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 Abstract: We described the biological activity of the Clerodendrum paniculatum leaf 
fraction against the SARS-CoV-2 3-Chymotrypsin-like 3CL protease at the molecular 
level. This study applied LC-MS/MS to identify bioactive compounds from fractions, 
computational studies, and fluorescence resonance energy transfer (FRET) assays to 
ascertain their inhibitory activity. LC-MS/MS analysis of the three samples revealed that 
sample 1 contained 18 compound peaks. In samples 2 and 3, there were 23 and 25 
compounds with different molecular weights, respectively. Docking's study identified that 
the alkaloids (komarovicine and roemerine) have lower binding energies than other 
metabolites and standard compounds, with values of -33.47 and -32.63 kJ/mol, 
respectively. Roemerine demonstrated excellent stability based on dynamic simulation 
results and confirmed its affinity for 3CL protease predicted by the MM-PBSA approach 
of -89.44 kJ/mol. The FRET method for testing 3CL protease activity revealed that sample 
2 had an enzyme inhibitory activity of 94.3%, which was close to that of GC376 (98.19%). 
Meanwhile, samples 1 and 3 yielded satisfactory inhibition activity by 89.64% and 
85.24%, respectively. The antiviral activity of C. paniculatum leaves was discovered for 
the first time by inhibiting the 3CL protease SARS-CoV-2, providing an excellent 
opportunity for its development as an anti-SARS-CoV-2. 

Keywords: Clerodendrum paniculatum; COVID-19; molecular dynamics simulation; 
SARS-CoV-2; 3-chymotrypsin-like protease 

 
■ INTRODUCTION 

COVID-19 has been a pandemic since it first spread 
from the capital of Hubei Province, Wuhan, at the end of 
2019 [1]. Coronavirus disease reduces the function of the 
human respiratory system owing to infection with SARS-
CoV-2 and has spread worldwide [2]. Efforts to deal with 
this virus globally are being vigorously carried out [3]. 
However, the pathogen transmission rate is swift, and the 
effectiveness of therapy needs to be increased [4]. The 
therapeutic management of COVID-19 patients needs to 
be improved and limited [5]. Various clinical trials are 
underway, including remdesivir, lopinavir/ritonavir, 
favipiravir, and hydroxychloroquine combined with 
azithromycin as alternatives to solve this problem [6-8]. 
Several studies have shown ineffective results and adverse 
side effects associated with these drugs [9-10]. Based on 

this information, new drug candidates to inhibit this 
coronavirus urgently need to improve treatment 
strategies for COVID-19 patients. 

The search for SARS-CoV-2 inhibitors against 
critical targets such as papain-like protease, helicase, 
RNA-dependent RNA polymerase, uridine-specific 
endonuclease, and 3-Chymotrypsin-like proteases has 
become a focus of research due to their vital functions 
[11-13]. These targets are responsible for protein 
synthesis, viral replication, and viral infection [14-15]. 
The 3CL protease is a promising target. In addition to its 
role in viral replication, it is responsible for the 
conserved catalytic site cleavage mechanism in SARS-
CoV-2 polyproteins 1a (pp1a) and 1ab (pp1ab) [16]. The 
translation of the coronavirus replication gene produces 
these two polyproteins. Pp1a modifies host cell factors 
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and aids in the preparation of cells for viral RNA 
synthesis, whereas pp1ab catalyzes and regulates viral RNA 
replication and transcription [17-18]. Viral replication 
can be completely inhibited by inhibiting this proteolytic 
process, virus replication can be completely stopped [19]. 

Natural products offer great opportunities in the 
pharmaceutical sector because they are lead compounds 
in various modern medicines [20]. Natural products 
contain unique compounds and diverse structures with 
pharmacological properties that contribute to drug 
discovery and development [21]. One of the natural 
products reported to be practical in traditional medicine 
and proven to have various biological activities is C. 
paniculatum [22]. In Indonesia, especially in the Central 
Buton Regency, Southeast Sulawesi Province, C. 
paniculatum is known as Kamena-mena. C. paniculatum 
has biological activity as antioxidant, anticancer, 
hepatoprotective, anti-inflammatory, antimicrobial, 
antimutagenic, antiaging, anthelmintic, hypolipidemic, 
and insecticidal  [23-25]. There are few reports on the 
antiviral activity of this plant. Several families of 
Clerodendrum, such as C. myricoides, have antiviral 
activity against HIV and respiratory syncytial virus 
(RSV), which cause bronchitis and pneumonia [26]. In 
addition, based on in silico studies, oleanolic acid, and 
acetoside compounds from C. serratum were thought to 
inhibit the main proteases, NSP3 and NSP15 of SARS-
CoV-2 [27]. Therefore, this study aimed to investigate the 
antiviral activity of the C. paniculatum leaf fraction 
through inhibition of the 3CL protease SARS-CoV-2 in an 
in vitro assay. Lastly, the mechanism at the molecular level 
of the identified compounds in this fraction was explained 
using LC-MS/MS combined with an in silico study to 
reveal its potential as an anti-COVID-19 agent. 

■ EXPERIMENTAL SECTION 

Materials 

Fresh leaves of C. paniculatum were collected from 
the middle of the Masangka sub-district, Buton Tengah 
district, Southeast Sulawesi Province, Indonesia. Fresh 
leaves were washed with running water, stoned, and dried 
in the sun. The sample was covered with a black cloth to 
avoid direct contact with ultraviolet light during drying. 

Procedure 

Extraction 
Dried C. paniculatum leaves were ground using an 

electric blender (SHARP®) at 240 W to obtain a fine 
powder. The maceration method was applied for the 
extraction process, in which 800 g of C. paniculatum leaf 
powder was immersed in 8 L ethanol. Maceration was 
carried out at room temperature for 3 × 24 h and filtered 
every 1 × 24 h with Whatman paper Number 1 [28]. A 
rotary evaporator was used to concentrate the filtrate at 
40 °C to obtain a thick extract of 102 g. 

Fractionation 
A vacuum column chromatography method with a 

solvent gradient system was used for fractionation. The 
eluent was a mixture of n-hexane and ethyl acetate to 
obtain the polar, semipolar, and nonpolar fractions. The 
fractionation results were separated into three 
categories: samples 1, 2, and 3. Sample 1 was eluted with 
n-hexane: ethyl acetate (100:0 to 70:30 mL). Sample 2 
was followed by solvent n-hexane: ethyl acetate at a ratio 
of 60:40 to 30:70 mL. Sample 3 was eluted with n-
hexane: ethyl acetate at a ratio of 20:80 to 0:100 mL. 
Finally, the samples were cleaned with 100 mL ethanol. 

LC-MS/MS analysis 
Each C. paniculatum sample was injected into the 

column with a 1 mL aliquot at a flow rate of 0.3 mL/min. 
Instrument adjustments were as follows: gain time 0.00–
16.00 min, initial mass 50.00–120.00 m/z, low collision 
energy, 6 eV; high energy 10–40 eV, ESI acquisition 
mode (+); capillary and conical voltages were set at 2 kV 
and 30 V. The cone and desolvation gas flow rates were 
50 and 1000 L/h. The temperature was adjusted to 
500 °C for desolvation, 120 °C for source, 40 °C for 
column, and 20 °C for sample. The resulting data were 
processed using UNIFI software (version 1.8, Waters 
Corporation, Milford, Massachusetts, MA, USA) and 
matched against a database of compounds based on 
molecular weight, molecular formula, and chemical 
structure. 

Molecular docking stage 
The crystal structure of the SARS-CoV-2 3CL 

protease with code 6M2N (https://www.rcsb.org/) was 
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chosen for the molecular docking stage [29]. First, the 
crystallized water molecules and bound ligands were 
removed from the receptor utilizing AutoDock Tools 
version 1.5.6 [30]. The protease structure was prepared by 
adding polar hydrogen atoms and Kollman charges. 
Finally, the protease was generated in the PDBQT format 
[31]. The 3D structures of all compounds identified in the 
LC/MS-MS analysis were collected from the PubChem 
database (https://pubchem.ncbi.nlm.nih.gov/). All 
compounds were released under restraint and assigned 
Gasteiger charges with the assistance of the AutoDock 
Tools program. The docking process utilized AutoDock 
Vina software [32]. The grid box area was arranged 
according to the position of baicalein (the reference 
ligand) on the protease. The grid coordinates were set at -
32,981; -65,438; and 41,404 for the x, y, and z axes with an 
area length of 50 Å. The best compounds and their 
interactions with the 3CL protease from the docking 
results were analyzed using Discovery Studio Visualizer. 

Molecular dynamic simulation 
The best compounds from the docking results were 

subjected to molecular dynamics simulations using 
GROMACS 2016 software to determine their stability 
[33]. The AMBER99SB-ILDN and GAFF force fields for 
the protein and ligand, respectively, were used in the 
simulation [31,34]. ACPYPE was used to create 
parametric ligands [35]. The TIP3P water model was then 
applied to solve each system, with a minimum distance of 
10 Å around the complex and neutralized with Na+ and 
Cl− ions. Three phases were performed successively to 
complete the minimization step, each of which had 
conjugate gradients of 5,500 steps and the steepest descents 
of 500 steps. Every 50 ps, each complex was gradually 
heated to 310 K in an NVT ensemble with a time step of 
0.0005 ps [36]. The system was relaxed using NPT's 500 ps 
equilibration steps, and production was run with a 2 fs 
timestep for a 100 ns simulation. The particle mesh Ewald 
method was used to mimic electrostatic interactions and 
rectify the 1.2 nm cut-off for van der Waals energy terms 
[37]. The stability of the complexes was verified by 
analyzing the root-mean-square deviation (RMSD), root-
mean-square fluctuation (RMSF), radius gyration (Rg), 
and principal component analysis (PCA) parameters. The 

complex's binding energy was calculated using the 
MM/PBSA method [38]. High-Performance Computing 
(HPC) hardware was used for the docking and dynamic 
simulations, with Intel (R) Core i5-8500 processor 
specifications @4.30 GHz (6 CPUs), 4096 MB RAM, 
2 TB hard drive, 120 GB solid-state drive, and VGA Intel 
HD Graphics NVIDIA GeForce GTX 1080 Ti. 

FRET-based in vitro assay on 3CL protease of SARS-
CoV-2 

The in vitro assay was performed following the 
procedure which was reported in our previous research 
[39]. Approximately 12 μL of dithiothreitol (0.5 M) was 
added to 6 mL of buffer to prepare the assay buffer. The 
dilution process was carried out by adding an assay 
buffer of 3.95 mL for the enzyme and 950 μL for the 
substrate. The sample was dissolved in DMSO at a 
concentration of 500 μM (200 μg/mL) in a 96-well 
microplate. The control inhibitor was GC376, a 
peptidomimetic made at the same concentration as the 
sample. Then, 12 μL of dithiothreitol with a 
concentration of 0.5 M was added to 6 mL of buffer to 
prepare the assay buffer. The dilution process was 
carried out by adding an assay buffer of 3.95 mL for the 
enzyme and 950 μL for the substrate. Ten microliters of 
the sample and control (GC376) were added to 30 μL of 
each enzyme (5 ng/μL) to produce a mixed volume of 
40 μL. The mixture was then incubated at 25 °C for 
30 min with gentle shaking. Finally, 10 μL of the 
substrate (250 μM) was added. The mixture was then 
incubated for 1 × 24 h and absorbance was measured at 
a wavelength 360/460 nm with a Synergy HTX-3 Multi-
mode Reader (Winooski, Vermont, VT, USA). 

■ RESULTS AND DISCUSSION 

LC-MS/MS Analysis 

LC-MS/MS succeeded in recognizing several 
compounds in the C. paniculatum fraction based on the 
molecular mass and similarity in retardation time in the 
database of UNIFI 1.8 software. In sample 1, 18 peaks 
were observed (Table 1). The results for samples 2 and 3 
revealed 23 and 25 peaks, respectively (Table 2 and 3). 
Each peak indicated the presence of a compound with a 
specific molecular weight. The same compounds, such 
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as yohimbic acid and convolidine, were found in all the 
samples. However, compounds found in only one sample 
were also observed, such as 2,4-dihydroxy acetophenone 

in sample 1, glycocitridine in sample 2, and 9,10,16-
trihydroxy hexadecanoic acid, alpha-dihydrolysergol, 
and ajmaline in sample 3. 

Table 1. The LC-MS/MS analysis of sample 1 of C paniculatum 
Peak m/z Identified Compound 

1 137.3090 - 
2 197.4042 - 
3 340.5990 Yohimbic acid/ Behenic acid 
4 397.1448 - 
5 453.6928 - 
6 274.5595 - 
7 288.5544 Testosterone 
8 277.4959 Convolidine/Venlafaxine 
9 279.5576 Roemerine 

10 353.5950 Trichodesmine 
11 313.6079 Heliotrine 
12 299.6129 Komarovicine 
13 429.5112 - 
14 607.6002 - 

15 152.3011 2,4-Dihydroxyacetophenone/2,6-Dihydroxyacetophenone/2-
Mercaptopurine/6-Mercaptopurine/o-Anisic acid/Ribitol/Vanilin 

16 405.7049 - 

Table 2. The LC-MS/MS analysis of sample 2 of C. paniculatum 
Peak m/z Identified Compound 

1 274.5595 - 
2 588.7282 - 
3 340.5990 Yohimbic acid/Behenic acid 
4 397.2072 - 
5 274.5595 - 
6 207.4622 - 
7 277.4959 Convolidine/Venlafaxine 
8 279.4951 Roemerine 
9 291.5532 - 

10 307.5475 Convoline/Foliosidine 
11 293.5525 - 
12 291.4908 Penbutolol 
13 263.5013 Glycocitridine 
14 299.5504 Komarovicine 
15 293.4901 - 
16 463.6904 - 
17 295.5518 - 
18 413.5778 Narcotine/ Solasodine 
19 307.4850 Betaxolol/ Convoline 
20 605.7879 - 

 



Indones. J. Chem., 2023, 23 (3), 770 - 781    

 

Muhammad Arba et al. 
 

774 

Table 3. The LC-MS/MS analysis of sample 3 of C. paniculatum 
Peak m/z Identified Compound 

1 137.3090 - 
2 207.3997 Salsolidine 
3 197.3418 3,4-Dihydroxy-L-phenylalanine/Beclamide 
5 397.2072 - 
6 453.7552 - 
7 281.4319 Coumarin 106/Cycloheximide 
8 351.5331 Retrorsine 
9 274.5595 - 

10 288.5544 Testosterone 
12 304.6111 9,10,16-Trihydroxyhexadecanoic acid/Tschimganin 
14 322.6049 - 
15 471.6886 - 
16 324.6042 Glabranin/Quinine 
17 569.7314 - 
18 326.6036 Ajmaline/N-Methylisothebainium 
19 256.5665 alpha-Dihydrolysergol 
20 313.5455 Heliotrine 
21 639.5952 - 
22 341.5987 - 
23 152.3636 Ribitol 
24 797.8255 - 
25 131.6870 - 

 
Molecular Docking Stage 

The potential activity of the compounds analyzed by 
LC-MS/MS in inhibiting the 3CL protease of SARS-CoV-
2 became one of our targets to accelerate the drug 
discovery process and predict the interaction between 
ligands and receptors at the molecular level. The 
molecular structures of baicalein, komarovicine, and 
roemerine are presented in Fig. 1. The docking study was 
applied by validating the docking process to the active site 
of this protease based on the RMSD parameters. The 
docking parameter had an RMSD of 0.723 Å (Fig. 2(a)) 
after the baicalein conformation from re-docking process 
was superimposed onto its X-ray conformation. Baicalein 
complexed with 3CL protease was chosen because it has 
drug-like characteristics that are commonly used as 
protease inhibitors. The docking results identified three 
compounds (komarovicine, roemerine, and solasodine) 
with lower binding energies than baicalein  
(-31.38 kJ/mol). These two compounds have binding 
energies similar to baicalein, namely coumarin-106 and 

glabranin. Komarovicine has the lowest binding energy 
of -33.47 kJ/mol, followed by roemerine and solasodine 
at -32.63 and -32.21 kJ/mol, respectively.  

In Baicalein, hydrogen bonds with Glu166 on the 
carbonyl group and Gly143 with hydroxyl groups on the 

 
Fig 1. The molecular structures of baicalein and best-
docked compounds 
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Fig 2. Molecular interactions of best compounds in the C. paniculatum fraction with 3CL protease of SARS-CoV-2. 
(a) overlay 3D conformation of co-crystallized and docked baicalein, 2D interactions of (b) komarovicine, and (c) 
roemerine with 3CL protease of SARS-CoV-2 
 
chroman ring were observed. In addition, there is also a 
carbon-hydrogen bond with the Cys145 residue and a pi-
donor hydrogen bond with the Asn142 residue. 
Hydrophobic interactions were formed at the His41 and 
Met49 residues (Fig. 2(a)). Meanwhile, komarovicine 
formed a hydrogen bond with Cys145 on the nitrogen 
atom of its quinoline ring (Fig. 2(b)). Interestingly, pi-
donor hydrogen bonds with Asn142 residues and 
hydrophobic interactions with Cys44 and Met49 residues 
were observed in this compound. In roemerine, hydrogen 
bonds were formed at residues Glu166 with a carbon-
hydrogen bond type and Asn 142, which is similar to 

baicalein (Fig. 2(c)). This compound had hydrophobic 
interactions similar to those of other compounds but 
differed only in the Met165 residue. 

Molecular Dynamics Simulation 

The RMSD and RMSF analysis 
RMSD analysis of the protease system and its 

ligands (baicalein, komarovicine, and roemerine) is 
presented in Fig. 3(a). The results show that the baicalein 
RMSD increased to 0.28 nm at 40–70 ns simulation time. 
A similar trend was also observed for roemerine at 80–
90 ns, which moved higher to 0.32 nm but then decreased 

 
Fig 3. The plots of (a) RMSD of backbone atoms for protease complex, and (b) RMSF of backbone atoms for protease 
complex, during 100 ns of simulation 
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to 0.29 nm until the end of the simulation. Overall, 
komarovicin was relatively more stable than baicalein and 
roemerine, with a mean value of 0.237 nm. 

RMSF analysis of the protease backbone region 
showed that all complexes had similar flexibilities (Fig. 
3(b)). Several residues with high RMSF values included 
Asn52, Tyr118, Tyr126, Asn142, Tyr154, Ala194, Arg222, 
and Asn277. The Gln306 residue in the protease loop 
region showed very high peak fluctuations for roemerine 
at 0.97 nm and other compounds at 0.42 nm. Fluctuations 
in the Asn52 and Tyr126 residues of the baicalein 
complex were higher than those in the other two 
compounds, at 0.36 and 0.24 nm, respectively. Lastly, 
komarovicine showed more active fluctuations than other 
compounds, such as Try119, Asn142, and Ala194 
residues, with 0.28, 0.26, and 0.24 nm, respectively. 

Radius of gyration and principal component analysis 
The compactness of the protease during the 

simulation was determined by measuring the Rg (Fig. 4(a)). 
Rg values in the low range indicated that the protease 
folded at a stable level. It can be seen in the graph that the 
protease complex with komarovicine and roemerine had 
similar compactness from the beginning to the end of the 

simulation, with an average Rg value of ~2.225 nm. 
Unlike other compounds, the baicalein complex had a 
high Rg 2.25 nm at a simulation time of 40–100 ns. 

We analyzed the overall essential dynamic patterns 
of the complex using PCA. Protein movement was 
recorded using two eigenvectors and visualized using a 
Cartesian plot (Fig. 4(b)). A stable complex can be 
identified from the smaller space occupied by the cluster 
during simulation. The roemerine complex occupied 
less space than the other complexes, but it appeared 
similar to the komarovicine complex. In contrast to the 
other complexes, baicalein demonstrated the most 
significant atomic movement of the protein. 

Binding energy calculations 
We analyzed the binding energies by applying the 

MM-PBSA method to compare the affinities of each 
complex system. The binding energies (ΔEBIND) can be 
seen in Table 4. 

The variables affecting the binding affinity of the 
complexes were investigated including the van der Waal 
energy (ΔEVDW), electrostatic (ΔEELE), polar solvation 
(ΔEPB), and solvent-accessible surface area energy 
(ΔESASA). Baicalein,  as a standard,  had a binding energy  

 
Fig 4. The plots of (a) radius of gyration of backbone atoms for protease complex, and (b) principal component analysis 
of the projected trajectory in 2D, during 100 ns of simulation 

Table 4. Binding energy prediction by the MM-PBSA method* 
Compounds ΔEVDW ΔEELE ΔEPB ΔESASA ΔEBIND 
Baicalein -143.66 ± 14.48 -43.60 ± 8.71 135.59 ± 14.61 -13.61 ± 0.74 -65.28 ± 15.99 
Komarovicine -71.13 ± 27.76 -12.17 ± 9.02 55.39 ± 43.62 -8.61 ± 2.78 -36.53 ± 41.93 
Roemerine -135.85 ± 16.20 -7.84 ± 6.40 67.47 ± 14.66 -13.21 ± 1.33 -89.44 ± 11.94 

*All values are in kJ/mol 
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of -65.28 kJ/mol, which is higher than roemerine  
(-89.44 kJ/mol). Meanwhile, komarovicine showed higher 
energy than baicalein, with a value of -36.53 kJ/mol, due 
to the complex's lack of van der Waals interactions. These 
results demonstrated the ability of the C. paniculatum 
fraction to inhibit the 3CL protease of SARS-CoV-2. The 
analysis showed that the van der Waals energy had the 
most significant contribution to the binding affinity. On 
the other hand, the polar solvation energy is less favorable 
for complex systems. 

In Vitro Inhibition Assay on 3CL Protease of SARS-
CoV-2 

Three sample fractions of C. paniculatum leaves 
(samples 1, 2, 3) were tested for their inhibitory ability 
against the 3CL protease enzyme from SARS-CoV-2 (Fig. 
5). The measurement results for each sample were then 
compared with those of the positive control, GC376. This 
assay showed that all samples had similar inhibitory 
activities, but were slightly less active than GC376. This 
test was carried out by measuring the fluorescence 
intensity of the mixture (sample, substrate, and enzyme), 
where a lower intensity indicates the ability of the sample 
to inhibit 3CL protease activity. FRET is a vulnerable 
method for measuring molecular dissociation [40]. FRET 
works by transferring non-radiative energy from one 
excited fluorophore (donor) to a chromophore 
(acceptor), producing an absorption signal at a specific 
wavelength [41]. 

Interestingly, sample 2 inhibited the 3CL protease 
by 94.30%, which was close to the positive control's 
inhibition value of 98.19%. Based on these results, this 
enzyme could only change the substrate by 5.7% due to 
inhibition by sample 2. Sample 1 had 89.64%, a lower 
inhibitory activity than sample 2. Sample 3 had the lowest 
inhibitory activity (85.24%). The C. paniculatum leaves 
fraction inhibited the activity of 3CL protease and showed 
potential as an anti COVID-19 agent. The isolation of the 
active compounds and more detailed testing of this plant 
fraction are still auspicious for the development of 
COVID-19 drugs. 

Several studies have reported the biological activity  
 

of C. paniculatum; for example, Poriferasta-5,22E,25-
trien-3β-ol from its leaf inhibited 82% of Cucumber 
Mosaic Virus (CMV) activity at a concentration of 
300 ppm [42]. Petroleum ether and chloroform extracts 
from this plant showed reduced inflammation in in vitro 
and in vivo assays at doses of 200 and 400 mg/kg 
compared to indomethacin (10 mg/kg) [43]. In addition, 
C. paniculatum root extract was highly antimutagenic in 
an in vitro assay against frameshift and base substitution 
mutations caused by nitrite‑treated 1‑aminopyrene [24]. 
The antiviral activity of C. paniculatum has not been 
extensively studied. However, the other families, such as 
C. serratum, which effectively inhibit yellow fever virus 
(EC50 = 15.9 mcg/mL) [44] and root extract of C. 
myricoides, can reduce the spread of human respiratory 
syncytial virus infection with EC50 = 0.21 mcg/mL [26]. 
Taraxero compounds from Clerodendrum spp. by 
computational studies with molecular dynamics were 
predicted to inhibit the main protease, RdRp, and spike 
protein of SARS-CoV-2 [45]. A docking study conducted 
by Erukainure et al. [46] revealed that the compound 
harpagide 5-O-β-D-glucopyranoside from C. volubile 
interacts and binds strongly at the initiation of translation 
and termination of mRNA sequence sites on the SARS-
CoV-2 S-protein and ACE-2 receptor. To our knowledge, 
the in vitro assay of C. paniculatum against the SARS-
CoV-2 protease in this study is the first to be reported. 

 
Fig 5. The percent inhibition activity of C. paniculatum 
fractions and GC376 against 3CL protease of SARS-
CoV-2 by in vitro assay 
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■ CONCLUSION 

LC-MS/MS and computational studies have 
identified potential compounds from the leaf fraction of 
C. paniculatum as 3CL protease inhibitors of SARS-CoV-
2. Roemerine and komarovicine, which are alkaloid 
compounds from this plant, show a more optimistic 
binding energy prediction than baicalein. Roemerine was 
able to stabilize and bind strongly to proteases during 
simulation based on trajectory analysis of the backbone 
dynamics of the proteases. The in vitro assay successfully 
determined the potential of this plant fraction as a 3CL 
protease inhibitor of SARS-CoV-2. Sample 2 had an 
inhibitory activity of 94.30%, which was slightly lower 
than that of the positive control, GC376 (98.19%). 
Furthermore, samples 1 and 3 had perfect inhibitory 
activities of 89.64% and 85.24%, respectively. 
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