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Chapter 9

CADD Studies Applied to Secondary
Metabolites in the Anticancer Drug
Research

Luciana Scotti, Nagendra Sastry Yarla, Francisco J. B. Mendonga Filho,
José M. Barbosa Filho, Marcelo S. da Silva, Josean F. Tavares,
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Abstract Natural products have had an important and decisive role in the develop-
ment of modern medicinal chemistry and drug design. The development of new
bioassay techniques, biotech methods, bio-guided phytochemical studies, auto-
mated high-throughput screening, and high performance analytical methods has
introduced both new concepts and possibilities for rational drug design and drug
discovery. With the development of new spectroscopic techniques, organic chemists
have been able to elucidate the complex molecular structures of natural constituents
quickly. Secondary metabolites, namely, alkaloids, flavonoids, and terpenoids as
anticancer molecules, involving various strategies of treatment, have been discussed
with special reference to topoisomerases (Topo), cyclooxygenases (COX), lipoxy-
genase (LOX), and aromatase as enzymatic targets for various types of cancers. In
silico methods or CADD (computer-aided drug design) studies are increasingly
being used in both industries and universities. They involve an understanding of the
molecular interactions from both qualitative and quantitative points of view. These
methods generate and manipulate three-dimensional (3D) molecular structures, cal-
culate descriptors and the dependent molecular properties, model constructions, and
employ other tools that encompass computational drug research. Analysis of the
molecular structure of a given system allows relevant information to be extracted
and to predict the potential of bioactive compounds. Furthermore, in view of the
recent advances made in the field of computer-aided drug design, the aim of present
chapter is to discuss the use of computational approaches such as ADMET, molecular
docking, molecular dynamics simulation, and QSAR to asses and predict the safety,
efficacy, potency, and identification of natural potent anticancer molecules.
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9.1 Introduction

The kingdom plantae contributed significantly to the discovery of useful substances
that may treat various human diseases. The development of organic chemistry in the
nineteenth century occurred in parallel with the study of plants. The plants are the
source of a large number of natural products having an undoubtedly unique devel-
opment and occurrence of complex metabolites (Cragg and Newman 2014). The
natural products often resulted from an optimized evolutionary process in which
chemicals have been under the selective forces of coevolution, organisms producing
substances in the presence of their predators. These products have been utilized by
humans since ancient times to treat and cure their diseases. Traditional Chinese
medicine is the best example of natural product efficiency, especially in the discov-
ery of new active chemical entities. These compounds are present in fruits and veg-
etables and are important components of our daily diets. Of the existing plants in the
world, most of which are unknown from a scientific point of view, only about 5% of
the approximately 250-500 thousand species have been biologically studied and
evaluated. Natural products are often phenolic compounds, flavonoids, alkaloids, or
terpenes, secondary plant metabolites that may provide several benefits to our
health. These benefits include cosmetic action, cardioprotective effects, anti-
inflammatory activity, and usefulness in the treatment of cancer and the neglected
diseases (Chan et al. 2013; Karioti et al. 2015). The use of natural products has been
the single most successful strategy for discovering new medicines, and many medi-
cal breakthroughs are based on natural products. Half of the top 20 best-selling
drugs are natural chemical compounds, and their total sales amount to US$ 16 bil-
lion yearly. These numbers suggest that natural chemicals may well be considered
pre-optimized for bioactive potential and therefore possess “drug-like properties”
(Kennedy et al. 2009; Wang et al. 2011; Clement 2014). New molecules are con-
tinually being reported in the literature, many with relevant pharmacological activ-
ity, such as Taxol, forskolin, artemisinin, etc. (Fig. 9.1). It is important to remember
that plants have contributed over the years to obtaining various widely used drugs,
such as morphine, emetine, vincristine, colchicine, rutin, etc. (Fig. 9.1). In the
1980s, consumers in the USA paid more than 8 billion dollars for prescriptions with
active natural products, and about 80% of all people use natural compounds in the
treatment of their diseases (Mills et al. 2005; Mishra et al. 2008; Moran et al. 2009).

Several therapeutically active metabolites were isolated from marine organisms,
which could be used as effective modulators of biological targets such as
phospholipases, adenosine receptors in tumor models (e.g., manoalide, lufarolide,
and azidovudine (Fig. 9.2)) inspired by the chemical structure of a substance of
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Fig. 9.2 Structure of some marine natural products

marine origin which proved to be active on HIV reverse transcriptase, agent respon-
sible for acquired immunodeficiency syndrome (AIDS), and prostaglandin A,
(Fig. 9.2) (Scotti et al. 2012a; Anjos et al. 2012; Souza et al. 2012; de Aradjo et al.
2013; Hatae et al. 2015). New chemical bioactive entity studies done by industrial
research laboratories have adopted techniques such as combinatorial chemistry to
obtain more compounds. Through this technology, reactions are done in several
steps, occurring in parallel or in mixtures, with few reagents. Products are reagent
combinations, and therefore large numbers of new compounds can be generated.
Thus, the aim of the present chapter is to discuss the use of computational approaches
such as ADMET, molecular docking, molecular dynamics simulation, and QSAR to
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asses and predict the safety, efficacy, potency, and identification of natural potent
anticancer molecules.

9.2 Medicinal Chemistry and Its Significance

It is dedicated to understanding the molecular mechanism, chemical relationships,
and pharmacological activity involved in drug action thru pharmacodynamic and
pharmacokinetic factors. The introduction of new technologies has become a prime
concept in medicinal chemistry expanding its interdisciplinary character. Most
drugs are small bioactive molecules that interact with specific macromolecules or
receptors, resulting in their therapeutic effects. Modern computational methods can
determine the different qualitative and quantitative contributions of the structural
subunits of different drugs. Pharmacokinetic and toxicity factors of new drug candi-
dates can be evaluated virtually using modern computational tools. The computer
has become an inseparable ally, allowing computational studies that model the
chemistry and molecular dynamics of medicinal chemistry (Tang et al. 2014; Liu
et al. 2015; Ding et al. 2015). Using several computational tools, researchers can
create new virtual candidate ligands for receptor sites in three dimensions (3D).
Pharmaceutical companies report that spending on research and development in
2004 was about 33 billion US dollars, representing real growth year to year in
investment; this does not correspond, however, to a proportional increase in discov-
eries of new active molecular candidates for innovative drugs in the market (Fiorani
et al. 1999). Natural products have had an important and decisive role in the devel-
opment of modern medicinal chemistry and drug design. It has been observed (dur-
ing the last 200 years) that the complexity, chemical diversity, and biological
properties of natural products have all aided in the discovery of important new drugs
(von Pawel et al. 2014).

In the past 30 years, the development of new bioassay techniques, biotech meth-
ods, bio-guided phytochemical studies, automated high-throughput screening, and
high performance analytical methods has introduced both new concepts and possi-
bilities for rational drug design and drug discovery. With the development of new
spectroscopic techniques, organic chemists have been able to elucidate the complex
molecular structures of natural constituents quickly. Gossypol obtained from the
cottonseed oil (Gossypium sp.) is widely used in China as a male contraceptive, and
hypericin isolated from Saint John’s wort (Hypericum perforatum) extract is used as
an antidepressant (Congur et al. 2015). However, another natural substance of ori-
ental origin is artemisinin isolated from Artemisia annua, a plant known and used in
Chinese medicine and whose structural complexity has inspired new, useful drugs
for the treatment of malaria. Moreover, the active compounds -artemether, arte-
ether, and sodium artesunate were also obtained without limitations of bioavailability
(Fig. 9.2) (Sonderstrup et al. 2015). In silico methods or CADD (computer-aided
drug design) studies are increasingly being used in industries or universities which
involved an understanding of molecular interactions from both qualitative and
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quantitative points of views. These methods generate and manipulate three-dimen-
sional (3D) molecular structures, calculate descriptors and the dependent molecular
properties, model constructions, and employ other tools that encompass computa-
tional drug research. Analysis of the molecular structure of a given system allows
relevant information to be extracted and to predict the potential of bioactive com-
pounds (Grunnet et al. 2015). Theoretical studies using in silico methods have aided
in the process of drug discovery. Technological advances in the areas of structural
characterization, computational science, and molecular biology have contributed to
faster planning of new feasible molecules (Yeo et al. 2013). Chemoinformatic stud-
ies showed that a large fraction of natural products have structural and physico-
chemical properties that render them as potential drugs. Some investigators have
suggested “natural product-likeness score’ as a means to filter large chemical data-
bases and find new entities suitable for testing activity and these products subjected
to increase the interest in phytochemistry, biochemistry, and related field of research.

9.3 Docking and Drug Discovery

Drug discovery is a lengthy and expensive process that can take up to 15 years and
cost upward of billions of dollars. Most of the drug candidates were failed in clinical
trial. Of every 10,000 compounds tested, only 1 or 2 are marketed. Traditionally,
new drugs have been discovered through studies of natural or synthetic compounds
with biological activity. Today, theoretical methodologies have the advantages of
both effectively reducing costs and speeding up drug discovery, which results in
earlier drug marketing. Examples are captopril, from Bristol-Myers Squibb used for
the treatment of hypertension and heart failure; dorzolamide, an antiglaucoma agent
developed by Merck; saquinavir, which is a protease inhibitor used for HIV therapy
and produced by Hoffmann-La Roche; and zanamivir, a neuraminidase inhibitor
used for influenza treatment (Camacho et al. 2015; Cui et al. 2015).

Computer-aided drug design (CADD) studies used several methodologies of
computational chemistry to discover, enhance, and study drugs and their related
biologically active molecules. Computational methods help in minimizing not only
the number of drug candidates but also their ADME profile and toxicological prop-
erties. It is assumed that the biological activity of a drug is generally related to its
interaction with a protein or a nucleic acid. The drugs are designed (in silico), based
on their interaction (ligand with the macromolecule) observed in three dimensions,
using molecular docking, in a structure-based drug design (SBDD) technique. This
method is used to investigate and predict how the candidate drug (ligand) interacts
at the molecular level, by binding to the target protein or nucleic acid (receptor), and
to analyze the energies and interactions involved between them (Campos et al.
2011; Frampton 2013; Brown et al. 2014).

Docking involves molecular biology and computer-assisted drug design. The
objective of this method is to predict the predominant binding mode of a ligand to
proteins, using complex ligand-protein docking of the known three-dimensional
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structures. Docking methods can effectively search the high-dimensional spaces
which occur and apply a scoring function that correctly ranks candidate dockings.
Through docking, it is possible to perform virtual screenings of large libraries of
compounds, ranks, results, and their proposed structural hypotheses on of how the
ligands might inhibit a target (Echenique and Alonso 2007; da Rocha et al. 2011;
Decker 2011). Technological advances, better performing algorithms, and increas-
ing computing power allow timeline molecular docking with thousands of ligands;
this is of great importance in the pharmaceutical industry. In recent years, the grow-
ing number of publications based on molecular docking demonstrates its impor-
tance and effectiveness in drug discovery (Lavecchia and Di Giovanni 2013).

9.4 Treatment of Cancer by Plants and Their Derived
Products

Cancer is the set of chronic diseases caused by mutations in protein-coding genes
leading to disordered growth and multiplication of abnormal cells to form tumors
that destroy tissue and other organs (Charifson and Walters 2014). Being caused by
a genetic disorder, the disease development can be simple and fast. It was estimated
that 18% of cancer cases reported in 2002 were associated with infections such as
hepatitis B and C and papilloma virus (90% of patients with cervical cancer) (Duffy
et al. 2012; Chrea et al. 2014). In addition, about 30% of cancers are associated with
tobacco smoking and inhalation of pollutants and another 35% to eating habits
(Shekhar 2008). Devi et al. (2015) reported that lung, stomach, colorectal, liver, and
breast cancers are the major causes of death in the world. Breast cancer is the most
common cancer in women, while prostate cancer and lung cancers are common in
men (Kothandan and Ganapathy 2014). According to an estimate, 56% of 12.7 mil-
lion cases and 64% of 7.6 million deaths in 2008 occurred in developed countries,
and it is expected to increase up to 11.5 million till 2030 (Kothandan and Ganapathy
2014). At present, the chemotherapy is the most effective method of cancer treat-
ment, but it does not destroy the tumor cells completely or diagnosed in late stage
of cancer. Moreover, the disease’s stage and resistance of tumor cells toward drugs
and their side effects are main causes behind the failure of the treatment (Talele
et al. 2010).

In this regard, the therapeutic potentials of plant and their derived products (alka-
loids, flavonoids, and terpenoids) with special reference to topoisomerases (Topo),
cyclooxygenases (COX), lipoxygenase (LOX), and aromatase provide an alterna-
tive way to target various types of cancers. The computational approaches, namely,
ADMET, molecular docking, molecular dynamics simulation, and QSAR, are used
in assessing and predicting the safety, efficacy, potency, and identification of these
potent anticancer therapeutic molecules. According to the World Health Organization
(WHO), 80% of the world’s population utilizes the plants or their derived products
to treat the various diseases in developing countries. The plant-derived natural prod-
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ucts are of great promise for discovery and development of new pharmaceuticals
against diverse human ailments including cancer. At present, out of 121 drugs pre-
scribed for cancer treatment till date, 9 are derived from plants (Talele et al. 2010;
Kothandan and Ganapathy 2014). Furthermore, among the FDA-approved antican-
cer drugs between 1984 and 1994, 60% were isolated from plants (Talele et al.
2010). Among 65 new drugs registered for cancer treatment during the period
1981-2002, 48 were obtained from plants (Chen et al. 2002).

9.4.1 Anticancer Molecules

Tan et al. (2014) investigated the neutral and cationic benzo[c]phenanthridine alka-
loids against HCT-116 (colon tumor cells) and HL-60 (promyelocytic leukemia
cells) and through computer-aided drug design. The cationic alkaloids
(7,8-oxygenated benzo[c]phenanthridine alkaloids, chelerythrine, and NK109)
showed better anticancer activity compared to neutral derivatives because these
compounds formed shorter bonds between ring A and the substituents influencing
the resonance, increasing the inhibition of topoisomerases I and II as evident in the
electrostatic potential. Similarly, camptothecin, a monoterpenoid indole alkaloid
showing anticancer activity, is isolated from the Camptotheca acuminate (Sagar
et al. 2006) and acts as a topoisomerase I inhibitor (Jeong et al. 1999). Researchers
in medicinal chemistry developed three semisynthetic syntheses: (1) water-soluble
analogue of the plant alkaloid camptothecin, (2) topotecan, and (3) irinotecan, used
against ovarian, cervical, colorectal, and lung cancers (Wheat and Currie 2008; Polo
and Bravo 2006; Yang and Dou 2010; Thoppil and Bishayee 2011). Similarly, Cui
etal. (2015) studied the genes from Catharanthus roseus with strictosidine synthase
and geraniol 10-hydroxylase, introduced into Ophiorrhiza pumila hairy roots, gen-
erating the transgenic compound. They concluded that there was an increase in the
production of camptothecin, which showed antitumor activity against leukemia
K562 cell line.

The alkaloid camptothecin was developed as a potent anticancer drug directed
against Topo I in the year 1958. Two derivatives of camptothecin, namely, topotecan
and irinotecan, are being used as FDA-approved drugs against Topo I (Chalabi et al.
2007; Cheah et al. 2008). Similarly, the first Topo II inhibitor, namely, etoposide, an
analogue of alkaloid podophyllotoxin, is also an FDA-approved anticancer drug
coming from natural product (Anjos et al. 2012; Souza et al. 2012). Iriodenine has
been reported to inhibit both Topo I and II by trapping the cleaved DNA-enzyme
intermediate and preventing the release of enzymes (Li et al. 2002). Similarly, the
alkaloid eleutherin has been reported to inhibit the action of Topo II by inducing
relegation and dissociation of the enzyme from DNA (Vipin et al. 2015). Alkaloids
dicentrine (both Topo I and II) and lunacridine (Topo II only) have been reported to
inhibit respective topoisomerases by intercalating the DNA helix (Dave and Panchal
2012; Scotti et al. 2012b). However, alkaloids (matrine and tetrandrine) are reported
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to exert their anticancer activity by induction of cell cycle arrest, apoptosis, as well
as inhibition of metastasis and angiogenesis (Morris and Lim-Wilby 2008).

Anonaine is a potential anticancer agent, which inhibits cell proliferation by
DNA damage and cell cycle arrest in human lung cancer cell lines H1299 (von
Pawel et al. 2014). The anticancer activity of oliveroline has been reported through
cytotoxicity in MCF-7 mp53 breast cancer cell lines expressing mutant p53 (Taylor
et al. 2002). Furthermore, oliveroline has also been reported to act as an anticancer
compound inhibiting proliferation of cells undergoing DNA damage at G, check-
point (de Avila and de Azevedo 2014). Sanguinarine has been reported to exert its
anticancer activity by induction of cell cycle arrest at different phases or apoptosis
in a variety of cancer cell lines (Fiorani et al. 1999). Piperine has been reported to
inhibit breast stem cell proliferation without causing toxicity to differentiated (nor-
mal) cells (Yuriev and Ramsland 2013). Evodiamine has been reported to exhibit
anticancer activities under both in vitro and in vivo conditions by inducing the cell
cycle arrest or apoptosis, thereby inhibiting the initiation of proliferation, angiogen-
esis, invasion, and metastasis in a variety of cancer cell lines (Fiorani et al. 1999;
Sonderstrup et al. 2015). Berberine has been reported to inhibit multiple aspects of
tumorigenesis and tumor progression under both in vitro and in vivo conditions
including the induction of cell cycle arrest at the G; or G,/M phases and apoptosis
(Frampton 2013; Brown et al. 2014; Camacho et al. 2015; Cui et al. 2015).

Tan et al. (2011) reported the antitumor activity of dimers of triphenylethylene-
coumarin hybrid containing one amino side chain. The authors attributed the anti-
cancer activity to DNA metabolic enzymes, such as the topoisomerases. Later, Zhu
et al. (2015) synthesized monomers and dimers of triphenylethylene-coumarin
hybrid containing two amino side chains through condensation of three dicarbox-
ylic acids with the amino monomeric hybrids. These compounds were tested against
MCF-7 (human breast cancer), A549 (human lung cancer), K562 (chronic myeloid
leukemia), and Hela (cervical carcinoma). The active compounds were evaluated as
DNA inhibitors by UV-Vis, fluorescence, and CD spectroscopies and a DNA ther-
mal denaturation experiment to observe interactions, properties, and also conforma-
tional changes in DNA morphology. The dimers showed better results than the
monomers. The authors supposed that the length of the bond and the basic amino
group had an influence on the antiproliferative activity of the coumarins.

In vitro and in vivo studies of a number of plant-derived flavonoids such as
isoliquiritigenin, glabridin, protocatechuic acid, apigenin, fisetin, baicalin, daidzein,
and gingerol have been reported to exhibit antiangiogenic activity (de Atengdo
2013). Various naturally occurring flavonoids and their derivatives have been
reported to be active against breast cancer with inhibitory effects on aromatase
(Aggarwal et al. 2009; Grivennikov et al. 2011). Out of a total of 282 natural com-
pounds proven with anticancer activity against aromatase, 125 were flavonoids
(Ahmedin Jemal et al. 2011). Genistein, a phytosterol belonging to flavonoid fam-
ily, has been reported to inhibit tyrosine kinase, angiogenesis, arrest of cell cycle in
G,/M phase, and induction of apoptosis in human promyelocytic HL-60 cancer cell
lines (Tu et al. 2016). Biocalein has been reported to induce apoptosis in cell lines
of human hepatocellular carcinoma (HCC) as well as inhibition of Topo II (Wang
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etal. 2012). Similarly, quercetin has been also reported to induce apoptosis by stim-
ulating release of cytochrome-c to the cytosol and activating caspase 9. A number of
phenolic compounds, belonging to flavonoids, extracted from rhizome of ginger,
have been reported to exhibit cytotoxic activity in cancer cells. However, resvera-
trol, a phytoalexin found in grapes, has also been reported to induce apoptosis,
through CDO5 signaling pathway in breast carcinoma HL60 and T47D cell lines
(Qurishi et al. 2010). Similarly, curcumin, an important flavonoid, has been shown
to be effective in a variety of cancers including colorectal, pancreatic, gastric, and
prostate. It has been reported to be effective on different stages of carcinogenesis,
namely, proliferation, angiogenesis, and metastasis. Moreover, curcumin has also
been shown to act as a chemo-sensitizer, resulting in the increased activity of other
anticancer factors in cases of multidrug-resistant and chemotherapy-resistant can-
cers (Kumar et al. 2012; Safarzadeh et al. 2014).

Geraniol, an acyclic dietary monoterpenoid, has been shown to inhibit the growth
of HepG2 human hepatic carcinoma cell lines by inhibiting 3-hydroxymethylglutaryl
coenzyme A (HMG-CoA) reductase, the major rate-limiting enzyme in cholesterol
biosynthesis in mammals (Mukherjee et al. 2001). Excisanin A, a diterpenoid,
exhibited inhibition of growth of human Hep3B liver cancer cell lines via AKT
signaling pathway (Brown et al. 2014). Oridonin (diterpenoid) exhibited antiprolif-
erative activity toward prostate cancer cells. Actein (triterpenoid) was found to
inhibit the growth of p53-positive HepG2 cancer cell lines. A triterpenoid, betulinic
acid, was reported to inhibit growth of breast cancer cells (Houghton et al. 1991).
Ursolic acid, an apentacyclic triterpene, has potent cancer-preventive activity and
great therapeutic potential. Breast cancer MCF-7 cells exhibited typical apoptotic
features, including chromatin clumps and aggregation and DNA fragmentation after
ursolic acid treatment, which was in correlation with the downregulation of Bcl-2
and upregulation of caspase-3 (Kanzawa et al. 2001). Different in vivo studies have
shown that xanthorrhizol (sesquiterpenoid) inhibits formation and development of
tumors via reducing ornithine decarboxylase, COX-2, and NF-kB signaling activity
(Hande 1998). Lycopene (tetraterpenoid) modulated breast cancer gene expression
pertaining to various molecular pathways, such as apoptosis, cell communication,
mitogen-activated protein kinase (MAPK) pathway, and cell cycle (Fortune and
Osheroff 2000). Similarly, it has been reported to trigger G,/M arrest and suppress
Bcl-2 expression in breast cancer MCF 7 cell lines (Liu et al. 2009).

9.4.2 Topoisomerase Inhibition by Diterpenes

During the processes of replication and transcription along a stretch in the anterior
and posterior region of DNA, strands are separated due to the formation of spirals.
Topoisomerases act on the control of spirals, relaxing the DNA, and modifying its
tertiary structure without changing the primary structure (Prescott et al. 2007,
Brastianos et al. 2007; Konkimalla and Efferth 2010; Chen et al. 2011; Lu et al.
2012). These macromolecules are classified according to the cleavage of DNA
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Fig. 9.3 Classification of topoisomerases

strands and the location of the covalent link between the enzyme and the DNA
strands. In humans, there are two types of topoisomerases (Fig. 9.3). Enzymes type
1 break only one of the DNA strands, passing it through the intact tape and then
reconnecting it. The type 1 topoisomerases (Topo I) can be 1A or 1B. The first, 1A,
covalently links the 5" portion of the DNA and does not need cofactors, while the
second, 1B, covalently binds to the phosphate portion 3" of the DNA using strand
and Mg?* or Zn** as cofactor. 1A is formed by topoisomerase type III o and p and
type 1B by topoisomerase I and topoisomerase I mitochondrial. Type 2 enzymes
(Topo II), performing the process, is similar to type 1; however, instead of a single-
stranded DNA, both strands are broken. This group of topoisomerase I o and 3 and
Spo 11 bind to 5" and are dependent on ATP (Kakarala et al. 2010; Burgeiro et al.
2011; Yang et al. 2012; Millimouno et al. 2014). The findings of previous studies
showed that the diterpenes have proven their anticancer activity (Tavares et al. 2006;
da Silva et al. 2009; Pita et al. 2012; Scotti et al. 2014; Ishiki et al. 2014).

9.4.3 Molecular Modeling and Docking

The three-dimensional structures were drawn using HyperChem 8.0.3 software and
energy minimized employing the MM+ (Dewar et al. 1985; Cohen 1996) force field
without any restrictions. Subsequently, we performed a new geometry optimization
based on the semiempirical AM1 method (Leach 2001). The optimized structures
were subjected to conformational analysis using a random search method (Staker
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Table 9.1 Energies (kcal/ Compound | Topo I Topo II
mol) ob.tamed from the Tl 77220 | -73.918
interaction of the ligands and > 1
enzymes T —66.860 | —54.315
T3 —65.073 | —=62.102
Al —48.066 | —37.733
A2 —55.703 | —48.965
A3 —65.204 | —55.666

Hydrogen Bond

Fig. 9.4 Hydrogen bonds between the diterpene T1 and Topo I and II

et al. 2005). Selected dihedral angles were evaluated by rotation in accordance with
the standard (default) conditions of the Spartan program (Graille et al. 2008). The
diterpene ligands showed two enzymes: topoisomerases I and II (Motohashi et al.
2013). The enzymes were imported from the Protein Data Bank in the Molegro
Virtual Docker 6.0 program with a template of complex ligands for the GRID. We
selected the MolDock SE algorithm with ten runs for each ligand. The energies
(kcal/mol) obtained from the interaction of the ligands and an enzyme are summa-
rized in Table 9.1. We observed that all compounds had the best interaction with
Topo I. Compound T1 best interacted in both receptors; on the other hand, Al
showed the highest energy with the two enzymes. We noted that compound T1
forms one hydrogen bond when submitted to docking with Topo I (with the ASP533
residue) and two with residues in Topo II (THR213 and TYR188) (Fig. 9.4). The
atisane diterpene forms only steric interactions with ARG364 Topo I and Topo II of
TYRI188. We concluded that the stability difference observed in the energy of for-
mation can be attributed to hydrogen-bond interactions. Other studies reported the
same, as the observations of Laco et al. (2002) which H-bond interactions between
the camptothecin and topl/DNA active site are reflected in the values of the energy
scores.
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9.5 Conclusions and Future Prospects

The successful treatment of cancer yet remains a challenge due to the lack of selec-
tivity, toxicity, and development of multidrug-resistant cells to the currently avail-
able drugs. The plant-derived products offer a high selectivity, strong activity, low
side effects, as well as cancer prevention role by enhancing body immunity. The
development of cancer prevention and health-care products from natural products
has a broader prospect and greater economic and social benefits when compared
with prevalent synthetic anticancer drugs. In this regard, the bioinformatics tools
have play a very crucial role in designing and developing new lead therapeutic mol-
ecules for the designing of antitumor drugs that use natural products as enzyme
inhibitors of human topoisomerases (I and II). These may play an important role in
DNA metabolism and inhibition of tumor cells. Some flavonoids and alkaloids like
camptothecin and lamellarin D have been extensively examined for the basis for
new compounds. In addition, the docking studies, performed with Brazilian diter-
penes and both enzymes, showed that the trachylobane diterpene formed a more
stable complex due to a hydrogen bond with Top I (with the ASP533 residue) and
two hydrogen bonds with residues of Top II (THR213 and TYR188). This study
may serve for the basis of compounds which may belong to class II or drug catalytic
topoisomerase inhibitors, which interferes with the function of the topoisomerases.
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