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Abstract: The prevalence of a variety of neglected diseases is an increasing serious public health problem in developing
countries, particularly in the poorest and most remote areas with very little or no access to medical care. The
consequences in terms of morbidity and mortality due to these infections are devastating and have a major social and
economic impact in several relevant aspects. According to the World Health Organization, these diseases are one of the
most important scientific and technological challenges that face humankind in the 21st century. Although they affect
more than a billion people around the world, there are only a few safe and effective drugs currently available. The urgent
need for new drugs has led pharmaceutical and academic R&D centers to employ more knowledge-based platforms, as
an unprecedented opportunity to make a significant impact on the lives of disadvantaged people through the discovery of
novel therapeutic options. In this perspective we discuss the successful application of modern medicinal chemistry

approaches to neglected diseases.
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NEGLECTED DISEASES

According to the World Health Organization (WHO),
neglected tropical diseases (NTDs) are a
heterogeneous group of 17 infectious conditions, which
have as common attributes the prevalence in tropical
areas of the globe, primarily striking developing
countries, where the poorest population is the main
target [1]. Approximately 150 countries are endemic in
one of them, and a considerable fraction of 70% is
plagued by two or more NTDs [1, 2]. In this group are
included diseases such as Chagas' disease, dengue,
human African trypanosomiasis (HAT),
schistosomiasis, leishmaniasis, leprosy and lymphatic
filariasis. Although NTDs affect approximately one and
a half billion people around the world, the burden they
cause are mostly concentrated in rural areas and
degraded urban zones. Precarious habitations, water
pollution, poor sanitary infrastructure and the
consequent proliferation of vector insects are among
the top causes of high concentration of NTDs in these
environments [3]. In recent vyears, this general
tendency has been changing because of the migration
of an increasing number of cases to developed
countries, mainly in North America, Europe and Asia. In
addition to the group of NTDs defined by WHO, a
broader terminology can be employed to define the
array of neglected diseases (NDs), which includes
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other deadly infectious conditions that generally receive
relatively greater pharmaceutical interest and research
funding, such as tuberculosis and malaria [4]. A report
from the International Federation of Pharmaceutical
Manufacturers & Associations (IFPMA), published in
2012, revealed a 40% increase of R&D projects on
NDs, when compared with 2011 [1, 5]. However,
considering the 336 new chemical entities (NCEs)
approved during the last decade, only four are
indicated to NDs, three for malaria and one for
diarrhoeal disease [4].

The treatments for NDs are extremely limited and
often ineffective. Several drugs currently available were
developed to treat other conditions, such as cancer,
bacterial and viral infections [6]. Examples include the
compounds eflornithine and miltefosine, initially
developed for cancer therapy, but presently used in the
treatment of HAT and leishmaniasis, respectively
(Figure 1). Another example is nifurtimox, a drug used
to treat Chagas' disease. Combination therapy with
eflornithine and nifurtimox was found to be more safe
and effective than treatment with eflornithine alone, and
it has been recommended as first-line treatment for
second-stage HAT. Melarsoprol, a drug formerly used
in the treatment of late-stage HAT (Figure 1), is highly
toxic to humans, a life-threatening characteristic of
many antiprotozoal drugs. Another example is
nifurtimox, whose gastrointestinal and neurological side
effects have limited its therapeutic indication. In the
past, nifurtimox was also used to treat HAT in
combination with melarsoprol. Based on the present
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Figure 1: Structures of drugs used in the treatment of NDs. (1) Eflornithine; (2) Miltefosine; (3) Nifurtimox and (4) Melarsoprol.

situation and the serious existent problems, there is an
urgent need for the development of new, effective and
safe drugs for NDs [7, 8].

The research and development (R&D) trends for
NDs have been changing because of the growing
awareness on the subject in all levels of society,
including governments, general public and the scientific
community. As a consequence, the investments on
basic and applied research have increased, mainly
through  public-private  partnerships [9]. These
multilateral efforts are generally coordinated and
implemented by non-profit organizations in association
with private companies and public research institutions.
The Drugs for Neglected Diseases Initiative (DNDi); the
Special Programme for Research and Training in
Tropical Diseases (TDR) of WHO, and the Medicines
for Malaria Venture (MMV) are involved in several
projects in partnership with major pharmaceutical
companies, such as Pfizer, GlaxoSmithKline, Novartis,
AstraZeneca, Johnson & Johnson, Sanofi-Aventis, and
others [9, 10]. These collaborations connecting private,
public and government partners, include countries in all
continents of world [6].

MEDICINAL CHEMISTRY AND DRUG DISCOVERY

Historically, the drug R&D process was based on
empirical strategies, such as the systematic screening
of large collections of compounds on different
experimental models, and the synthesis of derivatives
of known active compounds [11]. More recently, a new
paradigm has emerged in academic and industrial

environments because of the lack of innovation and the
limited investigation of the chemical and biological
space imposed by the traditional models [12]. For this
reason, an increasing use of highly integrated drug
discovery approaches has been noted, involving a
combination of experimental and computational
methods [13].

Among the core technologies employed in the early
identification of novel small molecule hits are the high
throughput screening (HTS) and virtual screening (VS)
methods (Figure 2) [14, 15]. HTS relies on the use of
miniaturized and automated assays - binding,
competition and enzymatic assays — upon a collection
of generally hundreds of thousands of structurally
diverse molecules. The output of the experiments
consists of a large set of molecules that holds low to
moderate binding affinity for the target, and that may be
suitable to structural modification. Consequently, hit-to-
lead optimization efforts are undertaken to produce
molecules with improved properties (e.g. potency,
affinity, and selectivity) [16].

After the selection of lead compounds, the next step
comprises the process of lead optimization (LO). At the
optimization stage, structure- (SBDD) and ligand-based
drug design (LBDD) methods are performed to improve
the pharmacodynamics, pharmacokinetics and safety
of the leads [17, 18]. The understanding of such a
broad range of parameters is essential to provide the
right balance in the characterization of the most
promising compounds for further investigation [19].
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Figure 2: Key steps of the drug discovery and development process. NCE discovery: the achievement of a new chemical that
has the attributes to proceed into the development phase and does not contain an active moiety that already has been approved
by the regulatory agencies. Drug development: the process by which a drug candidate goes through extensive investigations in
humans in order to prove its effectiveness and safety before its approval by the regulatory agencies.

The drug discovery process has been boosted,
among other technological developments, by advances
in combinatorial chemistry [20]. This approach provided
the synthetic chemists the ability to generate large
collections of compounds by exploring a small number
of starting points in all allowed combinations through a
given reaction sequence. From a medicinal chemist's
point of view, combinatorial chemistry became an
important tool in the organization of libraries of
compounds for biological screening and hit
identification [21].

On one hand, SBDD approaches rely on the use of
3D structural data derived from a variety of molecular
targets [22]. VS, molecular docking and molecular
dynamics (MD) are among some of the most important
methods [23, 24], where the main goal is to simulate
the interaction between small-molecule ligands and
biological targets to gather insights into critical
intermolecular events [25]. On the other hand, LBDD
methods focus on the investigation of known
biologically active ligands to produce knowledge that
can be applied in multiple ways in the design of new
compounds [26, 27]. Pharmacophores, quantitative
structure-activity relationships (QSAR) and ligand-
based VS (LBVS) are strategies usually employed in
LBDD studies, both in academia and industry [28-30].
In addition, current data point out that the integration of
SBDD and LBDD provides invaluable insights in lead
identification and optimization, which are essential
aspects of the drug discovery process [30-32].

STRUCTURE-BASED DRUG DESIGN STRATEGIES

The phase of target identification and validation is
an important basis of successful drug development in

key areas of human health [33]. Technological
advances in protein crystallography and nuclear
magnetic resonance (NMR) have allowed the
resolution of more than 80,000 proteins [34]. The vast
availability of structural information for an increasing
number of proteins has strongly contributed to the field
of SBDD in modern drug discovery. This knowledge is
broadly used in the area of NDs research for the design
of high-affinity small-molecule ligands [23, 28, 35].

Figure 3 illustrates four crystal structures of
extensively explored molecular targets for NTDs.
These enzymes from the pathogens Schistosoma
mansoni (3A), Trypanosoma cruzi (3B), Trypanosoma
brucei (3C) and Leishmania (3D) are vital for the
survival and proliferation of the parasites. The binding
modes depicted in Figure 3 reveal the essential
intermolecular interactions present in the complexes
between proteins and small-molecule inhibitors.

SBDD methods can be applied to the solution of
several drug design problems, generally starting with
the investigation of a 3D structure of a given biological
target. Next, the appropriate binding cavity of the
protein may be considered in the processes of ligand
optimization or in silico screening of new ligands.
Subsequently, a privileged set of compounds is either
synthesized or purchased, and then experimentally
tested in vitro against the target protein (Figure 4) [31].

Virtual Screening and Molecular Docking

The in silico screening of libraries of compounds is
one of most applied strategies to identify hits in the
early phases of the drug discovery process. VS is the
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Figure 3: Crystallographic structures of enzyme-inhibitor complexes. (A) Schistosoma mansoni purine nucleoside
phosphorylase (PNP) in complex with a nucleoside analog (PDB ID: 3DJF); (B) Cruzain from Trypanosoma cruzi in complex with
a bromophenoxy-acetamide inhibitor (PDB ID: 3KKU); (C) Trypanosoma brucei dihydrofolate reductase (DHFR) in complex with
the inhibitor pyrimethamine (PDB ID: 3QFX); (D) Leishmania major pteridine reductase 1 with a 2,4-diaminopteridine inhibitor
(PDB ID: 3H4V). Protein structures in cartoon, inhibitors in stick and water molecules in red spheres.
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Figure 4: SBDD in drug design.
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Figure 5: Outline of a SBVS process. Among the several phases comprising the VS process, the filtering step is important to
reduce de size of the database, and to restrict the chemical space being explored in terms of lead- or drug-like properties.
ADME: absorption, distribution, metabolism and excretion.

computational counterpart of the experimental SBVS methods involve the computational docking
screening (HTS). Basically, VS can be categorized into of large libraries of small-molecule compounds into the
structure-based virtual screening (SBVS) and LBVS binding site of the target protein [37]. Molecular docking
[36]. is a well-known method used to predict the binding
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conformation of the ligands within the binding pocket of
the biological receptor [38]. It has been largely
employed to evaluate the bound conformation
preference and the free binding energy [39]. Binding
conformations predicted by molecular docking are in
general close to the corresponding binding
conformations observed in crystallographic structures
[38]. However, the difficulty to find correct binding
solutions increases proportionally with the degree of
flexibility of the docked molecules. In addition, the
docking algorithms are applied to classify the
compounds using a variety of scoring functions. The
majority of the currently employed scoring functions is
based on force fields, empirical data and knowledge of
the protein-ligand interactions in order to predict the
free energy of binding between the docked ligands and
the macromolecular target [38, 39]. The ranking list is
ultimately used to select a subset of promising
compounds for experimental (in vitro) evaluation
(Figure 5) [40].

Molecular Dynamics

The selection of promising lead compounds
requires the integration of different strategies. In this
framework, SBVS can be combined with molecular
dynamics (MD) simulations, considering that numerous
molecular targets may undergo conformational
changes of varied extensions. MD simulations play an
essential role in the characterization of molecular
motion [41]. In some cases, the receptor’s changes are
small and the ligand fits into a well-defined cavity. In
contrast, some proteins may undergo major alterations
in their structure during the process of molecular
recognition [42]. In the latter case, it is useful to
generate an ensemble of structures, and then consider
the most representative conformational states to
produce meaningful SBVS results [43, 44].

MD simulations have been successfully employed in
the elucidation of the molecular basis underlying
experimental data, for instance, in the case of enzyme
inhibition measurements [43, 45]. Regardless of some
important limitations, such as the high computational
cost and system size, MD has contributed in several
ways in drug design projects, mainly when combined
with other medicinal chemistry approaches [46].

LIGAND-BASED DRUG DESIGN STRATEGIES

In a considerable number of cases, the discovery of
new compounds with pharmacological activity can be
done without the use of the target's structural

information. LBDD strategies are widely applied to the
design and optimization of ligands based on the
properties extracted from previously known active
molecules (Figure 6) [47].

Pharmacophore modeling is one of the most
important LBDD strategies employed in drug design
[48]. This technology captures common structural
features from a specific set of ligands, which are
thought to be essential in the process of molecular
binding to the target protein. Firstly, the conformational
space for each molecule is delineated to characterize
the conformations of the entire set of ligands [49]. Next,
the several ligands are aligned and the key common
features are identified. This results in the generation of
a so called 3D pharmacophore hypothesis, which can
then be used to search large databases of compounds
with unknown activities [48, 49].

Another well-known LBDD method is quantitative
structure-activity relationships (QSARS) [50]. Over the
last decades QSAR models have been successfully
used to describe and quantify the underlying
correlations between molecular properties and
biological activity [29, 50]. These relationships are
converted to mathematical models that can be used to
predict the biological activity of novel compounds not
yet synthesized. According to the type of descriptor,
QSAR methods can be broadly classified as 1D, 2D or
3D. Several types of molecular descriptors can be
employed: physicochemical (e.g. logP and pK, 1D
QSAR), topological and fingerprints (2D QSAR), and
molecular interaction fields (3D QSAR) [51]. QSAR
studies are usually applied to a specific chemical space
to be explored in the design of new molecules with
improved properties, particularly in the hit-to-lead and
lead optimization phases [52, 53].

LBVS methods do not consider the 3D structure of
the macromolecular target. In this case, the molecular
properties of active compounds are used as the search
criteria to identify molecules with similar structure. The
search can be based on 1D, 2D or 3D molecular
descriptors. The selection of adequate descriptors is
critical, and depends on the nature of the molecules
used as search templates. Typically used descriptors
include 1D bit strings, 2D common substructures, and
3D pharmacophore hypothesis and molecular shape
[54, 55]. LBVS approaches are broadly divided in
filtering or activity-based methods (Figure 7). By using
filtering methods, large databases can be rapidly
screened for molecules containing specific properties
(e.g. lead-like, drug-like) or substructures, or absence
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Figure 6: LBDD strategies in medicinal chemistry.

of toxic or undesired groups. In activity-based methods,
QSAR models, pharmacophore hypothesis and
classification models can be used to screen libraries of
compounds, as well as to classify them as actives or
inactives, and predict their activity [56].

The integration between LBDD and SBDD
approaches is present in a vast number of cases
described in the literature [57]. The use of these
strategies requires a careful design to ensure
maximum benefit [57]. In the following section we
briefly discuss some examples of studies in the area of
NDs.

CURRENT MEDICINAL CHEMISTRY APPROACHES
IN NEGLECTED DISEASES

Valuable strategies in medicinal chemistry have
been employed to the discovery and optimization of
lead compounds for NDs. A few successful examples
of the integration of VS, QSAR, molecular docking,
pharmacophore modeling and MD are described
below.

Recently, a series of compounds exhibiting potent
activity against Plasmodium falciparum was discovered
[58]. The authors initially developed several QSAR
models based on the in vitro activity of nearly 3,000
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compounds against P. falciparum cells. Subsequently,
the ZINC database was filtered for drug-likeness
properties. Next, the compounds selected were
submitted to a procedure (applicability domain — AD —
analysis) that delimitates the chemical space in which a
QSAR model provides reliable predictions for both
internal and external validation sets. Predictions were
provided by QSAR models for the compounds within
the AD, and a subset of promising compounds was
experimentally tested. Several hits were found to inhibit
the parasite’s growth in cell cultures. The interesting
chemical diversity of the series can be further explored
in the design of novel antimalarial agents (Figure 8A).

The enzyme 2-trans-enoyl-ACP-CoA-reductase
(InhA) is a key target of the fatty acid synthesis
pathway of Mycobacterium tuberculosis, the causative
agent of tuberculosis. A subset of the ZINC database
was used in a strategy combining VS and 3D
pharmacophore modeling [59]. Firstly, a 3D
pharmacophore model was generated based on
available InhA crystal structures. The information
derived from SBDD and LBDD investigations allowed
the generation of a pharmacophore consisting of four
key points, which guided the selection of molecules
with complementary properties to the InhA binding site.
Subsequently, four docking programs were employed
to compare the binding mode of the previously selected
molecules. Three molecules possessing ICsy values
ranging from 24 to 83 uM were identified. The study

resulted in the discovery of promising novel scaffolds —
oxadiazols and thiadiazols — as inhibitors of M.
tuberculosis InhA (Figure 8B).

In an interesting work, a combined strategy
comprising docking studies and a HTS assay of
approximately 20,000 compounds was developed
employing the enzyme cruzain from T. cruzi, a
validated target for Chagas' disease [60]. An initial set
with nearly 1,000 hits was identified from the HTS
campaign. Molecular docking studies were performed
upon these hits, and the top scoring compounds were
evaluated against the target enzyme. This procedure
allowed the selection of a subset of potent inhibitors
with K; (the dissociation constant for the enzyme-
inhibitor complex) values in the low micromolar and
nanomolar range (Figure 8C). These inhibitors,
belonging to five different structural classes, are
attractive starting points for future development.

The association of protein crystallography and
molecular docking led to the study of a series of potent
inhibitors of the enzyme purine nucleoside
phosphorylase (PNP) from Schistosoma mansoni, the
causative agent of schistosomiasis [61].
Crystallographic data of the enzyme were used to
assist the SBDD investigation of a series of
deazaguanine derivatives and other purine bases. The
compounds showed excellent inhibitory profile, with
ICs0 values in the nanomolar range (Figure 9A). The
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Figure 8: Chemical structures of compounds identified through the integration of medicinal chemistry approaches. (A) Two
active compounds against P. falciparum cells. (B) Inhibitors of the InhA enzyme from M. tuberculosis; (C) Inhibitors of the

enzyme cruzain from T. cruzi.

authors also performed kinetic evaluations upon the
human PNP to assess the selectivity of the inhibitors.
Three compounds showed good selectivity towards the
parasite’s enzyme. The obtained crystallographic
complex for one of the inhibitors (Figure 3A) revealed
several key structural features for selectivity that can

be explored in the optimization of this series of
inhibitors of S. mansoni PNP.

The RNA-editing ligase (REL1) is an essential
enzyme of the RNA editing pathway, a unique process
of protozoa, which include the parasite Trypanosoma
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Figure 9: (A) Structures of S. mansoni PNP deazaguanine inhibitors; (B) Structures of T. brucei REL1 inhibitors.
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brucei, the causative agent of HAT. Drug-like inhibitors
were discovered through the combination of MD and
SBVS approaches [62]. A subset of the National
Cancer Institute (NCI) database was virtually screened
using a crystal structure of the enzyme (PDB ID:
1XDN). The top scoring compounds were redocked
into the binding pocket using structures of the enzyme
obtained through MD - a process called relaxed
complex scheme (RCS). Following this, the most
promising compounds were filtered for drug-likeness,
leading to the identification of potent inhibitors. The
structure of the most potent inhibitor was used in a
similarity search for new REL1 inhibitors, employing the
entire NCI database (Figure 9B). This series of
disulfonic acid derivatives are lead candidates for the
development of new anti-HAT agents.

CONCLUSIONS

Although NDs account for 12% of the global health
burden, only about 1% of the new NCEs launched over
the last decade were targeted to these conditions [4].
To address this critical gap, pharmaceutical
companies, not-for-profit organizations, academic and
research institutions have been progressively more
engaged in several modalities of partnerships to raise
the levels of investments and research activities in the
area of NDs. As a consequence, good opportunities
are becoming increasingly available for these alarming
public health problems. Current research has taken
advantage of the existing open databases of small-
molecules and macromolecular targets, whose
availability is likely to increase over the next years. This
aspect is of great importance, particularly for the
application of SBDD and LBDD methods. Successful
examples of the use of these approaches can be found
for a variety of different diseases and drug discovery
programs. It seems clear that, from a careful
examination of these cases, important information can
emerge to support knowledge-based decisions. In this
context, we believe that the use of a diversity of
strategies in medicinal chemistry will continue to play a
significant role in the area of NDs for the foreseeable
future.

ACKNOWLEDGEMENTS

We gratefully acknowledge financial support from
FAPESP (The State of Sao Paulo Research
Foundation, grant #2013/07600-3) and CNPq (The
National Council for Scientific and Technological
Development), Brazil.

REFERENCES

[1] World Health Organization. First WHO report on neglected
tropical diseases: working to overcome the global impact of
neglected tropical diseases.http://whglibdoc.who.int/
publications/2010/9789241564090_eng.pdf. (accessed
October 10, 2013).

[2] Feasey N, Wansbrough-Jones M, Mabey DCW, Solomon
AW. Neglected tropical diseases. Brit Med Bull 2010; 93:
179-200.
http://dx.doi.org/10.1093/bmb/Idp046

[3] Fenton A. Worms and germs: the population dynamic
consequences of microparasite-macroparasite co-infection.
Parasitology 2008; 135: 1545-560.

[4] Pedrique B, Strub-Wourgaft N, Some C, et al. The drug and
vaccine landscape for neglected diseases (2000-11): a
systematic assessment. The Lancet Global Health 2013; 1:
e371-9.
http://dx.doi.org/10.1016/S2214-109X(13)70078-0

[5] World Health Organization. Pipeline grows for neglected
diseases research and development (R&D). http://www.
who.int/tdr/news/2013/pipeline_ntd/en/. (accessed October
24, 2013).

[6] Nwaka S, Hudson A. Innovative lead discovery strategies for
tropical diseases. Nat Rev Drug Discov 2006; 5: 941-55.
http://dx.doi.org/10.1038/nrd2144

[7] Fenwick A. The global burden of neglected tropical diseases.
Public Health 2012; 126: 233-6.
http://dx.doi.org/10.1016/j.puhe.2011.11.015

[8] World Health Organization.The global burden of disease
2004 update. http://www.who.int/entity/healthinfo/global_
burden_disease/GBD_report_2004update_full.pdf.
(accessed October 24, 2013).

[9] Drugs for Neglected Diseases Initiative. 2011 Annual report
towards sustainable change for neglected patients.
http://www.dndi.org/images/stories/annual_report/2011/DNDi
_Annual%?20report%202011_low-res.pdf. (accessed
September 11, 2013).

[10] Ridley RG, Fletcher, ER. Making a difference 30 years of
TDR. Nat Rev Microbiol 2008; (6)5: 401-7.
http://dx.doi.org/10.1038/nrmicro1899

[11] Olsson T, Oprea TI. Cheminformatics: a tool for decision-
makers in drug discovery. Curr Opin Drug Discov Devel
2001; 4: 308-13.

[12] Paul SM, Mytelka DS, Dunwiddie CT, et al. How to improve
R&D productivity: the pharmaceutical industry's grand
challenge. Nat Rev Drug Discov 2010; 9: 203-14.

[13] Mandal S, Moudgil MN, Mandal SK. Rational drug design.
Eur J Pharmacol 2009; 625: 90-100.
http://dx.doi.org/10.1016/j.ejphar.2009.06.065

[14] Bajorath J. Integration of virtual and high-throughput
screening. Nat Rev Drug Discov 2002; 1: 882-94.
http://dx.doi.org/10.1038/nrd941

[15] Scior T, Bender A, Tresadern G, et al. Recognizing pitfalls in
virtual screening: a critical review. J Chem Inf Model 2012;
52: 867-81.
http://dx.doi.org/10.1021/ci200528d

[16] Macarron R, Banks MN, Bojanic D, et al. Impact of high-
throughput screening in biomedical research. Nat Rev Drug
Discov 2011; 10: 188-95.
http://dx.doi.org/10.1038/nrd3368

[17] Lang M, Seifert MH, Wolf KK, et al. Discovery and hit-to-lead
optimization of novel allosteric glucokinase activators. Bioorg
Med Chem Lett 2011; 21: 5417-22.
http://dx.doi.org/10.1016/.bmcl.2011.06.128

[18] Jorgensen WL. Efficient drug lead discovery and
optimization. Acc Chem Res 2009; 42: 724-33.
http://dx.doi.org/10.1021/ar800236t




30

Journal of Modern Medicinal Chemistry, 2014 Vol. 2, No. 1

Ferreira and Andricopulo

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

Lewis RA. A general method for exploiting QSAR models in
lead optimization. J Med Chem 2005; 48: 1638-48.
http://dx.doi.org/10.1021/jm049228d

Kodadek T. The rise, fall and reinvention of combinatorial
chemistry. Chem Commun 2011; 47: 9757-63.
http://dx.doi.org/10.1039/c1cc12102b

Xiang M, Cao Y, Fan W, Chen L, Mo Y. Computer-aided
drug design: lead discovery and optimization. Comb Chem
High Throughput Screen 2012; 15: 328-37.
http://dx.doi.org/10.2174/138620712799361825

Du J, Cross TA, Zhou HX. Recent progress in structure-
based anti-influenza drug design. Drug Discov Today 2012;
17:1111-20.

http://dx.doi.org/10.1016/j.drudis.2012.06.002

Villoutreix BO, Eudes R, Miteva MA. Structure-based virtual
ligand screening recent success stories. Comb Chem High
Throughput Screen 2009; 12: 1000-16.
http://dx.doi.org/10.2174/138620709789824682

Chaudhuri R, Carrillo O, Laughton CA, Orozco M. Application
of drug-perturbed essential dynamics/molecular dynamics
(ED/MD) to virtual screening and rational drug design. J
Chem Theory Comput 2012; 8: 2204-14.
http://dx.doi.org/10.1021/ct300223c

Blaney J. A very short history of structure-based design: how
did we get here and where do we need to go? J Comput
Aided Mol Des 2012; 26: 13-14.
http://dx.doi.org/10.1007/s10822-011-9518-x

Speck-Planche A, Luan F, Cordeiro MN. Role of ligand-
based drug design methodologies toward the discovery of
new anti-Alzheimer agents: futures perspectives in fragment-
based ligand design. Curr Med Chem 2012; 19: 1635-45.
http://dx.doi.org/10.2174/092986712799945058

Abdo A, Saeed F, Hamza H, Ahmed A, Salim N. Ligand
expansion in ligand-based virtual screening using relevance
feedback. J Comput Aided Mol Des 2012; 26: 279-87.
http://dx.doi.org/10.1007/s10822-012-9543-4

Bacilieri M, Moro S. Ligand-based drug design
methodologies in drug discovery process an overview. Curr
Drug Discov Technol 2006; 3: 155-65.
http://dx.doi.org/10.2174/157016306780136781

Verma J, Khedkar VM, Coutinho EC. 3D-QSAR in drug
design a review. Curr Top Med Chem 2010; 10: 95-115.
http://dx.doi.org/10.2174/156802610790232260

Adhikari N, Halder AK, Mondal C, Jha T. Ligand based
validated comparative chemometric modeling and
pharmacophore mapping of aurone derivatives as
antimalarial agents. Curr Comput Aided Drug Des 2013; 9:
417-32.

http://dx.doi.org/10.2174/15734099113099990014

Taft CA, Da Silva VB, Da Silva CH. Current topics in
computer-aided drug design. J Pharm Sci 2008; 97: 1089-98.
http:/dx.doi.org/10.1002/jps.21293

Jonsdéttir SO, Jorgensen FS, Brunak S. Prediction methods
and databases within chemoinformatics emphasis on drugs
and drug candidates. Bioinformatics 2005; 21: 2145-60.
http://dx.doi.org/10.1093/bioinformatics/bti314

Pizarro JC, Hills T, Senisterra G, et al. Exploring the
Trypanosoma brucei Hsp83 potential as a target for structure
guided drug design. PLoS Negl Trop Dis 2013; 7: €2492.
http://dx.doi.org/10.1371/journal.pntd.0002492

Berman HM, Kleywegt GJ, Nakamura H, Markley JL. How
community has shaped the protein data bank. Structure
2013; 21: 1485-91.
http://dx.doi.org/10.1016/j.str.2013.07.010

Mallari JP, Shelat AA, Kosinski A, et al. Structure-guided
development of-selective ThcatB inhibitors. J Med Chem
2009; 52: 6489-93.

http://dx.doi.org/10.1021/jm900908p

(36]

(37]

(38]

(39]

[40]

[41]

[42]

(43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

Faver JC, Ucisik MN, Yang W, Merz Jr KM. Computer-aided
drug design: using numbers to your advantage. ACS Med
Chem Lett 2013; 4: 812-14.
http://dx.doi.org/10.1021/ml4002634

Lyne PD. Structure-based virtual screening an overview.
Drug Discov Today 2002; 7: 649-57.
http://dx.doi.org/10.1016/S1359-6446(02)02483-2

Meng XY, Zhang HX, Mezei M, Cui M. Molecular docking: a
powerful approach for structure-based drug discovery. Curr
Comput Aided Drug Des 2011; 7: 146-57.
http://dx.doi.org/10.2174/157340911795677602

Yuriev E, Ramsland PA. Latest developments in molecular
docking: 2010-2011 in review. J Mol Recognit 2013; 26: 215-
39.

http://dx.doi.org/10.1002/jmr.2266

Azevedo LS, Moraes FP, Xavier MM, et al. Recent progress
of molecular docking simulations applied to development of
drugs. Curr Bioinform 2012; 7: 352-65.
http://dx.doi.org/10.2174/157489312803901063

Harvey MJ, de Fabritis G. High-throughput molecular
dynamics the powerful new tool for drug discovery. Drug
Discov Today 2012; 17: 1059-62.
http://dx.doi.org/10.1016/j.drudis.2012.03.017

Lin JH. Accommodating protein flexibility for structure-based
drug design. Curr TopMed Chem 2011; 11: 171-8.
http://dx.doi.org/10.2174/156802611794863580

Durrant JD, Mccammon JA. Molecular dynamics simulations
and drug discovery. BMC Biol 2011; 9: 1-9.
http://dx.doi.org/10.1186/1741-7007-9-71

Nichols SE, Baron R, Ivetac A, Mccammon JA. Predictive
power of molecular dynamics receptor structures in virtual
screening. J Chem Inf Model 2011; 51: 1439-46.
http://dx.doi.org/10.1021/ci200117n

Buch |, Giorgino T, De Fabritis G. Complete reconstruction
of an enzyme-inhibitor binding process by molecular
dynamics simulations. Proc Natl Acad Sci 2011; 108: 10184-
9.

http://dx.doi.org/10.1073/pnas.1103547108

Park J, Czapla L, Amaro RE. Molecular simulations of
aromatase reveal new insights into the mechanism of ligand
binding. J Chem Inf Model 2013; 53: 2047-56.
http://dx.doi.org/10.1021/ci400225w

Sapre NS, Jain N, Gupta SA, et al. Hybrid QSAR studies on
dihydro-alkoxy-benzyl-oxopyrimidines (DABQO) derivatives: a
ligand based drug design (LBDD) approach. Int J Chem
2013; 1: 55-76.

Caporuscio F, Tafi A. Pharmacophore modelling: a forty year
old approach and its modern synergies. Curr Med Chem
2011; 18: 2543-53.
http://dx.doi.org/10.2174/092986711795933669

Yang SY. Pharmacophore modeling and applications in drug
discovery: challenges and recent advances. Drug Discov
Today 2010; 15: 444-50.

Funatsu K, Miyao T, Arakawa M. Systematic generation of
chemical structures for rational drug design based on QSAR
models. Curr Comput Aided Drug Des 2011; 7: 1-9.
http://dx.doi.org/10.2174/157340911793743556

Concu R, Podda GM Ubeira F, Gonzalez-Diaz H. Review of
QSAR models for enzyme classes of drug targets: theoretical
background and applications in parasites, hosts and other
organisms. Curr Pharm Des 2010; 16: 2710-23.
http://dx.doi.org/10.2174/138161210792389207

Tropsha A. Best practices for QSAR model development,
validation, and exploitation. Mol Inf 2010; 29: 476-88.
http://dx.doi.org/10.1002/minf.201000061

Xiang M, Cao Y, Fan W, Chen L, Mo Y. Computer-aided
drug design: lead discovery and optimization. Comb Chem
High Throughput Screen 2012; 15: 328-37.
http://dx.doi.org/10.2174/138620712799361825




Medicinal Chemistry Approaches to Neglected Diseases Drug Discovery

Journal of Modern Medicinal Chemistry, 2014 Vol. 2, No. 1 31

(54]

[55]

[56]

(57]

(58]

Geppert H, Vogt M, Bajorath J. Current trends in ligand-
based virtual screening: molecular representations, data
mining methods, new application areas, and performance
evaluation. J Chem Inf Model 2010; 50: 205-16.
http://dx.doi.org/10.1021/ci900419k

Kriger DM, Evers A. Comparison of structure-and
ligand-based virtual screening protocols considering hit list
complementarity and enrichment factors. Chem Med Chem
2010; 5: 148-58.

http://dx.doi.org/10.1002/cmdc.200900314

Stahura FL, Bajorath J. New methodologies for ligand-based
virtual screening. Curr Pharm Des 2005; 11: 1189-202.
http://dx.doi.org/10.2174/1381612053507549

Wilson GL, Lill MA. Integrating structure-based and ligand-
based approaches for computational drug design. Future
Med Chem 2011; 3: 735-50.
http://dx.doi.org/10.4155/fmc.11.18

Zhang L, Fourches D, Sedykh A, et al. Discovery of novel
antimalarial compounds enabled by qgsar-based virtual
screening. J Chem Inf Model 2013; 53: 475-92.
http://dx.doi.org/10.1021/ci300421n

[59]

(60]

(61]

(62]

Pauli I, dos Santos RN, Rostirolla DC, et al. Discovery of new
inhibitors of Mycobacterium tuberculosis Inha enzyme using
virtual screening and a 3D-pharmacophore-based approach.
J Chem Inf Model 2013; 53: 2390-401.
http://dx.doi.org/10.1021/ci400202t

Ferreira RS, Simeonov A, Jadhav A, et al. Complementarity
between a docking and a high-throughput screen in
discovering new cruzain inhibitors. J Med Chem 2010; 53:
4891-905.

http://dx.doi.org/10.1021/jm100488w

Castilho MS, Postigo MP, Pereira HM, Oliva G, Andricopulo
AD. Structural basis for selective inhibition of purine
nucleoside phosphorylase from Schistosoma mansoni:
kinetic and structural studies. Bioorg Med Chem 2010; 18:
1421-7.

http://dx.doi.org/10.1016/j.bmc.2010.01.022

Amaro RE, Schnaufer A, Interthal H, Hol W, Stuart, KD,
McCammon JA. Discovery of drug-like inhibitors of an
essential RNA-editing ligase in Trypanosoma brucei. Proc
Natl Acad Sci USA 2008; 105: 17278-83.
http://dx.doi.org/10.1073/pnas.0805820105

Received on 17-12-2013

DOI: http://dx.doi.org/10.12970/2308-8044.2014.02.01.4

© 2014 Ferreira and Andricopulo; Licensee Synergy Publishers.

Accepted on 13-01-2014

Published on 06-03-2014

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.



