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1. Introduction
  

 COVID-19, an infectious respiratory disease caused 
by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), emerged as a pandemic in 2020. On 
May 5th 2023, the WHO declared the end of COVID-19 
as a Public Health Emergency of International Concern 
(PHEIC) and transition to long-term management of the 
pandemic. Historically, until June 2023, there have been 

more than 760 million cases of COVID-19 and over 6.9 
million deaths worldwide (https://www.who.int/news-
room/fact-sheets/detail/coronavirus-disease-(covid-19), 
with Indonesia recording more than 6.8 million cases and 
over 160 thousand deaths by June 2023 (https://www.
worldometers.info/coronavirus/country/indonesia/).
 Although COVID-19 is currently in its endemic 
phase, there are still fatal outcomes, particularly among 
vulnerable populations such as the elderly and those with 
underlying health conditions. Furthermore, the advent 
of SARS-CoV-2 variations and drug-resistant mutations 
necessitates the development of further oral antivirals 

The SARS-CoV-2 papain-like protease (PLpro) is essential for viral replication and 
a promising target for drug discovery. This study explored the inhibitory potential of 
compounds from Indonesia herbals Butterfly pea flower (Clitoria ternatea L), Star 
fruit leaves (Averrhoa carambola L.), and Java plum leaves (Syzygium cumini (L.) 
Skeels) against PL pro through molecular docking and in vitro assays. The molecular 
docking method utilized the target protein PLpro (PDB ID: 7CMD), with the native 
ligand obtained from compounds identified in these plant extracts. The compounds 
were identified using the KNApSAcK database and analyzed for drug-likeness based 
on Lipinski's Rule of Five. The physicochemical characteristics affecting absorption, 
distribution, metabolism, excretion, and toxicity (ADMET) were determined using the 
pkCSM descriptor algorithm protocol. Validation was performed using the redocking 
method, achieving an RMSD score of 0.728 Å, which indicated validity (RMSD <2.0 
Å). The results identified four ligands with the lowest binding affinities from these 
extracts: (-)-Epicatechin 3-O-gallate, folic acid, petunidin 3-glucoside, and ellagic 
acid, with binding scores of -8.6, -8.3, -7.1, and -7.1 kcal/mol, respectively. Prior to 
conducting the PLpro in vitro inhibition assay, a fluorescence-based inhibition assay 
was performed using Z-RLRGG-AMC as the substrate and GRL0617as the control 
inhibitor. All extracts were subjected to 70% ethanol maceration. The IC50 value of 
GRL0617 was 3.38 μM, while fluorescence tests showed that Java plum leaf extract 
exhibited the highest inhibition percentage at 66.10±3.22%. These findings indicate 
that all three plant extracts contain compounds capable of inhibiting PLpro activity.

Article history:
Received September 18, 2024
Received in revised form November 12, 2024
Accepted November 19, 2024

KEYWORDS:
Butterfly pea flower, 
herbal chemicals, 
Java plum leaves, 
molecular docking, 
PL Pro inhibitor, 
Star fruit leaves

* Corresponding Author
 E-mail Address: is.helianti@brin.go.id

 Vol. 32 No. 2, March 2025 356-366
DOI:10.4308/hjb.32.2.356-366

ISSN: 1978-3019
EISSN: 2086-4094

H A Y AT IH A Y AT I
Journal of BiosciencesJournal of Biosciences

Research Article

ABSTRACTARTICLE INFO

Copyright (c) 2025@ author(s).

https://crossmark.crossref.org/dialog/?doi=10.4308/hjb.32.2.356-366&domain=pdf
https://creativecommons.org/licenses/by-nc/4.0/


(Tan et al. 2024). Hence, research into anti-COVID 
drugs remains crucial. Currently, therapeutic agents 
strongly recommended by the WHO for COVID-19 
therapy, includes nirmatrelvir, ritonavir, corticosteroids, 
interleukin-6 receptor blockers, and baricitinib (Reis et 
al. 2023; Mitev 2023). Most of these drugs work by 
modulating the immune system to suppress infection, 
except for nirmatrelvir and ritonavir. Nirmatrelvir inhibits 
3-chymotrypsin-like protease (3CLpro) in SARS-CoV-2, 
a crucial enzyme for virus replication. While Ritonavir, 
an HIV protease inhibitor, is co-administered with 
nirmatrelvir to enhance its pharmacokinetics. Notably, 
only nirmatrelvir and ritonavir directly target the 
structure of SARS-CoV-2, indicating opportunities for 
novel drugs directly targeting the virus (Napitupulu et 
al. 2023).
 The SARS-CoV-2 genomic RNA encodes structural 
and non-structural proteins. Structural proteins include 
nucleocapsid (N), membrane (M), envelope (E), and 
spike (S), while non-structural proteins are comprised 
of 3-chymotrypsin-like protease (3CLpro), papain-like 
protease (PL Pro), and RNA-dependent RNA polymerase 
(RdRp). Both PL Pro and 3CLpro play a critical role in 
the virus replication process, making them attractive 
target for therapeutic agents (Ulfah et al. 2022). However, 
compared to 3CL Pro there are very few research for 
active compounds against PL pro. The SARS-CoV-2 
papain-like protease (PLpro) represents a promising 
but difficult pharmacological target (Tan et al. 2024). 
Whereas, natural ingredients, abundant in Indonesia, 
hold promise for drug development against COVID-19. 
Notable examples include turmeric (Curcuma longa 
L.), Java ginger (Curcuma xanthorrhiza Roxb.), ginger 
(Zingiber officinale Roscoe), guava (Psidium guajava 
L.), Lagoon Spurge or Meniran (Phyllanthus niruri), and 
Sambiloto (Andrographis paniculata) (BPOM 2020).
 Molecular docking, an in silico method, predicts the 
inhibitory activity of natural compounds against both 
PL pro and 3CLpro. This approach aids in selecting 
potential inhibitors or activators for a target protein, 
offering insights into the mechanism of action at the 
molecular level (Rizma et al. 2021). Several herbal 
ingredients have demonstrated inhibitory activity against 
PL pro in silico, including Seco-4-hydroxylintetralin in 
Meniran, Brazilin, and Brazilein in secang wood, and 
Curcumin in turmeric (Laksmiani et al. 2020; Firdayani 
et al. 2022).
 Additionally, some plant ingredients exhibit inhibitory 
activity against another SARS-CoV-2 protease, 3CLpro, 
enhancing their potential for drug development. For 

instance, Cubebin in Meniran is a potential candidate 
as a 3CLpro inhibitor (Laksmiani et al. 2020). However, 
several plants, including Butterfly pea flowers, Sweet 
star fruit leaves, and Java plum leaves, have not yet been 
tested for their PL pro inhibitory activity (Indayani 2021; 
Aini et al. 2022; Fazadini and Yzzuddin 2022), making 
them intriguing candidates for investigation.
 This research aims to conduct molecular docking of 
compounds from Butterfly pea flower (Clitoria ternatea 
L. (Ct)), Star fruit leaves (Averrhoa carambola L. (Ac)), 
and Java plum leaves (Syzygium cumini (L.) Skeels 
(Sc)) against PL pro as the target protein. Evaluation 
parameters include binding affinity and interaction 
profile. In vitro experiments will complement molecular 
docking results, providing further insights into the 
potential of these natural compounds as anti-COVID 
agents for treating COVID-19. For in vitro experiment, 
previously described purified PL Pro was applied 
(Napitupulu et al. 2024).
  
2. Materials and Methods

2.1. In Silico Study 
 The hardware utilized for this study was a Dell™ 
laptop model Inspiron 14 5000 2-in-1, equipped with 
an AMD® RyzenTM 5 3500U processor, 8 GB RAM, 
AMD Radeon™ Vega 8 graphics, and running on a 
Windows 10 Pro 64-bit operating system. The software 
employed included AutoDock Tools 4.2.6 (Morris et al. 
2009), AutoDock Vina (Trott and Olson 2009; Eberhardt 
et al. 2021), BIOVIA Discovery Studio 2021 (BIOVIA 
2021), Microsoft Excel (Microsoft Corporation 2019), 
and PyRx (Dallakyan and Olson 2015).
 For in silico analyses, the target protein utilized was 
obtained from the Protein Data Bank (PDB) server, 
namely PL Pro (PDB ID: 7CMD) (Firdayani et al. 
2022). The native ligand serving as a positive control 
was obtained from the dissociation of the ligand 
forming a complex with the target protein. Ligands 
from compounds found in Butterfly pea flowers, Sweet 
star fruit leaves, and Java plum leaves, which have 
been previously published, were employed. Ligand-
protein interactions were then visualized using BIOVIA 
Discovery Studio 2021 (BIOVIA 2021). Amino acid 
residues involved in the positive control (GRL0617), 
were compared and analyzed with amino acid residues 
involved in ligand-protein interactions of compounds 
from herbal plants (Firdayani et al. 2022).
 The KNApSAcK database was accessed to identify 
the compounds present in herbal plants. KNApSAcK 
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provides information regarding plant species and the 
metabolites contained in them, accessible via http://
www.knapsackfamily.com/knapsack_core/top.php 
(Afendi et al. 2012).

2.2. Drug-Likeness Analysis
 The physicochemical properties of bioactive 
compounds from these herbal plants were analyzed 
to assess their drug-likeness. This analysis focused 
on parameters based on Lipinski's Rule of Five, 
which indicates that a compound with two or more of 
these parameters is likely to have good drug-likeness 
(Chaudhary and Mishra 2016). The parameters include 
fewer than five hydrogen bond donors, fewer than ten 
hydrogen bond acceptors, a molecular mass less than 500 
Da, high lipophilicity (expressed as LogP not exceeding 
5), and a molar refractivity range of 40 to 130.

2.3. ADMET Analysis
 The physicochemical characteristics affecting 
absorption, distribution, metabolism, excretion, and 
toxicity (ADMET) of the tested compounds were 
determined using the pkCSM ADMET descriptor 
algorithm. Drug absorption was evaluated based on 
factors such as membrane permeability, intestinal 
absorption, skin permeability, and glycoprotein P 
substrate or inhibition properties. Drug distribution was 
assessed based on parameters like blood-brain barrier 
permeability, central nervous system permeability, and 
distribution volume. Metabolism was evaluated using the 
CYP model for substrates or inhibitors, while excretion 
was assessed based on the total clearance model and 
renal substrates. Drug toxicity considerations included 
toxicity, hERG inhibition, hepatotoxicity, and skin 
sensitization. These parameters were evaluated against 
standard ranges (Firdayani et al. 2022). 
 Data for the ADMET analysis were obtained from 
several websites, namely pkCSM (https://biosig.lab.
uq.edu.au/pkcsm/prediction), SwissADME (http://www.
swissadme.ch/), and Protox-II (https://tox-new.charite.
de/).

2.4. Extraction of Herbal Plants 
 Butterfly pea flowers and sweet star fruit leaves 
were sourced from Bogor Regency, West Java, 
while Java plum leaves were obtained from Sragen 
Regency, Central Java. All plants collected were 
then authenticated by “Eka Karya” Botanical Garden 
Characterization Laboratories, National Research and 
Innovation Agency (BRIN). Simplicia from the three 

herbal plants were extracted at the Laboratory of the 
Research Institute for Spices and Medicinal Plants, 
Bogor, Indonesia, using the maceration method with a 
70% ethanol solvent. The weight ratios of simplicia to 
solvent used were 1:8 for Butterfly pea flowers, 1:10 
for Sweet star fruit leaves, and 1:5 for Java plum leaves. 
Each type of plant simplicia weighed 500 grams. The 
resulting extract yields were 174.5 grams for Butterfly 
pea flowers, 138.9 grams for Sweet star fruit leaves, 
and 180.9 grams for Java plum leaves, corresponding 
to extraction yields of 34.9%, 27.78%, and 36.18%, 
respectively (Yunarto and Sulistyaningrum 2017; 
Rachmawati et al. 2021;  Yumni et al. 2022).

2.5. In Vitro Test of Plant Extracts against PL 
Pro
 The inhibition of PL Pro activity was evaluated 
using a fluorescence-based inhibition assay. The 
reaction buffer, containing 20 mM Tris-Buffer (pH 8.0) 
and 4 mM DTT (Dithiothreitol), was added to the wells 
of a 384-well non-binding black plate. Subsequently, 
the purified PL Pro enzyme (Chen et al. 2021; 
Napitupulu et al. 2024) at a concentration of 50 nM 
was dissolved in the reaction buffer. Herbal extracts 
acting as inhibitors were added to the reaction mixture 
at a final concentration of 250 ppm. The reaction 
solution was incubated for 30 min before adding the 
Z-RLRGG-AMC peptide conjugate substrate at a final 
concentration of 30 μM. The total reaction volume 
was 40 μL. Fluorescence intensity was measured 
at wavelengths of 345 nm (excitation) and 445 nm 
(emission) for 1 hour with a data collection interval of 
every 1 minute using a microplate reader at a reaction 
temperature of 30°C (Chen et al. 2021; Chang et al. 
2023; Napitupulu et al. 2024). Before applying the 
herbal extract, the positive control was used to check 
the validity of in vitro condition mixture. When the 
obtained IC50 value closed to previously reported, then 
the condition of assay could be used for in vitro test.
The assay results were processed to obtain the percent 
inhibition value using the formula: %Inhibition = 
((Control slope - test slope) / Control slope) × 100%.

3. Results

3.1. Compliance with Lipinski's Rules
Before conducting molecular docking, compounds 

were screened based on Lipinski's Rule of Five to 
ensure their pharmacokinetic properties. A total of 33 
compounds from Butterfly pea flowers, 32 from Sweet 
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The extract could also be used as herbal supplement 
for further prevention of Covid. From in silico analyses 
result, 5 potential active compounds were available 
in Java plum: Folic acid, Ellagic acid, Quercetin, 
Myricetin, and Cyanidin. This factor probably explains 
why Java plum extract has the best inhibition rate 
compared to others.

4. Discussion

 While COVID-19 is currently in the endemic phase, 
fatalities still occur, particularly among vulnerable 
populations such as the elderly and those with pre-existing 
health conditions. Furthermore, the emergence of SARS-
CoV-2 variants and drug-resistant mutations necessitates 
the development of additional oral antivirals (Tan et al. 
2024). Therefore, research into anti-COVID medicines 
remains important.
 Significant efforts have been made to uncover the 
antiviral mechanisms of medicinal plants and their 
natural compounds on various SARS-CoV-2 virus 
lifecycle stages, including virus entry (S protein, ACE2), 
replication (3CLpro, PLpro, helicase, N protein, and 
RdRp), assembly (E and M proteins), viral release, and 
host-specific interactions via in silico analyses (Abou 
Baker et al. 2023). Like 3CLpro, PLpro is critical in the 
virus replication process, making it an attractive target for 
therapeutic agents (Jade et al. 2021; Ulfah et al. 2022). 
However, despite decades of optimization in medicinal 
chemistry and extensive high-throughput screening, the 
development of PLpro inhibitors has progressed more 
slowly and significantly lags behind that of 3CLpro 
inhibitors (Tan et al. 2022). The SARS-CoV-2 PLpro 
represents a promising but challenging pharmacological 
target (Tan et al. 2024). The lack of PLpro binding pocket 
subsites has made the creation of highly potent PLpro 
inhibitors difficult (Ma et al. 2021). Therefore, studies 
seeking inhibitors of SARS-CoV-2 PLpro remain of 
interest.
 Medicinal plants are potential sources of SARS-CoV-2 
PLpro inhibitors (Jabeen et al. 2024). Indonesia holds 
significant potential for anti-COVID medicinal plants, as 
at least 80% of the medicinal plant species in Southeast 
Asia are found there, either as native or introduced species 
(Cahyaningsih et al. 2021). Several potential plants 
distributed widely in Indonesia are suitable for further 
research and development as anti-SARS-CoV-2 agents 

star fruit, and 20 from Java plum were identified. 
Among these compounds, 8 from Butterfly pea flowers, 
30 from Sweet star fruit, and 18 from Java plum fulfilled 
Lipinski's rules (Table 1). 

3.2. Molecular Docking Analysis
Molecular docking was performed using PyRx, 

assessing binding affinity (∆G) to determine potential 
ligand-protein interactions. While none of the compounds 
surpassed the positive control GRL0617's binding 
affinity (-9.3 kcal/mol), (-)-Epicatechin 3-O-gallate 
exhibited the most negative binding affinity (-8.6 kcal/
mol) (Table 2).

3.3. Visualization of Ligand-Protein 
Interactions

Another aspect that was reviewed to analyze 
potential inhibitor compounds was the interaction 
profile. GRL0617 was used as the comparator. Amino 
acid residues involved in ligand-protein interaction 
on GRL0617 are Asp164, Gln269, Tyr268, Pro247 
and Pro248. (-)-Epicatechin 3-O-gallate showed close 
similarities in amino acid residues involved which are 
Gln269, Tyr268, Ans267 and Pro248) (Table 3, Figure 
1). Other compounds exhibited similarities in amino 
acid residues with GRL0617, however none were 
exactly the same.

3.4. ADMET Analysis of Best Ligands
To evaluate pharmacokinetic and safety profiles, 

ADMET analysis was conducted. The top ten ligands 
were classified under toxicity class 5, indicating 
low toxicity potential. Further, these compounds 
demonstrated favorable pharmacokinetic properties 
(Table 4).

3.5. In Vitro Assay
To validate the condition for in vitro assay, firstly, 

the IC50 value of the control inhibitor GRL0617 was 
measured and successfully determined at 3.38 μM. 
Subsequently, inhibition tests using herbal extracts 
were performed. Results revealed that Java plum leaves 
extract exhibited the highest inhibition, while butterfly 
pea flower extract showed the lowest inhibition (Table 
5). The potential of Java plum in inhibiting PL Pro, 
which is involved in the virus replication, means that 
it could be used as a potential anti-covid medicine. 
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Table 1. List of compounds that satisfy Lipinski's rule

PubChem CID

5280961
5282102
5280804
5318606
443651
443652
68245
159287
5280450
22311
31253
6857557
9064
72276
182232
11005
5459879
10712
7427
11727586
892
4276
171489
8294
173183
222284
5281691
5280934
72277
107905
445724
439174
5283387
5376350
46189015
89782462

1130
161557
5281672
135398658
493570
370
64971
91472
5280863
5280343
128861
311
5281855
10494
159287
10189
445354
54670067

Compound name

Genistein
Astragalin
Hirsutrin/Isoquercitrin
Isomyricitrin
Petunidin 3-glucoside
Oenin
Delphinidin chloride
Malvidin
Linoleic acid
Limonene
beta-Myrcene
15-cis-Phytofluene
(+)-Catechin/cianidanol
(-)-Epicatechin
(+)-Epicatechin
Myristic acid
Sedoheptulose
Cellobiose
Trehalose
Galactinol
Inositol
Myristicin
5-O-Methylembelin
Linalyl acetate
Campesterol
(-)-beta-Sitosterol
Rhamnetin
alpha-Linolenic acid
(-)-Epigallocatechin
(-)-Epicatechin 3-O-gallate
Fucitol
N-Acetyl-D-glucosamine
Oleamide
Cryptoflavin
3-Methoxy-5-undecylphenol
2,5-Dimethoxy-3-

undecylphenol
Thiamine
Ampelopsin/Dihydromyricetin
Myricetin
Folic acid
Riboflavin
Gallic acid
Betulinic acid
3-Friedelanone/Friedelin
Kaempferol
Quercetin
Cyanidin
Citric acid
Ellagic acid
Oleanolic acid
Malvidin
Eugenin
Retinol
Ascorbic acid

Chemical formula

C15H10O5
C21H20O11
C21H20O12
C21H20O13
C22H23O12

+

C23H25O12
+

C15H11ClO7
C17H15O7

+

C18H32O2
C10H16
C10H16
C40H62
C15H14O6
C15H14O6
C15H14O6
C14H28O2
C7H14O7
C12H22O11
C12H22O11
C12H22O11
C6H12O6
C11H12O3
C18H28O4
C12H20O2
C28H48O
C29H50O
C16H12O7
C18H30O2
C15H14O7
C22H18O10
C6H14O5
C8H15NO6
C18H35NO
C40H56O2
C18H30O0
C19H32O3

C12H17N4OS+

C15H12O8
C15H10O8
C19H19N7O6
C17H20N4O6
C7H6O5
C30H48O3
C30H50O
C15H10O6
C15H10O7
C15H11O6

+

C6H8O7
C14H6O8
C30H48O3
C17H15O7

+

C11H10O4
C20H30O
C6H8O6

Conclusion

v (4 fulfilled)
v (2 fulfilled)
v (2 fulfilled)
v (2 fulfilled)
v (2 fulfilled)
v (2 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (3 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (2 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (3 fulfilled)
v (2 fulfilled)
v (2 fulfilled)
v (2 fulfilled)
v (3 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (3 fulfilled)
v (3 fulfilled)
v (4 fulfilled)
v (3 fulfilled)
v (3 fulfilled)
v (3 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (3 fulfilled)
v (2 fulfilled)
v (3 fulfilled)
v (3 fulfilled)

v (4 fulfilled)
v (3 fulfilled)
v (3 fulfilled)
v (3 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (3 fulfilled)
v (3 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (3 fulfilled)
v (3 fulfilled)
v (4 fulfilled)
v (4 fulfilled)
v (3 fulfilled)
v (4 fulfilled)

Lipinski parameter

MW (g/mol)
270.24
448.4
464.4
480.4
479.4
493.4

338.69
331.30
280.4

136.23
136.23
542.9

290.27
290.27
290.27
228.37
210.18
342.30
342.30
342.30
180.16
192.21
308.4

196.29
400.7
414.7

316.26
278.4

306.27
442.4

166.17
221.21
281.5
568.9
278.4
308.5

265.36
320.25
318.23
441.4
376.4

170.12
456.7
426.7

286.24
302.23
287.24
192.12
302.19
456.7

331.30
206.19
286.5

176.12

#Donor H
3
7
8
9
8
7
6
4
1
0
0
0
5
5
5
1
6
8
8
9
6
0
1
0
1
1
4
1
6
7
5
5
1
1
1
1

2
6
6
6
5
4
2
0
4
5
5
4
4
2
4
1
1
4

#Acceptor H
5

11
12
13
11
11
7
6
2
0
0
0
6
6
6
2
7

11
11
11
6
3
4
2
1
1
7
2
7

10
5
6
1
2
2
3

5
8
8

10
7
5
3
1
6
7
5
7
8
3
6
4
1
6

LogP
2.5768

-0.2445
-0.5389
-0.8333
0.3906
0.6936

-0.3815
3.2205
5.8845
3.3089
3.475
13.61

1.5461
1.5461
1.5461
4.7721

-4.0163
-5.3972
-5.3972
-6.0104
-3.8346
2.1524
4.4015
3.2406
7.6347
8.0248
2.291

5.6605
1.2517
2.5276

5
-3.0776
5.5092

10.7878
5.4741
5.4827

0.60774
0.8919
1.6936

-0.0448
-1.72356

0.5016
7.0895
8.457

2.2824
1.988

2.9089
-1.2485

8
7.2336
3.2205

1.81562
5.5103

-1.4074
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Table 2. Ten best ligands against SarsCov2 PL Pro

Table 3. Interaction profile for the best ligands for inhibition

Compound name

Ligand

Plant origin

Electrostatic/
Hydrophobic Interaction 

∆G (kcal/mol)

Hydrogen Bond
(H bond distance, Å)

Postive control  
GRL0617

(-)-Epicatechin 
3-O-gallate

Folic acid
Ellagic acid
Petunidin 

3-glucoside
Oenin

Quercetin
Myricetin
Cyanidin
Delphinidin 

chloride
Genistein

(-)-Epicatechin 
3-O-gallate

Folic acid

Ellagic acid

Petunidin 
3-glucoside

Oenin

Quercetin

Myricetin

Cyanidin

Delphinidin 
chloride

Genistein

Pro248

Glu161

Tyr264
Tyr268
Asp164
Gly163
Tyr264
Pro248

Glu167

Pro247
Pro248
Tyr264
Tyr268
Pro247
Pro248
Tyr264

Pro247
Pro248

Pro247
Pro248
Tyr264
Tyr268
Pro247
Pro248
Tyr264

Gln269 (3.08 Å)
Tyr268 (2.71 Å)
Asn267 (2.53 Å)
Tyr268 (3.04 Å)
Gln269 (2.12 Å)
Asp164 (2.45 Å)
Pro248 (2.61 Å)
Gln269 (2.65 Å)
Leu162 (2.08 Å)
Pro248 (2.97 Å)

Asp164 (3.27 Å)
Tyr268 (2.91 Å)
Thr301 (3.02 Å)
Arg166 (2.77 Å)
Asp164 (3.27 Å)
Gln269 (2.60 Å; 

3.42 Å; 3.68 Å)
Asp164 (2.49 Å)
Tyr273 (1.79 Å)

Gln269 (2.20 Å)
Thr301 (2.75 Å)
Gly266 (2.70 Å)
Tyr268 (3.02 Å)
Asp164 (2.40 Å)
Tyr273 (2.00 Å)
Gly266 (2.87 Å)
Tyr268 (3.00)

Gln269 (2.12 Å)
Thr301 (2.90 Å)

-

-

Averrhoa carambola (Sweet 
star fruit)

Syzygium cumini (Java plum)
Syzygium cumini (Java plum)
Clitoria ternatea (Butterfly 

pea)
Clitoria ternatea (Butterfly 

pea)
Syzygium cumini (Java plum)
Syzygium cumini (Java plum)
Syzygium cumini (Java plum)
Clitoria ternatea (Butterfly 

pea)
Clitoria ternatea (Butterfly 

pea)

-9.3

-8.6

-8.3
-7.1
-7.1

-7.0

-7.0
-7.0
-7.0
-6.9

-6.9

targeting critical proteins like ACE-2 receptors, spike 
protein, 3CLpro, PLpro, RdRp, and helicase (Illian et al. 
2021; Purwitasari et al. 2023). While some studies have 
explored Indonesian herbal plants for PLpro inhibition 
using in silico approaches, plants such as Butterfly pea 
flowers (Clitoria ternatea L.), Sweet star fruit leaves 
(Averrhoa carambola L.), and Java plum leaves (Syzygium 
cumini (L.) Skeels) have not been included in these reports. 
Additionally, some plant compounds exhibit inhibitory 
activity against 3CLpro, enhancing their potential for 
drug development. For example, cubebin from Meniran 
has shown potential as a 3CLpro inhibitor (Laksmiani et 
al. 2020). However, the extracts of Butterfly pea flowers, 
Sweet star fruit leaves, and Java plum leaves have not 
been tested for PLpro inhibitory activity (Indayani 2021; 
Aini et al. 2022; Fazadini and Yzzudin 2022), making 
them intriguing candidates for investigation. Hence, a 
study focusing on the inhibitory effects of these three 
Indonesian herbs would provide new insights.
 Clitoria ternatea, known as Butterfly pea, has 
long been used in traditional medicine to treat various 
ailments, including constipation, indigestion, arthritis, 
skin conditions, liver issues, and digestive troubles, 
as well as possessing anti-diabetic and potential anti-
cancer properties (Jeyaraj et al. 2021; Purnamayanti et al. 
2022). Similarly, Averrhoa carambola has been used for 
thousands of years to treat conditions such as arthralgia, 
chronic paroxysmal headache, vomiting, lithangiuria, 
coughing, diabetes, diabetic nephropathy, inflammation, 
hepatoprotection, cardioprotection, hypertension, and 
neuroprotection (Astuti 2017; Luan et al. 2021). Java 
plums (Syzygium cumini), native to Indonesia and India, 
are also known for their therapeutic properties. The 
plant is rich in alkaloids, flavonoids, phenylpropanoids, 
terpenes, tannins, and lipids (Afendi et al. 2012). The 
seeds contain bioactive compounds that exhibit important 
pharmacological properties, such as anti-diabetic effects. 
Phytoconstituents found in Syzygium cumini include tannic 
acid, 4-hydroxydiphenoyl glucose, 3-hydroxy diphenoyl 
glucose, 1-galloylglucose, resorcinol, p-coumaric acid, 
corilagin, ellagic acid, quercetin, β-sitosterol, ferulic acid, 
folic acid, guaiacol, and other compounds (Afendi et al. 
2012; Das et al. 2023). This plant has also been used 
in Ayurvedic medicine (Calleja et al. 2022; Das et al. 
2023). Previously, extracts of Clitoria ternatea flower, 
Averrhoa carambola leaves, and Syzygium cumini leaves 
demonstrated significant inhibition against 3CLpro, 
another SARS-CoV-2 protease (Oktavianti et al. 2023). 
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Figure 1. The  2D and 3D visualization of interaction profile of top 4 herbal compounds [(A) (-)-Epicatechin 3-O-gallate; (B) Folic aicd; 

(C) Ellagic acid; (D) Petunidin 3-glucoside]
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Table 4. ADMET profile for the best ligand for inhibition

WS: Water Solubility. HIA: Human Intestinal Absorption. BBB: Blood Brain Barrier

Compound name
Excretion Toxicity

Total clearance 
(log ml/min/kg)

AMES 
toxicity

LD50 
(mg/kg)

Predicted 
Toxicity 

Class
(-)-Epicatechin 

3-O-gallate
Folic acid
Ellagic acid
Petunidin 

3-glucoside
Oenin
Quercetin
Myricetin
Cyanidin
Delphinidin chloride
Genistein

-0.169

0.527
0.537
0.635

0.676
0.407
0.422
0.532
0.572
0.151

No

No
No
No

No
No
No
No
No
No

1000

135
2991
5000

5000
159
159

5000
5000
2500

4

3
4
5

5
3
3
5
5
5

Absorption Distribution Metabolism inhibitor CYP

-2.911

-2.88
-3.181
-2.879

-2.835
-2.925
-2.915
-2.935
-2.916
-3.595

0.664

0.046
0.375
1.112

0.937
1.559
1.317
0.952
0.965
0.094

No

No
Yes
No

No
Yes
Yes
Yes
No
Yes

No

No
No
No

No
No
No
No
No
Yes

No

No
No
No

No
No
No
No
No
No

No

No
No
No

No
No
No
No
No
No

No

No
No
No

No
No
No
No
No
No

62.096

1.108
86.684
42.394

46.812
77.207
65.93

87.303
61.919
93.387

-1.847

-1.615
-1.272
-1.947

-1.887
-1.098
-1.493
-1.234
-1.281
-0.71

WS 
(log mol/L)

VDss
(human)

1A2 2C19 2C9 2D6 3A4HIA BBB

Table 5. Inhibition percentage value for each herbal extract and its 
combination

Herbal extract Percent inhibition
Butterfly pea flower
Sweet star fruit
Java plum
Mix of butterfly pea flower and sweet star fruit
Mix of butterfly pea flower and Java plum
Mix of sweet star fruit and Java plum

15.20±1.02
46.14±3.12
66.10±3.22
39.45±2.17
36.37±1.81
47.10±2.28

Thus, further investigation of these herbs through in silico 
and in vitro methods would yield valuable insights.
 The in silico molecular docking results validated 
the method with a positive control (GRL0617) binding 
affinity value of -9.3 kcal/mol, consistent with previous 
reports (Osorio et al. 2022). The top ten compounds 
identified were (-)-Epicatechin 3-O-gallate, folic acid, 
ellagic acid, petunidin 3-glucoside, oenin, quercetin, 
myricetin, cyanidin, delphinidin chloride, and genistein. 
The inhibitory activity of (–)-epicatechin-3-O-gallate 
(ECG) against the SARS-CoV-2 spike protein, 3CLpro, 
PLpro, and NSPs has been reported in other studies (Zu 
and Xie 2020; Rajak and Ganguly 2023), supporting our 
findings. Ellagic acid is known for its antiviral properties 
(Park et al. 2014; Acquadro et al. 2020; Umar et al. 
2022), whereas the efficacy of folic acid in combating 
SARS-CoV-2 remains controversial (Topless et al. 2022; 
Karakousis et al. 2023). Molecular docking of compounds 
from these three herbs revealed their potential as PLpro 
inhibitors. Of the ten ligands with the most negative 
binding affinities, five were derived from Java plum, 
four from Butterfly pea flowers, and one from Sweet 
star fruit.

 The IC50 value of the control inhibitor GRL0617 was 
determined at 3.38 μM, close to the reported range of 
1.39–2.4 μM for GRL0617 on Z-RLRGG-AMC (Freitas 
et al. 2020). These findings supported further in vitro 
assays of the three Indonesian herbs. Fluorescence tests 
confirmed the inhibition of PLpro activity by all the 
herbal extracts, shown by a decrease in fluorescence 
intensity and inhibition percentage values. Java plum leaf 
extract showed the highest inhibition, at 66.10±3.22%, 
aligning with previous reports of its significant inhibition 
against 3CLpro (Oktavianti et al. 2023). This indicates 
that Java plum leaf extract can inhibit both PLpro and 
3CLpro activity, making it a strong candidate for anti-
COVID compounds. However, while the single extract 
of Java plum leaves had significant inhibitory effects, 
the combined extracts of the three herbs showed reduced 
inhibition. While herbal mixtures can sometimes enhance 
effectiveness, their multiple components often lead to 
unpredictable and complex interactions (Che et al. 2013).
 In conclusion, in silico and in vitro inhibitory assays 
of compounds from three Indonesian herbs-Butterfly pea 
flowers, Sweet star fruit leaves, and Java plum leaves-
against recombinant SARS-CoV-2 PLpro were conducted. 
Four ligands with the lowest binding affinities were 
identified: (-)-Epicatechin 3-O-gallate (Ac), folic acid 
(Sc), petunidin 3-glucoside (Sc), and ellagic acid (Sc 
and Ct), with binding scores of -8.6, -8.3, -7.1, and -7.1 
kcal/mol, respectively. Java plum leaf extract exhibited 
significant potential as a PLpro inhibitor, showing the 
highest inhibition rate. These findings underscore the 
potential of these herbal extracts as PLpro inhibitors and 
anti-COVID agents. Further research is needed to isolate 
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and test individual compounds from these extracts and 
to conduct animal studies before advancing to clinical 
trials.
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