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ABSTRACT

Background: Protein-ligand interaction plays a major role in identification of
the possible mechanism by which a ligand can bind with the target and exerts
the pharmacological action. Objective:The aimis toidentify the best candidate
of Cocculus hirsutus which binds with the hepatocellular carcinoma (HCC)
targets by docking studies. Materials and Methods: The reported
phytoconstituents such as coclaurine, hirsutine, cohirsine, cohirsinine,
lirioresinol, cohirsitinine, haiderine, jamtinine, isotrilobine, shaheenine,
jamtine, and cocsoline present in the plant, C. hirsutus were docked with
the HCC targets such as Aurora kinase, c-Kit, fibroblast growth factor,
nuclear factor kappa B (NF-kB), B-cell lymphoma-extra large, and vascular
endothelial growth factor (VEGF) using in silico technique with the software
Grid-Based Ligand Docking with Energies. Results: Haiderine, shaheenine,
and coclaurine had good interaction with Aurora kinase with the glide
score and glide energy of — 7632, —7.620, —-7.464; and — 56.536, —55.203,
-52,822, respectively. Coclaurine, lirioresinol, and haiderine possess
good binding with c-Kit with the glide score and glide energy of — 8.572,
—6.640, —6.478; and — 56.527 -57.138, -20,522, respectively. Lirioresinol,
hirsutine, and coclaurine exhibit good binding with c-Kit with the glide score
and glide energy of — 5.702, -5.694, —5.678; and — 48.666, —35.778,
—41,673, respectively. Similarly, coclaurine, haiderine, and hisutine had good
interaction with NF-kB. Haiderine, jamtinine, and coclaurine had good binding
with VEGF receptors (VEGFR) and coclaurine, lirioresinol, and haiderine
exhibit good bonding with VEGFR. Conclusion: Coclaurine, haiderine, and
lirioresinol exibited good hydrogen bonding interactions and binding energy
with the select targets. Hence, these compounds have to be taken up for
experimental work against hepatocellular carcinoma.

Key words: Cocculus hirsutus, hepatocellular carcinoma, molecular
docking, phytoconstituents

SUMMARY

e Compounds of interest showed good interaction and binding with the

INTRODUCTION

Hepatocellular carcinoma (HCC), the third common cancer, accounts
for more than 626,000 new cases per year worldwide."! This study
aimed to perform docking of ligands, which were reported in the plant
Cocculus hirsutus with the macromolecular targets which involves in
various apoptosis cell signaling pathways.”! Our laboratory findings
indicate that this plant is found to have in vitro cytotoxic activity in
MCEF-7, Hep-2, and Hela cancer cell line®® and in vivo anticancer activity
against DLA cells in mice." To find out the best candidate of the plant
constituents, the reported phytoconstituents of C. hirsutus were docked
with the various targets responsible for different signaling pathways such
as Aurora kinase, proto-oncogene c-Kit (c-Kit), B-cell lymphoma-extra
large (Bcl-xL), nuclear factor kappa B (NF-kB), fibroblast growth
factor (FGF), and vascular endothelial growth factor (VEGF).

Plants are rich in secondary metabolites such as alkaloids, glycosides,
tannins, terpenoids, flavanoids, etc. C. hirsutus (L.) Diels is a climbing
shrub belongs to the family Menispermaceaeis rich in alkaloid, flavanoids,
and phenolic compounds. C. hirsutus is widely used in the indigenous
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selected targets. Hence these compounds has to be explored further to
study their anticancer potentials.
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Abbreviations used: HCC: Hepatocellular Carcinoma, Bcl-xL: B-cell
lymphoma-extra large, FGF: Fibroblast Growth Factor, VEGF: Vascular
Endothelial Growth Factor, DLA: Dalton's Lymphoma Ascites.
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system of medicine for curing various ailments due to its different
medicinal properties. The plants are reported to have antioxidant,
cytotoxic,”! hepatoprotective,’® anticancer, and hypotensive.” The
reported phytoconstituents of Cocculus hirustus are coclaurine, cocsoline,
cohirsine, cohirsinine, cohirsitinine, haiderine, hirsutine, isotrilobine,
Jamtine, jamtinine, lirioresinol, and shaheenine.® Attempt has been
made to dock these plant contituents with the HCC targets such as Aurora
kinase, c-Kit, FGE, NF-kB, Bcl-xL, and VEGF using in silico technique
with the software Grid-Based Ligand Docking with Energies (GLIDE).
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MATERIALS AND METHODS

Previously reported phytoconstituents of C. hirsutus [Table 1] were
downloaded from the database and subjected to docking studies.
Maestro build panel was used for building the ligands. LigPrep is a
utility of Schrodinger software (USA) that generates three-dimensional
structures from two-dimensional representation. The active protein site
with which the ligand will be docked was prepared using the wizard,
protein preparation of Schrodinger software. Ligand and protein were
docked using the software GLIDE. The prepared ligands were docked
against such as Aurora kinase, c-Kit, FGE NF-kB, Bcl-xL, and VEGF
cancer targets.

Table 1: Compounds of Cocculus hirsutus taken for docking studies
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GScore=bxCoul +axvdW + Metal + Lipo + RotB + Hbond + BuryP + Site

Where Coul is Coulomb’s energy, vdW is Van der Waal’s energy, Metal
is metal-binding term, Lipo is lipophilic contact term, RotB is penalty
for freezing rotatable bonds, Hbond is hydrogen-bonding term, BuryP
is penalty for buried polar groups, site is polar interactions at the active
site, and the coeflicients of vdW and Coul are a = 0.065 and b = 0.130,
respectively. All docking computations were carried out using Linux is
an operating system manufactured by Linus Torvalds.

RESULTS

The results of the best candidate with good binding efficiency of the
phytoconstituent with good G-score, glide energy, and amino acid
interactions along with the bond distance are summarized in Table 2.

DISCUSSION

From the results, it is observed that out of 12 compounds of C. hirsutus,
coclaurine, haiderine, and lirioresinol are found to have good glide score and
glide energy toward Aurora kinase, c-Kit, FGE, NF-kB, Bcl-xL, and VEGE.

Aurora kinase which is crucial for cell cycle control is overexpressed in
tumor cells."” Inhibiting Aurorakinase in such increased levels will control

Table 2: Phytoconstituents having good interactions with cancer targets

Name of Phytoconstituents Glide Glide Interactions Bond
the cancer  of Cissampelos score energy distance
targets pareira (D...A)A
Aurora kinase Haiderine -7.632 —56.536 Ala (213) 2.042
Leu (139) 1.883
Shaheenine —-7.620 —55.203 Ala (213) 1.941
Coclaurine —7.464 —52.822 Leu (139) 1.640
Ala (213) 2.475
Pro (214) 1.865
C-kit Coclaurine —-8.572 —56.527 Lys (593) 1.908
Glu (671) 1.773
Lirioresinol -6.640 —57.138 Arg (815) 1.976
Haiderine -6.478 —20.522 Lys (593) 2.374
Cys (673) 1.740
Bcl-xL Lirioresinol —5.702 —48.666 Asn (136) 1.957
Asn (198) 2.211
Asn (198) 2.464
Hirsutine —5.694 —35.778 Asn (198) 1.935
Coclaurine -5.678 —-41.673 - -
NF-kB Coclaurine —4.199 -32.578 Asp (336) 1.710
Asn (244) 2.446
Haiderine —4.103 -32.641 Asp (206) 1.662
Asp (206) 1.820
Hirsutine -3.993 -27.769 Tyr (238) 2.078
Gln (50) 1.950
Arg (51) 2.010
FGF Haiderine —6.498 —54.607 Ala (564) 2.185
Ala (564) 1.926
Jamtinine —6.469 —52.314 Ala (564) 2.264
Coclaurine —6.401 -53.833 Glu (562) 1.854
Asp (641) 1.582
VEGFR Coclaurine —3.775 —24.443 Thr (85) 1.762
Lirioresinol —3.714 -32.780 Glu (101) 1.894
Gln (87) 1.897
Leu (88) 1.899
Haiderine —3.580 —23.317 GIn (87) 2.069
Glu (101) 1.596

FGF: Fibroblast growth factor; Bcl-xL: B-cell lymphoma-extralarge; NF-kB: Nuclear
factor kappa B; VEGFR: Vascular endothelial growth factor receptor
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Figure 1: (i). Docking of Shaheenine with Arorakinase, (ii) Docking of
Coclaurine with C- kit, (iii) Docking of Lirioresinol with Bcl-xL, (iv) Docking
of Coclaurine with NF-xB, (v) Docking of Jamtinine with FGF, (vi) Docking
of Lirioresinol with VEGF

the rapid cell growth. c-Kit receptor is present in hematopoietic cells and
other tissue cells. c-Kit signaling plays a vital role in regulation of the red
blood cell production, lymphocyte proliferation, etc. Downstream signal
transduction regulates cell growth, proliferation, and differentiation.!
Overexpression of Bcl-xL relates with resistance to chemotherapy and
radiation therapy in multiple cancer.?’ NF-kB, i.e. NF-kB is a transcription
factor, which will play a vital role in carcinogenesis. Therefore, inhibition
of NF-kB activation plays a tumor suppressor role in Liver."*) FGF target
is the FGF, which will increase in solid, and metastatic tumors and gives
drug resistance.!"! Thus, inhibitions of FGF will results in the entry of
chemical compounds into the target cell and thereby cell toxicity and
retardation of cell growth.'®) VEGF-receptors (VEGFRs) are useful
of the angiogenesis (development of blood vessels from pre-existing
vasculature) and vasculogenesis (development of the circulatory system).
Overexpression of VEGF will lead to the abnormal growth of tumor
cells.l" Therefore, an inhibitor of VEGFR will control the growth of new
cells binding with the above targets and inhibiting their activity will show
a significant tumor control in liver tissues. Thus, this study suggests that
these phytoconstituents, especially the best candidates such as coclaurine,
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haiderine, and lirioresinol, will exhibit its activity by effective binding
with the targets as explained by GLIDE software [Figure 1].

CONCLUSION

From this study; it is clear that out of 12 compounds docked with various
targets of HCC, coclaurine, haiderine, and lirioresinol have found to
have good interaction and binding efficiency with all targets. Therefore,
these best candidates for HCC have to be taken up for further research.
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