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A B S T R A C T   

Objective: RNA-dependent RNA polymerase (RdRp) is a protein that is essential in the replication and tran
scription processes of SARS-CoV-2. RdRp inhibitors must be sought, particularly in the identification of active 
substances in herbal or human dietary sources. The purpose of this study was to investigate the molecular 
docking of phytochemistry from the leaves of Sauropus androgynus against the RdRp protein. 
Methods: This in silico study was performed using AutoDock Tools 1.5.7, AutoDock Vina v1.2.3 software, and 
BIOVIA Discovery Studio Visualizer 4.1. 
Results: Afzelin, kaempferol, and trifolin were found as phytochemistry in Sauropus androgynus leaves. Among 
the three flavonoid molecules, afzelin has the lowest negative binding affinity (− 7.677 kcal/mol), followed by 
trifolin (− 6.906 kcal/mol) and kaempferol (− 6.65 kcal/mol). All three flavonoid compounds have a binding 
affinity that is more negative than the three conventional drugs (favipiravir, remdesivir, ribavirin). 
Conclusions: Flavonoid from the leaves of Sauropus androgynus leaves can be utilized as candidate for herbal or 
complementary medicine as an inhbitor of RdRp for COVID-19 treatment.   

1. Introduction 

The Coronaviridae genus has given rise to various diseases in the 
world, namely Severe Acute Respiratory Syndrome (SARS), Middle East 
Respiratory Syndrome (MERS), and Severe Acute Respiratory Syndrome 
Corona Virus 2 (SARS-CoV-2) is the cause of COVID-19 (Adzdzakiy 
et al., 2023). In March 2020, Indonesia declared COVID-19 a national 
disaster (Arifin, 2020). Indonesia recorded 6.2 million cases in July 
2022, triggering 157 thousand deaths. Even though mass vaccination 
has been carried out since April 2021 in Indonesia, the number of active 
cases remains (Task Force COVID-19, 2021). One of the causes of active 
cases is the high level of virus mutations and furthermore, mutations 
underlie the reduction in vaccine efficacy (Funk et al., 2020; Moore and 
Offit, 2021; Lubis et al., 2022). On the other hand, both globally and 
nationally indicate that the management of the COVID-19 disaster is not 
significant (Putera et al., 2022). The interesting thing is that the increase 

in COVID-19 outbreaks is associated with an increase in deaths at 
referral hospitals in Jakarta (Habib et al., 2023). 

The two main factors for viral genome replication to occur include 
the host and the virus. When the virus approaches the host cell, the 
process of replication and translation of viral proteins begins. The 
completeness of this process takes place in the cytoplasm through the 
activation of RNA-dependent RNA polymerase (RdRp). RdRp is a 
multivalent enzyme that acts as a nucleotdyl transferase (EC 2.7.7.48). 
The RdRp product is an RNA strand through the addition of ribonucle
otides to the 3′-hydroxyl end, resulting in synthesis of the RNA molecule 
in the 5′-3′ direction. The factors required for RdRp activity are an RNA 
template, two magnesium ions in the active site which are required for 
the formation of phosphodiester bonds, ribonucleoside 5′-triphosphate 
(ATP, CTP, UTP, and GTP) as a constituent of nascent RNA. The RdRp 
structure has two channels, each of which leads to the active site. The 
primary channel goes to the RNA template position and the secondary 
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channel goes to the input nucleoside triphosphate (NTP) position 
(Hashemian et al., 2022; Gao et al., 2020). RdRp has a cataytic core, 
namely nsp12 and cofactors nsp7 and nsp8. Drugs targeting nsp12 may 
become a focus for antiviral development (Gao et al., 2020; Kirchdoerfer 
and Ward, 2019; Wu et al., 2022; Yi et al., 2023). There are three nsp12 
domains, namely NiRAN (residues 1–250), interface (residues 

251–397), and conserved polymerase (residues 398–932) (Itoh et al., 
2021). 

Sauropus androgynus (traditionally known as Katuk in South Kali
mantan) is a plant species native to Southeast Asia and South Asia that 
thrives in hot and humid environments (Zhang et al., 2020). This leaves 
are abundantly grown and used in the community as a meal, antipyretic, 
to increase milk production, and to relieve hoarseness (Andarwulan 
et al., 2010). The natives of South Kalimantan have used this leaf to 
make a unique delicacy known as green sticky rice. Several previous 
studies discovered high quantities of phytochemicals such as flavonoids, 
terpenoids, steroids, tannins, phenols, alkaloids, fatty acids, and essen
tial oils (Bose et al., 2018). The leaves of this plant are widely employed 
in Chinese herbal medicine to treat antipyretic, slimming agents, cough, 
hepatitis, constipation, and enteritis (Li et al., 2008; Bunawan et al., 
2015). Flavonoids, active compounds found in Sauropus androgynus 
leaves, have little systemic toxicity and can operate in tandem with 
conventional treatments. Furthermore, flavonoids are pleiotropic, 
which means that their functional groups can interact with various 
cellular targets and block multiple metabolic processes (Russo et al., 

Table 1 
Binding affinity Interaction of flavonoid compounds with RdRp SARS-CoV- 
2.  

Flavonoid Compounds Binding affinity (kcal/mol) 

Afzelin − 7.677* 
Kaempferol − 6.65 
Trifolin − 6.906 

Note: *the most negative interaction energy compared to other compounds. 

Table 2 
Types of bonds and amino acid residues from the interaction of afzelin and RdRp 
SARS-CoV-2.  

Compound Type of Bonds Amino Acid Residues 

Afzelin Conventional hydrogen 
bond 

Glu811 

Carbon-hidrogen bond Asp 761 
Pi-anion Asp760 
Pi-alkyl Cys 622, Cys813 
van der Waals Phe812, Trp800, Asp618, Lys798, Trp617, 

Asp623, Gln815 
Unfavorable Donor- 
Donor 

Tyr619, Ser814  

Fig. 1. Two dimensional visualization between azelin interaction with RdRp SARS-CoV-2.  

Table 3 
Types of bonds and amino acid residues from the interaction of kaempferol and 
RdRp SARS-CoV-2.  

Compound Type of Bonds Amino Acid Residues 

Kaempferol Conventional hydrogen bond Lys545, Arg624, Thr556 
Pi-cation Arg553, Arg555 
Pi-anion Asp623 
Pi-alkyl Arg624 
van der Waals Asp542, Tyr455, Cys622, Lys621  
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2020). 
Virtual screening methods based on molecular docking have signif

icant advantages over traditional approaches in the hunt for therapeutic 
compounds for pharmaceuticals. In severe scenarios, such as a 
pandemic, this method can provide a quick, dependable, and cost- 
effective method of selecting medicinal medications. Repurposing of 
phytochemical-based pharmaceuticals has recently demonstrated sig
nificant potential due to fewer side effects, equivalent therapeutic effi
cacy, and cost-effectiveness (Parihar et al., 2022). Therefore, this study 
aimed to investigate the potency of flavonoid derived from Sauropus 
androgynus leaves as an alternative antiviral for COVID-19 via inhibition 
of RdRp, which is involved in the persistence of SARS-CoV-2 replication 
in the host body. 

2. Material and methods 

2.1. Design 

This in silico method used a molecular docking analysis method 
between the active flavonoid compounds found in katuk leaves (Sau
ropus androgynus) against the RdRp SARS-CoV-2. In addition, a molec
ular docking comparison was also carried out between the active 
compounds of flavonoids and conventional drugs, namely favipiravir, 
remdesvir and ribavirin. 

2.2. Searching for amino acid sequence 

Amino acid sequences that make up RdRp SARS-CoV-2 were ob
tained from The Research Collaboratory for Structural Bioinformatics 
Protein Data Bank database (https://www.rcsb.org). The three dimen
sion structure of protein was downloaded in *.pdb file format 

2.3. Searching for the structure of active compound 

The three-dimensional structure of the flavonoid compounds of 
katuk leaf (Sauropus androgynus) was obtained from the PubChem Open 
Chemistry Database. The three-structure of various compounds in the *. 
sdf file format was then converted into *.pdb files using Avodgadro 
software ver 1.2.0. 

2.4. Protein preparation 

The three-dimensional structure of RdRp SARS-CoV-2 (PDB ID: 

Fig. 2. Two dimensional visualization between kaempferol Interaction with RdRp SARS-CoV-2.  

Table 4 
Types of bonds and amino acid residues from the interaction of trifolin and RdRp 
SARS-CoV-2.  

Compound Type of Bonds Amino Acid Residues 

Trifolin Conventional 
hydrogen bond 

Arg553, Thr680, Ser759, Thr556, Asp760 

Pi-cation Arg553, Asp623 
Pi-alkyl Lys621 
van der Waals Val557, Lys545, Arg555, Asn691, Thr687, 

Ser681, Ser682, Cys622, Tyr619  
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6M71, chain A) was prepared separately by removing water molecules, 
ions and cofactors present in the protein. Furthermore, the protein is 
edited by adding hydrogen atoms and given a charge by computing the 
Gasteiger. The grid box is set by focusing on the active site residues of 
the protein with dimensions (30 × 30 x 30) centered on (114.52, 114.11, 
122.91) (Ahmad et al., 2020). Protein preparation was carried out using 
AutoDock Tools 1.5.7 software. Next, the file is saved in *pdbqt format 
for use in molecular docking 

2.5. Ligand preparation 

Preparation of the active compounds of katuk leaf flavonoids was 
carried out using the AutoDock Tools 1.5.7 software. Ligand files are 
saved in *pdbqt format for use in molecular docking 

2.6. Molecular docking using AutoDock Vina 

Docking simulations between the active compounds of katuk leaf 
flavonoids and target proteins were carried out using AutoDock Vina 
v1.2.3 software. After receptor and ligand preparation, the docking 
process was started using the command prompt. Docking results were 
then visualized with the Discovery Studio 4.1 software. 

2.7. Analysis of the binding interaction between protein and ligand 

The results of the docking analysis were will then be visualized using 

Fig. 3. Two dimensional visualization between trifolin interaction with RdRp SARS-CoV-2.  

Table 5 
Binding affinity (kcal/mol) interaction of flavonoid compounds and conven
tional drugs against RdRp SARS-CoV-2.  

Flavonoid compounds and conventional drugs Binding affinity (kcal/mol) 

Flavonoid compounds: 
Afzelin − 7.677* 
Kaempferol − 6.65 
Trifolin − 6.906 

Conventional drugs: 
Favipiravir − 5.203 
Remdesivir − 6.518 
Ribavirin − 6.295 

Note: *the most negative interaction energy compared to other compounds. 

Table 6 
Types of bonds and amino acid residues from the interaction of favipiravir and 
RdRp SARS-CoV-2.  

Drug Type of Bonds Amino Acid Residues 

Favipiravir Conventional hydrogen bond Arg553, Thr556, Asp623 
Halogen Arg624 
Pi-cation Arg553 
Pi-anion Asp623 
Pi-alkyl Arg624 
van der Waals Arg555, Asp452, Ala554, Tyr455  
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the Discovery Studio 4.1 software. The interaction between proteins and 
ligands was studied to analyze the number and types of bonds, such as 
hydrogen, hydrophobic, and van der Waals bonds. 

3. Results 

3.1. Docking molecular of three flavaonoid 

The binding affinity for the interaction of flavonoid compounds with 
the RdRp of SARS-CoV-2 was obtained from molecular docking which 
was carried out using AutoDock Vina v1.2.3 in command prompt. The 

binding affinity value taken is the one with the most negative value. The 
results showed that the afzelin had the most negative binding affinity 
among other flavonoid compounds (Table 1). 

The interactions that occur between protein and ligand can be 
visualized in two dimensions and three dimensions using Discovery 
Studio 4.1 software. Two-dimensional visualization show the number of 
bonds, types of bonds and amino acid residues from protein and ligand 
interactions. The interaction that occurs between afzelin and RdRp 
SARS-CoV-2 has a total of 16 bonds consisting of 6 types of bonds, 
namely conventional hydrogen bonds, carbon-hydrogen bonds, elec
trostatic bonds (pi-anions), hydrophobic bonds (pi-alkyl), van de Waals 
and unfavorable donors. Each of the bond types has different amino acid 
residues as shown in Table 2. The bond types and amino acid residues in 
two dimensions are visualized as in Fig. 1. 

The interaction that occurs between kaempferol and RdRp SARS- 
CoV-2 has a total of 13 bonds consisting of 5 types of bonds, namely 
conventional hydrogen bonds, electrostatic bonds (pi-cation and pi- 
anion), hydrophobic bonds (pi-alkyl), and hydrophobic bonds. van der 
Waals. Each of the bonds has a different amino acid residue as shown in 
Table 3. The types of bonds and amino acid residues in two dimensions 
are visualized as shown in Fig. 2. 

The interaction between trifolin and RdRp SARS-CoV-2 has a total of 
18 bonds consisting of 4 types of bonds, namely conventional hydrogen 
bonds, electrostatic bonds (pi-cation), hydrophobic bonds (pi-alkyl), 

Fig. 4. Two dimensional visualization between favipiravir interaction with RdRp SARS-CoV-2.  

Table 7 
Types of bonds and amino acid residues from the interaction of remdesivir and 
RdRp SARS-CoV-2.  

Drug Type of Bonds Amino Acid Residues 

Remdesivir Conventional 
hydrogen bond 

Cys813, Ser814, Asp760, Trp617, Asp761 

Carbon hidrogen bond Lys798, Glu811 
Pi-anion Asp761 
Attractive charge Asp618 
van der Waals Trp800, Tyr619, Lys621, Pro620, Cys622, 

Ala762, Phe812, Lys551  

A.N. Ananda et al.                                                                                                                                                                                                                             



Aspects of Molecular Medicine 3 (2024) 100032

6

and van der Waals forces. Each of the bonds has a different amino acid 
residue as shown in Table 4. The types of bonds and amino acid residues 
in two dimension are visualized as shown in Fig. 3. 

3.2. Docking molecular flavonoid and standard drug 

The ability of the flavonoid compounds in katuk leaves to inhibit the 
RdRp of SARS-CoV-2 can be seen from the binding affinity comparison. 
To find out how optimal the inhibitory activity of flavonoid compounds 
is, molecular docking was carried out on conventional drugs (favipir
avir, remdesivir, ribavirin) with RdRp SARS-CoV-2. The results show 
that the three flavonoid compounds (afzelin, kaempferol, trifolin) have a 
more negative binding affinity than the three conventional drugs 
(favipiravir, remdesivir, ribavirin) as shown in Table 5. 

The interaction between Favipiravir and RdRp SARS-CoV-2 has a 
total of 11 bonds consisting of 6 types of bonds, namely conventional 
hydrogen bonds, electrostatic bonds (pi-cation and pi-anion), hydro
phobic bonds (pi-alkyl) and van forces. der Waals. Each of the bonds has 
a different amino acid residue as shown in Table 6. The types of bonds 

and amino acid residues in two dimensions are visualized as shown in 
Fig. 4. 

The interaction between remdesivir and RdRp SARS-CoV-2 has a 
total of 21 bonds consisting of 18 types of bonds, namely conventional 
hydrogen bonds, carbon hydrogen bonds, electrostatic bonds (attrac
tive-charge and pi-anions), hydrophobic bonds (pi-sigma), and van der 
Waals force. Each of the bonds has a different amino acid residue as 
shown in Table 7. The types of bonds and amino acid residues in two 
dimensions are visualized as shown in Fig. 5. 

The interaction between ribavirin and RdRp SARS-CoV-2 has a total 
of 13 bonds consisting of 4 types of bonds, namely conventional 
hydrogen bonds, carbon hydrogen bonds, van der Waals forces and 
unfavorable donors. Each of the bonds has a different amino acid residue 
as shown in Table 8. Types of bonds and amino acid residues in two 
dimensions as shown in Fig. 6. 

4. Discussion 

According to our prior study, three flavonoid chemicals found by LC- 
HRMS in Sauropus androgynus leaves include afzelin, kaempferol, and 
trifolin (Makati et al., 2022). The binding affinity is one of the crucial 
criteria that can be seen in Table 2 to determine the stability of the 
connection between the ligand and the protein. According to the find
ings of this study, afzelin had the highest negative binding affinity 
(− 7.677 kcal/mol) of the three flavonoid compounds studied, followed 
by trifolin (− 6.906 kcal/mol) and kaempferol (− 6.65 kcal/mol). The 
greater the negative value of the binding affinity, the greater the level of 
stability between the ligand and the receptor, resulting in a stronger 
relationship (Xue et al., 2022). Our findings confirmed prior study 

Fig. 5. Two dimensional visualization between remdesivir interaction with RdRp SARS-CoV-2.  

Table 8 
Types of bonds and amino acid residues from the interaction of ribavirin and 
RdRp SARS-CoV-2.  

Drug Type of Bonds Amino Acid Residues 

Ribavirin Conventional hydrogen bond Trp617, Tyr619, Asp760, Glu811 
Carbon hydrogen bond Glu811, Asp761 
Van der Waals Asp618, Ala762, Gly616, Lys798 
Unfavorable donor-donor Trp800  
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indicating the interaction of kaempferol with RdRp SARS-CoV-2 was 
− 6.7 kcal/mol (Singh et al., 2021). 

The results of this study also show that the afzelin compound in 
Sauropus androgynus leaves consists of 6 types of bonds. Conventional 
hydrogen bonds on residue Glu811, carbon-hydrogen bonds on residue 
Asp761, pi-anion bonds on residue Asp760, pi-alkyl bonds on residues 
Cys622 and Cys813, van der Waals forces on residues Phe812, Trp800, 
Asp618, Lys798, Trp617, Asp623, Gln815 and unfavorable donors at 
Tyr619 and Ser814 residues (Table 3). Afzelin binds to the amino acids 
aspartate, namely Asp761 and Asp760 where Asp761 is a key residue on 
the active site of RdRp SARS-CoV-2. Previous study stated that the key 
residues of the active site are the adjacent amino acids aspartate, namely 
Asp761 and Asp762, which are involved in the actual reaction of the 
RdRp. Other major residues involved in the interaction include; Tyr618, 
Cys622, Asn691, Asn695, Met755, Ile756, Leu757, Leu758, Ser759, 
Asp760, Asp761, Ala762, Val763, Glu811, Phe812, Cys813 and Ser814 
(Ahmad et al., 2020). The binding of the active site on the Asp761 res
idue indicates that afzelin has high affinity for the active site of the 
protein. The type of bond formed on the Asp761 residue is a 
carbon-hydrogen bond. The carbon-hydrogen bond is a type of hydrogen 
bond which is an important type of bond that makes the formation of 
protein-ligand complexes stronger. While the type of bond formed on 
the Asp760 residue is a pi-anion bond. The pi-anion bond is a relatively 
weak type of non-covalent bond when compared to hydrogen bonds and 
pi-cation (Balamurugan and Pisabarro, 2021). In addition, afzelin also 
binds to the amino acid Glu811, which is one of the amino acid residues 
in the palm domain involved in RdRp polymerase activity (Faisal et al., 
2022). The type of bond formed in the Glu811 residue is a conventional 
hydrogen bond. In addition, RdRp polymerase domain of SARS-CoV-2 
consists of three subdomains. Subdomain fingers with a range of 

amino acid residues L366-A581 and K621-G679. Palm subdomain with 
amino acid residue ranges from T582-P620 and &680-Q815. The thumb 
subdomain with amino acid residue ranges from H816–Y920 (Gao et al., 
2020). 

The interaction that forms between the kaempferol compound in 
katuk leaves and RdRp SARS-CoV-2 consists of 5 types of bonds. Con
ventional hydrogen bonds on residues Lys545, Arg624 and Thr556, pi- 
cation bonds on residues Arg553 and Arg555, pi-anion bonds on resi
dues Asp623, pi-alkyl bonds on residues Arg624 and van der Waals 
forces on residues Asp542, Tyr455, Cys622, Lys621 (Table 4). All of 
these amino acid residues are domain finger residues. The domain fin
gers are domains for the attachment of extra Nsp8 subunits that play a 
critical role in RdRp activity (Kirchdoerfer and Ward, 2019). Coopera
tive motion of the NiRAN domain with the core (fingers) domain of 
RdRp may increase the RdRp activity (Itoh et al., 2021). 

There are four sorts of linkages that occur between the trifolin 
component in Sauropus androgynus leaves and the RdRp of SARS-CoV-2. 
Conventional hydrogen bonding on Arg553, Thr680, Ser759, Thr556, 
Asp760 residues (Table 5). The Asp760 residue is a critical residue in the 
palm domain that is crucial in RdRp polymerase activity (Ahmad et al., 
2020). The palm domain has Thr680 and Ser759 residues, while the 
fingers domain contains Arg553 and Thr556 residues. Furthermore, 
pi-cation bonds are formed between residues Arg553 and Asp623 in the 
fingers domain, pi-alkyl bonds are formed between residues Lys621 in 
the fingers domain, and van der Waals forces are formed between resi
dues Val557, Lys545, Arg555, Asn691, Thr687, Ser681, Ser682, Cys622, 
Tyr619. 

The binding affinity value indicates the capacity of Sauropus andro
gynus flavonoid compounds to inhibit RdRp SARS-CoV-2. To determine 
how effective flavonoid compounds are in inhibiting SARS-CoV-2, 

Fig. 6. Two dimensional visualization between ribavirin interaction with RdRp SARS-CoV-2.  
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molecular docking was performed on conventional medications (favi
piravir, remdesivir, ribavirin) with the RdRp target protein of SARS- 
CoV-2. Remdesivir is a nucleoside analogue that inhibits RdRp and 
has broad-spectrum antiviral activity (Zhang and Tang, 2021; Jeans 
et al., 2020; Dong et al., 2020). Ribavirin is a guanosine analogue 
antiviral medication that has been used to treat a variety of viral in
fections (Zhang and Tang, 2021). In cells, favipiravir is phosphor
ibosylated to its active form, favipiravir-RTP, which is recognized by 
RdRp as a purine nucleotide and inhibits RdRp enzyme activity (Dong 
et al., 2020; Furuta et al., 2017). The interaction between remdesivir and 
fafipiravir is through the “bucket brigade” at lysine residues (Tanimoto 
et al., 2021). 

According to the binding affinity comparison data, the three con
ventional medications had lower negative binding affinities than the 
three Sauropus androgynus leaf flavonoid compounds (Table 6). The 
more the negative the binding affinity value, the greater the amount of 
stability between the ligand and the receptor, resulting in a stronger 
relationship (Makati et al., 2022). Among the six flavonoid molecules, 
afzelin had the most negative binding affinity (− 7.677 kcal/mol). When 
compared to the standard medications favipiravir and ribavirin, 
remdesivir has the lowest binding affinity (− 6518 cal/mol). This dem
onstrates that flavonoid compounds found in Sauropus androgynus have a 
high affinity for the active site of RdRp SARS-CoV-2 when compared to 
routinely used medicines (remdesivir, ribavirin, favipiravir). 

5. Conclusions 

The flavonoid chemicals contained in katuk leaves (afzelin, kaemp
ferol, and trifolin) were discovered to have a high affinity for the SARS- 
CoV-2 RdRp when compared to the standard medicines favipiravir, 
remdesivir, and ribavirin. This study can serve as a foundation for future 
research on katuk leaves, which can be used as herbal medication or 
supplemental medicine to treat COVID-19. 
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