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A series of B-carboline derivatives have been modified at C-1 sites of the aryl
ring and tested for the Insilco Estrogen Receptor inhibitary study. All of the
designed molecules show the excellent bonding score with 5ACC Estrogen
Receptor protein. The position of proposed ligand BC-6, BC-12 in the binding
site of protein is superimposable with the native ligand and indicates the
hydrogen bonding with the LEU: 346 amino acid residues. The ADME studies
reveal that groups BC-6 and BC-12 show good human intestinal CYP1A2
inhibitor, CYP2C19 inhibitor, CYP2C9 inhibitor, CYP3A4 inhibitor, and CYP3A4
inhibitor activity with Log Kp (skin permeation)-543 cm/s, while
ramachandran plot for BC-6 indicate, molecules shows the 100% favourable
region in the pocket of enzyme 5ACC, while the BC-6 and BC-12 can cross the

ADME. BBB barrier. This study indicates that from all the synthesized molecules, the

scaffolds BC-6 and BC-12 illustrate the excellent activity.

Introduction

aturally, tricyclic alkaloids is an -
carboline with a pyridoindoles
heterocyclic scaffolds presented in
the broad range of
products and bioactive molecules
[1]. The classification of S-carboline is based
on the nitrogen position at @, 3, y, and §- site of
THPC. The tricyclic pyrido [3,4-b] indole ring

natural

system [2], presented in a broad range natural
products isolated from natural sources like
marine sponge [3], territorial plants [4], fast
food [5], and mammals [6]. B-carbolines are
named based on the saturation percentage of
the pyridine ring, compounds with fully
unsaturated aromatic pyridine ring are named
as f-carbolines (f-Cs), partly unsaturated
compounds, and fully saturated compounds
are known as dihydro-f-carbolines (DH S-Cs)
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and tetrahydro-f-carbolines (TH f-Cs),
respectively [7]. The product of Pictet-
Spengler tetrahydro-f-carboline
(tryptoline) moiety found in the numerous
biologically important synthetic and natural
compounds. The THS-Cs have been known to
have a broad range of medicinal activities such
as anticonvulsant, anticancer, antiviral,
antifungal, and anticancer activities, and are of
high significance in the synthesis of these
compounds (Figure 1) [8-15]. Molecular
docking with CADD methods are used to
different  possible  compounds,
searching for new compounds with desired
binding application or testing a range of
tempering of an existing compound. The
presence of a large amount of pharmaceutical
data available [16], the computer-aided
analysis of molecular interactions becomes
more realistic in addition to which as of now
the CADD is an study of binding study which

reaction

screen
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can easily predict the biochemical mechanism
of the designed molecules for the drug
development and the docking results also give
the desire conformation of the molecule in the
binding pocket of the enzyme [17-18].

In this study, molecular docking is
performed between receptor, i.e. protein
molecule and ligand, i.e. novel [-carboline
molecules has been studies. The novel
derivatives of f-carboline which belong to an
important group of heterocyclic compounds,
the modification of the B-carboline at the C-1,
C-2, C- -C-4, C-7, C-8, and C-9 sites could
enhance the anticancer activity of the
proposed molecules [19-20]. In the literature,
there are broad range of natural products that
are isolated worldwide and have the potential
application which can be the good target for
the anticancer activity (Figure 1) [20-24].

Ochlorifuanine A

akagerine lactone o o

Ochrollfuanine-A, 28

MeO,

MeOOC

Aricin
IC50 = 0.69 mM

NH
HO

nicalaterine A

Figure 1. Bioactive f-carboline

The S-carboline, as the important class of
bioactive molecules, has diverse biological
activities so that it attracted great attention
due to the diversity of their biological effects
such as anti-diarrheal, anti-diabetic, anti-
histaminic, cardio-protective, anti-ischemic,
cyclooxygenases  inhibitory, anti-platelet

activating factor, antimicrobial, and anticancer
[25-26].

Experimental

Docking studies
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Protein selection

According to the SAR study, through the
modification at C-1, C-3 N-9 position will
enhance the anticancer activity. As per
literature search, some p-carboline
compounds are specific inhibitors of selective
Estrogen Receptor Down-regulator. Based on
the literature survey and structural
modification, we have selected PDB: 5ACC
protein for the docking analysis.

Protein preparation

The three-dimensional crystal structure of
crystal structure of PDB: 5ACC protein was
retrieved from the Bank
(http://www.rscb.org/pdb) for the molecular
docking study (Figure 2).

Protein Data

Active site identification of PDB: 5ACC inhibitor
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The catalytic sites of PDB: 5ACC inhibitor
along with the area and volume of binding
pocket was carried out with Computed Atlas of
Surface Topography of Proteins (Castro)

program (http: //cast.engr.uic.edu)
(Binkowski TA et al, 2003). The protein has
ASP:351, PRO:535, HIS:524, THR:347,
LEU:525, GLY:521, ILE:424, LEU:428,
MET:421, PHE:404, LEU:387, LEU:349,

ALA:350, GLU:353, VAL:534, and LEU-346
amino acids.

Validation of Glide docking

The validation of “Auto dock” docking protocol
was performed by re-docking the ligand co-
crystalline with PDB: 5ACC. The validation
result shows the similar result with the
original, this indicate the designed molecule
could be a potential candidate for the anti-
cancer drug discovery.
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Figure 2. The 2D view of the native ligand shows the binding interaction with desire amino acid

residues.
Docking protocol

The structures of the examined compounds
were drawn by using Chem Draw Ultra 7.0 and
Lig-Plus which were later saved by using PDB
formats. All the 3D structure of the molecules
was drawn in the Chem Draw prol6.0 and
saved in the PDB format. The protein

preparation was performed with the Pymol
software, all the unwanted water molecules
was removed, co-crystalline ligand also
remove and macromolecules was saved in the
pdb format. The configuration file was created
containing the receptor name, ligand name,
output file name, X, Y, and Z coordinates of the

grid box, and also the size X, Y, and Z of the
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grid box. Furthermore, the docking of
proposed ligand was docked with the selected
protein molecule with Auto Dock Vina
software. The result output in a 3D and 2D has
been performed with Pymol and Ligplus
Software [27-29].

Results and Discussion
Molecular docking

The molecular docking for the
synthesized/selected molecules has been
performed with the estrogens receptor
protein Pdb:5ACC [30]. From the docking
results, all the molecules display the desired
minimum energy score with Auto Dock
Software. The ligand were well accommodated
in the protein socket and display an excellent
hydrogen bonding with the desire amino acid

in the active position of the 5ACC protein.

The ligand BC-12 display Vander Waals
force of interaction, alkyl Pi- interaction with

Interactions

[] ven der waals
Il conventional Hydrogen Bond
B Pr-pi T-shaped
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the amino acids residues HIS:524, MET:421,

ILE:424, LEU:384, LEU:428, MET:343,
THR:347, MET:528, GLU:353, ARG:394,
LEU:525, PHE:404, MET:388, LEU:391,

LEU:349, and ALA:350, along with the BC-12
display hydrogen bonding interaction with the
LEU:346 amino acid residues, which is similar
to the native ligand (Figure 2). The ligand BC-6
also display very good binding interaction and
the excellent ramachandran plod with the BC-
6 ligand and docked macromolecules (Figure
7). Likewise, the ligand BC-6 display hydrogen
bond with the THR: 347 amino acid residues
and Vander Waals interaction with LEU: 346
amino acid residues, this indicates that out of
all the synthesized/proposed b-carboline
derivatives, the ligand BC-6 and BC-12 could
be the potential candidate for the drug
discovery (Figure 3).

Figure 2. a) 2D view of compound BC-12, b) Validation 3D view of native ligand (yellow) with BC-

12 ligand (silver)
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Table 1. Physicochemical properties

. . No. of . o
Sr./No. Structure of molecules Affinity Hydrogen Van der. WL/ ?lkyl, Pi-Pi
(kcal/mol) b interaction
onds
\//N GLU:353, ARG:394, TRP:383, LEU:525,
1 O N 0 OH 9. 1 LEU:384, MET:421, ASP:351, PHE:404,
O NH@ ’ LEU:387 LEU:391, MET:388, ALA:350 ILE:424,
BC-1 LEU:428, LEU:346, and LEU:349.
1 LEU:384, LEU:391, MET:388, LEU:387,
2 -9.2 MET:421 ALA:350, ILE:424, LEU:428, LEU:346,
‘ LEU:349, ASP:351, and PHE:404.
LEU:384, LEU:391, MET:388, LEU:387,
3 9.2 0 LEU:346, LEU:349, MET:421, ASP:351,
) ALA:350 ILE:424, LEU:428, and
PHE:404.
ILE:424, LEU:428, LEU:384, MET:421,
4 8.9 1 ASP:351, LEU:346, LEU:349, LEU:391,
’ LEU:402 MET:388, LEU:387, ALA:350, GLU:353,
ARG:394, TRP:383, LEU:525, PHE:404.
ILE:424, LEU:391, MET:388, ARG:394,
5 9. 1 TRP:383, LEU:525, PHE:404, LEU:428,
LEU:387  LEU:384, MET:421, ALA:350, GLU:353,
ASP:351, LEU:346, and LEU:349.
ILE:424, LEU:428, LEU:384, MET:421,
1 ASP:351, LEU:346, LEU:349, GLU:353,
6 -10.8 THR:347 ARG:394, TRP:383, LEU:525, PHE:404,
’ LEU:391, MET:388, LEU:387, and
ALA:350.
MET:421, ASP:351, ALA:350 ILE:424,
7 -9.3 1 LEU:428, PHE:404, LEU:384, LEU:391,
MET:388, LEU:387, LEU:346, LEU:349.
LEU:346, LEU:349, MET:421, ASP:351,
8 -10.7 1 LEU:384, LEU:391, MET:388, LEU:387,
ALA:350 ILE:424, LEU:428, PHE:404.
HIS:524, MET:528, GLU:353, ARG:394,
9 93 0 LEU:525, PHE:404, MET:421, ILE:424,
’ LEU:428, MET:343, LEU:384, and
MET:388.
PHE:425, PHE:404, MET:528,
10 91 1 THR:347, SP:351, TRP:383, LEU:384,
THR:347, LEU:428, LEU:391, LEU:525, LEU:387,
A, and MET:388.
PHE:425, PHE: 404, MET:528,
11 8.2 2 THR:347, LEU:525, LEU:387, ASP:351,

ILE:424, TRP:383, LEU:384, LEU:428, LEU:391,
and MET:388.
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12 -10.5

HIS:524, MET:421, ILE:424, LEU:384,
LEU:428, MET:343, THR:347,
MET:528, GLU:353, ARG:394, LEU:525,
PHE:404, MET:388, LEU:391, LEU:349,
and ALA:350.
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Interactions
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Figure 4. a) The 2D view of molecule BC-11 in the active sites of 5ACC enzyme, b) the cartoon
model represents the ligand BC-11 packed in the active site of protein

Molecular Prediction ADME Parameters and
Swiss Target Prediction

The results of ADME studies of the 12
compounds have been depicted (Tables 2, 3,
and 4). Molecules with the potential of being
absorbed through the intestine appear in the
white portion, while the absorbed molecules

with the potential to cross the BBB barrier
appear in the yellow portion. The study shows
that molecules BC-1, BC-2, BC-3, BC-6, BC-11,
and BC-12 are capable of being absorbed
through the human intestine (HIA). Out of
these 12 molecules, only molecule 2 is
observed to be capable of crossing the BBB
barrier.
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Figure 5. Swiss target prediction

Table 2. Physicochemical properties
#H-bond #H-bond

Sr./No. Formula MW MR TPSA
acceptors donors

BC-1 C24H17N302 379.41 3 3 115.27 78.01
BC-2 C24H17N30 363.41 2 2 113.25 57.78
BC-3 C2sH19N30 377.44 2 2 118.22 57.78
BC-4 C24H17N30; 379.41 3 3 115.27 78.01
BC-5 C25H17N303 407.42 4 3 120.21 95.08
BC-6 C23H21N30 355.43 2 1 113.16 48.99
BC-7 C24H17N30; 379.41 3 3 115.27 78.01
BC-8 C24H17N30 363.41 2 2 113.25 57.78
BC-9 C25H19N30 377.44 2 2 118.22 57.78
BC-10 C24H17N302 379.41 3 3 115.27 78.01
BC-11 C25H17N303 407.42 4 3 120.21 95.08
BC-12 C23H21N30 355.43 2 1 113.16 48.99

Table 3. Pharmacokinetics
CYP2C1
GI BBB Pgp CYP1A2 CYP2C9 CYP2D6 CYP3A4 log Kp
absorptio permean substrat inhibito . . inhibito  inhibito inhibito
inhibito (cm/s)

n t e r N r r r

High No Yes Yes Yes No Yes Yes -5.45
High Yes Yes Yes Yes No Yes Yes -5.1
High No Yes Yes Yes No Yes Yes -4.92
High No Yes Yes Yes No Yes Yes -5.45
High No No Yes Yes No Yes No -5.7
High Yes Yes Yes Yes Yes Yes Yes -5.43
High No Yes Yes Yes No Yes Yes -5.45
High Yes Yes Yes Yes No Yes Yes -5.1
High No Yes Yes Yes No Yes Yes -4.92
High No Yes Yes Yes No Yes Yes -5.45
High No No Yes Yes Yes Yes No -5.7

High Yes Yes Yes Yes Yes Yes Yes -5.43
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Table 4. Water solubility

ESOL . . . - Ali
Solubility Esot'nslzil/lll;lhty ESOL Class Ali SL o8 AIE:I(;I;IIELI;W Solubility
(mg/mL) (mol/)
1.60E-03 4.21E-06 Moderately soluble -5.82 5.78E-04 1.52E-06
1.10E-03 3.02E-06 Moderately soluble -5.76 6.38E-04 1.75E-06
5.75E-04 1.52E-06 Moderately soluble -6.14 2.74E-04 7.25E-07
1.60E-03 4.21E-06 Moderately soluble -5.82 5.78E-04 1.52E-06
1.75E-03 4.30E-06 Moderately soluble -6.05 3.62E-04 8.88E-07
3.08E-03 8.65E-06 Moderately soluble -5.02 3.38E-03 9.52E-06
1.60E-03 4.21E-06 Moderately soluble -5.82 5.78E-04 1.52E-06
1.10E-03 3.02E-06 Moderately soluble -5.76 6.38E-04 1.75E-06
5.75E-04 1.52E-06 Moderately soluble -6.14 2.74E-04 7.25E-07
1.60E-03 4.21E-06 Moderately soluble -5.82 5.78E-04 1.52E-06
1.75E-03 4.30E-06 Moderately soluble -6.05 3.62E-04 8.88E-07
3.08E-03 8.65E-06 Moderately soluble -5.02 3.38E-03 9.52E-06

The molecule BC-6 and BC-12 shows the
excellent pharmacokinetics, as per ADME
study, the designed molecules BC-6 and BC-8
have capability of passing BBB barrier, which
have a high GI absorption rate. Likewise, the
molecules exhibit CYP1A2 inhibitor, CYP2C19
inhibitor, CYP2C9 inhibitor, CYP3A4 inhibitor,
and CYP3A4 inhibitor activity with Log-Kp
(skin permeation)-5.43 cm/s, as compared
with the other designed molecules (Table
3).  Almost all the molecules shoe the drug
likeness characters with obeying Lipinski with
zero violation and bioavailability Score is
nearly similar. BC-1, BC-5, and BC-11 indicate
an H-bond acceptors functional group of and 3
H-bond donor functional groups, while

molecules BC-6 and BC-12 display two H-bond
acceptors functional group of and 1
functional group H-bond donor, which is equal
to the stand co-crystal presented in the
protein 5ACC (Table 2).

The Ramachandran plot [31] performed
with the BC-6 molecules, the designed
molecule indicates the following observation.
Black, dark grey, light grey among which grey
represents highly preferred conformations.
Delta >= -2, while the highly preferred
observations shown as Green crosses: 205
(100.000%). There are no questionable
observations shown as Red circles: 0
(0.000%), as observed in the plot (Figure 5).
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Conclusion

The synthesized p-carboline derivatives
indicated the good interactions with the
estrogens receptor protein and the interaction
with the required active amino acid residues,
which is responsible for the biochemical
mechanism. The ADME studies reveal that BC-
6 and BC-12 exhibited CYP1A2 inhibitor,
CYP2C19 inhibitor, CYP2C9 inhibitor, CYP3A4
inhibitor, and CYP3A4 inhibitor properties
along with Log Kp (skin permeation)-5.43
cm/s. The ramachandran plot for BC-6
molecule indicates 100% favourable region in
the pocket of enzyme 5ACC, while the BC-6
and BC-12 can cross the BBB barrier. This
study indicates that scaffolds BC-6 and BC-12
could be the prompting candidates for further
drug discovery.
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