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Abstract

Marine organisms are novel sources for biologically active compounds which are potentially valuable materials in biomedi-
cal research. In the present investigation, the potential bioactive compounds were isolated from the sea anemone Heteractis
aurora collected from Mandapam, Southeast coast India. The maximum inhibition zone was found against bacterial patho-
gens (Klebsiella oxytoca 7.2 +1.5 and Escherichia coli 8.1 +£0.2) followed by fungal pathogens (Botrytis cinerea 5.3 +0.5
and Trichoderma koning 4.2 +1.2). The antioxidant activity was found to be 42.2 +1.14%, whereas hemolytic activity was
recorded as 64 Hemolytic unit against chicken blood erythrocytes. The chemical characterizations of sea anemone extract
were carried out by FT-IR, GC-MS and NMR ("*C, 'H) spectroscopy. The FT-IR results showed the presence of phenyl
ring: C—-CH; and C=C stretching. GC-MS analysis revealed the presence of acetic acid-17-acetoxy-4,4,10,13-tetramethyl-
7-0x0-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro- 1 H-cyclopenta (a) phenanthren-3-yl (ester) and 4[-4-diethylamino-
1-methylbutylamino]-1,2 dimethoxy-6-bromonaphthalene. These identified compounds were subjected for molecular docking
analysis against the target protein enoyl-acyl carrier protein reductase which revealed that acetic acid-17-acetoxy-4,4,10,13-
tetramethyl-7-o0x0-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro- 1 H-cyclopenta (a) phenanthren-3-yl showed better
docking interaction than the commercial standard drug Tryptanthrine.
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Introduction

Marine organisms are the novel sources of biologically
active compounds and considered as very productive field,
which has led to the discovery of various novel pharma-
cological medicines (Faulkner 2001). Cnidarian venoms
are potentially valuable materials for biomedical research
and drug development (Bragadeeswaran et al. 2011). This
phylum provides a large number of natural products, includ-
ing proteins and secondary metabolites with either toxic or
biomedical properties (Rojas et al. 2002; Thangaraj and
Bragadeeswaran 2012). Sea anemone has neurotoxic effect
that paralyses small marine animals with nematocysts in the
tentacles. This mechanism is one of the fastest actions in
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the animal kingdom (Patton 1995). Several methods exist
for isolation of nematocysts from cnidarian tissues; most
of them are tedious. Chemical, biochemical and pharma-
cological investigations of this phylum have mainly been
focused on members of the classes Alcyonaria: soft corals
and gorgonians (Ospina and Rodriguez 2006; Chen et al.
2012), Zooantharia (anemones) (Bragadeeswaran et al.
2011; Thangaraj and Bragadeeswaran 2012) and Cubozoa
(Jellyfishes) (Rojas et al. 2002; Suganthi et al. 2011).

The toxins from several species of sea anemone have
different actions of paralysis on crabs (Thangaraj and
Bragadeeswaran 2012) and mammals (Beress and Beress
1971). The cytolytic and lethal effects of equinatoxin have
been reported from sea anemone, Actinia equine (Ferlan
and Lebez 1974; Ferlan and Levez 1976) and antimicro-
bial activity against several human pathogens (Thangaraj
et al. 2011). Generally, the sea anemones produce two types
of proteinaceous toxins: neurotoxins, act mainly on the ion
channels (Honma and Shiomi 2005), and cytolysins or actin-
oporins, show lytic activity on a variety of cells (Anderluh
and Macek 2002; Alvarez et al. 2009; Kristan et al. 2009).
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Tuberculosis (TB) caused by Mycobacterium tuberculo-
sis is one of the leading cause of mortality, indicated by
more than nine million cases of TB in 2009 (World Health
Organization 2010). M. tuberculosis has two features that
render it the deadliest infectious disease to date, its high
infectivity (virulence) and its ability to enter latency for sub-
sequent reactivation, a phenomenon that leads to a deadly
synergy with AIDS (Bates et al. 2004; Takayama et al. 2005;
Lin et al. 2005). Current standard treatment regimen of TB
is severely hampered by multidrug resistant tuberculosis
(MDR-TB), extensively drug-resistant tuberculosis (XDR-
TB) and HIV co-infection with TB (WHO 2010). This fact
prompts the researchers to develop novel and more potent
drugs for TB. Enoyl-acyl carrier protein reductase (or ENR)
(EC 1.3.1.9) is a key enzyme of the type II fatty acid syn-
thesis (FAS) system (Kapoor et al. 2004). ENR is a promis-
ing target for narrow-spectrum antibacterial drug discovery
because of its potential role in metabolism and its conserved
sequence across bacterial species. Moreover, the bacterial
ENR sequence and structural organization are distinctly
different from those of mammalian fatty acid biosynthesis
enzymes (Ling et al. 2004). The elongation module of fatty
acid biosynthesis consists of four iterative steps: decarbox-
ylative condensation, NADPH dependent reduction, dehy-
dration and NADH-dependent reduction (Rock and Cronan
1996). The fourth step of NADH-dependent reduction is
carried out by enoyl-acyl carrier protein (ACP) reductase
(ENR), which reduces the trans-2 enoyl bond of enoyl-ACP
substrates to saturated acyl-ACPs (Smith et al. 2003).

Molecular docking is a method which predicts the pre-
ferred orientation of one molecule to a second when bound to
each other to form a stable complex. Knowledge of the pre-
ferred orientation in turn may be used to predict the strength
of the association or binding affinity between two molecules
using for example scoring functions (Ewing et al. 2001; Bur-
sulaya et al. 2003). Molecular docking has attracted increas-
ing attention as a way to predict the geometries of bimolecu-
lar complexes (Kuntz et al. 1994). After several decades of
neglect, tuberculosis is receiving the increased attention that
this global public health problem deserves. Although most
of these new resources are being appropriately invested in
TB control programs in countries where the TB epidemic is
most severe, a significant commitment also is being made to
basic research and the development of new diagnostic, treat-
ment and prevention tools, including new TB drugs (Zhang
et al. 2003). Hence the present work was carried out for
the characterization of bioactive metabolites from the sea
anemones and their antimicrobial and antioxidant activities
followed by molecular docking analysis to investigate the
binding of sea anemone derived compounds on the active
site of M. tuberculosis enoyl-acyl carrier protein (ACP)
reductase (InhA) in an attempt to address the mycobacterial
resistance against various drugs.

@ Springer

Materials and Methods
Sample Collection

The toxin was extracted from sea anemones Heteractis
aurora, Heteractis crispa and Stichodactyla haddoni col-
lected from the Gulf of Mannar (8°47'-9°15'N Latitude and
78°12'-79°14'E Longitude), Southeast coast of Tamil Nadu,
India. Sea anemone samples were kept in a polythene bag
with seawater, air and transported to the laboratory, Faculty
of Marine Science, Parangipettai.

Extraction of Metabolites from Sea Anemones

Bioactive metabolites were extracted from sea anemones
nematocyst by following the method described by Kem et al.
(1989). For the extraction of the secondary metabolites in
sea anemones, animals were washed thoroughly in distilled
water to remove the impurities. Then the washed specimens
were placed in separate glass bowl containing 400 mL of dis-
tilled water and frozen at —40 °C for 30 min. The extractions
were repeated for three times, after this process the animals
were removed from the distilled water, then the distilled
water solution was centrifuged at 4000 rpm for 10 min at
4 °C. After centrifugation, the supernatant was collected for
the further purification using Thin Layer Chromatography
(Buckley et al. 1975) and the purified compound was stored
at —4 °C for further analysis.

Antimicrobial Activity

Effects of the sea anemone derived crude extracts on anti-
microbial activity were assessed by agar disc diffusion
method (Brumfitt et al. 1990; Galeano and Martinez 2007).
The antimicrobial activity was tested against a total of 20
clinical pathogens (10 bacteria: Staphylococcus aureus,
Streptococcus pyogenes, Vibrio cholera, Vibrio parahaemo-
Iyticus, Klebsiella pneumonia, Klebsiella oxytoca, Salmo-
nella typhi, Salmonella paratyphi, Escherichia coli and
Proteus mirabilis, and ten fungal strains: Aspergillus niger,
Botrytis cinerea, Cladosporium cucumerinum, Penicil-
lium expansum, Rhizopus oryzae, Trichoderma harzianum,
Trichoderma koningi, Aspergillus fumigates, Pneumocys-
tis jirovecii, Stachybotrys chartarum) obtained from Raja
Muthaiya Medical College and Microbiology culture col-
lection centre, Annamalai University.

Agar Disc Diffusion Method

A loop full of fresh cultures of bacterial strains were inocu-
lated into nutrient broth medium and incubated at 37 °C for
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24 h, while fungal strains were inoculated into sabouraud’s
broth medium and incubated at 28 °C for 48 h. 100 pL of cell
suspension for each of the bacterial and fungal strains were
collected and poured onto the Muller Hinton Agar and potato
dextrose Agar plates respectively. Cultures were spread on
the plates using a glass spreader. Serile discs of 6 mm width
were impregnated with 25 pL of crude extracts of Heteractis
aurora, Heteractis crispa and Stichodactyla haddoni. The
plates were incubated at 37 °C for 24 h for bacteria and
28 °C at 48 h for fungi. The diameter of inhibition zones (in
millimeters) around the discs was measured after 24 h for
bacteria and 96 h for fungal pathogens. Among the three sea
anemones species (H. aurora, H. crispa and S. haddoni), the
extract of H. aurora alone showed pronounced inhibition
effect against bacterial and fungal pathogens. Hence, the
extract of H. aurora alone was used for further screening
(antioxidant assays, hemolytic assay, compound identifica-
tion and molecular docking analysis) in the present study.

Antioxidant Assays

The antioxidant property of potent crude extract of H. aurora
was determined for the present study by using five different
assays: Total antioxidant capacity (Prieto et al. 1999); Total

Fig.1 Sea anemone, H. aurora
derived active compounds iden-
tified through GC-MS

phenol content using the Folin—Ciocalteu reagent (Singleton
et al. 1999); Radical scavenging activity using the DPPH
(1,2-diphenyl-1-picrylhydrazyl) free radical (Duan et al.
2006); Hydrogen peroxide radical inhibition activity (Gul-
cin et al. 2005) and Reducing power (Oyaizu 1986), whereas
Ascorbic acid and Gallic acid were used as a standard.

Hemolytic Assay

The hemolytic activity of the extract of H. aurora was tested
on chicken, goat, cow and human erythrocytes following
Thangaraj and Bragadeeswaran (2012). This assay was
performed on a “V’ shaped sterile Laxbro microtitre plate
(India). Serial twofold dilutions of the sea anemone extract
(100 pL; 1 mg crude in 1 mL PBS) were made in PBS (pH
7.2) starting from 1:2. An equal volume of 1% human RBC
was added to each well. The plate was shaken to mix the
RBC and sea anemone extract. The plates were incubated at
room temperature for 2 h before taking the reading. Eryth-
rocyte suspensions and distilled water was added (100 uL
respectively) served as blanks for negative control. Button
formation at the bottom of the wells was taken as negative.
The reciprocal of the highest dilution of the venom extracted
showing the hemolysis was defined as one hemolytic unit.
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Spectroscopy and FT-IR Spectrum

The chemical configuration of bioactive compound in the
crude extract of H. aurora was analyzed by UV-Visible,
Fourier Transform Infrared Spectroscopy (4000-500 cm™!
range), Gas Chromatography—Mass Spectroscopy (GC-MS)
and Nuclear Magnetic Resonances (NMR) spectroscopy.
UV-Visible spectrum was obtained using a Perkin Elmer
(Model: Lambda 25; Serial Number: 501309025) double
beam spectrophotometer.

Identification of Compounds

The interpretation of mass spectrum GC-MS was conducted
using the database of National Institute Standard and Tech-
nique (NISTO08s), VR2.0 and FAME. The spectrum of the
unknown component was compared with the spectrum of
the known component stored in the NISTO8s, VR2.0 and
FAME library. The Name, Molecular weight, Molecular
formula and Structure of the component of the test material
was determined.

Molecular Docking Analysis

The crystal structure of target protein enoyl-acyl carrier
protein reductase (PDB ID: 2H7I), having the resolution
of 1.80 A was retrieved from the protein data bank (PDB)
(http://www.rcsb.org/pdb). All water molecules were
removed and hydrogen atoms were added to the target pro-
tein molecule. The compounds identified through GC-MS
analysis were taken as ligand molecule (Fig. 1). Tryptan-
thrine (CID: 73549) was considered as a control ligand.
ChemSketch, chemically intelligent drawing interface free-
ware developed by Advanced Chemistry Development,
Inc., (http://www.acdlabs.com) was used to construct the
structure of the ligands. The chemical structures were gen-
erated from SMILES notation (Simplified Molecular Input
Line Entry Specification) by using the Chemsketch Software
(http://www.acdlabs.com) and then saved in “.mol” file.
“Active site prediction tool” from SCFBio Server (http://
www.scfbio-iitd.res.in/dock/ActiveSite.jsp) was used to pre-
dict active site of the target protein. The details on the total
number of active sites along with information on their amino
acid sequence, cavity points and the average volume of the
cavity were also obtained by using tool. To find the rea-
sonable binding geometries and explore the protein ligand
interactions, Argus Lab 4.0.1, most common and freely
available software was used for docking analysis (Planaria
Software LLC, Seattle, WA, USA, http://www.arguslab.
com). The selected residues of the receptor were defined to
be a part of the binding site. The inhibitor and target pro-
tein were geometrically optimized and “GA dock” docking

engine was used. Calculation type was set to “Dock” mode
whereas “flexible mode” was selected for the ligand. Grid
resolution was set to 0.40 A (Sahu et al. 2012). Least energy
represented the easy binding character of ligand and recep-
tor. Hence, the docking poses saved for each compound were
ranked according to their dock score function.

After docking, the docked structure was saved as “pdb”
file and further interactions study was carried out in Pymol
visualization tool (http://www.pymol.org) and the binding
sites were predict using “Discovery Studio v3.1” software.
The predicted binding sites, based on the binding energy and
amino acids make up the binding cavity. Here ligand bind-
ing site represents the site where the ligands most efficiently
bind with the protein, among all the active site. Ligand prop-
erty was predicted by using “Lipinski drug Filters” (http://
www.sctbio-iitd.res.in/utility/LipinskiFilters.jsp).

Results
Antimicrobial Activity

Sea anemone extracts showed pronounced antimicrobial
activity against the tested pathogens with the exception of
one bacterial (Streptococcus pyogenes) and three fungal
pathogens (Pneumocystis jirovecii, Aspergillus fumigatus
and Stachybotrys chartarum) (Table 1).

Antioxidant Activity

The extract of H. aurora showed prominent activities in all
the five assays where the total antioxidant was recorded as
0.08+0.01 mg g™, total phenol (0.09 +0.02 mg g~'), DPPH
radical scavenging activity (42.2 +1.14%), reducing power
(0.27+0.01 mg g~!) and hydrogen peroxide radical scaveng-
ing activity was found to be 41.86 +1.14%.
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Fig. 2 Hemolytic effect of H. aurora extract on various blood groups
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Hemolytic Activity

Hemolytic effect of the H. aurora derived crude extract was
tested against various RBC cells such as chicken, goat, cow
and human blood (Fig. 2). Among the five different RBC
blood cells, chicken blood exhibited the maximum hemolytic

Table2 FT-IR analysis of sea anemone, H. aurora extract

S.no Frequency, cm™' Bond Functional group

1 648.08 (m) C-Br stretch Alkyl halides

2 835.18 (m) C-Cl stretch Alkyl halides

3 900.76 (s, b) N-H wag 1°, 2° amines

4 962.48 (s) =C-H bend Alkenes

5 1199.72 (m) C-N stretch Aliphatic amines

6 1321.24 (s) C-N stretch Aromatic amines

7 1452.40 (m) C-H bend Alkanes

8 1506.41 (s) N-O asymmetric Nitro compounds
stretch

9 1581.63 (m) N-H bend 1° amines

10 1643.35 (m) —C=C- stretch Alkenes

11 1691.57 (s) C=0 stretch o, p unsaturated alde-

hydes, ketones

12 2144.84 (w) —C=C- stretch Alkynes

13 2198.85 —C=C- stretch Alkynes

14 2949.16 (m) C-H stretch alkanes C-H stretch alkanes

15 3379.29 (m) N-H stretch 1°, 2° amines, amides

s, b strong, b broad, m medium, w weak, b, s broad, s strong

activity of 64 Hemolytic Unit (HU) followed by goat (32
HU), Cow (16HU), and human blood group (8HU).

Chemical Characterizations of the Sea Anemone
Derived Compounds

FT-IR results showed that the phenyl ring and C=C
stretching frequency appeared at 3604 and 1643 cm™,
C-CH; stretching frequency appeared at 2981 cm™!
(Table 2; Fig. 3). Whereas CH; and CH, deformation fre-
quency showed at 1383 and 1444 cm~!. GC-MS analysis
revealed that the crude extract of H. aurora has the follow-
ing compounds; acetic acid-17-acetoxy-4,4,10,13-tetrame-
thyl-7-ox0-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradec-
ahydro-1H-cyclopenta (a) phenanthren-3-yl (ester) and
4[-4-diethylamino-1-methylbutylamino]-1,2 dimethoxy-
6-bromonaphthalene at the retention times of 13.71, 15.63
(Fig. 4). NMR results revealed the presences of following
functional groups; C—-CH; bond observed at 1.02 chemi-
cal shift, whereas CH, and Cyclohexane ring —H found at
chemical shift of 2.59, 7.12 respectively (Fig. 5).

Discussion

Marine environment is a potential source for the extraction
and identification of novel bioactive metabolites (Batti-
son et al. 2008; Tadesse et al. 2008). The present results
showed that the H. aurora derived crude extract had the

7 }

F =

Fig.3 FT-IR chromatogram of sea anemone, H. aurora extract
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highest antibacterial effects against Klebsiella oxytoca and
E. coli pathogens as reported elsewhere for sea anemones
(Wei et al. 2007; Williams et al. 2007; Thangaraj et al.

Fig.6 3D crystal structure of enoyl-acyl carrier protein reductase

2011). Among the Phylum Cnidarians, antioxidant prop-
erty was well established in jelly fish and corals (Griffin
and Bhagooli 2004; Yu et al. 2006, 2007; Balamurugan
and Menon 2009). For the first time, in the present study,
this property was also established for H. aurora.

The present study revealed that the sea anemone
derived crude extract acts as a potent source for antimi-
crobial, antioxidant and hemolytic activity as suggested by
Jensen et al. 1996; Roussis et al. 2001(in marine inverte-
brates), Encarnacion et al. 2000; Koh et al. 2002; Harder
et al. 2003; Marquis et al. 2005, Bala et al. 1999; Wil-
sanand et al. 1999; Geffen and Rosenberg 2005 (in scle-
ractinian gorgonian and soft corals). Besides, Mamelona
et al. (2007) studied the phenolic contents and antioxi-
dant capacity in the various parts such as digestive tract,
gonads, muscles and respiratory apparatus from the sea
cucumber, Cucumaria frondosa. The coelomic fluid of
some sea cucumber such as Bohadschia marmorata vitien-
sis, Stichopus variegatus and S. badionotus showed the
potent antioxidant activities (Hawa et al. 1999).

The maximum hemolytic activity was observed against
chicken blood (64 HU) as reported by Thangaraj and Bra-
gadeeswaran (2012) for S. mertensii and S. gigantean.
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Fig.7 Screenshot of the molecular docking process in Arguslab software
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Table 3 Docking results of sea anemone derived compounds against enoyl-acyl carrier protein reductase

Compound name Reference/source Molecular ~ Hydrogen Docking energy
weight (g/ donor/ level (kcal/mol)
mol) acceptor

Acetic acid-17-acetoxy-4.,4,10,13-tetramethyl-7-oxo- Novel, first time 374.52 (1, 3) —17.932

2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta (a) reported in the
phenanthren-3-yl present study

4[-4-Diethylamino-1-methylbutylamino]-1,2 dimethoxy-6-bromonaph-  CID: 559477 423.38 (1,4) —13.285

thalene

Tryptanthrine CID: 73549 248.236 0, 3) —17.351

However, Santamaria et al. (2002) and Kohno et al. (2009)
reported the higher hemolytic effects in Anthopleura asi-
atica and Bartholomea annulata against mammalian
erythrocytes. Similarly jelly fishes Carybdea marsupia-
lis, Rhopilema esculentum and Cassiopea xamachana also
showed such have potential hemolytic effects against some
mammalian blood cells (Rottini et al. 1995; Torres et al.
2001; Yu et al. 2007; Jinhua et al. 2009).

Microbial infections are a growing problem in con-
temporary medicine, yet only a few antimicrobial agents
are used in clinical practice. M. tuberculosis is a patho-
genic bacterial species in the genus Mycobacterium and
the causative agent of most cases of tuberculosis (Ryan
and Ray 2004). In the present study, to understand the
interactions between the novel compounds identified
from the sea anemone, Heteractis aurora and target pro-
tein (enoyl-acyl carrier protein reductase) (Fig. 6) and to
explore their binding mode, docking study was performed
using ArgusLab 4.0.1 (Fig. 7). The docked ligand mol-
ecules were selected based on docking energy and good
interaction with the active site residues and the results
are shown in Table 3 and Fig. 8. InhA has been identi-
fied as the primary target of isoniazid (INH), one of the
most effective first-line anti-TB drugs (Rozwarski et al.
1998; Vilcheze et al. 2006). Both the ligand molecules
(1) acetic acid-17-acetoxy 4,4,10,13-tetramethyl-7-oxo-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H
cyclopenta (a) phenanthren-3-yl (ester) and (2) 4[-4-dieth-
ylamino-1-methylbutylamino]-1,2 dimethoxy-6-bromon-
aphthalene showed better docking score —17.932 and
— 13.285 kcal/mol respectively than the standard drug
Tryptanthrine (—7.351 kcal/mol). Acetic acid and its
derivative have been well reported for its potent anti-
bacterial activity (Ali and Shaharyar 2007). Moreover,
structure-based drug design has also been reported against
InhA (Freundlich et al. 2009). They have used a series
of triclosan derivatives with modifications at the 5-chloro
of triclosan, 5-substituted triclosan derivatives against
the target protein. Antibacterial activity of Heteractis sp.
has been documented against aquatic bacterial and clini-
cal pathogens (Devi et al. 2012). Molecular docking has

@ Springer

been a powerful tool for medicinal chemists, allowing the
rapid and inexpensive identification of a pool of potential
protein inhibitors (Jorgensen 2004; Brooijmans and Kuntz
2003). This is the first report of sea anemone derived com-
pound against the enoyl-acyl carrier protein reductase. In
the present study, totally 18 cavities were predicted by
the active site prediction tool. Pymol & discovery studies
software were used for molecular visualization (Fig. 9).
Both the identified compounds passed the Lipinski rule as
evident in the Table 3. Thus, the in silico docking analysis
revealed that potential of sea anemone derived compounds
as the novel inhibitor of enoyl-acyl carrier protein reduc-
tase (Fig. 6).

Conclusions

This study showed that extract prepared from sea anem-
one showed high antibacterial activity. It also showed the
existence of haemolytic factors in the hemolytic activ-
ity. However, it is unknown whether the same factor is
responsible for both antibacterial and haemolytic activi-
ties or not. Further purification of the active compounds
is necessary in order to identify their chemical nature and
to evaluate their potential as novel drugs. Molecular dock-
ing further substantiated that enoyl-acyl carrier protein
reductase is an alternative target for development of anti-
virulence drug lead compounds. Enoyl-acyl carrier pro-
tein reductase synthesis pathway inhibitors could be used
synergistically with conventional antibiotics to treat M.
tuberculosis. Among the sea anemone, H. aurora derived
compounds, Acetic acid-17-acetoxy-4,4,10,13-tetramethyl-
7-0x0-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-
1H-cyclopenta (a) phenanthren-3-yl was found to show
better docking interaction than the commercial standard
drugs. This study also showed that molecular dynamics
simulation can be used as a tool to predict the binding mode
and the affinity of compounds to the target proteins in a
relatively accurate manner. However, further in vitro and
in vivo studies are required to validate the potential of sea
anemone derived compounds. Screening novel enoyl-acyl
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Fig.8 2D molecular interaction
between the target receptor and
the ligand molecule along with
the neighboring residues.
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(a) Acetic acid-17-acetoxy-4, 4, 10, 13-tetramethyl-7-ox0-2, 3, 4, 7,8, 9,10, 11,12, 13, 14,

15, 16, 17-tetrad ecahydro-1H-cyclopenta (a) phenanthren-3-yl

Fig.9 Pymol molecular visualization of the ligand and the target protein

carrier protein reductase pathway inhibitors could be done
by molecular docking based virtual screening followed by
molecular dynamics simulations.
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