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Introduction

COVID-19 is a global pandemic caused by the newly
discovered coronavirus SARS-CoV-2 (WHO, 2020).
Recent studies have revealed that the virus enters the
target organ epithelial cells by utilising two host
proteins, Transmembrane Serine Protease 2 (TMPRSS2)
and Angiotensin Converting Enzyme 2 (ACE2), found on
the cell surface (Parmar, 2021). Among the two
proteins, the inhibition of TMPRSS2 has been shown to
be the most promising and has been shown to prevent
SARS—CoV2—driven lung cell access (Manjunathan et
al., 2022). Therefore, developing therapeutic agents
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Abstract

Background: Covid 19 is a global pandemic caused by SARS-CoV2, a novel coronavirus.
This virus enters target organ epithelial cells by utilising two host proteins;
Transmembrane Serine Protease 2 (TMPRSS2) and Angiotensin Converting Enzyme 2
(ACE2). The inhibition of TMPRSS2 has shown to be a promising means to prevent viral
infection. Molecular docking and Absorption, Distribution, Metabolism, Excretion, and
Toxicity (ADMET) analysis will determine the activity of Merremia mammosa (Lour) Hall f.
secondary metabolites against the TMPRSS2 of SARS-CoV2. Obijective: This study aimed
to investigate the in silico activity of Merremia mammosa (Lour) Hall.f. active compounds
against TMPRSS2 of SARS-CoV2. Method: Molecular docking was performed on 206
compounds obtained through metabolite profiling from a previous study on the SARS-
CoV TMPRSS-2 protein (PDB id.7MEQ) using the Maestro Schrodinger software. Result:
The results indicated there were 6 compounds (three of which were flavonoids: cynarine,
phellodensin F, and gemixanthone A) with docking scores lower than standard drugs
(nafamostat as a native ligand). ADMET analysis revealed that among 6 compounds,
cynarine has the highest drug-likeness and the greatest inhibitory potential against
TMPRSS2. Conclusion: Cynarine was found to be active and promising to be developed
as an inhibitor of the SARS-CoV2 entry step.

that inhibit the TMPRSS2 function is a promising
strategy for combating current and future coronavirus
epidemics (Manjunathan et al., 2022).

Merremia mammosa (Lour) Hall. for bidara upas is one
of the medicinal plants traditionally used for the
treatment of respiratory tract diseases, digestive
disorders, and wounds (Purwitasari et al., 2023). Bidara
upas has also been proven to be effective against the
HIN1 flu virus and Mycobacterium tuberculosis
(Purwitasari, 2020; Agil et al., 2021). Bidara upas also
contains glycoside resin, such as merremoside, that
been used to treat respiratory disease (Kitagawa,
1996).
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Methods
Design

Using Agilent LC-MS/MS QTOF, a total of 206
compounds were predicted from 96% of its ethanol
extract, butanol fraction, ethyl acetate fraction, and n-
hexane fraction (Purwitasari, 2022). Through
metabolite profiling were then subjected to a
molecular docking study to predict the potential
compounds that can inhibit the TMPRSS2 of SARS-CoV-
2. The 206 compounds were successfully docked with
the SARS-CoV-2 TMPRSS-2 protein binding site (PDB id.
7MEQ).

Hardware and software

The computational study in this research was
conducted using Maestro Schroédinger 2021-2
(Schrodinger, New York, NY, USA) software on Dell
WorkStation, Linux Ubuntu 20.04.3 LTS OS, Intel
Xeon(R) W-2223 CPU @ 3.60GHz octa-core; RAM 16 GB
and GPU NVIDIA Quadro P2200.

Preparation of ligands and receptor

The 2D structures from LC-MS/MS profiling were
produced using Chemdraw, then optimised and
transformed into 3D by LigPrep module in Schrodinger
2021-2 as well as protonated with Epik at pH of 7.4 and
OPLS4 forcefield in attempt to re-establish improper or
missing bonds, assign protonation, possible ionisation,
and tautomeric states (lkram et al., 2015; Zubair et al.,
2021).

In the meantime, SARS-CoV-2 receptors were prepared
with the Protein Preparation Wizard module in
Maestro Schrodinger 2021-2 by removing the residual
solvent, optimising hydrogen bond, protonating with
ProtAssign and PROPKA, and adding partial charge with
the OPLS4 forcefield (Schrodinger Release 2022-1,
2022c).

Molecular docking

The molecular docking procedure was executed with
glide under conditions of rigid receptors and flexible
ligands in extra-precise (XP) mode. In addition, to
determine which compounds have the highest binding
affinity and actively inhibit SARS-CoV-2 receptors. For
scoring the docked position, the molecular mechanics-
generalised Born surface area (MM-GBSA) was used
(Schrodinger Release 2022-1, 2022a; 2022b).
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Results

Out of the 206 compounds, six compounds revealed
MMGBSA values ranging from -58,8942 to -52,5815,
significantly lower than standard drugs, the lowest of
which was nafamostat at -33,40. (Table I). It indicated
that the compound was more active than the ligand
controls. The greater the negative value of this energy,
the lower the free energy and the stronger the binding.
Figure 1 shows molecular interactions of cynarine
against the TMPRSS SARS-CoV-2 receptor. Preliminary
prediction analysis of physicochemical and absorption,
distribution, metabolism, excretion and toxicity
properties of the lowest MMGBSA value compound
from bidara upas using PKCSM can be seen in Table II.

Table I: Top compounds with the lowest MMGBSA
value of bidara upas and standard drug against
TMPRSS of SARS-CoV2

Compounds MMGBSA
Nafamostat (1.0019 A) (7MEQ) -33.40
Cynarine (1) -58.8943
N-[(3-Cyano-5,6-dihydro-4H-
cyclopenta[b]thiophen-2-yl)carbamothioyl]-2-(3- -55.9942

isopropoxyphenyl)-4-quinoline-carboxamide (2)

N,N'-(Oxydi-4,1-phenylene)bis(4-nitrobenzamide)
(3)

6-[(4-Amino-2-methyl-6-quinolinyl)amino]-2-
{[(2S)-5-(diethylammonio)-2-pentanyl]amino}-4- -55.1054
methylpyrimidin-1-ium (4)

Phellodensin F (5) -54.0013
Gemixanthone A (6) -52.5815

-55.9332

LU
a9

Figure 1: Molecular interactions of cynarine against
TMPRSS SARS-CoV-2 receptor
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Table II: Preliminary prediction analysis of
physicochemical and absorption, distribution,
metabolism, excretion and toxicity properties of the
lowest MMGBSA value compound from bidara upas
using PKCSM

Compounds Cynarine
MW 512.66
Chemical structure LogP 6.23768
properties HBA 6
HBD 2
Predicted LDso (mg/kg) 1500
Predicted toxicity class 4
Cytotoxicity Inactive
CaCO; permeability 0.555
Absorption :r;ze;t;:?l absorption 92.500
VDss (human) -0.848
Distribution fracon unbound 0.028
BBB permeability -0.258
CNS permeability -1.547
CYP2D6 substrate No
Metabolism CYP3A4 substrate Yes
CYP2D6 inhibitor No
CYP3A4 inhibitor Yes
Excretion Total clearance -0.18
Renal OCT2 substrate No

MW: Molecular weight (<500 Da); LogP: Coefficient partition (<5)

HBD: Hydrogen bond donor(<5); HBA: Hydrogen bond acceptor (<10)
Vdss: Volume of Distribution at Steady State; BBB : Blood Brain Barier
CNS: Central Nervous System; CYP2D6 : Cytochrome P2D

CYP3A4 : Cytochrome 3A4; Renal OCT2: Renal Organic Cation Transporter

In this study, Protox-1l was used to evaluate the toxicity
profiles of Cynarine, and it was reported that Cynarine
was predicted to exhibit no cytotoxicities. Moreover,
Lipinski’s rule of five was used as a preliminary
screening tool to evaluate the absorption and
permeability properties of cynarine, suggesting that it
may have suboptimal absorption and permeability
characteristics.

Overall, Lipinski's rule of five, absorption parameters,
distribution parameters, metabolism effects on CYP
enzymes, and excretion profiles are important factors
to consider when evaluating the potential of
phytoconstituents as inhibitors of the SARS-CoV-2
TMPRSS.
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Discussion

Since ancient times, Indonesians have used boiled-up
bidara upas tubers to treat tuberculosis. In addition,
bidara upas is a plant known for its pharmacological
effects that can prevent the multiplication of HIV,
H1N1, and Mycobacterium tuberculosis (Purwitasari et
al., 2020; Agil et al., 2021; Purwitasari et al., 2023).

Molecular docking analysis has identified 6 compounds
from this plant that have an activity to inhibit the
TMPRSS2 of SARS-CoV-2. Three of the compounds,
such as cynarine, phellodensin F and gemixanthone A,
were flavonoids that may interact with the substrate-
binding and catalytic site amino acids of TMPRSS2
(Hussain et al., 2020). Cynarine was known to have
strong inhibitory activity against SARS-CoV-2's main
protease (3CLpro or Mpro), but this compound is
quickly metabolised after oral administration (Jo et al.,
2022). Gemixanthone A was also known to have an
activity to inhibit the SARS-CoV-2 spike protein with
MMGBSA value -60.2985. It has hydrogen bonds with
SER 47, ASH 350, TYR 385, and PHE 390 (Purwitasari et
al., 2023). This inhibition will prevent the early step of
SARS-CoV2 infection. Furthermore, cynarine has strong
activity and showed no toxicity.

Conclusion

Molecular docking was successfully used to identify the
potential compounds from bidara upas that can inhibit
TMPRSS2 activation. Three flavonoid compounds found
in Bidara upas which are cynarine, phellodensin F and
gemixanthone A. Cynarine showed promising results to
be developed as anti-SARS-CoV2 in the entry step of
infection. Further purification and NMR
characterisation are needed. Also, further in vitro and
in vivo experiments may be necessary to confirm the
absence of cytotoxicity and to assess other potential
toxic effects of Cynarine.

Acknowledgement

This research is funded by Universitas Airlangga
through Mandat Khusus Covid 2020 with grant number
1081/UN3.1.4/PT/2020.

References

Agil, M., Studiawan, H., & Purwitasari, N. (2021). Efficacy of
Merremia mammosa Hall terpenoid fraction against
Mycobacterium tuberculosis. Research Journal of Pharmacy
and Technology, 14(12), 6617-6620.
https://doi.org/10.52711/0974-360X.2021.01143

342



Purwitasari et al.

Hussain, M., Jabeen, N., Amanullah, A., Baig, A.A., Aziz, B.,
Shabbir, S., Raza F., & Uddin, N. (2020). Molecular docking
between human TMPRSS2 and SARS-CoV-2 spike protein:
Conformation and intermolecular interactions. AIMS
Microbiology, 6(3), 350.
https://doi.org/10.3934/microbiol.2020021

lkram, N.K., Durrant, J.D., Muchtaridi, M., Zalaludin, A.S.,
Purwitasari, N., Mohamed, N., Rahim, A.S., Lam, C.K., Normi,
Y.M., Rahman, N.A., Amaro, R.E., & Wahab, H.A. (2015). A
virtual screening approach for identifying plants with anti-
H5N1 neuraminidase activity. Journal of chemical
information and modelling, 55(2), 308-316.
https://doi.org/10.1021/ci500405g

Kitagawa, ., Baek, N. I., Yokokawa, Y., Yoshikawa, M., Ohashi,
K., & Shibuya, H. (1996). Indonesian medicinal plants. XVI.
Chemical structures of four new resin- glycosides,
merremosides f, g, hl, and h2, from the tuber of Merremia
mammosa (Convolvulaceae). Chemical and Pharmaceutical
Bulletin, 44(9). https://doi.org/10.1248/cpb.44.1693

Jo, S., Signorile, L., Kim, S., Kim, M.S., Huertas, O., Insa, R.,
Reig N., & Shin, D.H. (2022). A study of drug repurposing to
identify SARS-CoV-2 main protease (3CLpro) inhibitors.
International Journal of Molecular Sciences, 23(12), 6468.
https://doi.org/10.3390/ijms23126468

Manjunathan, R., Periyaswami, V., Mitra, K., Rosita, A.S.,
Pandya, M., Selvaraj, J., Ravi L., Devarajan N., & Doble, M.
(2022). Molecular docking analysis reveals the functional
inhibitory effect of Genistein and Quercetin on TMPRSS2:
SARS-COV-2 cell entry facilitator spike protein. BMC
Bioinformatics, 23(1), 180.
https://doi.org/10.1186/s12859-022-04724-9

Parmar, M. S. (2021). TMPRSS2: An equally important
protease as ACE2 in the pathogenicity of SARS-CoV-2
infection. Mayo Clin Proc, 96(11), 2748-2752.
https://doi.org/10.1016/j.mayocp.2021.07.005

Purwitasari, N., Agil, M., & Studiawan, H. (2020). Activity of
ethyl acetate fraction of Merremia mammosa hall as anti-
influenza a (H1N1). Indian Journal of Forensic Medicine &
Toxicology, 14(3), 2095-2098.

Purwitasari, N. & Agil, M. (2022). Metabolite profiling of
extract and fractions of bidara upas (Merremia mammosa
(Lour.) Hallier F.) tuber using UPLC-QToF-MS/MS.
Biomedical and Pharmacology Journal, 15(4), 2025-2041
https://dx.doi.org/10.13005/bpj/2540

Purwitasari, N., Maulana, S., Qurnianingsih, E., Agil, M.,
Siswandono, S. & Junlatat, J. (2023). Inhibition of spike
protein of SARS-CoV2 from (Merremia mammosa (Lour)
Hall. F.) bioactive compounds: Molecular docking and
ADMET study. Journal of Population Therapeutics and
Clinical Pharmacology, 30(8), 78-86.
https://doi.org/10.47750/jptcp.2023.30.08.009

Schrédinger  Release  2022-1. (2022a). Glide. LLC
(https://www.schrodinger.com/science-articles/protein-
preparation-wizard)

Schrédinger Release 2022-1. (2022b). Prime. LLC.

Schrédinger Release 2022-1. (2022c). Protein preparation
Wizard; Epik. LLC

Pharmacy Education 23(4) 340 - 343

Activity of bioactive compounds from bidara upas on SARS-CoV-2

World Health Organisation. (2020). WHO Coronavirus
(COVID-19) dashboard. Retrieved May 5, 2023, from
https://covid19.who.int/

Zubair, M.S., Maulana, S., Widodo, A., Pitopang, R., Arba, M.
& Hariono, M. (2021). GC-MS, LC-MS/MS, docking and
molecular dynamics approaches to identify potential SARS-
CoV-2 3-chymotrypsin-like protease inhibitors from Zingiber
officinale Roscoe. Molecules, 26(17), 5230.
https://doi.org/10.3390/molecules26175230

343


https://doi.org/10.3934/microbiol.2020021
https://doi.org/10.1021/ci500405g
https://doi.org/10.1248/cpb.44.1693
https://doi.org/10.1186/s12859‑022‑04724‑9
https://doi.org/10.1016/j.mayocp.2021.07.005
https://dx.doi.org/10.13005/bpj/2540
https://covid19.who.int/
https://doi.org/10.3390/molecules26175230

	The activity of bioactive compounds from bidara upas (Merremia mammosa (Lour) Hall. f.) as an inhibitor of SARS-CoV2 entry stage: In silico study
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgement
	References

	Abstract

