
previously synthesized and characterized by the
Laboratory of synthesis and Drug Delivery, according
3
procedure represented in Scheme 1.
S
NH2
CN

8CN
Etanol
Ácido Acético

CHO
R
S

HC
N

Ar

Ar: (8CN01) Benzaldehyde
(8CN02) 4-Nitrobenzaldehyde
(8CN03) 2,4-dichlorobenzaldehyde
(8CN04) 4-Fluorobenzaldehyde
(8CN05) 2-Nitrobenzaldehyde
(8CN06) 4-(Pyridin-3-yl)-benzaldehyde
(8CN07) 4-(1-Piperidinyl)-benzaldehyde
(8CN08) 4-(2-Pyridin-2-yl)-benzaldehyde
(8CN09) p -tolualdehyde
(8CN10) Salicylaldehyde
(8CN11) Anisaldehyde

CN

8CNx

Scheme 1. Synthesis of the title compounds
Four strains of Candida albicans were used in the
susceptibility assays. The Minimum Inhibitory
Concentrations (MICs) were determined by
microdilution assay for each compound, the results
were summarized in Table 1. In general, the
compounds evaluated were inactive (MIC ≥ 1024
µg/mL) or poor active (MIC = 512 and 1024 µg/mL)
against the tested strains. Compounds: 8CN07,
8CN08 and 8CN09 were the most active compounds
with MIC values at 512, 512 and 128 µg/mL for the
strains LM111, ATCC 76645 and ATCC 90028,
respectively. Preliminary SAR study demonstrated
that modification in the pyridinyl group position
affects the activity. When this group was changed
th

8CN10

values

ATCC
76645
512
512
512
512
512
512
512
512

across

the

C.

CIM (µg/mL)

albicans

ATCC
90028
512
512
1024
512
512
512
128
128

LM
108
≥1024
≥1024
≥1024
≥1024
≥1024
≥1024
≥1024
≥1024

LM
111
1024
1024
1024
1024
1024
1024
512
512

512

128

≥1024

512

1024

1024

≥1024

512

Conclusions
11 were synthesized novel 2-amino-4,5,6,7,8,9hexahydro-cycloocta [b] thiophene-3-carbonitrile. All
products produced inhibition on the growth of
Candida albicans (ATCC 90028, ATCC 76645, LM
108 and LM 111), except for the strain of C. albicans
LM 108 which appeared resistant.
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Introduction
Leishmaniases are a group of tropical
diseases caused by a number of species of protozoan
parasites belonging to the genus Leishmania.
Clinically, the diseases range from cutaneous to
visceral forms, with an estimated global incidence of
1
1.2 and 0.4 million cases a year, respectively . The
chemotherapy relies on multiple parenteral injections
with pentavalent antimonials or amphotericin B and its
lipid formulations, are either too toxic or expensive for
2
routine use in developing countries . These facts call
for safer, cheaper, and more effective new
antileishmanial drugs.
The isobenzofuran-1(3H)-ones also known as
phtalides are a class of heterocycles presenting a
benzene ring fused to a γ-lactone one. During the last
decades several natural products containing this
structural motif have been isolated and presenting
3
important biological activities . In particular, phtalides
functionalized at C-3 position display useful medicinal
4,5
properties .
Considering our interest in isobenzofuran1(3H)-ones, we herein describe the synthesis and the
antileishmanial activity of a series of C-3 functionalized
phtalides.

Results and Discussion
The synthesis of C-3 functionalized
isobenzofuran-1(3H)-ones is outlined below.

Table 1 – Results of antileishmanial evaluation of
compounds 2-11
Compound
2
3
4
5
6
7
8
9
10
11

Conclusions

O
OH
O

(i)
O

O

O

O
O

O

O

O

O
OH
O

R
(iii)

OH

(1)

O

(5)

O

(i)

7
6

O
(ii)

-1

IC50 (µmol L )
578,7 ± 8
385,3 ± 12
842,2 ± 13
1994 ± 25
1657 ± 23
22,7 ± 9
7,0 ± 2
13,1 ± 5
11,3 ± 3
21,5 ± 6

The biological activity of the synthesized
compounds depends on the substituent attached to
the C-3 position of the isobenzofuranone
functionality. As a general trend, the most active
compounds (7-11) present an aromatic moiety
attached to the C-3 position. The phenolic derivative
8 was the -1most active phtalide presenting IC50 below
10 µmol L .

O

(6)

6

Hg(OAc)2 mediated aromatization . Treatment of
substances 8,9 with Ac2O/DMAP resulted in the
formation of acetylated derivatives 10,11. The
compounds were fully characterized by IR, NMR, and
MS analysis. High resolution mass spectrometry
confirmed the molecular formula of the compounds.
Compounds 2-11 were evaluated as
antileishmanial against promastigotes of Leishmania
amazonensis and the results are summarized in Table
1.

5
4

8
9

1

O

3

O

O2

O

O
OH

O
R
(2) R = H
(3) R = CH 3
(4) R = i-Pr

(iv)

O
OH

HO
R
(8) R = H
(9) R = i-Pr

(v)

OAc
AcO
R
(10) R = H
(11) R = i-Pr

We demonstrated that isobenzofuran-1(3H)-ones
may represent a scaffold that would be explored
toward the development of new agents to treat
leishmaniases. It was shown that the biological
activity is dependent on the structure of the
substituent attached to the isobenzofuranone
functionality.
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O
O
O

(7)

Figure 1. Synthesis of isobenzofuran-1(3H)-ones
2-11. Reagents and Conditions: (i) DBU, CHCl3, reflux;
(ii) DBU, CHCl3, r.t.; (iii) DBU, CH3CN, reflux; (iv)
Hg(OAc)2, NaOAc, CH3COOH, reflux; (v) DMAP, Ac2O,
CHCl3, r.t.
DBU-promoted condensation of commercially
available phthalaldehydic acid (1) and different 1,3dicarbonyl compounds afforded derivatives 2-7 in
yields
varying
from
53
to
6
95% . Phenolic compounds 8,9 were prepared via
th
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Scheme 2. Synthetic route for obtaining triazole
derivative.

Introduction
The drugs used in current treatments of
tripanosomatides, Chagas disease (Trypanosoma
cruzi) and leishmaniasis (Leishmania spp.) are
expensive, limited and are not effective, showing the
urgent necessity of development new active
molecules. Considering the approach of drug
design, we started this work based on previous
studies, which showed promising trypanocidal
activity for some natural neolignans. In this way, we
synthesized a serie of analogs of these natural
compounds and all of them will be evaluate against
both parasites, T. cruzi and Leishmania spp..

Results and Discussion
In this work, the synthetic strategy to obtain the
derivatives of interest (7-24) involved the synthesis
of the intermediate azide isoxazole (5), which is
prepared in four steps (scheme 1). The first step
was the conversion of the commercially aldehyde
(4-methoybenzaldehyde) to the corresponding
aldoxime, using hydroxylamine in the reaction1.
Subsequently, the aldoxime was transformed to the
corresponding nitrile oxide in the presence of Nchlorosuccinimide.
Then,
by
1,3
dipolar
cycloaddition reaction between nitrile oxide and
propargyl alcohol in presence of copper sulfate, we
obtained 3,5 disubstituted isoxazole derivative of
interest (3)2.The compound (3) was converted to
intermediate (4) by tosylation reaction and
subsequent formation of the azide derivative in the
presence of sodium azide under microwave
irradiation3,4,5 .
Scheme 1. Synthetic route
intermediate azide-isoxazole
N

CHO

O

for

OH

obtaining
N

O

iii, iv
H3CO

1

H3CO

3

5

(i) NH2OH.HCl, DABCO,70º C, 100 W, 1’ (ii) NCS, DMF, ASC, CuSO4, NaHCO3,t-BuOH:H2O,alkyne, t.a.
(iii) TsCl, Et3N, K2CO3,CH2Cl2:H2O t.a. (iv) NaN3, DMF, IMO, 70 ºC, 150 W.

The triazole spacer group was obtained by the
second
cycloadition
reaction
between
the
intermediate (5) and an aliphatic or aromatic alkyne
(6) catalyze by copper (I) under heating by
microwave irradiation (Scheme 2) 6,7,5

N3

H3CO

N O

i

+
R1

5

H3CO

6

N N
N

R1

7-24

R1= H,CH3 ou OCH3
(i) CuSO4, sodium ascorbate, DMF, IMO, 70 ºC, 100 W, 10 min

A library of 18 compounds (7-24) containing the
isoxazole and 1,2,3 triazole rings was obtained in
good to excellent yields 64-96% (figure 1) and their
parasitological activity are being evaluated. These
compounds are described here for the first time and
all of them were characterized by NMR 1H, 13C and
mass spectrometry (LC-MS).
Figure 1. Compounds (7-24) synthesized by 1,3dipolar cycloaddition.
O
N

N

N
N

R1

H3CO

R1:

H3CO

F3C
OCH3

N

(7) 86%

(8) 86%

(

O

H3CO

(10) 82%

(9) 89%

(12) 82%

(11) 94%

OCH3

OH
O2N

H3CO

F

(13) 89%

(14) 90%

(16) 82%

(15) 86%

(18) 96%

(17) 96%
O

O

AcO

(20) 89%

(21) 71%

OAc

AcO

H2N

H3CO

(19) 89%

(22) 64%

OH

(23) 86%

OAc

(24) 64%

Conclusions
In this work, it was possible to obtain 18 bisheterocyclic compounds containing isoxazole and
triazole rings in a relatively simple synthetic route, in
good yields, without byproducts and in a short
reaction time.
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Introduction
Thiazole heterocycles constitute a class of compounds of
great synthetic interest due to its potential broad range of
1
biological activity . Based on bioactive potential of these
heterocyclic compounds, we decided to investigate a
series of thiazole derivatives as antioxidants according to
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging
activity assay. The in vitro antioxidant effect of the
compounds was compared with curcumin, whose
antioxidant activity is well established.

The thiosemicarbazones 2a-2d were subjected to
reaction with alpha-bromo-acetophenone, giving the
corresponding thiazole heterocycles 3a-3h (yield 54-98%)
(Scheme 3).
S
H2N

N
H

N

Br

R2

R1

O
i-PrOH
OH

3e

R1=

R1=

R2 = Cl

O
+

H

Ar

O

NaOH
EtOH, reflux

OH

3f,3g,3h

Ar

ou

1a-1b

N

64%

Ar
1c

1b

1a
R=

O

1c

R=

Compounds
Curcumin

Scheme 1 – Route of synthesis of 2-substitutedcyclohexanone 1a-1c.

3a
3b
3c
3d
3e
3f
3g
3h

Subsequently, 2-substituted-cyclohexanones 1a-1c and
3-hexanone
were
subjected
to
reaction
with
thiosemicarbazide
to
give
the
corresponding
thiosemicarbazone 2a-2d (Scheme 2).
S

S
NH2

OH NHN

1a-1b
EtOH, reflux, AcOH

N

2a

H2N

63%

N
H

NH2

S
2-benzylidene-cyclohexanone N
EtOH, reflux, AcOH

2b

61%

NH

N

3-hexanone
EtOH, reflux, AcOH

O 2N

NH2

2c

60%

NH2

Antioxidant activity
IC50 µM
169
97
138
60
95
119
111
127
126

% proliferation*
(Vero cells)
81
Inactive
Inactive
Inactive
Inactive
18
20
Inactive
Inactive

The compounds proved to be more active than the
standard curcumin and showed low cytotoxicity to normal
cells (Vero cells) at 100 µM. In vivo studies with the most
active compound 3c are in progress.
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Scheme 2 – Route of synthesis of thiosemicarbazone 2a2d.

th

R2= Cl (3f)
R2 = OCH3 (3g)
R2 = H (3h)

Conclusions

NH

2d

N

*Compounds were tested at 100 M.
The investigation of antioxidant activity revealed that all
synthesized compounds showed potent to moderate
radical scavenging activity when compared to the
standard curcumin.

NH2

S

S

ou

OH N NH

R2= Cl

The antioxidant activity was evaluated by assessing the
ability of the compounds to scavenge the radical 2,2diphenyl-1-picrylhydrazyl (DPPH•). The results are shown
in Table 1. In order to investigate the cytotoxicity of the
compounds to normal cells, an in vitro assay using Vero
cell line (normal monkey kidney cells) was carried out.
Table 1 – Antioxidant activity of the thiazole compounds.

87%

NO2

R1 =

Scheme 3 - Route of synthesis of thiazole heterocycles
3a-3h.

R=
98%

OH

NO2 R2= Cl (3b)
R2 = OCH3 (3c)
R2 = H (3d)

R1 =

O

R2

3b,3c,3d

3a

Results and Discussion
Initially, 2-substituted-cyclohexanone derivatives were
synthesized by aldol reaction between an aldehyde and
cyclohexanone with yields in the range of 64-98%
(Scheme 1).

S
N
N N
R1
H
54-98%
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Introduction
For the year of 2014, it is estimated the occurrence
of approximately576 000new cases ofcancerinBrazil,

Figure 1. Chemical structure of the bisacridine
devivative
ACN2,
N1,N2-bis(acridin-9ylmethylene)ethane-1,2-diamine.
N

enhancingthe magnitude of thecancer problemin the

N

country.1
N

Acridine derivativesplay an importantrole in a

N

Table 1. CytotoxicitysampleACN2
Producttesting (% Inhibition)
Cells
ACN2
Doxorubicin
NCI-H292
40.51
94.15
SEM
1.17
1.99
HEP-2
4.52
66.16
SEM
0.00
0.67
MCF-7
17.82
74.77
SEM
0.39
2.09
HL-60
51.60
92.91
SEM
0.95
0.63

varietyof diseases,and havebeenclinically usedin
recent decades,as antiviral, anti-inflammatory, antineoplastic, among others.2Amsacrine, for example,
isthe acridine derivative most common, and it is
used

in

the

treatmentof

acuteleukemias

andlymphomas,displaying potentcytotoxic activity.
Also, it was the firstDNAintercalating agentsto
beconsideredas an inhibitor of thetopoisomerase II.

SEM=Standard error medium

Widespread clinicaluse of this compoundhas been
limited

byproblems

resistance,

and

encouraged

suchas
low

side

effects,

bioavailability,

thestructural

modificationof

drug

Comparing ACN2withdoxorubicin, we observed

which

that our product is less active, and onlytheHL-60

this

tumor cellpercentagewasabove 50% inhibition.

compound.3
This

trend

to

chemotherapeuticanticanceragentsmore
evaluatethe

cytotoxic

in which a scalewas proposed to evaluatethe
cytotoxicpotentialof the tested sample.6

at

a

of25mg/mL,was testedinhuman tumor celllinesNCIH292

(human

pulmonary

mucoepidermoidcarcinoma), HEp-2 (human larynx
carcinoma), HL-60 (acutepromyelocyticleukemia),
and MCF-7 (human breast cancer), and the results a

g/mLshowed
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concentration

25

littlecytotoxic activityin the testedlineages.

2

Resultsand Discussion
1),

productconcentrationof

activity.

Thisevaluation was performedbythemethodMTT 4,5,

TheACN2sample(Figure

The

selective

andless toxic, led us tosynthesizenewacridinics
derivativesand

Conclusions
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Introduction
A wide range of biological activities is related to
organotin(IV) complexes of general formula
RnSnX4n, with especial attention to anticancer[1],
antifungal, antibacterial [2,3] and antileishmanial[4]
activities.
Some studies have been carried out with
organotin(IV) carboxylates based on their suitable
biological action, envisaging the use of these
compounds as potential antineoplastic and
antibacterial agents [2].
In this context, our research group developed
and produced new organotin compounds derived
from bioactive fatty acids like undecylenic and
caprylic acids, in order to obtain in the same
molecule
two
pharmacophore
groups
with
antimicrobial properties.
In this work we present our results concerning
the
evaluation
of
the
bioactivity
against
Staphylococcus aureus.

Tabela 1 – Minimum Inhibitory Concentration
(MIC) of complex fatty acid derivatives against
Staphylococcus aureus
CIM
Staphylococcus aureus

Compounds

(ATCC 25923)
μg/mL

μM

UndH

500

2 713

n-Bu2SnUnd2

3.9

6.5

t-Bu2SnUnd2

15.6

26.0

n-Bu3SnUnd

0.03

0.06

Me2SnUnd2

250

485

CapriH

> 500

> 3 467

n-Bu2SnCapri2

7.8

15.0

t-Bu2SnCapri2

7.8

15.0

n-Bu3SnCapri

0.002

0.005

Me2SnCapri2

125

287

Results and Discussion

Ampiciline

0.13 [5]

0.4

All complexes were successfully synthesized, with
good yields, from the reaction of the fatty acids
sodium salts mentioned before with organotin
chlorides bearing different type and number of alkyl
group. The biological activity of these complexes
was evaluated against a strain of Staphylococcus
aureus, using the method of broth microdilution
(Table 1).
In general, complexes containing the butyl group
as ligand showed better activities than those bearing
methyl ones. It is worth of note that, independently
of the complexes, all of them displayed higher
activity than the fatty acid source.
Particularly, the triorganotin complexes displayed
promising activity against bacterium S. aureus, with
the Minimum Inhibitory Concentration (MIC) values
in the range of 5 and 60 nM. Indeed, they were even
more active than levofloxacin (800 nM) and
ampicillin (400 nM).

Levofloxacin

0.30 [6]

0.8

*Und = Undecylenate; Capri = Caprylate

Conclusions
The synthesis of these complexes proved to be
simple and the results of the antibacterial activity
against S. aureus displayed promising, mainly,
related to triorganotin complexes.
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Introduction
The search for new agents with antimicrobial
activity is intensifying in recent years. The increasing
incidence of infections caused by microorganisms
resistant to drugs used in the clinic, makes it
necessary to search for new substances with
antimicrobial activity.
Research shows that the antimicrobial activity of
eugenol (1) is the result of an interaction with the cell
membrane of microorganisms, damaging its
structure and changing its fluidity, increasing the
nonspecific permeability. This induces the loss of
1
ions and cell constituents, resulting in cell lysis .
Here we describe the synthesis of some formyl,
carboxyl and ester derivatives of eugenol. Following,
the antifungal and antimicrobial activities of these
derivatives were tested.

Results and Discussion
Seven derivatives (2-8) were synthesized from
eugenol in medium to high yields. Free-hydroxyl and
O-acyl derivatives of eugenol, carboxy-eugenol and
formyl eugenol were obtained following the synthetic
route shown in Figure 1.
All compounds were characterized and their
1
13
structures were confirmed by IR, H and C-NMR
techniques.

Antimicrobial assays were performed according to
3,4
pre-determined methodologies and were based on
serial microdilution, followed by spectrophotometric
reading. The compounds 1-8 and the microorganisms Staphylococcus aureus, Escherichia coli
and Candida albicans were evaluated in this
sensitivity test. Where relevant (values up to 100
-1
g.mL ), IC50 values were determined.
Table 1. Antimicrobial results
Compound
S. aureus
1
n.a.
2
n.a.
3
n.a.
4
n.a.
5
n.a.
6
n.a.
7
n.a.
8
n.a.
chloramphenicol
1.56
fluconazole
n.a not active up to 100g.mL-1

E. coli
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
1.56
-

C. albicans
n.a.
n.a.
n.a.
12,5
12,5
n.a.
n.a.
n.a.
<0.19

As can be seen, eugenol and its derivatives had
no significant activity against the bacteria tested.
Moreover, the derivatives (4) and (5) showed
relevant antifungal activity. Both compounds have a
formyl group ortho to the hydroxyl which possibly
confers such activity. The derivatives having a
carboxyl
were
not
effective
against
any
microorganism.

Conclusions
In this work, two promising compounds, formyleugenol and O-acetyl formyl-eugenol were identified.
They showed significant antifungal activity, even
when
the
phenolic
hydroxyl,
known
as
pharmacophore, is absent.
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Figure 1. Synthetic route to eugenol derivatives.
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Hipólito, T. M. M.*; Bastos, G. T. L.; Barbosa, T. W. L.; Souza, T. B.; Ikegaki, M.; Veloso, M. P.;
Carvalho, D. T.
Faculdade de Ciências Farmacêuticas - Universidade Federal de Alfenas – UNIFAL-MG – Rua Gabriel Monteiro da
Silva, 700 – D202-A - Centro – Alfenas – MG – 37130-000.*taciane.unifal@gmail.com
Keywords: nitro-eugenol, glycosides, antimicrobial action.

Introduction
In face of the constant development of microbial
resistance by many microorganisms, the search of
new compounds with antibacterial and antifungal
activity is necessary. In this context, natural products
like eugenol (1) are interesting precursors for
chemical modifications, since it has already been
1
recognized by its biological potential . As follows,
eugenol glycoside (5) presented a good antifungal
2
activity, as shown in a study by our research group .
In the same way, nitrated derivatives of eugenol
showed potential to inhibit various species
3
of Candida . Thus, this work aimed at synthesizing
eugenol analogs with the nitro group in different
positions, as well as their respective glycosides.
OCH3
HO
AcO
AcO
1

H3CO

OAc
O

O
OAc
5

Figure 1. Chemical structures of eugenol (a) and its
peracetyl-β
β -glycoside (b).

Results and Discussion
The synthetic route to nitro-eugenol glycosides is
outlined below (Figure 2). Intermediates 2a and 2b
were obtained by nitration of eugenol following
literature procedures. Then, they were treated with
per-acetyl glycosil bromide in alkaline acetone-water
medium which gave the per-acetylated intermediates
3a and 3b. These will then be deacetylated by
transesterification using potassium hydroxide in
methanol, which will lead to final products 4a and 4b.

HO
HO

HO
1
a

HO
b
R1
2a,2b

R2

AcO
AcO

OAc
O

3a,3b

C. albicans
n.a.
n.a.
n.a.
n.a.
<0.19

As can be seen, none of the compounds was active
up to the highest concentration evaluated. This goes
against what we expected when nitro-derivatives
were proposed, which generally have significant
antimicrobial
activity.
Moreover,
even
the
intermediate 2b was not active against C. albicans,
in this evaluation, different from what was reported
3
by other authors .
At an appropriate time derivatives 4a and 4b will be
evaluated and thus it will be possible to check if the
blocked saccharide hydroxyls exerted influence in
the absence of antimicrobial action of their
precursors.

R2

H3CO
O

OAc

E. coli
n.a.
n.a.
n.a.
n.a.
1.56
-

Four eugenol nitro-derivatives were synthesized and
two of them are related here for the first time (3a and
3b). Although they have been developed as potential
antimicrobial agents, none of them proved to be
-1
active at concentrations up to 100 µg.mL .

O
OH
R1
4a,4b

Acknowledgements
R1

R2

a)2a (R1=H, R2=NO2): Bi(NO3)3.5H2O, silica gel, CH2Cl2, reflux; 2b ((R1=
NO2, R2=H):NaNO3, KHSO4, wet silica (1:1, w/w), CH2Cl2, t.a.; b)per-acetyl
glycosyl bromide, (CH3)2CO, H2O, LiOH, t.a.; c)CH3OH, KOH, 0°C-t.a.

Figure 2. Synthetic route to glycosides 3a-b and 4a-4b
th

Compound
S. aureus
2a
n.a.
2b
n.a.
3a
n.a.
3b
n.a.
chloramphenicol
1.56
fluconazole
n.a.: not active up to 100 µg.mL-1

Conclusions

O

c

OCH3

Table 1. Antimicrobial results for compounds 3a,
-1
3b, 4a and 4b (IC50, µg.mL ).

H3CO

OH

OCH3

The two nitro-eugenol glycosides (3a and 3b) were
obtained in low to medium yields but were pure
enough for biological evaluation. Their identities
1
13
were successfully confirmed by IR, H and C-NMR
techniques, which showed clearly that only the
β-glycosides were obtained. Antibacterial and
antifungal screenings were performed according to
4,5
CLSI serial microdilution methodologies . Up to
now, the four intermediates (2a-b and 3a-b) were
evaluated in vitro for their action against
Staphylococcus aureus, Escherichia coli and
Candida albicans (Table 1).
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Carvalho, L. I. S.*; Oliveira, L. G.; Alvarenga, D. J.; Hipólito, T. M. M.; Souza, T. B.; Ikegaki, M.; Veloso,
M. P.; Carvalho, D. T.
Faculdade de Ciências Farmacêuticas - Universidade Federal de Alfenas – UNIFAL-MG – Rua Gabriel Monteiro da
Silva, 700 – D202-A - Centro – Alfenas – MG – 37130-000.*larissaiscarvalho@hotmail.com
Keywords: eugenol, benzoxazoles, antimicrobial action.
1

Introduction
Although there are various antibacterial and
antifungal agents, studies aimed at discovering new
drugs from these classes is constant, especially in
view of the increasing cases of antimicrobial
1
resistance. Natural compounds such as eugenol
and various heterocyclic substances exhibit many
biological properties including antimicrobial actions.
In this context, we proposed here the preparation of
hybrid compounds that included subunits originated
from
eugenol
and
bioactive
benzoxazole
2
heterocycle (Figure 1), previously not described,
and its evaluation against Gram-negative and Grampositive bacteria and Candida albicans.
OCH3
OH

O

R

R

N
b

a

Figure 1. Chemical structures of eugenol (a) and
benzoxazole core (b).

Results and Discussion
The synthetic route planned to obtain the molecular
hybrids is shown in Figure 2. It was based on
eugenol nitration followed by reduction of the nitro
compound formed. This amino intermediate was
acylated in sequence with cyclic anhydrides, which
generated intermediates which were cyclized by
dehydration with acetic anhydride under microwave
irradiation.
OCH3
OH

OCH3
OH

2
c

OCH3
O
N
4a-b

R

d

NH2

OCH3
OH
O
N
3a-b H

Compound
S. aureus
1
n.a.
3a
25
3b
100
4a
n.a.
4b
n.a.
chloramphenicol
1.56
fluconazole
n.a.: not active up to 100 µg.mL-1

E. coli
n.a.
n.a.
n.a.
n.a.
n.a.
1.56
-

C. albicans
n.a.
n.a.
n.a.
n.a.
n.a.
<0.19

As can be seen, the benzoxazoles and eugenol were
not active at the concentrations evaluated. On the
other hand, the maleamic (3a) and succinamic (3b)
intermediate showed mild antibacterial effects.
Interestingly, an unsaturation in the side chain
present in 3a is what differentiates it from 3b. This
possibly leads to different conformations for these
substances, which may be related to the observed
difference in their antibacterial potential.

Conclusions

R

a)NaNO3, KHSO4, wet silica (1:1, w/w), CH2Cl2, t.a.; b)SnCl2,
EtOH, 70°C; c)Maleic (for 3a) or succinic anhydride (for 3b), ethyl
ether, t.a.; d)Ac2O, microwave irradiation.

Figure 2. Synthetic route to benzoxazoles 4a and 4b

Intermediates 2 and 3a-b were obtained in
satisfactory yields, but benzoxazoles 4a and 4b in
low yields. However, their identity and purity profile
th

Table 1. Antimicrobial results for compounds 1,
-1
3a, 3b, 4a and 4b (IC50, µg.mL ).

Although the planned hybrids showed no
antimicrobial activity at concentrations evaluated,
one of the intermediates used in their synthesis
proved to be interesting for optimization in future
since it has been active against S. aureus at 25
-1
µg.mL .

a,b
1

13

was successfully confirmed by IR, H and C-NMR
techniques.
Antimicrobial assays were performed according to a
3,4
pre-determined methodologies and were based on
serial microdilution, followed by spectrophotometric
reading. The compounds 1, 3a, 3b, 4a and 4b and
the micro-organisms Staphylococcus aureus,
Escherichia coli and Candida albicans were
evaluated in this sensitivity test. Where relevant
-1
(values up to 100 µg.mL ), IC50 values were
determined.
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Synthesis of eugenol 1,2,3-triazole glucoside derivatives as potential
antifungal agents
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Introduction
During the past several decades, there has been a
steady increase in the frequency of opportunistic
invasive
fungal
infections,
especially
in
immunocompromised patients.
Recently we reported the synthesis and evaluation
of the antifungal activity of a series of eugenol
glycosides
derivatives.
Among
them,
the
peracetylglucose derivative (1, Figure 1) was 3.5
times more potent than fluconazole against Candida
glabrata (IC50: 3.8 M) with low citotoxity (selectivity
1
index of 45). Here in, we describe the synthesis of
glucosides derivatives containing different triazole
units in their structures (Figure 1), a known
pharmacophore essential for antifungal activity of
drugs as fluconazole, itraconazole, posaconazole.
Figure 2. Synthetic route employed
The 1,2,3-triazoles glucosides derivatives (6-15)
are being evaluated in vitro for their antifungal
activity against Candida sp. by Mueller–Hinton broth
microdilution method following methodology and
interpretative criteria proposed by document
3
M27A3.
Figure 1. Chemical structures of glucoside 1 and
triazoles proposed

Conclusions

Results and Discussion

Ten new 1,2,3-triazole derivatives of eugenol
glucoside were synthesized and characterized, which
are being evaluated for their activity against Candida
sp.

Azoles exert antifungal activity through inhibition of
CYP51 by a mechanism in which the N-3 or N-4 of
1,2,3 or 1,2,4-imidazoles binds to the heme iron
atom of the porphyrin in the substrate binding site of
the enzyme, that is essential for the synthesis of
2
fungal ergosterol.
Ten peracetylated and deacetylated 1,2,3-triazole
glucosides derivatives were synthesized, as shown
in Figure 2. The deacetylated glucoside 2 was
synthesized as already described, following classic
1
carbohydrate chemistry.
All synthesized compounds were characterized by
1
13
spectroscopic infrared and H and
C nuclear
magnetic resonance, which confirmed successfully
their chemical identities.
th
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Synthesis, characterization and antitumor activity of derivative (E)-2benzo[d][1,3]dioxol-4-ylmethylene)-N-(4-chlorophenyl-hidrazinecarbothioamide
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Introduction
Cancers figure among the leading causes of death
worldwide, accounting for 8.2 million deaths in 2012.
The cancers lung, liver, stomach, colorectal and
breast cancers cause the most cancer deaths each
year[1]. By this fact, the research focused on drugs
that act on cancer has been increasing. In recent
decades there has been increasing interest in noncovalent binding of DNA. These interactions disrupt
the replication and / or transcription, resulting in cell
death. The interaction of thiosemicarbazones and
1,3-benzodioxole molecules consist of DNA binding
and connection to some biomacromolecules. Among
the compounds used in the clinic, the example of
Tadalafil containing 1,3-benzodioxole show great
interest because they act as inhibitors of
phosphodiesterase-5 enzyme bastente expressed in
tumors of the colon, pancreas, bladder and lung
cancer, it is known that the core 1, 3-benzodioxole
contributes to the inhibition of 5 fosfodiestera leading
to increased levels of cGMP that is associated with
anticancer and antitumor [2]. Furthermore,
compounds containing thiosemicarbazones are DNA
ligands increase expression and cyclin-dependent
kinases which are reduced in the cell cycle of
pancreatic cancer cells in these cellular changes as
antitumor highlight thiosemicarbazones. Thus, the
present work is resulted from the proposed
acquisition of novel benzo-1,3-dioxole with antitumor
potential. Obtaining said derivative is due to the use
of already standardized in the literature synthetic
routes, starting from a reaction of nucleophilic
replacement for obtaining 1,3-benzodioxole and
finally a condensation reaction. The derivative
evaluated using spectroscopic techniques 1H NMR,
NMR 13C, moreover, the thermal analysis was
performed using Pyr-MS [3]. Completed the
characterization and cytotoxic against several strains
antitumor analysis was performed.

6,93-6,95 1H (d, Ar, J3=7,6 Hz); 6,88-6,86 1H (T, Ar,
J3=8 Hz); 6,84-6,86 2H (d, Ar, J3=7,6 Hz) ppm.
The thiosemicarbazones may exist in two
enantiomeric forms Z and E However, the literature
reveals E conformation as preferred. The
antiproliferative evaluation results are shown in table
1. The antitumor activity of the compound showed
good results against all cell lines highlight the value
of 2.95 µM for ovarian (OVCAR-3). Further, the
compound caused overall growth inhibition (TGI) to
786-0 at a concentration of 11.55 µM. The 4chlorophenyl radicals and 1,3-benzodioxole found in
the compound evaluated may explain the good
results. The work of Amaral et al., (2014) showed
good activity thiosemicarbazone analogs with
substitutions at these antiproliferative activity [4]
Table 1. Antiproliferative results (µM)
U251

786-0

H460

PC-3

OVCAR-3

HT-29

GI50

8,1

6,8

14,4

9,5

2,95

8,8

TGI

30,3

11,5

171,5

340,3

39,1

274,4

Conclusions
Based on all results obtained in this study, it was
concluded that the derivatives benzo-1,3-dioxole
present satisfactory yields by synthetic route used.
Further results against the tumor cell lines increased
the prospects of the derivative.
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Results and Discussion
The synthesis of said compound showed satisfactory
yield and viable synthetic route being proven through
the results below. LQIT/NW-03: NMR 1H (DMSO): δ
12,00 1H (s, NH); 10,14 1H (s, NH); 8,26 1H (s, HC=); 7,69- 7,71 1H (d, Ar, J3=8 Hz); 7,41- 7,42 1H
(d, Ar, J3=6,4 Hz); 7,61-7,62 1H (d, Ar, J3=6,4 Hz)
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Synthesis and cholinesterases inhibition of tacrine-lophine hybrids and
lophine-lophine dimers linked by an alkylene chain
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Table 1. Inhibitory activity on AChE and BuChE,
of the studied compounds.

Introduction
Alzheimer’s
disease
(AD)
is
a
neurodegenerative disorder that results in the
progressive and irreversible loss of higher brain
1
functions, including memory, cognition and reason.
Current treatment approaches for this disease
remain primarily symptomatic, with the major
therapeutic strategy being based on the cholinergic
1
hypothesis.
In this work, the series of tacrine-lophine
hybrids and lophine-lophine dimers linked by an
alkylene chain were synthesized aiming their ability
to inhibit acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChE).

Results and Discussion
The key step in the tacrine-lophine hybrids is the
one-pot four component condensation reaction of 9alkylamine-1,2,3,4- tetrahydroacridines 1a-e, benzil,
different substituted aromatic aldehydes and
NH4OAc, using InCl3 as the best catalyst.
O

O

2,0 equiv.

+

X

InCl3 (0,15 equiv.),
etanol, 78 oC

+

N

n NH2

H

N

2,0 equiv.

n-3

N

N

1,0 equiv.

1a, n = 7
1b, n = 6
1c, n = 8
1d, n = 9
1e, n = 10

3a, n = 7, X = H, 54 %
3b, n = 7, X = 4-Cl, 33 %
3c, n = 7, X = 3-Cl, 42 %
3d,n = 7, X = 4-F, 52 %
3e, n = 7, X = 4-OMe, 44 %
3f, n = 7, X = 4-CN, 53 %
3g, n = 7, X = 4-NO2, 44 %

4a, n = 6, X = H, 53 %
4b, n = 6, X = 4-Cl, 37 %
4c, n = 6, X = 3-Cl, 29 %
4d,n = 6, X = 4-F, 50 %
4e, n = 6, X = 4-OMe, 33 %
4f, n = 6, X = 4-CN, 53 %
4g, n = 6, X = 4-NO2, 55 %
5, n = 9, X = 4-Cl, 43 %
6, n = 10, X = 4-Cl, 33 %

Figure 1. Synthesis of tacrine-Lophine hybrids

Also, the series of bis(n)-lophine dimers were
synthesized by the tetracomponent reaction of 1,ndiaminoalkanes (n = 6-10), benzaldehydes, benzils
and ammonium acetate, using InCl3.
n

NH2

O

+

+

O
3,0 equiv.

X1 = H, OMe, F, Br

3,0 equiv.

X1

+

H

InCl3 (0,15 equiv.),
etanol, 78 oC
48 h

N

N

N

N

n-4

+
X2
3,0 equiv.

X2 = H, 4-F, 4-Cl,
3-Cl, 4-Br, 4-OMe

AChE
n.a.
5,87 ± 0,30
n.a.
25,78 ± 4,66
125,90±15,84
n.a.
n.a.
80,65 ± 4,90
59,76 ± 2,09
n.a.
38,51 ± 3,63
68,74 ± 7,10
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

BuChE
n.a.
108,97 ± 6,41
n.a.
57,30 ± 4,15
82,34 ± 4,51
30,47 ± 3,65
120,13±29,25
92,42 ± 1,95
37,57 ± 6,24
n.a.
67,31 ± 4,79
61,69 ± 6,71
7,10 ± 2,49
58,00 ± 5,37
29,28 ± 2,67
34,75 ± 2,51
55,25 ± 3,66
35,98 ± 3,30
29,56 ± 4,37
12,44 ± 2,84

42,55 ± 2,54

n.a.

X2

7a, n = 8, X1 = X2 = 4-F, 84%
7b, n = 8, X1 = F, X2 = H, 80%
7c, n = 8, X1 = H, X2 = 4-F, 95%
7d, n = 8, X1 = X2 = 4-OMe, 47%
7e, n = 8, X1 = OMe, X2 = H, 31%
7f, n = 8, X1 = H, X2 = 4-OMe, 88%
7g, n = 8, X1 = Br, X2 = H, 38%*
7h, n = 8, X1 = H, X2 = 4-Br, 67%
7i, n = 8, X1 = H, X2 = 4-Cl, 77%
7j, n = 8, X1 = H, X2 = 3-Cl, 95%

X2

8a, n = 7, X1 = H, X2 = 4-F, 90%
8b, n = 7, X1 = H, X2 = 4-OMe, 90%
8c, n = 7, X1 = H, X2 = 4-Cl, 76%
8d, n = 7, X1 = H, X2 = 3-Cl, 92%
8e, n = 7, X1 = H, X2 = 4-Br, 88%
9a, n = 6, X1 = H, X2 = 4-F, 82%
9b, n = 6, X1 = H, X2 = 4-OMe, 72%
9c, n = 6, X1 = H, X2 = 4-Cl, 73%
9d, n = 6, X1 = H, X2 = 3-Cl, 72%
10, n = 8, X1 = H, X2 = H, 37%
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*condição reacional: refluxo em n-pentanol

Figure 2. synthesis of lophine-lophine dimers
th

a

In summary, we have developed a simple and
convenient approach for the synthesis of tacrinelophine and lophine-lophine dimers via one-pot four
component condensation reaction using InCl3 as
catalyst. Several tacrine-lophine hybrids were found
to be potent and selective inhibitors of AChE and
BuChE with IC50 in the nanomolar concentration
scale. The AChE and BuChE biological screening of
several bis(n)-lophine dimers are currently underway

X1

X1
X1

X1

NH4OAc

O
X1

H
4-Cl
3-Cl
4-F
4-OMe
4-CN
4-NO2
H
4-Cl
3-Cl
4-F
4-OMe
4-CN
H
4-Cl
3-Cl
4-F
4-OMe
4-CN
4-NO2
Bis(8)lophine

IC50 (nM)

Conclusions
X

N
2a, n = 8, X = H, 55 %
2b, n = 8, X = 4-Cl, 57 %
2c, n = 8, X = 3-Cl, 37 %
2d,n = 8, X = 4-F, 41 %
2e, n = 8, X = 4-OMe, 74 %
2f, n = 8, X = 4-CN, 33 %
2g, n = 8, X = 4-NO2, 39 %

1,0 equiv.

8
8
8
8
8
8
8
7
7
7
7
7
7
6
6
6
6
6
6
6

96 h

NH4OAc

+

N

H2N

2a
2b
2c
2d
2e
2f
2g
3a
3b
3c
3d
3e
3f
4a
4b
4c
4d
4e
4f
4g

X

n.a. = not active. a ± 95% Confidence limits.

2,0 equiv.

H

n

10

H

+

O

Compound
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Evaluation of antischistosomal activity of derivative (Z,E)-4-((1H-indol-3yl)methylene)-1-(2-chloro-6-fluorobenzyl)-5-thioxoimidazolidin-2-one
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Introduction
Schistosomiasis is still considered to be a serious
public health problem [1]. Treatment for this parasitic
disease is based on chemotherapy, praziquantel
being the drug of choice for being more effective
against all Schistosoma species [2]. However, the
exclusive use of praziquantel in the treatment of
intestinal schistosomiasis may account for the
development of resistance to the drug in some
patients [3]. Cytotoxicity assays were performed
5
using spleen cells (6x10 cells/well). Cells were
incubated with imidazolidines PTS.14 compound in
six different concentrations and tritiated thymidine for
24 hours in CO2 incubator at 37°C. Then in vitro
evaluations were performed with imidazolidine
derivative
(Z,E).4.((1H.indol.3.yl)methylene).1.(2.
chloro.6 fluorobenzyl).5 thioxoimidazolidin.2.one
(PTS.14) (Figure 1) on Schistosoma mansoni adult
Cl
worms.
S

µg/mL), being lethal to worms in other
concentrations still within the first 24 hours of
observation (Graph 1). The indole radical is of great
importance in the structure of the molecule, since it
presents a broad spectrum of activities associated
with this heterocycle, such as antifungal activity [5],
anti.inflammatory [6]
and
tuberculosis
[7].
Furthermore, the indole radical is a bioisoster
quinoline, structure found in trioxaquinas and
mefloquine, which have activity schistosomicidal duly
attested with a high mortality rate of adult worms of
S. mansoni [8, 9, 10]. Thus, the presence of this
radical may be paramount to the effectiveness of
PTS.14 in the influence schistosomicidal activity.

N
N
N
H

H

O

F

Figure 1: Chemical structure of the imidazolidine derivative PTS.
14.

Male Swiss mice (Mus musculus) were submmited
to percutaneous infection with 120 recently shed S.
mansoni cercariae (Belo Horizonte strain) [4]. After
60 days of infection, worms were removed from the
mesenteric and portal veins and kept in RPMI
medium at 37ºC in a humid 5% CO2 atmosphere.
For in vitro tests PTS.14 imidazolidine derivate and
controls with praziquantel were used in different
concentrations (100>g/mL.5>g/mL). Parasites were
maintained in culture for 6 days being monitored
every 24 hours for evaluation of motor activity,
mortality and changes in the integument. This study
was approved by the Ethics Committee on Animal
Use Research Center Aggeu Magalhães/Oswaldo
Cruz Foundation (CPqAM/FIOCRUZ) authorized by
the license No. 21/2011.

Results and Discussion
The cytotoxicity of the compound imidazolidine PTS.
14 was 5 µg/mL presenting less cytotoxic than
Praziquantel (<1 µg/mL). In vitro activity in front of
the adult worms of S. mansoni, the derivative PTS.
14 was capable of causing high mortality of parasites
(100%) from the sixth hour after administration (100
th

Graph 1: Mortality rate of adults of S. mansoni.

Conclusions
Based on all results obtained in this study, it was
concluded that the imidazolidines still emerging as
potent candidates for antischistosomal drugs.
However, other studies with in vivo studies as well as
further studies on its mechanism of action need to
be performed.
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Synthesis and pharmacological evaluation of phthalimide derivatives
for the treatment of epilepsy.
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Introduction
Epilepsy is a term used to comprise many
syndromes that involve spontaneous, intermittent
and abnormal electrical activity in the brain, affecting
about 1-2% of the population, constituting a major
health problem [1], seizures are the main
manifestation of the disease. Thalidomide initially
developed with a hypnotic and sedative, was
withdrawn after the appearance of serious adverse
effects, which eventually resulted in a worldwide
tragedy. It is now known that the phthalimide ring is
the main pharmacophoric subunit of thalidomide.
The phthalimide compounds are described to
possess different biological activities [2] between
these activities, many studies have demonstrated the
anticonvulsant activity [3].

Results and Discussion
1. Synthesis. The compounds were synthetize by
condensation of phthalic anhydride with amine
derivatives leading to the formation of the respective
functionalized phthalimides (fig.1). The compound 4
were obtained using dehydrating agent leading
(DCC) to the formation of the final compound (fig.2).
1
All compounds were characterized by NMR H, NRM
13
C and infrared spectroscopy.

Figure 2. Structures of compounds 4, which
were obtained by molecular hybridization.
2. Anticonvulsant screening. The following
methodology was adapted from Palencia (2007) and
De-Paris (2000). The seizure was generated by
Pentylenetetrazole at a dose of 70mg/kg (I.P.). It was
evaluated three parameters: the time for the initiation
of the seizure (latency time), the duration of the
seizure and if the animal survived at the end of the
seizure. The compounds 2d and 2g show statistically
significant results when compared to the negative
control, indicating that there was an increase in
elapsed time for the start of the seizure. None
compounds showed statistically significant results for
the duration of the seizure, indicating that none of
them was able to reduce the duration of seizure.
Compounds 2d, 2g and 2h presented the results of
survival compared to positive control (diazepam).

Conclusions
The compounds were all obtained in excellent yields.
In the trial of anticonvulsant activity compounds 2d
and 2g showed an increase in latency and reduced
the mortality of animals in relation to the negative
control, the results show that these compounds are
interesting drug candidates.
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Figure 1. Structures of compounds 2a-i, which
were obtained by molecular hybridization.
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Synthesis and evaluation of furan, pyrrole tetra-hydrofuran derivatives
with potential trypanocidal activity
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Keywords: T. cruzi, veraguesin, grandisinin, neolignans analogues, Chagas’ Disease, 1,4-diaryl-1,4-diol-but-2-yne.

Introduction

Natural products are a source of countless
compounds with potential pharmacological
activity, which arise interest in researching and
developing new drugs. There are several natural
products that show potential activity against
Trypanosoma cruzi. For instances, compounds
derived from (-)-cubebin, extracted from Piper
cubeba and their semi-synthetic derivatives
display trypanocidal activity against amastigosta´s
form, while natural and synthetic stilbenes are
active against epimastigote and trypomastigote
forms. In addition, lignans, isolated from
Peperomia blanda, exhibit activity
against the
epimastigote form of the parasite.1,2 In particular,
tetrahydrofuran
lignans (veraguensina (1) and
grandisin (2))3 showed potential trypanocidal in
vitro, with IC50 = 2.3 and 3.7 μM. Unfortunately,
low water solubility of those compounds hampers
the in vivo tests.
Our goal is to synthesize analogs (1) and (2)
derived from tetrahydrofuran, furan and pyrrole,
which resemble tetrahydrofuran lignans, as well
as their corresponding intermediates, and
evaluate their trypanocidal and cytotoxic activities.

O

OMe

MeO
OMe

OMe

MeO

O

MeO

OMe

1

OMe
2

OMe

A series of intermediates were synthesized by
varying the commercial available aldehydes
(figure 1).
HO

6a-h
R:
H: 82%
4-CN: 35%
4-F: 52%
4-Cl: 47%
3,5-OMe-4-OH: 45%

O

Li

n-BuLi

4

3

O

OH
R

(1)
OH

R

Li

(2) NH4Cl

5

6

Scheme 1: Synthesis of 1,4-diaryl-1,4-diol-but2-ynes (6).

th

4-OMe: 45%
3,4-OMe: 15%
3,5-OMe: 30%
2,4-OMe: 36%
3,4,5OMe: 57%

The biological activities of 10 compounds had
showed that 3 of them had higher activities
(IC50 4.9 to 6.3 μM) than the reference drug
currently used for the treatment of Chagas’
Disease (benznidazole IC50 7.8 μM) (table 1).
Table 1. Biological activity 1,4-diaryl-1,4diol-but-2-ynes
Compounds
Benznidazole
6a
6b
6c
6d
6e
6f
6g
6h
6i
6j

Results and Discussion

OH

R

Figure 1. Series of intermediates prepared
from a set of aldehydes.

OMe

The synthetic strategy (Scheme 1) was
based on the formation of carbanion (4) by
abstraction of the acidic hydrogen of the
terminal acetylene group of propyn-1-ol (3)
(besides of the hydroxyl group) with nbutyllithium; which is condensed with the
carbonyl of the aldehyde (5), forming 1,4-diaryl1,4-diol-but-2-ynes intermediate (6). The
reactions were performed in anhydrous THF,
under inert atmosphere (N2), 4 hours at -78° C.

OH

IC50(µM)
7.8
18.6 ± 2.6
17.5 ± 7.7
11.6 ± 1.1
6.3 ± 4.9
22.2 ± 4.3
14.0 ± 2.7
9.0 ± 4.5
5.0 ± 1.4
37.87 ± 0.4
4.9 ± 1.5

EC50(µM)
514.5
ND
ND
ND
155.6
ND
ND
ND
163.2
890
ND

Conclusions

The synthesis of 1,4-diaryl-1,4-diol-but-2-ynes
were suitably performed after the establishment
of the better reaction conditions, such as time,
temperature and concentration. Although the
yields were not very high, the straightforward
condensation with many different aldehydes
may rationalize the method. The biological
assays of the remaining intermediaries are
being carried out. The next synthetic steps
consist on isomerization and subsequent
reduction of the alkyne group for final
cyclization.
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Introduction
Kainic acid (1) was isolated in 1953 from Japanese
marine alga Digenea simplex, having been found
later in related alga Centrocerus clavulatum and in
the Corsican moss Alsisium helminthocorton. This
natural marine acid exhibits an array of biological
properties, including anthelmintic, epileptogenic,
insecticidal and neuroexcitatory activities, being
widely applied in neuroscience research as a
neurodegenerative agent for modeling epilepsy,
Alzheimer’s disease, and Parkinson’s disease.1
Due to the pharmacological importance and the
challenge posed by its structure, with three
contiguous stereogenic centers at a pyrrolidine ring,
we present herein our studies towards the
enantioselective synthesis of kainic acid using as
key step the -carbonyl cyclization via enantioselective SOMO organocatalysis (Scheme 1).2
SOMO
Organocatalysis

Me

CO2H

Me

N
H

1

CO2Me

H

N

2

O

Me

+
3

CO2Me

Boc

OH

BocHN

O

Me

CO2Me

Me
H

Me

4

Br

EtO2C

5

+
BocHN

Me

6

Scheme 1. Synthetic strategy for kainic acid (1)

Results and Discussion
Our approach began with the synthesis of the
aldehyde-olefin 2 through the S-alkylation of
L-methionine (7) with MeI to give the desired product
in 95% yield, followed by intramolecular
displacement to form homoserine lactone and
subsequent hydrolysis under reflux of aqueous
solution of NaHCO3 to furnish the L-homoserine (8)
in 89% yield. Attempts to promote the N-protection
and esterification have failed, once a complex
mixture was obtained in low yields after the
treatment with (Boc)2O and KHCO3 in H2O-dioxane
or in H2O-acetone, followed by treatment with Mel in
DMF or diazomethane in H2O (Scheme 2).

N-carbamateprenyl 6 as nucleophile component,
which was prepared by N-alkylation of carbamate 9
with prenyl bromide (4), K2CO3 and acetone in 70%
yield. This nucleophile was submitted to conjugate
addition with -unsaturated aldehyde 5 and
20 mol% of organocatalyst 10 in CHCl3, however,
the starting materials were recovered (Scheme 3).

Scheme 3. Synthesis of 2 via conjugate addition
Due to these results, we have decided to prepare
the N-silyloxyprenyl 13, on the basis that the N-O
functionality would enhance nucleophilicity at the
nitrogen center and promote a more efficient
conjugate addition.3 N-protection of hydroxylamine
hydrochloride (11) with (Boc)2O in CH2Cl2 and
treatment with TBSCl and Et3N in CH2Cl2 gave the
N-silyloxycarbamate 12 in 60% yield. Alkylation with
prenyl bromide (4) and NaH in CH2Cl2 and Boc
deprotection with TFA in CH2Cl2 gave the desired
nucleophile 13 in 73% yield.
H

N
OH

11

H
.HCl

1. Boc2O, NaHCO3
rt, 12h, CH2Cl2-H2O
2.TBSCl, Et3N, rt, 12h
CH2Cl2, 60% (2 steps)

H

N

Boc

OTBS

12

2. TFA, CH2Cl2
73% (2 steps)

Concomitantly, we have also tried to prepare the
aldehyde-olefin 2 through the enantioselective
organocatalytic amine conjugate addition using

Me

HN

13

OTBS

Scheme 4. Synthesis of N-silyloxyprenyl 13

Conclusions
We have showed our attempts to prepare aldehydeolefin 2 through two strategies. Other reactions
conditions for N-protection and esterification of
L-homoserine (8) are under investigation. Besides,
N-silyloxyprenyl 13 will be employed in the amine
conjugate addition and as soon as the synthesis of
aldehyde-olefin 2 is accomplished, the key step of
our synthesis will be performed.
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Introduction

Table 1 Optimization of Buchwald-Hartwig amination
reaction conditions for the synthesis of 4a.

Natural products are good sources of bioactive
compounds that can be used to design new drugs.
The natural carbazole alkaloid Clauraila A, isolated
from roots of Clausena harmandiana, showed
cytotoxicity activity against human cell lung cancer
(Figure 1). Synthetically, the development of hits and
lead analogues of Clauraila A can be achieved by
using a diversity-oriented synthesis strategy.

Entry

Ligand

Solvent

Base

1
2

XPhos
XPhos

Cs2CO3
Cs2CO3

3
4
5
6

XPhos
XPhos
Sphos
t-Bu
XPhos
DavePhos
CyJohn
Phos
JohnPhos

Toluene
Toluene
/t-butOH
(5%)
Dioxane
Toluene
Toluene
Toluene

Yielda
(%)[b]
68 [30]
50 [29]

Cs2CO3
K2CO3
Cs2CO3
Cs2CO3

38 [55]
66 [28]
72 [9]
28 [58]

Toluene
Toluene

Cs2CO3
Cs2CO3

31 [40]
29 [23]

Toluene

Cs2CO3

15 [75]

7
8
Figure 1. Structure, activity1 and retrosynthetic
strategy to Clauraila A.
This strategy can be applied varying the building
blocks in the synthesis of diarylamines, which follow
to a cyclization toward diverse Clauralia A analogs.
Exploring the versatility of this synthetic strategy,
herein, we have optimized the synthesis of Clauraila
A and analogs aiming to create a carbazole library
with cytotoxic activity.

Results and Discussion
Figure 2 outlines for the synthesis of carbazoles.

9

Yield of isolated diarylamine; bpercentage of vanillin triflate
recovered
a

The best reaction conditions for the BuchwaldHartwig amination were determined (Tab. 1, entry 5)
and applied for the synthesis of Clauraila A analogs.
Table 1 shows that increasing the base solubility by
using highly polar solvents3 did not increase the yield.
Further, in the heterocyclization step (Figure 2), the
diarylamine with an electron-donating group at the
meta position shows higher reactivity as compared
with the para- substituted diarylamines4, probably
because of the higher electron density required for
the C-H activation site. Interesting, when two
electron-donating group is in the same ring only one
regioisomer is formed (5b e 5f).

Conclusions

Figure 2. Synthetic strategy for carbazoles.
*Conditions:SPhos (ligand), Cs2CO3 (Base), Toluene
(Solvent). Yields: 4a, 72%; 4b, 89%; 4c, 64%;
4d,75%; 4e, 90%, 4f, 65%.
The Buchwald-Hartwig amination of the starting
material, vanillin triflate, and different anilines
afforded several diarylamines in 64-90% yields
(Figure
1).
Next,
palladium-mediated
heterocyclization (Åkermark-Knölker) of diarylamines
afforded the corresponding carbazoles in 8-46%
yields (Figure 1). We optimized the reaction
conditions for the synthesis of diarylamine 4a, as
shown in Table 1.

This study enabled us to synthesize the natural
product Clauraila A and five other analogues in good
yields demonstrating the usefulness of the proposed
strategy to create a carbazole library. Further, the
effect of ring substituents on the reactions was
analyzed, although other conditions will be tested to
improve the yield of heterocyclization reaction. The
carbazoles cytotoxic activity is being evaluated.
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Introduction
The ultraviolet radiation emitted by the sun can
cause serious damages to human skin. Erythema,
inflammation, photoaging and skin cancer are the
most common diseases caused by the solar
radiation, which is stratified into three regions of the
light spectrum, UVA (315-400nm), UVB (280315nm) and UVC (200-280nm). The incidence of
UVA on the skin induces the formation of ROS
(reactive oxygen species) that indirectly affects
human DNA, leading to skin cancer formation. UVB
radiation is erythematous and directly affects
pyrimidine bases of DNA molecules, increasing the
chances of skin cancer development. Sunscreens
were developed to minimize the deleterious effects
of UV radiation on the skin. However, sunscreens
can produce substances during the absorption of
radiation that promote ROS formation at the skin1,2.
Thus, to overcome this problem, new compounds
with sunscreens and antioxidant properties were
designed. The aim of this work was to develop
prodrugs of chemicals sunscreens with antioxidant
compounds and to evaluate their protective and
antioxidant activities. The compounds was named as
LADESF series I-IV.

Results and Discussion
All compounds were synthesized by a nucleophilic
substitution reaction (NS2) between a carboxylic acid
and a hydroxyl group of a commercial sunscreen.
The reactions presented global yields of 33-45%.
The compounds were characterized by IR, RMN 1H
(300Mhz), RMN 13C (300Mhz).
The antioxidant evaluation was done by the DPPH
assay, described by Brand-Willians et al, 19953. All
compounds showed better antioxidant activity when
compared with the starting compounds B3 and B4.
The compounds LAPDESF-III and LAPDESF-IV
showed the best antioxidant activity in the DPPH test
among the synthesized compounds (Table 1).
The determination of the solar protection factor
(SPF) was based on the Mansur method, adapted
from Santos et al., 19994. The obtained data showed
that the photoprotective activity of the compounds
LAPDESF-I,LAPDESF-III
and
LAPDESF-IV
remained similar to standard compounds used
(Table 1), showing that the molecular modification
strategy was successful and that the compounds.

The compounds LAPDESF-I, LAPDESF-III and
LAPDESF-IV showed an increment in the UV
absorbance range.
Table 1. Results from DPPH and SPF from
Mansur method tests.
Compounds

SPF
(0,1mg/ml)

DPPH IC50
(mg/ml)

UV
radiation*

Standard AF

3.04

0.15

UVB

Standard AL

0.24

0.24

<230

Standard B3

3.18

>150

UVB

Standard B4

3.16

134

UVB

LAPDESF-I

3.35

80

UVB/A

LAPDESF-II

0.17

80

UVA

LAPDESF-III

3.13

5.98

UVB/A

LAPDESF-IV

3.05

5.72

UVB/A

* UVA (315-400 nm) and UVB (280-315 nm)

Conclusions
The results obtained in this study showed that the
compounds
LAPDESF-III
and
LAPDESF-IV
presented the most promising results regarding both
photoprotective and antioxidant capacities. These
data suggest that the proposed design strategy was
successful.
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Introduction
Hepatitis C, a liver degeneration caused by the HCV
virus, that infects over 170 million people worldwide,
1
according to the World Health Organization (WHO).
Chronic infection can progress to hepatic cirrhosis
and hepatocelular carcinoma and is the major cause
2,3
of liver transplantation in the occident.
Chalcones
comprise one of the main classes of natural
products, and are considered open chain flavonoids,
containing the scaffold C6C3C6. These compounds
exhibited several pharmacological properties, such
4
as antimicrobial and antitumoral. Nowadays,
hepatitis C treatment uses the association pegylated
alpha-interferon and ribavirin. This combination leads
to severe adverse effects and low sustained
5
virological response. This work aimed the synthesis
of novel chalcones derived from apocynin and their
evaluation as cytotoxic and anti- HCV agents.

At 50 μM, nitrochalcones, methylchalcones,
hydroxychalcones,
halochalcones
and
aryl
analogues, furanylchalcones, pyridinylchalcones,
thiophenylchalcones and naphtylchalcones exhibited
potent cytotoxic effect, demonstrating cell viability
inferior to 50%. Among tested compounds, chalcone
containing nitro group on the B ring 1,
naphthylchalcone 2 and pyridinylchalcone 3 exhibited
the most potent cytotoxic effect. At 10 μM, chalcones
1−3 were able to able to kill 57, 60 and, 68% of
hepatocytes, respectively. At 10 μM nitrochalcones 1
and 4 demonstrated antiviral activity, exhibiting HCV
replication inhibition ratios of 20 and 56%,
respectively.
HO

NO2

O

O

1

Twenty two chalcones were synthesized by ClaisenSchmidt aldol reaction, under basic or acidic
catalysis, using apocynin and aromatic aldehyde
derivatives. The purification steps of these
compounds were performed by crystallization and
over silica gel column chromatography. The
structures of the novel chalcones 1−22 were
confirmed by NMR spectra data. The yield synthesis
ranging from 6 to 98%.
O

NaOH or H2SO4

+

Ar

H
O

O

EtOH

HO

Ar

O
O

homoaryl or heteroaryl rings.
The cytotoxicity evaluation was performed by MTT
assay, using Huh7 hepatocytes, a human hepatoma
cells. The anti-HCV activity was carried out by using
SGR-luc JFH-1 subgenomic replicon. For both
experiments, the compounds were assayed at 50,
10, 2.0 and 0.4 μM.

2
NO2

HO

N

O
O

HO
O
O

3

4

Figure 2. Cytotoxic and Anti-HCV Chalcones
Derived from Apocynin.

Conclusions
In conclusion, we have synthesized 22 novel
chalcones derived from apocynin. All compounds
exhibited potent cytotoxic activity against Huh7
hepatocytes. Nitrochalcone 1 able to inhibit HCV
replication.

Figure 1. Claisen-Schmidt Aldol Reaction. Ar =

th

O

O

Discussion

HO

HO
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preparation of a number of new quinoline-derivatives
in moderated isolated yields (Figure 2).

Introduction
Although malaria is currently among the diseases
with the greatest impact causing the death of 1 to 3
million people each year in developing countries, the
development of new antimalarial drugs has been
neglected since the 1970s. The therapy has a limited
number of drugs available for the treatment of this
pathology, among which stand out the quinoline
compounds functionalized derivatives (Figure 1).

1.
Quinoline
Figure
antimalarial activity

compounds

with

Modern organometallic reagents such as iPrMgCl.LiCl have been successfully applied in the
functionalization of aromatic and heterocyclic
compounds. However, its reactivity with important
substrates such as quinolines, has not been studied
properly. Thus, the aim of this work has been to
apply i-PrMgCl.LiCl in the preparation of new
functionalized quinolines with potential antimalarial
activity.

Results and Discussion
Synthetic studies involved the iodo-metal
exchange reaction of 4-iodo-7-chloroquinoline (4)
with i-PrMgCl.LiCl followed by reaction with
electrophiles (Scheme 1). Substrate 4 was selected
in order to generate C4- substituted quinoline
derivatives. It’s worth to mention that this position is
strategic since a series of quinolines with antimalarial
1
activity have ring substituents at that position.

Figure 2. Quinoline derivatives
through the methodology.

Biological evaluation of quinoline derivatives of
type 6 has been performed by Dr. Pohlit’s group from
2
INPA as described by Andrade-Neto et al. (2007).
Preliminary results have shown that three of them
have in vitro activity against K1 strain of P.
falciparum.

Conclusions
The
iodo-metal
exchange
of
4-iodo-7chloroquinoline (4) using i-PrMgCl.LiCl proved to be
an interesting approach to obtain new functionalized
quinoline derivatives. In addition, in vitro biological
evaluation against K1 strain of P. falciparum have
shown that three of them are active compounds.
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Scheme 1
Reaction of the organomagnesium intermediate 7
with different electrophiles has allowed the
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Introduction
Histoplasmosis is an infection disease caused by
Histoplasma capsulatum, a dimorphic fungus. This
infection leads to mild, self-limiting upper respiratory
1
illness, that may be unnoticed or neglected. One of
the main class of natural products are the chalcones,
with are the precursors of the flavonoids, and
2
exhibits scaffold C6C3C6. The present work aimed
the synthesis of chalcones containing nitro and
amino substituents, and of their anti-Histoplasma
activity.

Results and Discussion
Twenty chalcones were synthesized using the
Claisen-Schimidt aldol reaction, under basic or acidic
catalysis, with yields ranging from 47 to 93%. The
purification was performed by crystallization and over
silica gel column chromatography. The structure of
1
13
chalcones was identified by H and
C NMR
spectroscopic data.
O

R

+ H
O

R1

NaOH or H2SO4
EtOH

R1

R

O

Figure 1. Claisen-Schmidt Reaction. R= NO2 or
1
NH2, R = electron withdrawing or donating
groups.
The fungi susceptibility test for compounds were
performed by broth microdilution assay. Table 1
summarized the Minimum Inhibitory Concentration
values (MIC).Among tested chalcone, T19 showed
the lower MIC value for H. capsulatum, exhibiting
moderated antifungal activity. The comparison of
MIC values presented by T17 and T19 indicated that
the methyl group, at 4 position increased the
fungitoxicity. The comparison of the anti-Histoplama
effect demonstrated by T19 and T41 suggested
amino group on the A ring leads to more potent
compounds than the 4-nitro substituted compounds.

th

Table 1. The Minimum Inhibitory Concentration
Values of Nitrogenated Chalcones
R4
B

R
A

R1

R3
R2

O

.

Chalc.
R
NH2
T17
NH2
T19
NH2
T21
NO2
T24
NO2
T41
NO2
T46
NH2
T47
NH2
T51
fluconazole

R1
H
H
H
H
H
OH
OH
OH

R2
H
H
H
H
H
H
H
F

R3
H
CH3
OH
OH
CH3
H
H
H

R4
H
H
H
H
H
F
CH3
H

MIC
31.2
7.81
31.2
31.2
31.2
15.6
31.2
31.2
0.13

Conclusions
We have synthesized a series of 20 chalcones
containing amino and nitro substituents. Among
these, aminochalcone T19 exhibited moderated antiHistoplasma activity. Furthermore, preliminary
structural features correlated to fungitoxicity were
established.
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Introduction
Pterogyne nitens Tul. (Fabaceae-Caesalpinioideae)
is a Brazilian tree, popularly known as “yvi-raró”,
1
“amendoinzeiro”, “bálsamo” and “amendoim-bravo".
There are few studies about P. nitens applications in
2
the traditional medicine. Cold aqueous preparation
from the stem barks has been used to treat Ascaris
2
lumbricoides infestations. Chemically, this species
presented a variety of bioactive metabolites
including prenylated guanidine alkaloids, which have
4‒7
demonstrated antifungal and cytotoxic activities.
The aims of this study were isolate and identify nonalkaloidal compounds, and evaluate their antifungal,
cytotoxic and antiviral properties.

Results and Discussion
Leaves and flowers of P. nitens were collected at
IBILCE. The shade-dried material were ground and
extracted with hexanes and ethanol. The crude
extracts were used for the isolation of four flavones
[pedalitin (1), sorbifolin (2), pedalin (3), and
nitensoside B (4)], four flavonols [quercetin (5),
isoquercitrin (6), quercetin-3-O-sophoroside (7), rutin
(8)], one catechin [ourateacatechin (9)], six
phenylpropanoids [cinnamic acid (10), cummaric
acid (11), caffeic acid (12), ferulic acid (13), sinapic
acid
(14),
chlorogenic
acid
(15)],
three
hydroxybenzoic acid derivatives [vanilic acid (16),
protocatechuic acid (17), gallic acid (18)], and two
triterpenes [oleanonic acid (19), betulinic acid (20)].
The structures of compounds 1‒20 were identified
1
13
by H and
C NMR spectroscopic data. The
structure of bioactive compounds 1‒3, and 14 were
represented in the Figure 1.
OH

O

O

HO

O
HO

OH O

O

O

O
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OH O

O

O
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HO

HO
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3
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OCH3

14
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Figure 1. Structure of bioactive compounds (1−3)
and (14)
th

Conclusions
In conclusion, was reported further non-alkaloidal
and bioactive compounds from Pterogyne nitens
leaves and flowers, which demonstrated potent
antifungal and cytotoxic effects. These compounds
may be sustainable templates for discovery and
design of novel anti-infective and antineoplastic
agents.
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Antifungal assays were performed for Candida
albicans, C. krusei and C. parapsilosis and
Cryptococcus neoformans. The Minimum Inhibitory
Concentration (MIC) was defined as the lowest
concentration of the test samples able to completely
inhibit the fungi growth. Flavones 1 and 2 exhibited
anti-Cryptococcus activity, demonstrating MIC
-1
values of 0.90 and 3.90 µg mL , respectively. These
compounds were more potent than fluconazole
(FCZ), which was use as reference drug (MIC = 4.00
-1
µg mL ). Flavones 1‒3 presented anti-Candida
-1
krusei effect superior to FCZ (MIC = 64 µg mL ),
exhibiting MIC values ranging from 15.6 to 31.2 µg
-1
mL . For C. parapsilosis, flavone 1 and FCZ
-1
exhibited MIC values of 15.6 and 8.00 µg mL ,
respectively. Cytotoxicity test was performed using
MTT assay, using Huh7 hepatocytes from human
hepatoma. Compounds were evaluated at 50, 10,
-1
2.0 and 0.4 µmol L . Phenylpropanoid 14 presented
high cytotoxicity in all concentrations. This
compound showed IC50 value (half maximal
inhibitory concentration to kill 50% of cells) of 0.40
-1
µmol L . Additionally, the antiviral activity of the
compounds 1‒20 were evaluated against Hepatitis
C virus (HCV), using subgenomic HCV-JFH1
replicon. All compounds did not inhibit HCV
replication, at no-cytotoxic concentrations measured
by MTT assay.
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Introduction
Recently, Carolino and co-workers isolated a
neurotoxic fraction of Averrhoa carambola (star fruit)
that was able to cause seizures in rats and mice and
1
was named AcTx. It is believed that the amino acid
caramboxine (1), present in this fraction, is one of
the secondary metabolites responsible for poisoning
2,3
by fruit intake by patients with chronic renal failure.
Despite the structure of 1 has been elucidated by
4
spectroscopic analysis, the unambiguous synthesis
of this compound aiming structural characterization
and biological evaluation have not been
accomplished. Thus, in this work we have
investigated the total synthesis of (+/-)-caramboxine
according to the retrosynthetic analysis showed
bellow (Figure 1).

Bromination of 7 has been also achieved using
using NBS in the presence of benzoyl peroxide,
however the desired product was observed in low
yields due to a competitive aromatic-substituted side
products. In order to optimize the yield of benzyl
bromide 2, other reactions conditions have been
studied, including the use of photochemical
strategies that have appeared to be more selective.
Insertion of the α-aminoacid unit into intermediate
2 has been planned through the coupling with the
malonate CHNHAc(CO2Et)2 in the presence of a
base. Thus, some reaction conditions were screened
using benzyl bromide 9 as a model substrate (Figure
3).

Figure 3. Study for substitution the bromine for
malonate

Figure 1. Retrosynthetic analysis of the synthesis of
(+/-)-caramboxine

Results and Discussion
The synthetic strategy used for the synthesis of the
key intermediate 2 is shown in the figure below
(Figure 2). Starting from orcinol 4, the aldehyde 5
was prepared across a Vilmeier-Haack reaction in
57% yield. The oxidation of aldehyde 5 led to
respective carboxylic acid 3 in 77% yield. In the third
stage, a double protection of the phenol and
carboxylic acid group was planned. Thus, dioxinone
6 was prepared in 51% yield through the reaction of
an in situ generated acid chloride with acetone in the
presence of DMAP. Moreover, methylation of phenol
6 with MeI has allowed isolation of dioxinone 7 in
71% yield.

Conclusions
Synthetic studies aiming the total synthesis of (+/)-caramboxine have allowed the synthesis of the
corresponding intermediates in modest to good
yields. Due to the low yields observed in the radical
bromination of compound 7, other reaction
conditions have been studied. In addition, benzyl
bromide 8 has been successfully used as a model
substrate for the microwave-assisted coupling with
the malonate CHNHAc(CO2Et)2. Thus, this strategy
will further be used for the insertion of the aminoacid
unit into the structure of 2.
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Introduction

Our research group has been synthesizing
isoxazolines by 1,3-dipolar cycloadditions involving
endocyclic enecarbamates and enamides, as
dipolarophiles, with nitrile oxides, as dipoles1. Some
biological activities have been related with 2isoxalines,
such
as
antinociceptive2
and
3
trypanosomicidal . Such facts lead us to design
hydrochlorides derived from aryl-2-isoxazolines, as
well as their free bases, to investigate the
antimicrobial activity of these salts and neutral
compounds.

Results and Discussion

To carry out the cycloadditions, five-membered
enecarbamates 1 N-protected with di-tert-butyl
dicarbonate, generating a N-tert-butoxycarbonyl,
were utilized as dipolarophiles, whereas psubstituted (phenylmethylidyne)azane oxides 2 were
employed as dipoles. The cycloadducts 3 were
promptly obtained, as shown in figure 1.

were tested against gram positive and gram
negative bacteria by the disc diffusion method to
investigate their antimicrobial activity. The arylisoxazoline p-Cl substituted hydrochloride exhibited
an inhibition halo of 26mm against Mycobacterium
smegmatis, whereas its free base showed no
inhibition for this bacterium. The largest diameters
of inhibition halos of the other compounds were 12.5
mm against Escherichia coli and 14mm against M.
smegmatis of the free base p-F, and 11,5, 13,5 and
13,5mm against Micrococcus luteus of the free base
p-Cl, the free base p-F and the hydrochloride p-Cl,
respectively.
R

R

3
N
O

N

R
R

O

4
H2 / Pd
N

O

O

1
O

N

O

O

N

O

N

N
H

Cl

O

H

Conclusions

O

N

42 - 77%

100 %

Figure 2 – Synthesis of the aryl-2-isoxazolines
hydrochlorides and free bases.

3

N

N

5

sol. NaHCO3 (aq)

MeOH / HCl
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2

R

O

R= Cl, F and CH3

Figure 1 – Cycloaddition aiming the synthesis
of 2-isoxazolines azabicyclic with aryl-psubstituted group in C3
The benzonitrile oxides 2 were formed in situ from
the respective oximes, chlorinated right before the
cycloadditions,
with
N-chlorosuccinimide.
Thereafter, the cycloadducts 3 were submitted to
catalytic hydrogenation, in a solution of HCl, as
pointed out in figure 2, affording hydrochlorides 4
concomitantly to the deprotection of the Bocprotected amine. Subsequently, the hydrochlorides
underwent basification with NaHCO3, and so the
intended free bases 5 were yielded. The molecules

The cycloadducts, free bases and hydrochlorides of
aryl-2-isoxazolines were readily achieved with
moderate to excellent yields, inciting the expansion
of this series of molecules. The biological results
have shown unexpected behaviors against the
tested bacteria, since some free bases show better
results in some cases, whilst the hydrochlorides are
more active in some other situations.
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Introduction
Leishmaniasis is a chronic disease caused by the
protozoan of the genus Leishmania. It is considered
a super neglected disease; and it can occur in the
forms; cutaneous, mucocutaneous, visceral and
1,2
diffused cutaneous.
This protozoan shows
amastigote and promastigote forms, and this last
one is transmitted to humans by phlebotomine
female, popular known as “mosquito-palha”.
Pentamidine is the drug used in South America to
threat this disease. It exhibit severe side effects and
high toxicity, which led to the emergency of
3
innovative
antileishmanial
drugs.
Chalcones
comprise one of the major classes of natural
phenolic compounds, and show skeleton C6C3C6,
including an α,β-unsaturated ketone. They have a
wide spectrum of bioactivities, mainly antiprotozoal
4
activity. The current work aimed the synthesis of
nitro and aminochalcones, and their antileishmanial
activity against L. amazonensis promastigotes, as
well their cytotoxic effect on peritoneal murine
macrophages.

Results and Discussion
Eighteen chalcones were synthesized by ClaisenSchimidt condensation reaction, under basic or
acidic catalysis, with yields ranging from 47 to 93%.
The crude products were crystalized and,
subsequently, submitted to column chromatography.
1
The structure of chalcones was confirmed by H and
13
C NMR spectroscopy data.
O

R

+ H
O

R1

NaOH or H2SO4
EtOH

1

R

R

O

Figure 1. Claisen-Schmidt Reaction. R= H, NO2 or
1
NH2; R = electron withdrawing or donating
groups
Table 1 summarized the results of the IC50 values
[inhibitory concentration to kill 50 % of parasites (P)
or macrophages (M)]. These data were obtained
from the MTT colorimetric assays, and selective
index values (IS) were calculated by equation IS=
IC50 (M) / IC50 (P).
th

Table 1. Antileishmanial and Cytotoxic Activities
of Amino and Nitrochalcones
R4
B

R
A

R1

R3
R2

O

R
1
H
2
NH2
8
NO2
10
NO2
11
H
12
H
13
H
15
H
16
NH2
pentamidine

R1

R2

R3

R4

H
H
OH
H
H
H
NO2
OH
OH

H
H
H
H
NO2
H
H
H
H
-

H
H
H
OH
H
NO2
H
H
H

H
H
H
H
H
H
H
NO2
F

IC50
(P)
13.2
14.0
19.0
13.3
0.70
1.50
4.70
2.50
16.6
6.70

IC50
(M)
9.50
34.6
84.4
213
16.2
17.1
109
131
62.0
35.6

SI
0.72
2.47
4.44
16.0
23.1
11.4
23.0
51.7
3.73
5.31

Chalcone 11 demonstrated an IC50 value of 0.70
-1
μmol L , and was nine times more potent than
pentamidine, reference drug, which exhibited an IC50
-1
values of 6.70 μmol L . Chalcone 15 demonstrated
the highest selectivity, with an IS value of 51.7, which
was ten times higher than IS value for pentamidine.
These results suggested chalcones 11−13 and 15
were potent hits. The comparison of the
antileishmanial effect of 1, a no-nitrogenated
chalcone, with the nitrogenated chalcones, indicated
amino and nitro groups on the A ring, decreased
bioactivity. On the other hand, the nitro group on the
B ring increased the antileishmanial activity.

Conclusions
In summary, nitrochalcones exhibited potent
antileishmanial activity against L. amazonensis
promastigotes and low cytotoxicity on peritoneal
murine macrophages. These data suggested
nitrochalcones may be considered as sustainable
template compounds for the design of innovative
antiprotozoal agents.
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Introduction
The -aryltetralones are the carba-analogs of
isoflavanones (Figure 1), compounds that belong to
the class of isoflavonoids and are found in plants of
the Leguminosae family. There are some reports in
literature
of
the
antineoplasic
activity of
isoflavonones by a variety of mechanisms of action
(e.g., inducing apoptosis, inhibiting aromatase, a
known therapeutic target for the treatment of
hormone-dependent cancers).1 We consider the aryltetralones, as isoflavonones analogs (an
isostere),2 candidates of antineoplasics and
antivirals, and no previous reports of these activities
for these compounds were found.

Figure 1

In this work the optimized results of the synthesis of
a series of -aryltetralones are shown with different
patterns of substitution on the aromatic rings,
through the -arylation reaction catalyzed by
palladium under microwave irradiation. The
antineoplasic and anti-Hepatitis C (anti-HCV)
activities were evaluated.

Results and Discussion
The -aryltetralones were prepared through the arylation reaction of -tetralones (1) commercially
available, with O-alcoxy-bromoarenes (2), both
showing a wide variety of substitution. The reactions
were palladium catalyzed, under microwave
irradiation, and afforded the -aryltetralones
(LQB305-LQB322) from medium to high yields.3

respectively) by the MTT method, in a standard
concentration 25g/mL (DMSO). The compounds
LQB305, LQB307 were very active (>80% inhibition)
in all cell lines (Figure 2). The cell line HCT116 was
the most sensitive, fifteen aryltetralones showed
inhibition above 80%, and the cell line OVCAR-8 was
the most resistant to the -aryltetralone activity, as
only three compounds were very active.
The anti-HCV activity was accessed by the inhibition
of cell proliferation in Huh7.5/Rep-Feo1b and
Huh7.5-FGR-JC1-Rluc2Ab replicon reporter cells,
derived from two different HCV genotypes, and the
compounds were also evaluated as HCV NS5B
inhibitors. Their toxicity were determined in noninfected Huh7.5 parental cells. LQB307 was the
more promising for Huh7.5-FGR-JC1-Rluc2A with
EC50=1.5M and selective index >102.7 (SI) while
LQB314 was the more promising for Huh7.5/RepFeo1b with EC50=1.8M and SI>111.1 (Figure 2).
The -aryltetralones are inactive or weakly active as
NS5B inhibitors (up to 20% of inhibition at 50M),
indicating that another mechanism of action must be
operating to explain the anti-viral effect observed.

Figure 2

Conclusions
The -aryltetraloneswere prepared in good to
excellent yields via -arylation reaction of tetralones
with
o-bromo-alcoxiarenes.
Some
compounds showed antineoplasic activity on the
three cell lines tested, and the possible mechanism
of action, docking studies and the IC50 are under
development. Some -aryltetralones also exhibited
antiviral action but it is not related with the inhibition
of NS5B replicase. The possible mechanisms of
actions are also under evaluation.
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Introduction
Diabetes belongs to a group of diseases that
together are responsible for considerable morbidity
and mortality, it is estimated to reach a quarter of
the world's population. [1] The glycosidase enzymes
that catalyze the hydrolysis of glycosidic bonds
represent a potential target in the treatment of
diabetes mellitus. Examples are acarbose and
miglitol inhibitors, currently used as oral
hypoglycemic agents. Recently, our group
developed triazoles glycoconjugates showed potent
inhibitory
activity
against
maltase
from
Saccharomyces cerevisiae, an alpha-glucosidase.[2]
The diversity of chemical structures of the 1,2,3triazole family and their useful biological activities
made these compounds attractive targets in
synthetic organic chemistry.[3] According to this
perspective, we propose the synthesis of a series of
new compounds containing the core 1,2,3-triazole
derivatives of tartaric acid using a simple and
inexpensive route for further pharmacological
evaluation.

Results and Discussion
HO

OH

HOOC

SOCl2 /EtOH

HO

t.a.; 12hrs

EtOOC

COO H
(1)

1) Na BH4, EtOH

COO Et

2) MeOH/ HCl 10%
3) p-TsOH, t.a.

(2)

MsO

OMs

N3

N3

DMF, 

MsCl, Piridina

,

CuSO 4, CH 2Cl2/H 2O, t.a., 12hrs

O
(5)

R2

t.a.; 12hrs

O
(3)

N

R2

Ascorbato de sódio

NaN3
O
(4)

OH

HO

OH

N
N
N

N
N

H
O

R2

known as click chemistry, which uses Cu(I) as
catalysts. Different terminal alkynes were used as
substrate for these reactions with azido derivative of
tartaric acid. In accordance with the synthetic route
proposed in this paper, was originally synthesized all
intermediaries needed to obtain the azido. In
reaction to obtain 1,2,3-triazoles was used a solution
of the azido-carbohydrate and terminal alkyne
treated with copper sulphate pentahydrate (5 mol%)
and sodium ascorbate (15 mol%), whereas the latter
was added slowly. In the Scheme 1 are shown the
route that was established for this study. To obtain
the key intermediate azido, first L-tartaric acid (1)
acid was converted to its corresponding 2 in
quantitative yields. Subsequently, 2 was reduced in
the presence of sodium borohydride to give the
cyclized product 1,4-anidroeritritol (3) with 55%.
Then the reaction was performed for mesylating
improves the leaving group and obtaining bis-azido
derivative (4) with the substitution reaction of mesyl
group by reaction with sodium azide in DMF and
refluxing. The azide (5) was obtained as a white
solid in 75% yield. Infrared spectroscopy in the
region revealed the existence of azide with the
presence in the spectrum of an intense band around
-1
2107 cm . All the triazoles were obtained with good
1
13
yields and fully characterized by HNMR, CNMR
and IR spectroscopy. The triazoles were submitted
for evaluation, in vitro and in vivo, as inhibitors of
enzyme α-glucosidase, using Acarbose (Bayer)
standart. It was observed that several triazoles
synthetised were more active than Acarbose.

(6a-k)

Conclusions
O
R2=

O

(a)

(c)

(b)

(d )
OH

Cl
OH
(e)

(g)

(f)

(h)

The news 1H-1,2,3-triazole derivatives was obtained
in high yields ranging between 85-97% and are
promising inhibitors -glucosidases.

O
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Introduction
The cancer incidence value has increased from 12.7
million (in 2008) to 14.1 million (in 2012). To the next
twenty years, the number of cancer cases is
estimated to 25 million, approximately. Thus, it is
necessary to investigate new substances with
antitumoral properties. Besides the antitumoral
activity, it is interesting that these substances show,
also,
antioxidant
activity,
since
antioxidant
compounds reduce the size of tumors. It is due to
the fact that antioxidant substances reduce the free
radicals that are generated in carcinogenesis, as well
as the toxicity and side effects of conventional
chemotherapic
drugs.
Pyrazole
derivatives
(Pyrazole, Fig. 1) have shown interesting structureactivity relationship for antioxidant properties (BU et
al., 2002). This study aims is to test new fatty 1Hpyrazoles with in order to obtain new antitumoral
compounds since that can have more interaction
with membranes. The biological activities were
evaluated by several methods such as DPPH and
cell viability assay in cell lines and rat glioma (C6).
O
N
H

RO

The IC50 of the ETO pyrazole derivative was
obtained at 10 mM.
Antitumoral activities: Cell viability essay was
performed using increasing concentrations of
pyrazole: 25, 50 and 100 µM.

Fig. 3 – Cell viability
assay at increasing
concentrations
of
pyrazole derivatives

Fig. 1 – Pyrazole structure.

CH3
10

N

Fig. 2 – DPPH assay at increasing concentrations
of pyrazole ethoxy derivative.

Results and Discussion
Synthesis of pyrazole: a dimethoxy ketal was
produced from the acetylation of respective fatty
ketones. From this product, it was obtained the
dimethoxy ketal hydrochloride, which was reacted
with hydrazine and methanol or ethanol (MEO and
ETO, scheme 1).
O

H3C

CH3
10

i

MeO

H3C

OMe
CH3

ii

O

CH3

Cl 3C

(ii) Trichloroacetyl chloride, pyridine, CHCl 3, 12 h, 30-50 ºC.
(iii) NH2NH2.HCl, ROH (R = Me, Et), reflux, 6 h

Conclusions

OMe

10

10

R = Me, Et
(i) HC(OCH3)3

iii
O
RO

The MEO derivative showed better activity than the
ETO one. The first, at 50 μM, reduced the cell
viability in 50%. At the same concentration, the ETO
derivative reduced the cell viability in 33%.

N
H

N

CH3
10

Scheme 1 - Synthesis of the pyrazole derivative
Antioxidant properties: The assay was performed
at concentrations of 5, 10, 15 and 20 mM pyrazole
(Et) comparing to a control sample of DPPH.

The MEO and ETO pyrazole derivative showed
antitumoral activity, as well as antioxidant
properties. However, to make correlation between
the two biological activities in pyrazole derivatives,
more investigations are necessaries.
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Introduction
American trypanosomiasis, is a health disorder
relevant to the American continent, being endemic in
most countries on its southern part. This parasitic
disease is caused by Trypanosoma cruzi, a
hemoflagellated protozoan [1]. Curcumin is an
abundant diarylheptanoid easily extracted from the
rhizomes of Curcuma longa. This natural product is
extensively used in traditional medicine due to its
different biological activities [2]. In previous work we
described the selective trypanocidal activity of
curcumin and some of its derivatives against
epimastigotes and tripomastigotes of T. cruzi. Herein
we report the synthesis of a novel series of
bis(styryl)pyrimidines, structurally related to curcumin
as well as the results of the screening against
epimastigotes of T. cruzi.

Results and Discussion

the concentration of 50 M and the results obtained
are shown in Figure 2.

X = CH2, 5a. X = N-CH3, 5b. X = N-Ph,
5c. X = O, 5d and X = S, 5e.
Reaction conditions: (i) K2CO3, DMF, 4-methoxybenzyl chloride,
60ºC, 12h (98%); (ii) NaOH(aq) 5 mol L-1, Bu4N+HSO4- (0,1eq),
reflux, 2h (50%);
(iii) EtOH, amines (5eq, 60-90%); (iv)
EtOH/HCl(aq)1N (1:1), reflux (50-65%).

Scheme 1. Synthesis of the derivatives (5a-e).

The 1,3-diketone moiety of curcumin was replaced
by a pyrimidine ring with different substituents at
position 2 in order to create a novel series of
pyrimidine derivatives (Figure 1).

50μM

Figure 1. Design of pyrimidines structurally related to
curcumin

The new bis(styryl)pyrimidines were synthesized
from protected vanillin (2) and two commercially
available pyrimidines (3a, R=H and 3b, R=Cl)
furnishing the diarylheptanoid derivatives (4a) [3] and
(4b). The chlorinated derivative (4b) was the key
intermediate to the synthesis of the five novel
planned derivatives (5a-e) by a nucleophilic aromatic
substitution reaction with different cyclic amines and
subsequent deprotection of the phenolic hydroxiles
(Scheme 1). The final products as well as all
synthetic intermediates were fully characterized by
1
13
H and C NMR and HRMS.
The derivatives 4a, 4b, 5a-5e were evaluated
against epimastigotes of T. cruzi (Dm28c strain) at
th

Figure 2. Antiproliferative effects of new pyrimidines
against epimastigotes of T. cruzi

Conclusions
The trypanocidal activity showed by pyrimidine (4a’)
encouraged us to design the new 2-amine-pyrimidine
series (5a-5e) with the 2-chloro-pyrimidine 4b as a
key intermediate. The intermediate 4b was the most
active compound, which allows us to establish
bioisosteric relationship between 2-chloro-pyrimidine
moiety and 1,3-diketone subunit of natural curcumin.
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Introduction
Schistosomiasis is the second most prevalent
disease in the world, as a consequence it is
considered a serious public health problem [1].
Praziquantel is the drug chosen for schistosomiasis
treatment due to its effectiveness against all types of
species of Schistosoma, besides the lack of serious
side effects and their low cost [2]. However, there
are reports of Schistosoma resistance in Africa [3].
Due to this problem, it’s necessary to search out new
drugs that can substitute the actual available
treatments. According to the literature, imidazolidines
has shown several biological activities [4] e.g.
antiparasitic activity [5, 6, 7]. Cytotoxicity assays
were performed using macrophages cells (1x105
cells/well). Cells were incubated with imidazolidines
FZ-21(Fig.1) e RH-39(Fig.2) compound in six
different concentrations (100, 80, 40, 20, 10 e 5
µg/ml), RPMI medium without phenol red, PZQ, V.G
and AlamarBlue (10%) for 72 hours in CO2 incubator
at 37°C. Male Swiss mice (Mus musculus) were
submmited to percutaneous infection with 120
recently shed S. mansoni cercariae (Belo Horizonte
strain) [8]. After 60 days of infection, worms were
removed from the mesenteric and portal veins and
kept in RPMI medium at 37ºC in a humid 5% CO2
atmosphere. The in vitro assay FZ-21 and RH-39
imidazolidines derivates in different concentrations
(100, 80, 40, 20, 10 e 5 μg/mL) and controls with
PZQ were used parasites were maintained in culture
for 6 days being monitored every 24 hours for
evaluation of motor activity, mortality and changes in
the tegument. The parasites viability was verified on
inverted optic microscope. Ethics Committee on
Animal (CPqAM/FIOCRUZ) authorized by the license
H
No. 38/2012.
S
H

O

C

N
O

H

C

N

N
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O

Figure 1: FZ-21

Cl

O

H

N

N
O

Figure 2: RH-39

Cl

Results and Discussion
The cytotoxicity of the imidazolidines derivates FZ-21
e RH-39 was 3,28 µg/mL and >100 µg/mL, respectly
presenting less cytotoxic than PZQ (<1 µg/mL). For
in vitro assays, the compound FZ-21 showed a

mortality rate of 16.66% at concentrations of 80 and
20 µg/mL, being able to reduce body movements of
the parasites. The compound RH-39 showed a
mortality rate of 50% at concentration of 100 µg/mL,
being able to reduce body movements and
contraction in the muscles of the parasites. The
presence of the sulfur atom at position 4 of
compound RH-39 was important to increase the
schistosomicidal activity of the compound unlike FZ21, which have an oxygen atom in the same position
factor. The worms subjected to exposure to the
compounds tested, most showed up dead and
shrunken or very slow being similar to worms treated
with PZQ. It is believed that PZQ shows a possible
influence on calcium channel there is a rapid influx of
Ca2+ into the interior of the parasite, leading to
muscle contraction, cessation of movement followed
by their death [9].

Conclusions
Based on these results, we see promising
antischistosomal
activities
of
imidazolidines
derivatives in vivo tests to better evaluate these
compounds are still needed.
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Introduction
The molecular hybridization is important tool for
rational drug design. Curcumin (1) is a yellow
pigment from Curcuma longa, popularly known as
turmeric.1 Cinnamaldehyde (2) is found in the barks
Cinnamomum, responsible by the flavor and smell
characteristic of the cinnamon.2 Compounds 1 and 2
presented a wide spectrum of biological activities,
such as antibacterial, antiviral, antifungal and
antitumor activities.1,2 The aims of the current work
were the design, synthesis and cytotoxicity
evaluation of fourteen curcumin-cinnamaldehyde
hybrids.

Two series of hybrids were synthesized; series Idiphenylpentanoids
substituted
by
electronwithdrawing groups (F, Cl, Br, CF3, CN and NO2) and
series II substituted by electron-donating groups
(OH, OCH3, CH3 and N(CH3)2).
Table 1. Series I and II of the curcumin-cinnamaldehyde hybrids

Series I R
3a
H

R1
F

Series II R
3h
OH

R1
H

3b

H

Cl

3i

OH

OH

3c

H

Br

3j

H

OH

3d

H

CF3

3k

OCH3

OH

Results and Discussion

3e

H

CN

3l

H

OCH3

Curcumin-cinnamaldehyde
hybrids
(3)
were
designed by the junction of subunits C6C3 and C6C2
from
1
and
2,
respectively.
Hybrids
diphenylpentanoids did not exhibit α,β-diketone
group, which is chelatogenic behavior and
subsequently low chemical stability.3

3f

NO2

H

3m

H

CH3

3g

H

NO2

3n

H

N(CH3)2

Scheme 1. Design of curcumin-cinnamaldehyde hybrids

subunit C6C3

subunit C6C2

Lack of β-diketone group
Substitutions of
hydroxyl and
methoxyl groups by
electron-donating or
withdrawing groups

The hybrids 3a ̶ 3n were synthesized by aldol
condensations between the benzalacetone (4) and
benzoic aldehyde derivatives (5), under basic
catalysis. The crude products were purified by
crystallization in the presence EtOH. The structures
of compounds were confirmed by 1H and 13C NMR
spectroscopic data.
Scheme 2. Aldol reaction for the hybrids synthesis

The cytotoxicity of compounds was evaluated by the
REMA assay4, using HepG2 cells from human
hepatoma. These cells are able to metabolize
xenobiotics, since exhibit enzymes of phase I and II,
which are crucial components for the activation and
conjugation process, respectively.5 In general,
curcumin-cinnamaldehyde hybrids from series I were
more cytotoxic than hybrid from series II. Among
tested compounds, hybrids 3b the 3d demonstrated
IC50 values similar (half maximal concentration to kill
cells) to doxorubicin, which was used as reference
drug

Conclusions
In conclusion, we synthesized a series of fourteen
curcumin-cinnamaldehyde hydrids, which were
potent cytotoxic agents against hepatoma cells.
These novel compounds may be considered
templates for the design of innovative antineoplastic
agents.
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Introduction
Tuberculosis (TB) is an infectious disease caused
by Mycobacterium tuberculosis (MT), which infects
one third of the world population, causing 1.7 million
1
deaths per year. However, the first line anti-TB
drugs, as Isoniazid (INH), were developed more than
1
40 years ago. The action of INH is compromised by
metabolic N-acetylation promoted by NAT enzyme.
The inclusion of a protecting group on NH2 of INH
2
can avoid this process.
The aim of this work is the synthesis,
antimycobacterial evaluation and determination of
cytotoxic and genotoxic effects of novel NH2protected gem-difluorinated derivatives of INH and
also the respective hydrazine derivative (Fig. 1, 4a-e,
5a). All novel final derivatives respect the Lipinski’s
rule of 5.

Results and Discussion
Compounds 4a-e and 5a were prepared by
opening the heterocycle of 3a-e with INH or
hydrazine, respectively. 3a-e were obtained by
selective
deoxofluorination
of
2a-e
with
diethylaminosulfur
trifluoride
(DAST),
these
substances were synthesized by acetylation of
2
isatins 1a-e (Fig.1).

essential for this activity. Thus, the acetylated
metabolite of INH (ACINH) was also inactive (Tab.1).
Moreover, compounds 4a-e were evaluated against
INH-resistant strain of MT (INHRS), and all of them
presented moderate activity (Tab.1).
Table 1. Antimycobacterial evaluation.
MIC
MIC
MIC
Entry
INHRS Entry
(µM)
(µM)
(µM)
4a
3,8
143,7 ACINH
NA
4b
6,9
138,1
INH
0,4
4c
17,0 130,9
RMP
1,2
4d
17,7 136,6
EMB
15,9
4e
33,0
NT
PZA
813,0
5a
NA
NT

* NA – Not active; NT – Not tested; RMP- rifampicin.

MIC
INHRS
(µM)
143,7
138,1
130,9
136,6
NT
NT

In Salmonella reverse mutation assay, the most
active compounds 4a and 4b showed no detected
mutagenic concentrations. Additionally, these
compounds were not significantly cytotoxic in
concentrations up to 2,000 µM, indicating a
promising in vitro toxicological profile.
Molecular modeling calculations (ab initio and
density functional theory) are being performed in
order to establish a structure-activity relationship
(SAR).

Conclusions

Figure 1. Synthesis of compounds 4a-e and 5a.
Compounds 4a-e showed potent antimycobacterial
activity, being the most active derivative, 4a, about 4fold and 200-fold more potent than the first line antiTB drugs ethambutol (EMB) and pyrazinamide (PZA)
respectively (Tab. 1). As expected, compound 5a
was inactive, reinforcing that the isonicotyl moiety is
th

The synthesis of the planned derivatives was
satisfactory.
Compounds 4a-e showed potent and moderate
antimycobacterial activity against sensitive MT and
INH-resistant MT strains, respectively.
No mutagenic concentrations were detected for the
most potent derivatives, 4a and 4b. Thus, these
substances were non-toxic in tested concentrations.
As expected, the isonicotyl moiety is crucial for
antimycobacterial activity.
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thiophene as potential inhibitors of N-myristoyltransferase (NMT).
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Introduction
Treatment of Leishmaniasis with drugs available in
the market has presented problems as the parasitic
resistance and induction of side effects, limiting their
1
use . Molecular docking is a key tool in medicinal
chemistry and structural molecular biology to search
2
for new drugs . The enzyme N-myristoyltransferase
(NMT) is a promising target for new drugs because
its essentiality is demonstrated in many organisms,
including Leishmania spp. NMT catalyzes the
transfer of myristate from myristoyl-CoA to the
3
specific proteins . Thiophenes derivatives exhibit a
variety of biological activities described in the
literature, attracting the interest of many
4
researchers . The aim of this study was to
synthesize and evaluate in vitro the potential antiLeishmania of thiophenes derivatives correlating
with the docking studies in formation of complexbinding targets, which may be important inhibitors of
NMT in the development of new drugs to
Leishmaniasis.

Results and Discussion
The 2-amino thiophenes derivatives were obtained
5
in two steps: through the Gewald synthesis ,
followed by condensation of heterocyclic aldehydes,
providing the final compounds (Scheme 1).
O

CN

S8
EtOH
Base
0ºC - R.T

CN

O

NH2

S

heterocyclic aldehyde
H

N
H

CN

VL01

AcOH
EtOH, R.T.

O
H

CN

VL05

A crystal structure of Leishmania major NMT with
bound myristoyl-CoA and thiophene derivatives
ligand were obtained by PDB (4A2Z). The docking
simulations were performed on the Auto-Dock 4.2
software. The preparation of receptor and ligand was
carried out using VEGA ZZ 3.0.1 and MOLEGRO
MOLECULAR VIEWER 2.5. The IC50 and energy
results are shown in Table 1.
Table 1. Values de IC50 (μM) and Energy (kcal/mol).

Molecule

IC50

E

VL01
VL05
VL09

7.37
164.66
189.3

-9.92
-9.83
-7.24

All derivatives 2-amino-thiophenes showed in vitro
activity against promastigotes of L. amazonensis,
with IC50 of 7.37μM (VL01), 189.3μM (VL05) and
164.66μM (VL09). The condensed thiophene
derivative with indole aldehyde (VL01) showed the
best results (IC50 and E). This can be explained due
to derivative contain NH that can act as a dual point
of connection with the biological target, while the
other (VL05 and VL09), despite having a lower
activity, also can interact with the target can being
only acceptor of hydrogen bond.

Conclusions
All compounds showed satisfactory results but
VL01 showed the best IC50 value and best result of
docking,
which
makes us conclude that
computational tools are useful in developing new
drugs with potential for chemotherapy of
Leishmaniasis.
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Scheme 1. Synthesis of new thiophenes derivatives.

All compounds obtained had satisfactory yields,
their physicochemical characteristics determined and
structures confirmed through different methods, by
1
13
H and C NMR and IR.
The determination of 50% inhibitory concentration
the parasite (IC50) was performed with promastigotes
of Leishmania amazonensis.
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Introduction
Leishmaniasis is a serious disease caused by
different protozoan parasites of Leishmania genus.
Data from World Health Organization (WHO)
estimated that leishmaniasis threatens 350 millions
of people and it is responsible for about 2 million
clinical cases each year in 88 countries.1 Currently,
there is an important demand for the development
of new treatments against Leishmaniasis, which
have primarily features as inexpensive, potent, safe
and easy administration. This way, lignans represent
a well-known group of natural products with antiprotozoal activity.2 In the literature there are many
examples of the anti-parasitic activity of synthetic
2
analogues of lignans containing sulphur bridges.
Thus, the main objective of this project is to obtain
thiophene-based analogues by using the Negishi
cross-coupling reaction.

Figure 1. Compounds 5a and 5b induce different
levels of cell death on promastigote form of L.
amazonensis . NT: Not treated. Amp: Amphotericin
B (2 µg mL-1).
The next step was to verify the impact of
compounds 5a and 5b on the viability of J744A.1
macrophages. Interestingly, both compounds and
negative control (non-treated macrophages) showed
similar levels of cell death on macrophage (Figure
2).

Results and Discussion
In our synthetic approach to thiophene-based
analogues of lignans, we have planned to apply the
Negishi cross-coupling reaction for the double
arylation of the thiophene ring (Scheme 1). Best
results were obtained when the cross-coupling
reaction was performed in a microwave reactor (45
min at 100 °C).

Figure 2. Treatment of J774A.1 cell line with
compounds 5a and 5b does not cause cell death.
H2O2: Hydrogen peroxide (an inducer of cell death);
NT: not treated. A letter indicate significant (P <
0.05).

Conclusions
In summary, the application of the Negishi crosscoupling reaction in the microwave assisted
synthesis of thiophene-based analogues of lignans
has allowed the isolation of the desired 2,5diarylthiophenes in good yields. In addition, the
compounds
appeared
to
induce
selective
leishmanicidal effect with low (5a) or moderate (5b)
potencies compared to Amphotericin.
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Introduction
Schiff bases comprise an important class of organic
compounds that have been found to possess varied
biological activities such as antibacterial, antitumor,
antioxidant,
antifungal
and
antiviral.1
1,3benzoxathiol-2-one heterocyclic nucleus and its
derivatives have been reported as important
pharmacophores that exhibit
antibacterial,
antimycotic, antioxidant, antitumor and antiinflammatory activities.2
In this context, a novel series of Schiff bases 4
containing the 1,3-benzoxathiol-2-one moiety was
designed (Figure 1), synthesized and evaluated for
their in vitro antibacterial activity.

All structures were confirmed by IR, 1H NMR, 13C
NMR and ESI-MS spectra. The in vitro antibacterial
activities of the new substances were evaluated
against different Gram-positive and Gram-negative
strains and the relevant data are shown in Table 1.
Table 1. Antibacterial activities of 4b, 4d, 4n and 4o.
Cmpd
4b
4d

4n

4o

Figure 1. Design of the novel Schiff bases.

Results and Discussion
The Schiff bases 4 were synthesized from selective
nitration at position 5 of thioxolone (1) followed by
reduction of the nitro group, leading to the key
intermediate (3). Further reactions between 3 and
the
corresponding
benzaldehydes
and
heteroaromatic aldehydes in ethanol afforded the
desired compounds 4a-r (Scheme 1).

Bacterial strain

MIC
(μg/mL)

Serratia marcescens ATCC14756****

256

Staphylococcus aureus ATCC 25923*

64

Pseudomonas aeruginosa ATCC27853****

64

Staphylococcus aureus ATCC 25923*

64

Staphylococcus epidermidis ATCC 12228*

32

Enterococcus faecalis ATCC 29212***

128

Pseudomonas aeruginosa ATCC27853****

32

Serratia marcescens ATCC14756****

128

Staphylococcus aureus ATCC 25923*

64

Staphylococcus simulans ATCC 27851**

128

Pseudomonas aeruginosa ATCC27853****

64

Reference drugs: vancomycin *MIC = 0.25 μg/mL; **MIC = 0.50
μg/mL; ***MIC = 2.00 μg/mL; ciprofloxacin ****MIC = 0.125
μg/mL.

Conclusions
Eighteen novel Schiff bases bearing the 1,3benzoxathiol-2-one core were synthesized through a
simple and reproductive methodology in good yields.
Compounds 4a-r were evaluated for their in vitro
antibacterial activity and four of them exhibited
moderate activity, being 4n the most active one. All
novel synthesized molecules are also currently
being evaluated for their antifungal activity and the
preliminary results are very promising.
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Introduction
Peroxisome
proliferator-activated
receptors
(PPARs) are a sub-family of nuclear receptors with a
broad spectrum of roles in metabolism and
catabolism, occurring in three isoforms: PPARα,
PPARβ and PPARγ.¹ The PPARγ is involved in the
expression of genes related to important physiologic
pathways, such as the glucose and the fatty acid
metabolism, thus being an interesting target for
metabolic syndrome and type 2 diabetes mellitus
(DM) therapies.¹
Given the importance of glucose lowering drugs
to the management of DM, the discovery of new
scaffolds as PPARγ modulators that can induce the
beneficial effects associated with the receptor
activation and minimize the side effects is an
important issue. In this work, we used a structurebased strategy to search for new PPARγ ligands
and synthesize the target molecule identified, as well
as other analogues of interest.²

proposed for the synthesis of tetrazole 1 and
analogues (1a and 1b).
K2CO3

H
N

O

R

R

N N

(1 - 1b)

(4 - 4b)
NH2CN
NaBH4
H3BO3

NaN3
ZnCl2

H
N

O

O

EtOH
(3) R = Me
(3a) R = F
(3b) R = Cl

N

H
N

O

H2O
R

CN

(5 - 5b)

Scheme 1. Proposed synthetic route.

The key step of this methodology was the
preparation of substituted cyanamides (5 - 5b)
through a reductive amination reaction using the
commercial cyanamide reagent. Since there is no
report of preparation of cyanamides through
reductive amination, tests were carried with two
oxygen-substituted aldehydes to verify if this
reaction was efficient for the synthesis of the
proposed ligands. The yields obtained in this simple
process are presented in scheme 2, certifying its
O
efficiency.
NH CN
R
CN
R1

H

2

1

N
H

NaBH4
H3BO3

R2

R2

(6) R1 = -OMe, R2 = -OH
(6a) R1 = R2 = -O-CH2-O-

(7) 67%
(7a) 65%

Scheme 2. Yields of cyanamides prepared.

The molecules were successfully prepared with
just one purification procedure after the tetrazole
ring formation, been quickly obtained in the scale of
grams after these three sequential reaction steps.
With the interest to evaluate more analogues in
the biological assays, compounds 8 - 8b were
prepared by using vanillin (6) instead of aldehyde 2
in the first step of the synthesis.
N NH
H
N

O

MeO
N
N N

R

NH

(1) 35%
(1a) 35%
(1b) 43%

N
H

N

N

O
R

(8) 35%
(8a) 34%
(8b) 36%

Figure 2. Yields of the tetrazoles prepared.

Figure 1. Active site of the PPARγ with TZD.

The molecular docking was performed using the
“drugs now” set, acquired from the ZINC database,
and the results were selected by interaction energies
and visually analyzed.
Among the results, the most promising molecule
was a tetrazole (1), thus motivating its
unprecedented synthesis as well as other analogues
for biological assays, as small structural
modifications can induce specific transactivation of
PPARγ. The synthetic route shown in scheme 1 was

Cl
R

(2)

Results and Discussion
Molecular dynamic simulations showed the main
aminoacids present in the site of binding for the
rosiglitazone (TZD), which is a well known full
agonist of the receptor. In this experiment, we used
the crystal structure 1FM6 of the Protein Data Bank
(PDB).

+

O

HO

Conclusions
This simple and efficient method allowed the
synthesis of different ligands that now are being
employed to biological assays in vitro and in vivo.
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Introduction
Schistosomiasis is recognized by WHO as a
serious public health problem, affecting countries
of Africa, Latin America, Caribbean and Middle
East [1]. The drug used for chemotherapy of
this disease is praziquantel [2]. However, cases
are reported in the literature of possible S.
mansoni strains resistant to this treatment, there
is a need to develop new drugs, more effective
and
less
toxic
for
the
treatment
of
schistosomiasis. Thus, medicinal chemistry
has been highlighted in the development of new
drugs [3]. Several strategies are employed for
molecular design and can be brought to
synthesis of a new drug candidate for possible
therapeutic agent. These strategies are essential
because perfect these molecular changes,
thereby reducing side effects and increasing their
therapeutic potential [4]. For this work,
we
highlight the
bioisosterism. The
imidazolidinic core is a pentagonal heterocycle,
important pharmacophore present in many
biologically active compounds, known in the
literature by its broad spectrum of biological
activities [5], including schistosomicidal activity
[6,7]. The compounds, LPSF/FZ-22 and LPSF/RH
41were obtained according to the following
synthesis scheme:

The compounds were structurally supported by
and
IR
and
its
physico-chemical
NMR
characteristics.
The
cytotoxicity
of
the
imidazolidines derivates FZ-22 e RH-41 was 6,7
μg/mL and >100 μg/mL, respectly presenting less
cytotoxic than PZQ (<1 μg/mL). For in vitro assays,
the compound FZ-22 showed a mortality rate of
25% at concentrations of 80 μg/mL, being able to
reduce body movements of the parasites. The
compound RH-41 showed a mortality rate of 75% at
concentration of 80 μg/mL. The presence of the
sulfur atom at position 4 of compound RH-41 was
important to increase the schistosomicidal activity of
the compound unlike FZ-22, which have an oxygen
atom in the same position factor. This difference
may have allowed a better drug-receptor interaction
due to the increased size of the atom at the 4
position of imidazolidine, which allows electrons to
the sulfur becomes more available for the formation
of intermolecular interactions with amino acid
residues in proteins of the parasite [8,9].

Conclusions

Based on these results, we see promising
antischistosomal
activities
of
imidazolidines
derivatives in vivo tests to better evaluate these
compounds are still needed.
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The
imidazolidines derivatives were taken for
cytotoxicity assays using J774 macrophage
lineage from mice at six concentrations (100,
80, 40, 20, 10 e 5 μg/mL) and for in vitro assays
against adult worms of S. mansoni in six
concentrations (100, 80, 40, 20, 10 and 5 mg /
ml) was monitored every 24 hours for 6 days.
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Introduction
3,4-Dihydropyrimidin-2(1H)-thiones (DHPMs) are
privileged scaffolds that are known to exhibit
interesting biological activities. Monastrol, an
example of DHPM, was the first inhibitor of mitotic
kinesin Eg5 discovered.1 Eg5 plays an important
role in the formation and maintenance of the bipolar
mitotic spindle during cell division; 2 inhibition of this
enzyme can interfere with cell division and can be
explored as a new mechanism to target cancer cells.
For this reason, monastrol derivatives appear as
promising leads on the search for new
chemotherapics. In vitro and molecular docking
studies show that DHPMs with lipophilic
substituents on C5 exhibit the lowest IC50 values
over cancer cells.3 Alongside, triazoles can be
thought of as linkers between a molecule and its
side chain, not only because they are fairly stable
functional groups but also because they can act as
farmacophores, as they are able to actively engage
in π-stacking interactions and hydrogen bonding
with an enzyme.4 Therefore, the aim of this study
was to combine Biginelli rection for the synthesis of
DHPMs and 1,3-dipolar Huisgen (click) reaction for
the synthesis of 1,4-disubstituted-1,2,3-triazoles, to
synthesize DHPM / triazole hybrids with potential
anticancer activity.

Results and Discussion
Firstly, propargyl acetoacetate (prop-2-yn-1-yl 3oxobutanoate) was prepared by transesterification
reaction between ethyl acetoacetate and propargyl
alcohol under catalyst-free conditions, using toluene
as solvent.5 The freshly prepared prop-2-yn-1-yl 3oxobutanoate was then reacted with azidobenzene
via 1,3-dipolar Huisgen reaction, using t-BuOH/H2O
(1:1) as solvent as CuSO4 / sodium ascorbate as
catalyst, under microwave irradiation. The
functionalized acetoacetate was then reacted with
thiourea and 3-hydroxy-benzaldehyde under
classical Biginelli reaction conditions to afford the
DHPM / triazole hybrid (Figure 1). The desired
product (R = H; R1 = 3-OH) was successfully
obtained with low overall yields and its structure was
confirmed by FT-IR and H1-NMR analysis.

Figure 1. Synthetic route. a) Toluene, 120°C, 48h.
b) CuSO4/sodium ascorbate, t-BuOH/H2O (1:1),
MW, 18W, 70°C, 15’. c) HCl, EtOH, 80°C, 24h.

Conclusions
The transesterification reaction between ethyl
acetoacetate and propargyl alcohol was performed
efficiently to obtain the key reactant prop-2-yn-1-yl
3-oxobutanoate with excellent yields. Huisgen
reaction between azidobenzene and the alkyne was
successful to obtain the appropriate intermediate
with high yields. Biginelli reaction was carried out to
the desired derivative; however the reaction did not
occur efficiently, giving only low yields of the
product. As continuation of this work, azides with
different substitution patterns (electron withdrawing
and donating groups at different positions) that have
already been synthesised will be explored in the
click reaction. Also, Biginelli reaction will be further
investigated,
employing
different
aromatic
aldehydes to obtain a larger number of possibly
active DHPMs with better yields. These derivatives
will then be screened in vitro against cancer cells.
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Positional isomers of 1,2,3-triazole retinoids derivatives: Synthesis,
Biological Anticancer Evaluation and Docking Studies
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Table 2. Optimized dock scores of best poses of the
Introduction
compounds AM 580 and 1-2.

Retinoids are a class of analogues compounds of
vitamin A involved in a great number of biological
1
activities, especially in apoptosis and cancer. The
biological effects of retinoids occur due to
modulation of acid receptors (RARs) and retinoid X
receptors (RXRs), each having three target
1
subtypes: α, β and ɤ. Synthesis of specific subtypes
RAR and RXR retinoids compounds have
contributed obtaining more potent anticancer
derivatives with less toxicity. AM580 is a selective
RARα receptor agonist with anti-proliferative activity
containing an amide group. We designed retinoid
analogues 1-2 of AM580 through bioisosteric
replacement of amide group by 1,2,3-triazole core
(Figure 1).

Compound

1
2
3

AM580
1
2

Mol dock
(kcal/mol)
-162,281
-169,362
-173,398

Interaction
with Ser 232
Yes
Yes
Yes

The RARα receptor has the 3KMR code (PDB).
Interactions with Ser 232 indicated selectivity on RARα
receptor. Similar dock scores and same interactions
types can be observed in compounds AM580, 1 and 2
(Table 2, Figure 3-4).

N N
N

Bioisosterism

COOH

1

COOH

H

Entry

N

N N
N

O

AM580

COOH

2

Bioisosterism

Figure 1. Design of 1,2,3-triazole retinoid isomers 1-22

Results and Discussion

Figure 3. Interactions of 1 on RAR alfa receptor

The 1,2,3-triazole positional isomers analogues 1-2
were obtained by “Click Chemistry” strategy (Figure
2).
H
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Figure 2: Synthesis of triazole retinoids 1-2
Compounds 1-2 obtained were evaluated for
antiproliferative activity against human leukemic cells
(HL60), chronic myeloid leukemia cells (K562),
human renal cell carcinoma (786) and colorectal
adenocarcinoma cells (HT-29) [Table 1].
Table 1. Antiproliferative activity of 1-2.
b

IC50 (μM)

a

Compound

HL 60

K562

786

HT-29

1

16,8

66,6

21,6

6,7

2

39,7

76,5

66,5

19,5

a

IC50(µM) is the concentration required for 50% inhibition of
cell growth. bAM580 = 9 µM in HL60 cells.

Docking results for compounds 1-2 in comparison
with retinoid AM580 are presented in Table 2.
th

Figure 4. Interactions of 2 on RAR alfa receptor

Conclusions
Molecular docking studies cannot predict the
differences of anticancer activity between 1 and 2.
So, it is always necessary to synthesize and evaluate
the biological activity of the two possible positional
isomers for retinoids containing 1,2,3-triazole core.
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Introduction
Cancer still remains a threat to humanity's health,
figuring among the leading causes of death
worldwide. In 2012, cancer was responsible for 8.2
million deaths and it is expected that annual cases
will rise from 14 million in 2012 to 22 within the next
1,2
two decades.
Many efforts have been directed
towards the development of new chemotherapeutic
3
agents.
Heterocycles comprise a class of compounds that
draw synthetic interest due to their occurrence on
natural products and pharmacologically active
4
substances. Among them, pyrazoloquinolines and
benzothiazoles have been reported as important
5-8
scaffolds with potential activity against cancer.
Therefore, we proposed to synthesize two series of
pyrazolo[4,3-c]quinolin-3-ones
containing
the
benzothiazole moiety 6a-f and 8a-f with potential
antitumor activity based on our previous results and
on bioactive molecules reported in the literature
5-8
(Figure 1).

Scheme 1. Synthetic route for the synthesis of the novel
heterocycles.

The in vitro anticancer activities of compounds 6a-f
and 8a-f were assessed against three human cancer
cell lines (AGP-01 - gastric ascites, HCT-116 - colon
and SKMEL19 - melanoma) in comparison to
doxorubicin, the positive control, by using MTT
assay. The relevant data of IC50 and the hemolysis
assay results in µM are shown in Table 1.
Table 1. Antitumor activity of the compounds 6d, 6f, 8a
and 8e.
Compound
HCT-116 Hemolysis
6d
4.642
>200
6f
3.154
>200
8a
3.019
>200
8e
1.418
>200
Doxorubicin
0.1
>200

Conclusions
Figure 1. Design for the novel heterocycles 6 and 8.

Results and Discussion
Enamines derivatives 3a-f were synthesized from
treatment of the appropriate aniline (1a-f) with
diethylethoxymethylenemalonate in ethanol (2). In a
subsequent step, compounds 3a-f underwent a
thermal cyclization in diphenyl ether, afforded the
corresponding quinolones 4a-f. Refluxing these
quinolones in thionyl chloride led to the chloroderivatives 5a-f, which were coupled with 2hydrazinobenzothiazole (7) to give the desired
compounds 6a-f. Compounds 8a-f were synthesized
from N-ethylation of the pyrazoloquinolines 6 using
ethyl bromide and K2CO3 in DMF. (Scheme 1). All
compounds were identified and characterized by IR,
1
13
H NMR, C NMR and ESI-MS spectra.

th

Twelve novel pyrazoloquinolines containing the
benzothiazole moiety were synthesized and their in
vitro anticancer activities were evaluated. Despite
being less cytotoxic than doxorubicin, the results
reaffirm the potential cytotoxicity of these two
important scaffolds and pointed compound 8e as a
promising lead molecule for further investigation.
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Introduction
Alkylphosphocholines (APCs) are a promising
class of antineoplastic drugs which Miltefosine
(hexadecylphosphocholine)
is
the
prototype.
Differently from the available antineoplastic drugs,
APCs are believed to interact with cellular
membranes and inhibit protein kinases without
interfering with the genetic machinery1. However,
APCs’ use is limited due to gastrointestinal and
hemolytic toxicicities2. In this work, we designed,
synthesized and evaluated the antiproliferative
activity of alcoxycycloalkyl analogs of Miltefosine,
aiming at compounds with less hemolytic and
increased cytotoxic activity against tumor cells.

and 60 µM. Miltefosine, on the other hand, presented
significant activity.
Nonetheless, colony assays were carried out with
A549, H358, HeLa, MCF-7 and MDA-MB-231 cell
lines. Compound A showed about 50% inhibition of
HeLa cells, at concentrations of 30 µM, 60 µM and
100 µM (Figure 2).

Results and Discussion
Synthesis was carried out in four steps, starting
from alcohols previously obtained from symmetric
diols
(10-(cycloalkylmethoxy)1-decanol)3.
The
alcohols reacted with phosphorous oxychloride and,
subsequently, with N-methylethanolammine. Finally,
a methylation step with methyl iodide was performed,
resulting in the planned compounds 10(cycloexylmethoxy) n-decyl phosphocholine and 10(cyclobutylmethoxy) n-decyl phosphocholine4. Global
yields of 37% and 29%, respectively, and
chromatographic purity of 98% and 96%,
respectively, were obtained (Figure 1).

Miltefosine

A

B

Miltefosine

Figure 2. Colony assay for Miltefosine and
analogs A and B (Statistics: one-way ANOVA
after Bonferroni test).

Conclusions
In conclusion, owing to the low yields obtained,
more studies are necessary to establish a better
purification strategy for these compounds. Colony
assays demonstrate that compound A needs be
further investigated for it’s antiproliferative potential,
particularly considering that, given the structure, the
analogs planned should be less hemolytic than
miltefosine.
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Figure 1. Miltefosine
synthesized.

and

the

analogs

In the MTT cytotoxicity assay, no significant activity
was observed for the analogs against H358 (human
bronchioalveolar carcinoma) and A549 (human
alveolar adenocarcinoma) cell lines at 40 µM, 50 µM
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Introduction
Emerging infectious diseases (EIDs) are a
significant burden on global economies and public
1
health . It is noteworthy that fungi and bacteria infect
billions of people every year and their contribution to
the global burden of disease is largely
unrecognized;. In addition, sometimes these severe
well-known emerging diseases are difficult to
diagnose and subsequent usage of appropriate
antimicrobial therapy is difficult. Besides, this
worldwide public health situation has also become
alarming, due to the increase in the frequency of
isolation of resistant fungi and bacteria species even
2
in Brazil . As with all antimicrobial agents, the
spectra of emergence of resistance is a real one,
and appropriate vigilance in the arms race between
pathogens and humans means that novel targets
and new inhibitors will continue to be required for
effective antimicrobial therapy in the future. Among
several possible novel bioactive compounds,
hydrazones provide a rich platform and suitable
building blocks for the design of novel bioactive
compounds, since they are very easy obtaining
compounds and they have ever been demonstrated
a large variety of biological activities, such as:
antimicrobial, anticonvulsant, analgesic, antiinflam
3
matory, antiplatelet, antitubercular and antitumoral .
The present work shows the obtained results about
the synthesis (Figure 1) and the biological activity of
some glycolic, thioglycolic and 3,3’-bis-tia-propanoic
bis-hydrazones against clinically relevant bacterial
and fungal pathogens.

Results and Discussion
The bis-hidrazones 3 derived from thioglycolic
(X=S;n=1), glycolic (X=O; n=1) and 3,3’-bis-thiapropanoic (X=S;n=2) acids were prepared through
the synthetic route described in Figure 1. The diethyl
esters 1 were obtained using microwave irradiation;
these esters were transformed, with ultrasound
irradiation, in the corresponding hydrazides 2 and
these derivatives were submitted to reaction with
furfural, 5-nitrofurfural and 2-pyridyl carboxaldehyde
to yield the respective hydrazones in good global
yields. All synthesized compounds were well
characterized by spectrometric techniques (IR, ESIMS, 1H and 13C NMR) and elemental analysis.

th

i) EtOH,H2SO4,reflux,MW;ii) NH2NH2.H2O,EtOH,)))); iii) Furfural,
5-nitrofurfural, 2-pyridinecarboxaldehyde, EtOH/AcOH, reflux;

3.1a:X=S,n=1,R=furan;3.2a:X=S,n=2,R=furan;
3.1b:X=S,n=1,R=5-NO2-furan;3.2b:X=S,n=2,R=5-NO2furan;3.1c:X=S,n=1,R=2-pyridyl;3.2c:X=S,n=2,R=2-pyridil;
3.3a:X=O,n=1,R=furan; 3.3b:X=O, n=1, R=5-NO2-furan;
3.3c:X=O,n=1,R=2-pyridyl

Figure 1. Synthetic route to bis-hydrazones derived
from glycolic (X=O,n=1), thioglicolic (X=S, n=1) and
3,3’-bis-thia-propanoic acids (X=S,n=2) hydrazides
These compounds were tested against bacterial
(Pseudomonas aeruginosa, Salmonella typhimurium,
Bacillus cereus, B. subtilis, Enterococcus faecalis,
Lactobacillus
casei,
Listeria
monocytogenes,
Staphylococcus aureus, Strepctococcus sanguinis,
Citrobacter freundii, Escherichia coli) and fungal
(Candida spp.- C. albicans,C. glabrata and C.
krusei), Paracoccidioides brasiliensis, Cryptococcus
neoformans and Sporotrix schenckii) pathogens.
Susceptibility assays were performed according to
the CLSI and some of the tested compounds
showed promising antimicrobial activities.

Conclusions
These substances are very promising candidates
as novel antimicrobial agents for treatment of
emerging infectious diseases (EIDs).
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Introduction
Cancer still remains a threat to humanity's health,
figuring among the leading causes of death
worldwide. In 2012, cancer was responsible for 8.2
million deaths and it is expected that annual cases
will rise from 14 million in 2012 to 22 within the next
1,2
two decades. In this context, the major challenge
is the development of more selective and potent
chemotherapeutical agents.
Benzothiazoles represent an important class of
heterocyclic compounds that have attracted special
attention due to their diverse biological activities,
3
including antitumoral. For some time, we have been
interested in structures of aryl-NH-N=CH-aryl,
especially those having some pharmacologically
4,5
important heterocycles.
Therefore, we report herein the synthesis and
anticancer activities of a series of (E)-2benzothiazole hydrazones 3a-q.

Results and Discussion
The synthesis of the benzothiazole hydrazones 3
involved the reaction between 2-hydrazinyl-1,3benzothiazole 1 with different benzaldehydes and
heteroaromatic aldehydes in ethanol at room
temperature leading to the desired compounds 3a-q
in 72-95% yields (Scheme 1). All structures were
1
13
confirmed by IR, H NMR, C NMR and ESI-MS
spectra.

positive control, by using MTT assay. The significant
results are shown in Table 1.
Table 1. Anticancer activities of benzothiazole derivatives
3.

Cmpd.
3a
3c
3l
3m
3n
3o
3p
3q
Dox

HL-60
1.66
13.61
5.51
11.47
0.35
0.59
1.89
4.60
0.04

IC50 (μM)
MDAMB-435
14.01
> 17.52
> 16.81
> 15.13
> 17.52
6.27
14.44
> 18.56
0.88

HCT-8
13.52
> 17.52
> 16.81
> 15.13
1.29
11.18
3.43
> 18.56
0.02

In addition, none of the compounds was capable to
cause
hemolysis
in
mouse
erythrocytes.
Compounds 3a-q were also submitted to the
Lipinski’s rule of five analysis: (MW) ≤ 500 g/mol, a
clogP ≤ 5, (HBA) ≤ 10, (HBD) ≤ 5 and (PSA) ≤ 140
2
A . Among them, 3a-c, 3e-f, 3h, 3j and 3n-q fulfilled
all the parameters which suggest that they may have
a good oral biodisponibility.

Conclusions
Seventeen (E)-2-benzothiazole hydrazones were
synthesized and their in vitro anticancer activities
were evaluated. The good cytotoxicity for the three
cancer cell lines and theoretical profile of
compounds 3o and 3p pointed them as promising
lead molecules for anticancer drug design.
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Scheme 1. Synthetic route for preparing the (E)-2benzothiazole derivatives.

The in vitro anticancer activities of compounds 3a-q
were assessed against three human cancer cell
lines (HL-60 - leukemia, MDAMB-435 - breast and
HCT-8 - colon) in comparison to doxorubicin, the
th
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Introduction
Dihydrofolate reductase (DHFR) is one of the key
enzymes in the process of DNA replication, it
catalyzes the transformation of 7,8-dihydrofolate into
tetrahydrofolate. DHFR has a proven record as a
drug target in the treatment of bacterial, parasitic
infections and cancer chemotherapy. Parasitic
diseases are one of the causes of mortality and
morbidity worldwide. WHO estimates that one billion
people are affected by parasitic infections, such as
malaria,
leishmaniasis,
trypanosomiasis
and
schistosomiasis. The majority of the drugs used to
treat these diseases is old and has several
limitations, including high cost, poor efficacy, and
toxicity. Thiazole heterocycle represents an
important synthon which is responsible for numerous
biological activities such as the antimicrobial agent
Sulfatiazol, and the antineoplastic agents Tiazofurin,
Netropsin, Thia-netropsin. On the other hand, 1,2,4triazole represents an important pharmacophore that
plays a vital role as medicinal active agents
exhibiting variety of biological potencies such as
antimicrobial,
antifungal,
antitubercular
and
anticancer agents. The aim of this study is to identify
novel synthetic lead compound(s) tackling the folate
pathway.

respectively; while compound 36 exhibited LC50
values of 23.5 and 17.4 mM against colon carcinoma
HCT116 and caucasian breast adenocarcinoma
MCF7 cell lines, respectively.
The bioscreening results revealed that compounds
16, 17, 20, 21, 22, 26, and 29 possessed
reproducible and confirmed in vitro antischistosomal
activity with percentage mortality range of 5-100% at
concentration of 50 mg/ml.

Results and Discussion
The synthesis of the target compounds is depicted in
Scheme 1. All compounds showed weak to
moderate DHFR inhibition with IC50 values range of
5.0-40.0 mM, except compound 34 (IC50, 0.03 mM)
which proved to be 2.7 fold more active than the
positive control MTX (IC50, 0.08 mM).
Compounds 18, 22, 24, 25, 29, 32, and 36 were
moderate to strong active against the Gram-positive
bacteria S. aureus and B. subtilis. In regard to the
antitumor selectivity among the used tumor cell lines,
compounds 23 and 26 proved to be selective toward
the lung carcinoma A549 cell line with LC50 values of
33.2 and 35.4 mM, respectively; while compound 24
proved to be selective toward hepatocellular
carcinoma HePG2 cell line with LC50 value of 29.1
mM. Compounds 28 and 36 exhibited antitumor
potency comparable to the standard drug
doxorubicin. Compound 28 showed LC50 values of
25.0, 18.9 and 23.8 mM against lung carcinoma
A549, hepatocellular carcinoma HepG2, and
caucasian breast adenocarcinoma MCF7 cell lines,
th

Conclusions
It seemed to be that the type of substituent at the 2amino group of the thiazole nucleus or at the 4phenyl ring attached to the 1,2,4-triazole function
manipulate the type and magnitude of activity.
Molecular modeling study performed and concluded
that recognition with key amino acid Leu4 and Val1
is essential for binding and the DHFR inhibition
activity.
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each group and bars represent the standard error of
the mean. *P < 0.05, **P < 0.01, ***P < 0.001 vs.
control.

Introduction
Leishmaniasis current therapy is expensive,
required long-term treatment and cause severe side
1
effects . These observations prompted us to
investigate the in vivo leishmanicidal activity of novel
synthetic derivatives, designed from molecular
modification on the prototype LASSBio-1064
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Figure 1. Effect of hydrazide-N-acylhydrazone
derivatives treatments (100 or 30 µmols/kd/dia x
28 days) parasite burden throughout in Golden
Syrian hamster infected with L. chagasi. The
parasite loads of infected spleen were determined
using a quantitative limiting-dilution assay. Values
are the mean of parasites loads in five hamsters in
each group and bars represent the standard error of
the mean. *P < 0.05, **P < 0.01, ***P < 0.001 vs.
control.
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Figure 3. In vivo effect of hydrazide-Nacylhydrazone derivatives treatments (100 or 30
µmols/kd/dia x 28 days) on serum ALT (A) and
AST (B) levels of Golden Syrian hamster infected
with L. chagasi. Lesion sizes were monitored
weekly. Values are the mean of lesion sizes in five
mice in each group and bars represent the standard
error of the mean. *P < 0.05, vs. control.
The results of in vivo leishmanicidal effect against
L. chagasi are shown in Figure 1. The compounds
LASSBio-1707 and LASSBio-1736 at dose of 30
µmols/kg/day x 28 days showed pronounced in vivo
anti-leishmania activity, such as immunomodulatory
effect (Figure 2), without induce alteration of hepatic
enzyme levels on serum (Figure 3).
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Figure 2. In vivo effect of hydrazide-Nacylhydrazone derivatives treatments (100 or 30
µmols/kd/dia x 28 days) in spleen weight of
Golden Syrian hamster infected with L. chagasi.
Spleen weight was verified in last day of treatment.
Values are the mean of lesion sizes in five mice in
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The derivatives LASSBio 1707 and LASSBio 1736
can
be
considered
lead
candidates
for
antileishmanial
drugs
development
because
presented pronounced in vivo leishmanicidal activity
against L. chagasi.
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Morphological ultrastrutural analysis

Introduction

Medium (48h)

Leishmaniasis is a public health issue and is
1
among the five parasitic diseases worldwide . The
current treatment disease includes limitations of
toxicity, variable efficacy, high costs and
2
inconvenient doses and treatment schedules .
These observations prompted us to investigate the
in vitro leishmanicidal activity of novel synthetic
derivatives, designed from molecular modification on
the prototype LASSBio-1064

DMSO 0.1% (48h)

5000X
Miltefosine 100µM (48h)

5000X
LASSBio 1705 100µM(48h)

Resultsand Discussion
Leishmanicidal effect
forms of L. chagasi

against

amastigote

Table 1. Effect of hidrazide-n-acylhydrazone
derivatives against amastigote forms of L.
chagasi.
a

Substance

LC50
(µM± S.E.M)
76.7 ± 2.9
65.1 ± 4.9
>100

LASSBio 1736 100µM(48h)

Maximum Effect
(% ± S.E.M.)
85.1 ± 0.6**
66.4 ± 3.7**
NA

Miltefosine
Pentamidine
LASSBio 1064
LASSBio 1492
58.3 ± 2.0
57.7 ± 4.9**
(Série III)
LASSBio 1493
>100
36.9 ± 2.8*
(Série III)
LASSBio 1705
>100
42.8 ± 2.6**
(Série III)
LASSBio 1707
53.3 ± 2.6
63.3 ± 3.1**
(Série III)
LASSBio 1706
>100
NA
(Série IV)
LASSBio 1710
55.0 ± 4.0
58.9 ± 4.9*
(Série IV)
LASSBio 1736
57.6 ± 5.2
57.0 ± 1.9**
(Série IV)
LASSBio 1493
>100
36.9 ± 2.8*
(Série III)
LASSBio 1705
>100
42.8 ± 2.6**
(Série III)
Data are reported as means ± S.E.M. Differences with a **p<0.01
wereconsidered significant in relation to DMSO 0.1% group. a:
LC50 is the concentration required to give 50% inhibition,
calculated by linear regression analysis from the Kc values at
employed concentrations; NA: When the compound isn’t active; : substance not tested.

The results of degree of cytotoxicity against L.
chagasi are shown in Table 1. The derivatives
LASSBio 1092, LASSBio 1707, LASSBio 1710 and
LASSBio 1736 showed deleterious activity to
amastigote of L. chagasi.

th

5000X5000X

5000X

Figure 1. Scanning electron microscopy of L.
chagasi promastigotes after LASSBio 1705 and
LASSBio 1736 treatments.
Moreover, LASSBio 1705 and LASSBio 1736 also
induced morphological alterations in promastigotes
of L. chagasi, such as shows the Figure 1.

Conclusions
The derivatives LASSBio 1705, LASSBio 1707 and
LASSBio 1736 can be considered lead candidates
for antileishmanial drugs development because
presented pronounced leishmanicidal activity
against L. chagasi.
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Synthesis of phenylpropanoid esters of monoterpene alcohol with
potential pharmacological activity
1

1

1

1

1

Borges, F. V. P. *; Teles, M. M. R. S. ; Maciel, R. S. S. ; Rodrigues. L. C. ; Barbosa-Filho, J. M. .
(luiscezarodrigues@gmail.com)
1

Programa de pós-graduação em Produtos Naturais e Sintéticos Bioativos, Centro de Ciências da Saúde,
Universidade Federal da Paraíba.
Keywords: phenylpropanoid esters of monoterpene alcohols, Wittig-Horner reaction, Bornyl trans-ferulate,
and α-terpineol trans-caffeate.

Introduction
The phenylpropanoid esters of monoterpene
alcohols are usually found in low concentrations in
natural environments, like α-terpineol trans-caffeate,
which usually prevents some studies of toxicity and
pharmacology. There are reports of pharmacological
1
activities toward the parasite Tripanossoma Cruzi
2
and anti-inflammatory . Has been shown to have
antitumor ferulate Bornila action against strains of
3
PC12 feocromocitoma being a potential agent for
the treatment of supra-adrenal tumors.

Results and Discussion
The Wittig-Horner Reaction is an alternative
pathway to preparation of phenylpropanoids esters of
monoterpenes alcohols.
Was synthesized using the Wittig-Horner
methodology where an aldehyde is reacted with a
phosphorus ylide.
In a dry reaction tube with lateral outlet, was
weighed (-)-borneol (0.5 g, 3.2 mmol, 1.0 eq)
dissolved in 2.5 mL of dry dioxane, forming a
colorless homogeneous solution which was added
the chloride chloroacetyl (0.4 g, 3.5 mmol, 1.1 eq.)
Then the reaction tube was heated with oil bath,
adjusting a refrigerated cold finger and refluxed for
2h. The triphenylphosphine (0.92 g, 3.5 mmol, 1.1
eq) was added and the reaction tube maintained at
reflux for an additional 90min, then was added solid
potassium tert-butoxide potassium carbonate (0.39
g, 3.5 mmol , 1.1 eq), with stirring for 1h then add
vanillin solid (0.49 g, 3.2 mmol, 1.0 eq), the reaction
mixture was again heated and maintained reflux for
2h. The resulting residue was purified by preparative
plate chromatography (CCDP) with silica gel as
stationary phase and a mixture of hexane / ethyl
acetate in the ratio of 90:10 as mobile phase thus
obtained was 0.52 g, 52% yield, a white solid, that
was showed as Bornyl trans-ferulate.
The same methodology was used to synthetize αterpineol
trans-caffeate,
using
3,4-hidroxybenzaldeyde instead of vanillin, and has 20% yield.

th

Figure 1. Structures of Bornyl trans-Ferulate
and α-Terpineol trans-Caffeate.

Conclusions
Phenylpropanoic esters of monoterpene
alcohols already had their pharmacological activities
reported in the literature. Then the Wittig-Horner
reaction proved to be a good alternative for the
synthesis of esters of monoterpene alcohols
phenylpropanoic this work were successfully
synthesized two compounds: the trans-Ferulate
bornyl and a-terpineol trans-presenting Caffeate
yields of 52% and 20%, respectively.
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Introduction
The Gewald reaction is a multicomponent reaction
involving aldehydes or ketones, an methylene active
compound, elemental sulfur in basic medium, which
generates as product substituted 2-aminothiophenes. These compounds were a category of
important precursors broadly employed in the
synthesis of agrochemicals, dyes and especially
pharmaceuticals, presenting biological properties as:
antitumor, antifungal, antibacterial, antiviral, anti1
inflammatory and herbicide. The synthesis of these
bioactive compounds usually cause risk to human
health and damage to the environment, since they
reagents are toxic and/or flammable substances.
2
Thus, Green Chemistry is an important strategy in
regard to preservation of the environment, in the
development of methods and/or alternative and
effective processes to reduce or eliminate the
amount of toxic reagents. This work aimed to
develop a methodology to obtain 2-amino-4,5,6,7tetrahydrobenzo[b]thiophene-3-carbonitrile (6CN) by
the replacement of organic bases and reaction
medium traditional by methodologies based in
principles of the green chemistry.

Results and Discussion
The thiophene derivative synthesized was obtained
through different methods changing solvents and
bases (Figure 1). The conventional method using
organic base (morpholine) in ethanol medium was
used to compare the results. All compounds were
purified and their physical and chemical
characteristics analyzed through TLC and melting
point.

Figure 1. Synthetic pathway of 2-amino-4,5,6,7tetrahydrobenzo[b]thiophene-3-carbonitrile.
The use of inorganic bases provided the compound
in good yields, high purity and at equivalent reaction
3
time when compared with the conventional method
(Table 1). Moreover, it has the additional advantages
of being very inexpensive, is practically non-toxic for
humans and the environment, odorless and water
soluble.
th

reaction,

synthesis,

Green

Chemistry.

Table 1. Reaction variants, physicochemical
characteristics and yields.
Code
1
2
3
4
5
6
7
8

Solvent
Reaction
Base
Yield F.P. (ºC)
reaction
time
ethanol morpholine
3h
66% 155-156
ethylene
morpholine
3h
77,9% 156-158
glycol
ethanol
NaOH
3h
0,17%
160
ethylene
NaOH
4h
1,8% 153-155
glycol
ethanol
K2CO3
3h
44,8% 153-158
ethylene
K2CO3
3h
65,9% 153-157
glycol
ethanol
NaHCO3
24h
97,3% 159-160
ethylene
NaHCO3
4h
94,2% 155-159
glycol

All inorganic bases showed satisfactory yields (44.8
to 97.3%), except sodium hydroxide (0.17% and
1.8%), a strong base. The use of ethylene glycol and
morpholine (code 2) showed higher yield (77.9%)
when compared to the conventional method (code 1)
(66%). The reactions using ethylene glycol and
inorganic bases had equivalent or superior yields
when compared with ethanol.

Conclusions
The compound was synthesized in good to excellent
yields, except for the reactions with sodium
hydroxide (NaOH), showing that inorganic bases are
viable to conducted Gewald reaction. The
procedures using ethylene glycol also demonstrated
that this solvent can be use as an alternative solvent
in Gewald reactions. Also equivalent reaction time
and high purity, comparable to other methods
described in the literature demonstrating that
inorganic bases (K2CO3 and NaHCO3) and ethylene
glycol are alternative, cheaper, less toxic, therefore,
"ecologically correct" for obtaining 6CN, opening the
possibility of obtaining others Gewald aducts by
these alternative conditions.
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Photodynamic effect of new quinolone-quinolino[2,3,4-af]-5,10,15triphenylporphyrin conjugates on S. aureus inactivation
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Introduction
The biomedical applications of porphyrins on
photodynamic therapy are well know, namely in the
treatment of oncological, dermatological and
ophthalmic diseases. Recent studies show that the
principle behind this therapy can be efficiently
extended to the photoinactivation of microorganisms
(PDI). In these approaches the combination of a
photosensitizing drug, oxygen and visible light is able
to produce lethal cytotoxic agents like singlet oxygen
1
( O2) which are responsible for the destruction of the
1
neoplastic tissues or microbial cells. In order to
obtain compounds with improved features to be used
in PDI, the possibility of coupling porphyrins with
other pharmacological active molecules is being
3
considered by different groups. Having in mind the
biological activities of 4-quinolone derivatives as
4
anticancer, antiviral and antimicrobial agents, herein
we report a methodology for the synthesis of new
quinolino[2,3,4-af]-5,10,15-triphenylporphyrin/4-quinolone conjugates (4a,b) and the evaluation of their
efficiency on bacteria photodynamic inactivation.

Results and Discussion
The synthesis of the mentioned conjugates was
performed through the Buchwald-Hartwig reaction
(B-H)
between
2-amino-5,10,15,20tetraphenylporphyrinatonickel(II) 1 and 6-bromo-4quinolones 2 in the presence Pd(OAc)2 and racBINAP as the catalytic system (Scheme 1), followed
4
by treatment with nitrobenzene at reflux. After
demetallation the desired quinolino[2,3,4-af]-5,10,15triphenylporphyrin derivatives 4a,b were obtained in
good yields.
O
Br

CO2Et
N
R

Ph
N

NH2

N

Ph

Ni

Ph

N

N
Ph

1

R
2

2, Pd(OAc)2
rac-BINAP,
t
BuOK,
Toluene,
110oC

Ph
N
Ni

N

R
CO2Et

O 1) PhNO2,
NH
reflux
2) H2SO4,
CH2Cl2,
t.a.
3a: R = Et (89%)
3b: R= n-Pent (67%)

Ph
N

N

N

CO2Et
O

4a: R = Et (60%)
4b: R= n-Pent (56%)

Scheme 1: Methodology for the synthesis of
derivatives 4a,b.
The photosensitizing ability of compounds 4a,b to
generate singlet oxygen was qualitatively evaluated
by monitoring the photodecomposition of singlet
oxygen quencher agent 1,3-diphenylisobenzofuran
th

(DPiBF). The results obtained showed a significant
photodegradation of DPiBF in both cases, even
higher than that observed for 5,10,15,20tetraphenylporphyrin (TPP), a good singlet oxygen
generator, used as a positive standard.
The photodynamic activity of conjugates 4a,b was
tested against Staphylococcus aureus and the best
results were obtained with conjugate 4a. This
derivative was able to photoinactivate 5 log of
bacteria after 180 minutes of irradiation with white
2
light at an irradiance of 150 mW/cm .

Conclusions
Two
new
quinolino[2,3,4-af]-5,10,15triphenylporphyrin/4-quinolone conjugates (4a,b)
were successfully obtained. Both derivatives
presented photo-oxidizing ability and conjugate 4a
proved to be a potential photosensitizer on the
photoinactivation of S. aureus.
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Introduction
Recently, isoxazoline derivatives have attracted
considerable attention in the field of chemical
medicinal, as that exhibited a wide range of
pharmacological activities including antitumor,
1
antifungal,
anti-inflammatory
activities .
Our
research group has been investigating the synthesis
of eugenol derivatives containing an isoxazoline
ring. This summary reports the synthesis and
antibacterial evaluation of new isoxazolines derived
from eugenol.

Results and Discussion
The Treatment of 1 with various nitrile oxides
(dipoles) provided heterocycles 4a-d in yields of 4360%. The dipoles are produced in situ from the
imidoyl chlorides dehydrohalogenation (2a-d). These
halogenated derivatives were synthesized from the
treatment of aldoximes with trichloroisocyanuric acid
(TCIA). The aldoximes were obtained from treatment
of different benzaldehyde derivatives (3a-d) with
2
NH2OH.HCl (Figure1).
All products (4a-d) were purified by flash
chromatography and characterized by FTIR, GC1
13
MS, CHN and H and C NMR spectra.

and another at 3.08 ppm (Jgem=15.9, Jcis=7.3 Hz)
confirmed that all products (4a-d) presented 3,53
disubstituted heterocyclic.
The antibacterial activity was determined using a
4
dilution method. Gram-positive and Gram-negative
bacteria and amoxicillin (standard) were used (Table
1). The products were evaluated in a screening
essay (128-80 g/mL) and those that exhibited some
inhibition were analyzed at lower concentrations to
obtain the minimum inhibitory concentration (MIC) of
the compounds. The 4-a and 4-c compounds
showed the best results of MIC values .
Table 1. CIM of isoxazoline derivatives 4 (a-d).
Bacteria

CIM (g/mL)
4-c 4-d Amoxiciline

4-a

4-b

E. coli

-

-

73

-

16

P. aeruginosa

-

-

-

-

-

P. mirabilis

-

-

-

-

-

P. vulgaris

-

-

-

-

-

S. aureus

80

-

54

-

4

E. faecalis

-

-

-

-

-

Conclusions

Figure 1. Synthesis of isoxazoline derivatives of
eugenol

The methodology used for the synthesis of
isoxazoline derived of eugenol was efficient. The
cycloaddition reaction affored products (4a-d) 3,5disubstituted heterocyclic in moderate yield. The 4-a
and 4-c products showed the highest percentage of
bacterial inhibition.
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Figure 2. H-NMR spectrum for compound 4-a.
As shown in Figure 2, the appearance of two double
doublets, one at 3.32 ppm (Jgem=16.5, Jtrans = 4.5 Hz)
th
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and evaluation of bisubstrate inhibitors
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Introduction

Compound VPC202147 is not only selective for
SK2, but is phosphorylated at a level comparable to
that of the natural substrate, sphingosine. By
inserting VPC202147 into the substrate-competitive
portion (Figure 3), the potency and SK2-selectivity of
such an inhibitor would increase dramatically.

Sphingosine kinase 1 (SK1) and sphingosine
kinase 2 (SK2) are the sole producers of
1,2
sphingosine 1-phosphate (S1P). S1P is a potent
signaling lipid shown to promote cellular survival,
NH2
neovascularization, and angiogenesis—all hallmarks
1-2
Of the two kinases, SK2 is less
of cancer.
N
N
Me
3
N N
understood in cellular pathophysiology, in part due
NH2
O
N
N
to the lack of highly potent and selective inhibitors.
S
O
Our goal is to target and investigate SK2 using a
O Cx N
H
new class of small-molecule bisubstrate inhibitors.
OH OH
The inhibitor scaffold consists of an SK2 substrate
linked to an ATP-competitive kinase inhibitor. Figure 3. Future inhibitor with optimized linker and
Herein, the design and synthesis of these molecules VPC202147 subunit.
is described.
Conclusions

Results and Discussion
Synthesis of the initial bisubstrate inhibitors is
ongoing. The overall linked structure is shown in
NH2
Figure 1.
N
H3C

(CH2)13

NH2

H
N

O
O

O

Substrate-competitive

C5-C10

N
H

Linker

O
OH

N

N
N

Currently, synthesis remains ongoing for the initial
lead compounds. Once synthesized, they will be
tested to determine the optimal linker length, and in
the end, the substrate-competitive portion will be
replaced with VPC202147. This should result in a
very potent and selective inhibitor, which would be
vital in the investigation and understanding of SK2 in
human pathophysiology.
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Figure 1. Scaffold of bisubstrate inhibitor for SK2.
The purpose of this lead series is to determine the
length of the linker region required for inhibition of
SK2 with maximum potency. Once synthesized,
each compound will be tested for the ability to
reduce S1P production by SK2.
1

Once the ideal linker length is determined, the
substrate-competitive portion of the inhibitors will be
altered. Specifically, it will be replaced with
compound VPC202147 (Figure 2), which we have
previously identified as a highly selective substrate
for SK2.
N N
S

Me
NH2
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Figure 2. SK2 substrate VPC202147.
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The results obtained in the zymosan-induced
peritonitis test are shown in Fig. 2. The data
revealed that, at the dose tested, BAQ and 7CF3-MAQ (100 µmol/kg, i.p.) caused a significant
reduction in the leukocyte migration into the
peritoneal cavity in comparison to the control
group.
As illustrated in Fig. 3, BAQ and 7-CF3-MAQ
decreased paw edema in a statistically significant
th
way from the 17 day of treatment, and remained
decreased until the day of sacrifice.

Introduction

Inflammation is a biological reaction to a disrupted
1
tissue homeostasis . We have prepared 4
compounds, assigned BAQ, 7-Cl-MAQ, 7-CF3MAQ and 2-CF3-MAQ, as chloroquine analogues
and tested in models of pain and inflammation.

Results and Discussion
The aminoquinolines were easily prepared via a
SNAr, with good yields and isolated as white or
slightly yellow solids.
As shown in Fig. 1, all derivatives were able to
reduce statistically and significantly the time to
lick the paw of the animals in neurogenic and
inflammatory phases of formalin test, with
remarkable reduction of response with 7-CF3MAQ (89.57%) in second phase.
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Figure 3. Effect of derivatives BAQ (100
µmol/kg), 7-CF3-MAQ (100 µmol/kg) and
dexamethasone (5 µmol/kg) on the CFAinduced arthritis in rats. The data represent the
mean (S.E.M.), n=6, compared to control group
(*p <0.05, **p<0.01 and .***p <0.001 in the OneWay ANOVA followed by Dunnett's test).

Conclusions
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The results revealed that the all 4aminoquinolines promote antinociceptive, acute
and chronic anti-inflammatory effects, with
marked activity to the derivatives labeled BAQ
and 7-CF3-MAQ.
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DERIVATIVES AGAINST SCHISTOSOMA MANSONI
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Introduction
The
reference
drug
for
treatment
of
schistosomiasis is praziquantel, but this drug is
ineffective against immature forms and S. mansoni
isolates with reduced susceptibilities to PZQ have
already been identified. Here, we investigated the
anti-S. mansoni activity, investigate the possible
cytotoxicity induced, in vitro investigation the three
new
imidazolidine
derivates
(LPSF/PTS-10,
LPSF/PTS-23 and LPSF/PTS-24.

After 24 h of exposure to LPSF/PTS-10 and
LPSF/PTS-23, 100% of the worms has lost
movement completely, being then considered dead
(score = 0). When exposed to 100 µg/mL the motility
of worms was altered after 24 h of incubation with
LPSF/PTS-23 (Figure 2).

Results and Discussion
In vitro schistossomicidal effect against S.
mansoni of new imidazoline derivates.

Figure 2. Motility scores for control, and worms
treated with derivates with LPSF/PTS-10,
LPSF/PTS-23, LPSF/PTS-24 and praziquantel
(PZQ) at different hours post-incubation.

Figure 1. In vitro effects of LPSF/PTS-10,
LPSF/PTS-23 and LPSF/PTS-24 against S.
mansoni adult worms.
The imidazolidines are a broad class of
bioactive
compounds
that
also
have
schistosomacide properties. Niridazol, 1-(5-nitrothiazol-2-yl)-imidazolidin-2-one, the drug used in the
last century, has been widely used for clinical
purposes.
Imidazolidines
have
antifungal,
antimicrobial, leishmanicidal, anti-Trypanosoma
cruzi and schistosomicidal properties.

The present study used the evaluate in vitro on
PBMCs. Our results show that compounds
LPSF/PTS-10, LPSF/PTS-23 and LPSF/PTS-24,
not presented to the toxic concentration of 100
µg/mL for the methodologie used in study.
The results of in vitro schistossomicidal activity
against S. mansoni are shown in Figure 1. The
compounds LPSF/PTS-10 and LPSF/PTS-23 at
-1
concentration of 100 µg mL showed pronounced in
vitro anti-S. mansoni activity, while LPSF/PTS-24
only caused mortality of worms with 120 hours of
incubation. Moreover, the LPSF/PTS-23 presented
the most anti-schistosomal activity.

Conclusions
The mortality rate suggest that the imidazolidine
derivatives are active against S. mansoni.
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Introduction
The medicinal chemistry aims at planning and
design of new potentially bioactive compounds,
which have fewer toxic effects [1]. Based on this
knowledge and on the fact that cancer is a major
health problem worldwide [2], this study aimed to the
synthesis,
structural
characterization
and
antiproliferative
evaluation
of
a
novel
thiosemicarbazone derivate. The compound was
synthesized from hydrazine and isothiocyanate,
yielding the thiosemicarbazide. Thereafter, a
condensation reaction with aromatic aldehyde,
leading
to thiosemicarbazone. Spectroscopic
analyzes were used for structural confirmation. The
synthesized
compound
was
evaluated in
vitro against an nine-cell panel lines consisting of
melanoma UACC-62, breast MCF-7, glioma U251,
breast resistant NCI-ADR, lung NCI-460, leukemia
K-562, kidney 786-0, prostate PC-3 and human
keratinocyte HaCaT. The tests were performed by
the colorimetric method with sulforhodamine B,
according to NCI standard protocol and doxorubicin
was used as positive control [3]. Assays were
performed in a 96-well plate using four
concentrations at 10-fold dilutions (0.25 µg.mL−1 to
250 µg.mL−1) for each test compound. The
antiproliferative activity was deduced from dose–
response curves and one dose–response parameter
(GI50) was calculated by sigmoidal regression.

Results and Discussion
The synthesized compound showed a reactional of
79% yield, melting point 164-166° C. The structural
characterization by 1H NMR showed the peaks of the
NH protons (9.97 and 11.97 ppm) in addition to
hydrogen showed C=H shift 8.36 ppm. This peak
confirms the condensation reaction and the
formation of thiosemicarbazone. The absence of
bands between 2500 cm-1 and 2700 cm-1, in the IR
spectrum, excluded the possibility of a thione-thiol
tautomerism [4].

The result of the evaluation of antiproliferative
activity on tumor cells are shown in the table below.
Table 1. Results antiproliferative activity GI50
(µM)
*TSC

**DOXO

U251

26,0

<1

UACC62

>100

<1

MCF-7

>100

NCIADR
786-0

*TSC

**DOXO

NCI460

45,9

<1

<1

PC-3

>100

<1

>100

<1

K-562

16,4

<1

5,6

<1

HaCaT

45,4

<1

*TSC: thiosemicarbazone **DOXO: doxorubicin
The substitution found in the compound showed
activity against the cell growth inhibition. This
structural difference has as the presence of 3pyridinyl radical highlighting good results on tumor
cell lines 786-0, K-562 (kidney and leukemia), with
GI50 values of 5.6 µM and 16.4 µM, respectively. The
same group is present in Triapine (3-aminopyridine2-carboxaldehyde thiosemicarbazone) [5], which is in
phase II clinical trials. The compound has shown
promising results in specific lines, as found in this
study. The thiosemicarbazones possess a probable
mechanism of action inhibiting ribonucleotide
diphosphate reductase, the enzyme responsible for
the maintenance and repair of DNA [6].

Conclusions
Initial studies demonstrated good activity of
thiosemicarbazone derivate. However, further
studies about the mechanism of action are needed.
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Introduction
2-Alkylaminoethyl-1,1-bisphosphonic acids are
extremely potent inhibitors of Trypanosoma cruzi
proliferation. This protozoan parasite is the
responsible agent of American trypanosomiasis or
Chagas disease.1,2 The mode of action of these
compounds has been circumvented to the inhibition
of the enzymatic activity of farnesyl pyrophosphate
synthase of T. cruzi (TcFPPS).1,2 The crystal
structure of TcFPPS with some of these compounds
has been resolved recently.3 The X-ray structures
and thermodynamic data of the complexes
TcFPPS−2-alkylaminoethyl-1,1-bisphosphonates
indicate that these compounds bind to the allylic site
of the enzyme, with their alkyl chain occupying the
cavity that binds the isoprenoid chain of the
substrate. Binding of these inhibitors occurred with
an enthalpy unfavorable.3 The favorable entropy in
this process, which dominates the favorable free
energy, results between two opposite effects: the
loss of unfavorable conformational entropy due to
freezing of single bond rotations (and binding sites
of the side chains) and the favorable burial of the
hydrophobic alkyl chains. Having these data at
hand, it was envisioned by the aid of molecular
modeling studies that the introduction of strategically
placed double bonds and methyl branches should
increase affinity significantly. Therefore, compound 1
emerges as a promising member of this family of
bisphosphonates to be used as an antiparasitic
agent targeting TcFPPS.

cruzi,

Toxoplasma

gondii,

Bisphosphonates.

by treatment with diethylamine rearranged to the
allylic alcohol 8. This alcohol was reacted with
phtalimide under Mitsunobu-type conditions to yield
compound 9, which after hydrolysis gave the free
amine
10.
On
treatment
with
tetraethyl
vinylidenebisphosphonate (11) via a Michael-type
reaction, 9 was converted into the precursor 12.
Hydrolysis of 12 was not straightforward and
required the evaluation of different reaction
conditions to accomplish it.
Scheme. Synthetic approach for the preparation
of the target molecule 1.
Cl
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Conclusions
The availability of the title compound 1 will allow
us crystallographic studies as well as cellular and
enzymatic evaluations. Efforts in these aspects are
currently being pursued in our laboratory

Acknowledgements
Results and Discussion
The synthetic efforts to prepare the target
molecule are illustrated in the Scheme. Therefore,
the key intermediate in this strategy is the allylic
amine 10, which requires a non trivial approach for
its preparation. This amine could be synthesized as
shown in the Scheme by a slightly modified
published procedure developed by Mori & Ueda.4
Then, starting from 3-chloro-2-methylprop-1-ene (2),
a coupling reaction between this compound and 2mercaptopyridine (3) afforded compound 4, which
on methalation with n-butyllithium followed by
treatment with isopentenyl bromide afforded 6. On
reaction with one equivalent of m-chloroperbenzoic
acid, 6 was transformed into the sulfoxide 7, which
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Table 1. Antimycobaterial activities and clogP of
terpenic diamines derivatives.

Introduction
Tuberculosis(TB) is more prevalent in the world
1
today than at any other time in human history . This
disease is currently considered a global epidemic
and the second leading cause of death from
infectious disease. According to data presented by
the World Health organization (WHO) two billion
people are infected with M. tuberculosis,
approximately 32% of the world population. Of these
2
1.4 million will die each year. Thus, new drugs to
combat Tb are needed. In this context SQ-109 an
terpene derivative it’s has presented promising
prospects in combating of TB and its found actually
in phase II of clinical trials. This work describe the
synthesis and antituberculosis activity of this
compounds.

Results and Discussion
The terpenic alcohols, prenol, geraniol, nerol and
farnesol was used as starting materials to prepare
the bromide intermediates. The reaction was
conducted at -20 to -18°C in THF for 40 minutes.
After, the mixture was concentrated and extracted
with hexane/ethylic ether, and the bromides used
without previous purification. The bromides were
added dropwise at a solution of dichloromethane
contained 10 equiv. mols of the respective diamino
compound, 1,2-diaminoethane, 1,3-diaminopropane,
1,4-diaminobutane and pyperazine (scheme 1). After
24hs the reaction was concentrated and extracted
with NaCl solution, the organic phase was dryed with
sodium sulphate.

* Obtained by Osiris Molecular Property.

Conclusions
The new diamine terpenics were obtained in good
yields. The previous results against Mycobacterium
Tuberculosis, has showed the best results for the
more lipophylic compounds, confirming the
importance of lipohilicity to develop new drugs
against M. tuberculosis.
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Esquema 1. Synthesis of terpenic diamines

1

1

The compounds were characterized by, RMN H,
13
RMN C, IV and HRMS.
The antimycobaterial activities results showed the
importance of liphofilicity to development of new
derivatives compounds against Mycobacterium
tuberculosis.
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Introduction
Bacillamides C (1) and neobacillamides A are
metabolites containing thiazole isolated from marine
sources.1,2 Recently, we performed a stereospecific
synthesis of them that results in a revision of theirs
absolute configurations of (R) to (S).3
Both enantiomers of bacillamide C and
neobacillamide A, together with several precursors
and derivatives were prepared. All of those products
were assayed in vitro against six tumoral cell lines.

The activities of the two most active compounds
prepared, are compared in a graphical form with the
activity of the reference drug camptothecin, as show
in Figure 2. Camptothecin is a quinoline alkaloid
obtained from the tree Camptotheca acuminata of
Chinese origin. Several derivatives of this molecule
have broad clinical use in the carcinoma of breast,
lung and colon.
-log GI50(M)
7
6
5
4
3
2
1
0

Results and Discussion
Both enantiomers of bacillamide C were obtained
by coupling the (R) or (S) thiazole block with
tryptamine as showed in fig 1. A similar methodology
was used to prepare the enantiomers of
neobacillamide A.
NHBoc
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(R)

CN

O

H 2N

camptothecin

A-549

S

CO 2H

S

SW1573

T-47D

WiDr

HBL-100

Conclusions

NH

O
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HeLa

N

O
AcHN (R)

S-28

Figure 2. The in vitro antiproliferative activity
of the most active bacillamide derivatives in
comparison with camptothecin

NHAc
HS

R-Neo

N
H
1

One of the enantiomers of neobacillamide A and a
derivative of bacillamide C showed an interesting
antiproliferative activity, that impulse us to prepare
new derivatives that may improves this activity.

Figure 1. Stereoselective synthesis of (R)bacillamide C (1)
The antiproliferative activity of six compounds
related to bacillamides was evaluated against
human solid tumor cell lines using the National
4
Cancer Institute (NCI) protocol. The products were
tested on six human tumor cell lines: two lines of
lung carcinoma (A549, SW1573), two lines of
epithelial breast cancer (T-47D, HBL-100), a line of
cervical carcinoma (HeLa), and a line of colon
carcinoma (WiDr). The growth inhibition parameter
(GI50) of each compound were determined.
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Introduction
Diphenylpentanoids are compounds which present
two benzene subunits spaced by a bis-α,βunsaturated ketone. These compounds are
chemically
similar
to
curcuminoids
(diphenyleptanoids), which have a bis-α’,β’unsaturated β-diketone subunit. Curcumin (figure 1)
is an intense yellow pigment from the Curcuma longa
rhizomes, a medicinal species commonly known as
1
turmeric.
Figure 1 - Curcumin

assay
(3
[4,5-dimethylthiazol-2-yl]
-2,5diphenyltetrazolium bromide), consisting of a
3
colorimetric method.
Diphenylpentanoids were
evaluated at 10, 20, 40 and 80 µM, for 24, 48 and 72
h. Diphenylpentanoids and curcumin had their
toxicity evaluated against cervix cells infected by
differents HPV strains, including HeLa (HPV-18),
SiHa (HPV-16) and CasKi (HPV-16 and HPV-18).
Among compounds, A1 and A2 were more pontent
than curcumin (positive control) for three types of
HPV – positive cells. Compound A1 demonstrated
high cytotoxicity for HeLa and CasKi, exhibiting 94
and 92% of death cell, respectively, at 10 µM, for 72
h (table 1).
Table 1. Cytotoxicity of diphenylpentanoids and
curcumin against HPV – positive cervix cancer cells

Curcumin exhibits wide in vitro and in vivo spectrum
of biological activities, highlighting it’s antimicrobial
activity against viruses, bacteria, fungi and protozoa,
as well as anti-inflammatory and antioxidant
2
properties. The aim of this study was to synthesize
symmetrical diphenylpentanoids substituted by
donating or acceptors electron groups, as well as
evaluate their toxicity against HPV (human papilloma
virus) positive cervix cancer cells.

Results and Discussion
Synthesis of diphenylpentanoids was carried out by
aldol condensation reaction between two eq.
benzaldehyde derivatives (1) and one eq. acetone
(2), under NaOH catalysis, in the presence of
ethanol as solvent, yielding diphenylpentanoids (3)
(scheme 1).
Scheme 1 – Synthesis of diphenylpentanoids

Also, compound A2 showed high cytotoxicity against
HeLa (80.0%) and CasKi (88.0%). However, against
SiHa was not effective, indicating the resistance of
this type cell. Compounds A3-A5 and curcumin
showed low cytotoxic effect (table 1).

Conclusions
Five symmetrical diphenylpentanoids A1-A5 were
synthesized with satisfactory yields. Compound A1
demonstrated a potent cytotoxic activity, being a
promising hit for the development of innovative
antineoplastic agents which can be useful for cervix
cancer treatment.
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New approach towards the synthesis of selenosemicarbazones and its
evaluation for Chagas disease
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Introduction
Chagas disease is an infection caused by the
protozoan Trypanosoma cruzi, and it is endemic in
South America, been one of the major causes of
1
mortality and morbidity in this region of the world.
Recently
we
reported
a
series
of
selenosemicarbazone with activity against the
infective amastigotes of T. cruzi, at low µM and good
2
selectivity indexes.
The selenosemicarbazones were prepared by the
condensation of aldehydes or ketones, with
selenosemicarbazide. Recently this reagent was
commercially discontinued, causing a bottleneck
for its preparation.
In the present work we development a new
methodology
for
the
synthesis
of
selenosemicarbazones.

Table 1. IC50 values of selected compounds for
the epimastigote form Dm28c of T.cruzi
Comp

Dm28c	
  IC50	
  ±	
  SD	
  
(µM)a	
  

Comp

Dm28c	
  IC50	
  ±	
  SD	
  
(µM)a

2a

25.8	
  ±	
  0.1

2f

24.9	
  ±	
  0.2

2b	
  

1.2	
  ±	
  0.8	
  

2g

13.1	
  ±	
  0.17

2c	
  

50.2	
  ±	
  0.1	
  

2h

25.8	
  ±	
  0.1

2d	
  

50.3	
  ±	
  0.1	
  

2j	
  

5.9	
  ±	
  0.3	
  

2e	
  

12.5	
  ±	
  0.1	
  

2e

12.5	
  ±	
  0.1

Bnzb	
  

12.0	
  ±	
  2	
  	
  

-

-

a

IC50= concentration of a compound that inhibits 50% of growth
b
compared to a non-treated control. Bnz = Benznidazole

Results and Discussion
This year we have reported a one-pot synthesis
of selenazoles, from propargyl selenoamides with a
spontaneous 5-exo cyclization. The selenoamides
were prepared in situ by using the Ishihara reagent
by an O-Se exchange reaction.3
Figure 1. Synthesis of selenosemicarbazones
2a-2l by O-Se exchange
O
R1

N
R2

N
H

i) PCl 5 (3eq), DCM, 0oC
NH 2

1

ii) LiAlHSeH (3.2 eq),
THF, 0oC

2a: R1 = Ph, R 2 = Me, 50%
2b: R1 = m-BrPh, R 2 = Me, 36%
2c: R1 = m,p-diClPh, R 2 = Et, 13%
2d: R1 = i-prop, R 2 = Me, 7%
2e: R1 = m-ClPh, R 2 = Me, 25%
2f: R1 = m-CF 3Ph, R 2 = Et, 65%

Se
R1

N
R2

N
H

NH 2
2

2g: R1 = m-MePh, R 2 = Me, 15%
2h: R1 = m,p-diClPh, R 2 = H, 5%
2i: R1 = m-ClPh, R 2 = H, 20%
2j: R1 = m-BrPh, R 2 = H, 5%
2k: R1 = m-NMe 2Ph, R 2 = H,5%
2l: R1 = m-OMePh, R 2 = H, 5%

We applied this methodology for the preparation
of
selenosemicarbazones.
Under
optimized
conditions we were able to prepare 12
selenosemicarbazones 2a–l, see Figure 1.
The yields ranged from low to moderate (5–65%).
Compounds derived from aldehydes arrived to
lower yields compared to the ones derived from
ketones. When using aromatic derivatives, with
non-substituted or meta substituted electron
withdrawing groups, we obtained better yields.
Selenosemicarbazones 2a–l were assayed against
epimastigote parasites to test their grow inhibition
profile, see Table 1.
th

The most active compound is 2b, 10 times more
active than Benznidazole, the reference drug used in
the assay.
Furthermore we performed an in vivo assay for 2b
using murine mice models for acute Chagas’
disease.
Treatment
with
10mg/Kg
of
selenosemicarbazone 2b resulted in a good
parasitemia profile; the number of trypomastigotes in
treated animals was lower than the parasite number
in untreated compared with the control group. Higher
dosis of 2b resulted toxic for the mice.

Conclusions
We studied the utility of LiAlHSeH, as a selenating
reagent for the synthesis of selenosemicarbazones.
The prepared compounds were evaluated as anti T.
cruzi agents, showing that selenocarbazone 2b as
the most active. The compound was also evaluated
in vivo, displayed an interesting profile but still toxic.
It seems to be a promising starting point in the
design of new antichagasic agents.
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Introduction
Metal-based antitumor drugs play a relevant role
in chemotherapy. Some Cu(II) complexes may
promote formation of free radicals via the Fenton
1
and the Haber- Weiss reactions . The radical
species formed can cleave the DNA molecule which
is a major target of antitumor drugs.
Recently we described two ternary copper(II)
complexes
with
tetracyclines
and
1,102+
phenanthroline:[Cu(dox)(phen)]
and
2+
[Cu(tc)(phen)] ; dox=doxycycline, tc=tetracycline
2
and phen=1,10-phenanthroline .
These complexes are able to cleave DNA
molecule in mild conditions and inhibit the growth of
2
tumoral cells. The synthesis and characterization of
the new ternary copper(II) complexes is described in
1
2+
an article already published . [Cu(phen)2] is a
copper complex with antitumor activity described in
3
the literature .
The objectives were to evaluate in vitro and in vivo
antitumor potential of the most active complex
2+
[Cu(dox)(phen)] and compare its activity with the
2+
complex model [Cu(phen)2] .

survival of animals in this model ascites, reducing
tumor growth, even at a concentration of 1 mg/kg of
body weight.

Figure
1:
Chemical
structure
of
[Cu(dox)(phen)(OH2)(ClO4)]ClO4 complex.

the

Results and Discussion
In in vitro studies, we have confirmed that the
2+
2+
compounds, [Cu(dox)(phen)] and [Cu(phen)2] are
cytotoxic to Ehrlich cells, even at low concentrations
-1
(3.15 ± 0.25 and 4.2 ± 0.65 µmol.L ), respectively.
For the experiments with animal models of Ehrlich
ascites tumor, we used BALB-C mice at 5 weeks of
age. The experiment consisted of intraperitoneal
5
injection (ip) of 1x10 cells of the tumor in mice. The
next day after the inoculum we started the treatment
with
PBS
(control)
and
the
complex
2+
[Cu(dox)(phen)]
at 8 mg/kg of body weight;
2+
[Cu(dox)(phen)] at 1 mg/ kg of body weight; and
2+
[Cu(phen)2] 1mg/kg of body weight. The treatment
was performed every two days until the 11th day.
The mass of the animals was also monitored every 2
days until the 16th day of the experiment. On the 9th
day, tumor growth was observed (increased
abdominal cavity). The total time of the experiment
was 30 days (the last animal died on day 29th).
In vivo studies showed a significant difference (p
<0.0001) in survival among the different groups. The
2+
[Cu(phen)2] complex was toxic in vivo, causing the
death of mice in a time shorter than the control
2+
group. The [Cu(dox)(phen)] complex increases the

th

Figure 2. Survival curve of mice treated with
2+
[Cu(dox)(phen)] complex (at 8 and 1 mg/kg of
body weight). Statistically significant (p <0.0001)
in survival between different groups.

Conclusions
2+

The complex [Cu(dox)(phen)] delays the onset
and development of the Ehrlich tumor. These results
are very important, opening prospects for the use of
2+
[Cu(dox)(phen)] complex in cancer treatment.
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Introduction
Malaria is a huge public health problem in more
1
than 99 countries caused by infections with
protozoan parasites of the genus Plasmodium.
Plasmodium falciparum causes severe cases of
malaria, leading to death if not promptly treated.
Drug resistance, documented in Plasmodium
falciparum, has been one of the main obstacles in
2
the fight against malaria . Increasing resistance to
antimalarial drugs has a number of implications for
the eradication of malaria.
Atorvastatin (AVA) is a statin employed in the
treatment of hypercholesterolemia. AVA has
significant pleiotropic effect and has been tested as
3
adjuvant for treat cerebral malaria . New isatin
derivatives (ID) have been described as anti4
plasmodial . Based on this, the objective of this work
was synthesize analogs containing both derivatives
of AVA and isatin (Figure 1).

Scheme 1. Synthesis of the new atorvastatin
analogues.
The products 2a-d were obtained by methanolysis
under acidic conditions followed by treatment with
aqueous NaOH giving the corresponding salts.
Compounds 1a-d and 2a-d were sent to biological
evaluation showing good results.

Conclusions
We have synthesized eight new phenylacetamide
compounds and all of them were completely
characterized.
Compound 1b showed anti-plasmodium activity in
the same range of concentration that the reference
mefloquine.
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Figure 1. Design of new atorvastatin analogues

Results and Discussion
The synthetic route is described in Scheme 1.
Intermediates 4 and 5a-d were characterized and the
5-6
data were in agreement with the literature .
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Difluoroindoles 5a-d can be attacked by nucleophile
4, leading to the formation of 1a-d with opening of
6
the heterocyclic ring .
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Introduction
Inspired by different natural compounds with
cytotoxic activity, we synthesized new modular
1
compounds by Click Chemistry, using two kinds of
building blocks which can be easily coupled. The
Cu(I) catalyzed version of the Huisgen reaction, was
the tool selected for the coupling of the building
blocks. These compounds have been tested to
determine their antiproliferative activity against five
human solid tumor cell lines.

Zone 1 can be modified using diferentaminoacids as
starting material. Zone 2 corresponds to the
synthesis of oxazole or thiazole rings. Zone 3 can be
modified changing the starting aldehyde. Zone 4
corresponds to modifications of the methyl ester of
1a .
Table
1.
Representative
antiproliferative
activities of synthesized compounds IC50 (µM)
Comp. Hbl-100

Resultsand Discussion
During our studies of hybrid compounds, we
synthesized compound 1a (Figure 1), which showed
moderate antiproliferative activity.
O

O

N
N

N

N

O

1a

Figure 1.First cytotoxic structure prepared

In order to improve this result, we focused our efforts
into the synthesis of compounds with a general
structure 1 (Figure 2), based in two different building
blocks. The first building block corresponds to an
aromatic ethynyl compound, which was synthesized
from aromatic aldehydes by means of Corey-Fuchs
2
reaction. The second building block, corresponds to
an oxazole or thiazole ring, and was synthesized
3
from serine dipeptides. Using this approach, we
proposed 4 zones which can be appropriate for
modifications.

HeLa

SW1573 T-47D

WiDr

74b

59

79

46

>100

>100

74d

11

12

17

23

41

104b

5.6

>100

9.6

>100

67

This way, we synthesized 16 new compounds, and
they were assayed in vitro to determine their
antiproliferative activity against five human solid
tumor cell lines (see Table 1). Only two of the new
compounds showed a better profile than the parent
compound. Apparently modifications of Zones 2 and
4, produce loss of activity, and Zones 1 and 3, admit
only few changes.

Conclusions
We have developed the synthesis of new modular
products, created a small library of related
compounds and assayed them to determine their
antiproliferative activity. Besides only two of the new
compounds show activity, we think that it’s still
possible to improve the activities obtained so far,with
new compounds.
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Introduction
In recent years, new chemical entities derived from
natural products have gained importance in the
1
search for therapeutic drugs . In this context, our
research group have investigated analogues of
cucurbitacins as natural product scaffolds for the
2-5
preparation of new bioactive substances .
Cucurbitacins are a class of triterpenoids widely
distributed in plant kingdom with potent anti-cancer
6,7
activities both in vitro and in vivo . Cucurbitacins
dramatically inhibit the growth and proliferation of a
series of cancer cells, in especial cucurbitacin B
(CucB, Figure 1), one of the most abundant forms of
cucurbitacins and one of the best studied members
of this family of compounds.
Giving continuity to our studies, two series of novel
cucurbitacin B derivatives were designed and
synthesized to afford more potent cytotoxic
compounds.
OH O

O
OH

HO

OAc

2

O

1

O
OH O

OH

O

Curbitacin B was obtained from the fruits of Luffa
2
operculata Cogn. with good yields . New analogs
were synthesized from molecular variations at
position 2 of CucB. Initially, the key intermediate 1
(2-DACB) was easily prepared by selective tosylation
of CucB followed by the conversion to the
enaminone (Scheme 1). The synthesis of the new
series of CucB derivatives 2a-d and 3a-c was
carried out by reaction of 1 with different acyl and
sulfonyl chlorides, respectively, as shown in Scheme
2.
OH O

OH O
O

OH

OAc
1. Cl-Ts, Py , 80%

O

CucB

2. NaN3, DMF, 70 oC,
54%

OH

H2 N
O

OAc

O
a

OAc

b

1

OH O

R
O
S O
HN

O
H

H

O

OH

OAc

3a R=Cl
3b R=CH3
3c R=NO2

a) acyl chlorides, Py, DCM; b) sulfonyl chlorides, Py, DCM

Scheme 2: Synthesis of cucurbitacin B derivatives.

The structures of these cucurbitacins analogs have
been elucidated and the effects on non-small-cell
lung cancer cells (A549 cells) were evaluated by
MTT assays. The new analogues 2b and 3c
displayed high cytotoxicity (0.83 µM and 0.94 µM,
respectively), although lower than the precursors
CucB (0.04 µM) and 2-DACB (0.12 uM).

OAc

New cytotoxic analogues of natural cucurbitacins,
with structural variations at position 2, were
synthesized. According to the QSAR study previously
5
performed , these results confirm that a polar group
at C-2 and a double bond in C1-C2 are crucial to
preserve the activity of the derivatives.
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Scheme 1. Synthesis of compound 1
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OH

2a R=H
2b R=COCH3
2c R=Br
2d R=NO2

Conclusions

Results and Discussion

HO

O

HN

O
H2N

Figure 1. Curbitacin B

O

OH O

R

The 7 Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

Poster Titles

The 7th Brazilian Symposium on Medicinal Chemistry (BrazMedChem2014)

SBA-092
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Introduction
The epoxy-carvone (CE) is a monoterpene found
in plants’ essential oil, such as Carum carvi and
Kaempferia galanga, and it can be obtained from the
R - (-) – carvone by synthesis1. It has structural
similarity
to
other
monoterpenes
with
pharmacological activity in the central nervous
system, such as limonene, menthol, pulegone,
carvone and hydroxydihydrocarvone. Previous
studies confirm CE effects on central level, such as
antinociceptive and ansiolytic effects2. Being a chiral
organic molecule, it presents different isomers,
where (+)-cis and (-)-cis epoxy carvone have
demonstrated facility in obtaining it by organic
synthesis and the absence of studies on its activity in
the CNS, such as anticonvulsant3. This study is
justified
by
the
gap
in
the
epilepsy’s
pharmacotherapy, and it aims on the investigation of
these isomers’ possible anticonvulsant action. We
used mice (Mus musculus) Swiss males in a number
of 8 animals per group and all administrations were
intraperitoneally done.

Results and Discussion
In pentylenetetrazole-induced seizures test,
treatment with (+)-cis-EC (900.0 ± 0.0s) and (-)-cisEC (763.3 ± 69.3s), both at a 300 mg/kg dose,
significantly increased the latency to onset of
convulsions compared to the negative control group
(109.9 ± 12.9s) and similarly to the group treated
with diazepam at a 4 mg/kg dose (900.0 ± 0.0s).
Showing
analogous
results,
the
auricular
electroshock test demonstrated the (+)-cis EC (9.8 ±
0.5s) and (-)-cis EC (8.3 ± 1.4s) significantly reduced
seizures duration when compared to the negative
control (16.3 ± 0.9s), and similarly to the phenytoine
at a 25 mg/kg dose (0.0 ± 0.0s).

Conclusions
Given these results, it is suggested that both
studied isomers have promising anticonvulsant
psychopharmacological activity, where further
research is needed to confirm such action and to
elucidate the mechanism by which it occurs.
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Introduction
One utility of the x-rays is the well-known
radiotherapy. Although normal cells can also be
affected during treatment, microenvironment is
known to modulate repair under conditions that
inhibit cell division. A major mechanism in cell death
involves the formation of reactive oxygen species
(ROS). Molecules that are effective in scavenge
them and that are able to concentrate at the
mitochondria, can be of extremely importance as
radiation protectors and mitigators. JP4-039 (figure
1) is a mitochondria-target nitroxide that has been
proven to be of extremely effectiveness at
scavenging ROS (superoxide and nitric oxide).
Inspired by the protective agent XJB-5-13 (based on
the molecular structure of the antibiotic gramicidin
S), JP4-039 can enhance cell repair and increase
clonogenic cell survival by 5-13 times. This important
nitroxide is also considered an isostere of the
leucine-glycine peptide, coming as interesting
mimics to be used in chemical-biology1,2.

Scheme 1. Reagents and Conditions: a) i: 2, NaH, THF, 5 min.,
0 oC. ii: aldehyde, THF -78 to -30 (8) and (9) -40°C

Scheme 2. β,γ-unsaturated amides 11-22 from 7-9.

In order to show the applicability of the present
method, diazoketone 10 was readily converted into
the JP4-039 in the presence of the 4-amino-TEMPO
derivative radical (scheme 3). Chiral HPLC studies
showed no epimerization.

Figure 1. a) JP4-039 structure b) peptide isostere

Only one synthesis of JP4-039 is described, which
consists of six steps and involves a one-pot
3
hydrozirconation-transmetalation-addition to a chiral
sulfinimine as the key step. As our group has been
recently exploiting the chemistry of α,β-unsaturated
4–7
diazoketones , we were interested in investigating
these platforms for the direct synthesis of β,γunsaturated amides and apply the methodology to
prepare the bioprotective agent JP4-039 and
analogues in just one step from them.

Results and Discussion
A Horner-Wadsworth-Emmons reaction between
diazophosphonate 2 and aminoaldehydes 3-6
provided key unsaturated diazoketones 7-10
(scheme 1). After, we prepared β,γ-unsaturated
amides 11-22 (63-98%) employing photochemical
Wolff Rearrangement in the presence of amines 2326 (1 eq.) and acetonitrile (scheme 2).
th

Scheme 3. One-step synthesis of JP4-039 from 10

Conclusions
Bioprotective agent JP4-039 is described in two
setps from N-Boc-L-Leucinal in 50% overall yield.
The same route can be applied to the synthesis of
JP4-039 analogs and are under preparation.
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while some of the respective xanthenediones are
very strong tyrosinase activators.

Introduction
Tyrosinase is the enzyme responsible for
production of melanin, however, the appearance of
melanoma, which is one of the most serious form of
skin cancer, can be related to disorders of this
1
enzyme. Therefore, it is important to develop
tyrosinase inhibitors for treatment of skin cancer.
Some tested compounds as inhibitors of this enzyme
are tetraketones, which sometimes display relatively
2
limited enzyme inhibition activity and could afford
other problems, as is demonstrated in this work.

Results and Discussion
For this purpose, seven tetraketones and the
respective xanthenediones were synthesized in two
steps: reaction of benzaldehydes (1) with dimedone
3
(2), forming tetraketones, followed by cyclization
o
using p-toluenesulfonic acid at 100 C, leading to
good yield (83 to 94%), as shown in Figure 1.

Table
1:
Tetraketones
inhibition
and
xanthenediones activation of tyrosinase with Ltyrosine as substrate.
Tetraketones
Xanthenediones
Comp.
Inhib. (%)
Comp.
Activ. (%)
3a
4a
89.9
3b
19.0
4b
172.6
3c
4.2
4c
29.9
3d
9.3
4d
46.5
3e
4e
9.9
3f
4.2
4f
0
3g
14.7
4g
18.6
These results, obtained using L-tyrosine as
substrate, confirm that tetraketones are weak
tyrosinase inhibitors, while the corresponding
xanthenediones are reactivators, especially 4b,
which increases the activity of the enzyme more than
170%. The results with L-dopa as substrate
afforded also inhibition and activation.
The NMR tests by relaxation time (T1 and T2),
diffusion coefficients (DOSY) and saturation transfer
difference (STD) indicate that tetraketones interact
with the active site of this enzyme competing with the
substrates.
However,
the
interaction
of
xanthenediones is different, leading to tyrosinase
activation.

Conclusions

Figure
1:
Synthesis
xanthenediones.

of

tetraketones

and

The structure of these compounds were
determined by NMR and IR spectroscopy. We
discovered by NMR that some tetraketones (3) in
o
solution at 25 C transform in one hour to the
respective xanthenediones (4), therefore we decided
to study the effect of compounds 3 and 4 about the
activity of tyrosinase.
All compounds were tested as inhibitors or
activators of tyrosinase using L-tyrosine or L-Dopa
4
as substrates, by UV-visible spectroscopy. These
results are shown in Table 1, indicating that the
respective tetraketones are inhibitors of low potency,

th

The obtained results confirm that the use of
tetraketones for skin cancer is dangerous, especially
because some of these compounds easily are
converted to xanthenediones, which function as the
enzyme activators, a process that certainly increases
the skin cancer condition. Our indication is that the
selected tetraketones as tyrosinase inhibitors must
not afford cyclization, a process that must be
executed by design and synthesis of new
compounds.
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