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Abstract  

Coronavirus Diseases 2019, caused by SARS-CoV-2, has been a significant threat to global public health. 
Unfortunately, effective COVID-19 vaccines and clinically-proven anti-SARS-CoV-2 drugs remain 
unavailable. This study was carried out aiming to predict the potential effect of mitragynine derivates 
from the Genus Mitragyna Korth as an inhibitor of Mpro, the main protease of the SARS-CoV-2, by in 
silico molecular docking study. The crystal structure of the main protease of SARS-CoV-2 as an active 
site target was obtained from the PDB database (rcsb.org) with PDB ID: 5R84 and 6LU7 with the native 
ligand of Z31792168 and N3, respectively. The analysis of in silico molecular docking was conducted 
using Autodock 4.2.6 (100 docking runs). The central grid was placed on HIS41 and CYS145 with a grid 
box comprised of 40Å × 30Å × 34Å (for protein 5R84) and 36Å × 62Å × 40Å (for protein 6LU7) points 
spaced by 0.375 Å was centered on the active site of X=9.812Å; Y=-0.257Å; Z=20.849Å and X=-9.732Å; 
Y=11.403Å; X=68.483Å (XYZ-coordinates), respectively. Our research indicated that mitrjavine and 
ajmalicine exhibit greater potential inhibition of the active site on the Mpro of SARS-CoV-2, even 
stronger than native ligands. We believed that these compounds are promising candidates to be 
examined in further COVID-19 drug discovery studies. 
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1 Introduction 

The Coronavirus Disease 2019 (COVID-19) 
pandemic had been listed as one of the major 
issues in global public health with 5,406,282 
confirmed COVID-19 cases and 343,562 deaths 
[1]. Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2), a newly emerging 
coronavirus, has been reported as the cause of 
COVID-19. As a member of the Coronaviridae 
family, SARS-CoV-2 is equipped with a single-
strand, positive-sense RNA genome, enveloped 
in a roughly spherical structure with a number 
of spike surface projections [2]. The virus is 
included in the beta-coronavirus (beta-CoV), 
one of the four genera of coronavirus [3,4]. In 
addition, SARS-CoV-2 is the seventh virus of the 
Coronaviridae family that has been known to 
infect humans after SARS-CoV, MERS-CoV, 
HKU1, OC43, NL63, and 229E [5]. Despite global 
efforts to discover safe and effective 
immunological and pharmacological 
interventions for COVID-19, clinically approved 
COVID-19 vaccines and antiviral drugs remain 
unavailable. 

SARS-CoV-2 contains four structural 
proteins, include nucleocapsid protein (N), 
matrix glycoprotein (M), a small envelope 
protein (E), and spike glycoprotein (S) [6]. Spike 
glycoprotein of SARS-CoV-2 contains Receptor 
Binding Domain (RBD) that exhibits a critical 
function in the viral entry process to the 
targeted host cells [7]. The S protein is the main 
protease that plays an essential role in the viral 
replication cycle [8]. the main protease (Mpro) 
structure consists of three domains, domain I 
(residue 8-101), domain II (residue 102-184), 
and domain III (residue 201-306). Histidine 41 
(in domain I) and Cysteine 145 (in domain II) 
are active protease sites. The main protease 

known as chymotrypsin-like cysteine protease 
(3CLpro) plays an essential role in mediating 
viral replication and transcription, making it an 
attractive drug target for COVID-19 treatment 
[9,10,11]. Indeed, inhibition of SARS-CoV-2 Mpro 
by certain protease inhibitors have been shown 
as a promising approach to disrupt viral 
propagation [12,13, 4]. The crystal 3D structure 
of the main protease domain-inhibitor complex 
is publicly available at Protein Data Bank 
(www.rcsb.org/), thus easily accessible for drug 
discovery in silico models [10,11,15]. Some 
clinically-proven drugs such as chloroquine, 
lopinavir, ritonavir, indinavir, saquinavir, and 
carfilzomib have been tested in silico on the 
main protease receptors of SARS-CoV-2 
[11,15,16,17,18]. In addition, several natural 
product compounds such as hesperetin, 
glycyrrhirhizin, nicotianamine, scutellarin, and 
baicalein [19]; hispidin dan lepidine [20]; citrus 
and galangal constituents [21]; and a fungal 
metabolite-flaviolin [22], were also been 
screened for their pharmacological potential as 
SARS-CoV-2 protease inhibitors. On the other 
hand, indole alkaloid groups are one of the 
natural products that are widely studied as 
antiviral agents. Zhang et al. have reported the 
related developments and the current status of 
outstanding indole alkaloid groups in the field of 
antiviral drug discovery [23].  

One of the critical indole alkaloids to be 
investigated for its potential to inhibit the action 
of the main protease of the SARS-CoV-2 is the 
mitragynine derivative of the genus Mitragyna 
Korth. The genus Mitragyna Korth has the main 
content of mitragynine derivatives [24]. Some 
studies have reported the pharmacological 
effects of these compounds [25,26,27,28]. 
However, a study related to activity as the Mpro 
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of the SARS-CoV-2 inhibitor has not been 
reported. This study aims to predict the 
potential of inhibitory activity of derivatives 
mitragynine on the Mpro of SARS-CoV-2 
according to the free energy bonding and 
interaction conformation obtained from the in 
silico molecular docking results analysis. 

 
2 Materials and Methods  

2.1 Materials 

In this study, in silico molecular docking 
study was performed using a computer with 
specification processor Intel® CoreTM i5-5200U 
CPU @2.20 GHz 2.19 GHz, 4.00 GB memory 
DDR3 (ASUS®, Taiwan), NVIDIA GEFORCE 820 
M VGA, Windows Education 10.1, 64-bit 
Operating system, Autodock v4.2.6 and 
AutodockTools (http://autodock.scrips.edu/), 
Phyton Molecular Viewer (PMV 1.5.6), 
Discovery Studio Visualizer, OpenBabel GUI, and 
ChemOffice Pro v15.00 PerkinElmer. 

2.2 Preparation of native ligand and protein 
receptor 

The protein structure of SARS-CoV-2 Mpro 
in complex with Z31792168 (PDB ID: 5R84, 
with 1.93Å resolution) and N3 (PDB ID: 6LU7, 
2.16Å resolution) were downloaded from 
Protein Data Bank (rcsb.org/pdb/). Each native 
ligand and macromolecule protein receptor 
were separated using Phyton Molecular Viewer 
(PMV 1.5.6). Water molecules were eliminated 
from each protein receptor and protonated. 
Gasteiger charges were added to each ligand 
atom. Then a native ligand and protein receptor 
was prepared and converted in the PDBQT 
format (.pdbqt) using AutodockTools and 
OpenBabel programs [29,30].  

2.3 Preparation of ligand sample 

The structure of compounds from genus 
Mitragyna Korth was provided and documented 
by Brown and his colleague [24] (as illustrated 
in Figures 1). To preparing a ligand sample, 
ChemDraw® Pro 15 was used to build a 2D 
structure of each compound. Chem3D® Pro 15 
was used to convert to 3D structure and 
minimized using the MMFF94 force field and 
save to PDB (.pdb) format [10].  
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Figure 1. Mitragynine derivates (1-52) 
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Figure 1. Mitragynine derivates (1-52) 
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Figure 1. Mitragynine derivates (1-52) 
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2.4 Analysis of in silico molecular docking  

Molecular docking analysis of 52 
mitragynine derivatives was performed using 
Autodock 4.2.6 according to its protocols [30]. 
Each native ligand was simulated with some 
different conformation to obtain the best 
docking on binding site of protein receptor 
using a Lamarckian Genetic Algorithm (LGA) 
based on the lowest free energy of binding (ΔG). 
The parameters of LGA were: mutation rate of 
0.02, crossover rate of 0.8, elitism of 1, the 
population size of 150, energy evaluation of 
2500000, and 100 runs. Moreover, the grid box 
comprised of 40×30×34 (for protein 5R84) and 
36×62×40 (for protein 6LU7) points spaced by 
0.375Å was centered on the active site of  
X= 9.812Å; Y= -0.257Å; Z= 20.849Å and  
X= -9.732Å; Y= 11.403Å; X= 68.483Å  
(XYZ-coordinates), respectively. These grid 
conditions were used to docking analysis of 52 
mitragynine derivative compounds. The results 
of docking data were visualized using Accelrys 
Discovery Studio Visualizer 4.0 [31]. 

 

3 Results and Discussion 

In the present study, in silico molecular 
docking analysis of 52 compounds [24] was 
performed on the Mpro receptor of SARS-Cov-2. 
This work aims to predict the potential activity 
of mitragynine derivatives based on interaction 
and bond types with the receptor active site. 
The structure of the taget macromolecule of 
SARS-CoV-2 protease were obtained from 
Protein Data Bank at the website: 
https://rcsb.org (with PDB ID: 5R84 and 6LU7). 
Of these proteins, there are consists of 3 
domains: domain I at residue 8-101, domain II 
at residue 102-184, and domain III at residue 
185-200. The Histidine 41 (domain I) and 
Cysteine 145 (domain II)  are the protease active 
site of SARS-CoV-2 [9]. Two proteins used as 
target receptors in this study, 5R84 and 6LU7, 
were actually the same main protease of SARS-
CoV-2 with no different characteristics other 
than their corresponding native ligand; 
Z31792168 for 5R84 and N3 for 6LU7. The 
difference lies in the types and structure of both 
native ligands, as well as the conformation of 
bonds and interactions of protein residues, 
especially in the domain of the active site 
[9,32,15]. 

 
 
 

              
 5R84        6LU7 

 
Figure 2. Native ligand (purple) and native ligand re-docked (blue) comparisons. 

https://rcsb.org/


In-Silico Screening of Mitragynine Derivates from the Genus Mitragyna Korth Targeting the Main Protease of the SARS-COV-2 

 

 

J. Trop. Pharm. Chem. 2023. Vol 7. No. 2.   

p-ISSN: 2087-7099; e-ISSN: 2407-6090 
84 

Table 1. The molecular docking results of native ligand and Mitragynine Derivates  

Ligand 
Inhibition 

Constant (nM) 

Free energy 
binding 

(kcal/mol) 
Ligand 

Inhibition Constant 
(nM) 

Free energy 
binding 

(kcal/mol) 
5R84 6LU7 5R84 6LU7  5R84 6LU7 5R84 6LU7 

Native ligand-5R84 (Z31792168) 8640 - -6.91 - Akuammigine-N-oxide (26) 426.21 202.04 -8.69 -9.13 
Native Ligand-6LU7 (N3) - 186.57 - -9.18 3-Isoajmalicine (27) 258.33  280.31 -8.99 -8.94 
3-Isopaynantheine (1) 1090 3960 -8.13 -7.37 Ajmalicine (28) 283.95  36.08 -8.93 -10.15 
7-Hydroxymitragynine (2) 17970 2930 -6.47 -7.55 Mitrajavine (29) 249.11  31.89 -9.01 -10.23 
9-Methoxymitralactonine (3) 1580 1260 -7.91 -8.05 Mitraphylline (30) 5550 2710 -7.17 -7.60 
Corynantheidalinic acid (4) 8560 1710 -6.91 -7.87 Mitraphylline-n-oxide (31) 2320 1630 -7.69 -7.90 
Corynantheidalinic (5) 830 1650 -8.29 -7.89 16,17-dihydro-17β-

hydroxyisomitraphylline (32) 
2870 912.61 -7.87 -8.24 

Isospeciofoline (6) 2720 10810 -7.59 -6.81 Pteropodine (33) 2820 950.11 -7.57 -8.22 
Mitragynalinic acid (7) 11210 5490 -6.75 -7.18 Isomitraphyllinol (34) 24750 970.63 -6.28 -8.20 
Mitralcatonal (8) 2370 1240 -7.67 -8.06 Speciophylline (35) 400.99 501.94 -8.73 -8.59 
Mitralactonine (9) 1030 622.36 -8.17 -8.47 Speciophylline-N-oxide (36) 5610 2790 -7.16 -7.58 
Mitrasulgynine (10) 11420 33000 -6.74  -6.11 Mitragynine pseudoindoxyl (37) 386.13 20.17 -4.66 -6.41 
Mitragynaline (11) 12160 1240 -6.71 -8.06 Rhynchociline (38) 1700 2900 -7.87 -7.55 
Mitragynine (12) 4120 1790 -7.35 -7.84 Specionoxeine-N(4)-oxide (39) 7140 13.03 -7.02 -6.66 
Paynantheine (13) 1490 1840 -7.95 -7.82 Mitradiversifoline (40) 57430 9140 -5.79 -6.87 
3,4,5,6-tetrahydromitragynine (14) 2460 3880 -7.65 -7.38 Rhyncophylline (41) 3720 6740 -7.41 -7.05 
3-dehydromitragynine (15) 5440 1720 -7.18 -7.86 Rhyncophylline-N-oxide (42) 5680 4810 -7.16 -7.25 
Speciociliatine (16) 25150 2820 -6.27 -7.57 Ciliaphylline (43) 2110 6340  -7.74 -7.09 
3-Isopaynantheine (17) 3530 2880 -7.44 -7.60 Ciliaphylline-N-oxide (44) 11940 9220 -6.72 -6.87 
7-Hydroxyisopaynantheine (18) 7440 2650 -7.00 -7.61 Mitragynine oxindole A (45) 45580 7530 -5.92 -6.16 
3-dehydropaynantheine (19) 4310 1020 -7.32 -8.18 Mitragynine oxindole B (46) 15820 12730 -6.55 -6.68 
Mitraciliatine (20) 3470 1860 -7.47 -7.82 Corynoxine (47) 2720 1310 -7.59 -8,02 
7β-hydroxy-7H-mitraciliatine (21) 3.52 2630 -7.44 -7.61 Corynoxine B (48) 3740 7640 -7.40 -6.98 
Hirusteine (22) 1300 776.50 -8.03 -8.34 Rotundifoline (49) 34270 18580 -6.09 -6.45 
Dihydrocorynantheol (23) 2260 1260 -7.70 -8.05 Rotundifoline-N-oxide (50) 8200 8680 -6.94 -6.90 
Dihydrocorynantheol-N-oxide (24) 1660 1310 -7.88 -8.03 Uncarine F (51) 4290 898.21 -7.32 -8.25 
Akuammigine (25) 1390 421.73 -7.99 -8.70 Uncarine F-N-oxide (52) 6370 3900 -7.09 -7.38 

 
 
 

On the SARS-CoV-2 protein receptor, both 
native ligands (Z31792168 from 5R84 and N3 
from 6LU7) are converged to verify the RMSD 
value of the smallest energy of the backbone 
atoms and their interaction with the active site 
of the receptor. The docking results of 
Z31792168 (5R84) and N3 (6LU7) native ligand 
were obtained the value of root mean square 
deviation (RMSD) from reference structure of 
1.112 and 0.978 Å (with RMSD tolerance of 2 Å) 
and clusters of 86 and 36 for 100 times running 
with a binding energy value of -6.91 and -9.18 
kcal/mol (Figure 2).  

The prediction of 52 compounds based on 
binding energy value and Inhibition constant 
calculation is shown in Table 1. As can be seen 
in Table 1, 40 of the total 52 compounds (in 
5R84) displayed lower binding energy value 
than the native ligand Z31792168 (with a 
binding energy value of -6.81 kcal/mol and the 
inhibition constant 8640 nM or 8.64 µM). 
Whereas, in the assessment using protein of 
6LU7 as target only two compounds (ajmalicine 
and mitrajavine) possessed the lowest binding 

energy value than the native ligand N3 (with -
9.18 kcal/mol of binding energy and 186.57 nM 
of inhibition constant). Indeed, a similar 
observation was seen after careful checking of 
data obtained using the protein receptor of 
5R84, mitrajavine, isoajmalicine, and ajmalicine 
had the lowest binding energy value of -9.01, -
8.99, and -8.93 kcal/mol and the inhibition 
constant of 249.11, 258.33, and 283.95 nM, 
respectively. These three compounds had lower 
binding energy values than native ligands. 
Futhermore, using protein receptors of 6LU7 as 
target, mitrajavine, ajmalicine, and 
akuammigine-N-oxide demonstrated the lowest 
binding energy of -10.23, -10.15, and -9.13 with 
inhibition constant (31.89, 36.09, and 202.04 
nM), respectively. Based on these results, 
mitrajavine and ajmalicine compound 
demonstrated aprospective inhibitory activities 
to SARS-CoV-2 main protease (5R84 and 6LU7). 
It is important to note that these two 
compounds have structure but only differ in the 
hydrogen atom position (as can be seen in 
Figures 1, compound 28 and 29). 

 



In-Silico Screening of Mitragynine Derivates from the Genus Mitragyna Korth Targeting the Main Protease of the SARS-COV-2 

 

 

J. Trop. Pharm. Chem. 2023. Vol 7. No. 2.   

p-ISSN: 2087-7099; e-ISSN: 2407-6090 
85 

    
5R84 (Z31792168)     6LU7 (N3) 

A: Native Ligand 
 
 

   
5R84       6LU7 

B: Ajmalicine (28) 
 
 

   
5R84       6LU7 

C: Mitrajavine (29) 
 

Figure 3. Ligand - Receptor interactions 
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Next, we assessed the interaction between 
ligands with the domain active site of the 
protein receptor, As can be seen in Figure 3, the 
binding mode of native ligand (Z31792168 and 
N3) on the active site domain of each 
macromolecule complex was observed based on 
its crystal structure. A native ligand of 
Z3179216855 in the active site of the protein 
receptor formed van der Walls interaction with 
HIS41 and alkyl interaction with CYS145, also 
showed interaction with other residues 
including MET49, PHE140, LEU141, ASN142, SER144, 
HIS163, HIS164, MET165, GLU166, HIS172, ASP187, 
ARG188, and GLN189. While, a native ligand of N3 
in the active site of protein receptor formed Pi-
alkyl interaction with HIS41 and covalent bond 
interaction with CYS145, and has interaction with 
other residues including THR26, MET49, TYR54, 
PHE140, PHE141, ASN142, GLY143, SER144, HIS163, 
MET165, GLU166, LEU167, PRO168, HIS172, ASP187, 
ARG188, GLN189, THR190, ALA191 (Figure 3A). 

As for ajmalicine (28), the binding site 
predicted on the active site of protein receptor 
5R84 by Autodock 4.2.6 was formed based on 
van der Walls interaction with HIS41 and 
conventional hydrogen bond interaction with 
CYS145. In addition to that, its interaction with 
some residues such as THR25, CYS44, MET49, 
TYR54, LEU141, ASN142, GLY143, SER144, HIS163, 
HIS164, MET165, GLU166, ASP187, ARG188, GLN189 
were observed. Likewise, the binding site 
predicted on the active site of protein receptor 
6LU7 by Autodock 4.2.6 was formed based on 
van der Walls interaction with HIS41, three types 
(include alkyl, pi-alkyl, and conventional 
hydrogen bond) interaction with CYS145, and 
also involved in the interaction with other 
residues including MET49, TYR54, PHE140, LEU141, 
ASN142, GLY143, SER144, HIS163, HIS164, MET165, 
GLU166, HIS172, ASP187, ARG188, GLN189 (Figure 
3B). 

Moreover, in the case of the protein 
receptors-mitrajavine (29) conformation, the 
binding site predicted on the active site of 
protein receptor 5R84 by Autodock 4.2.6 was 
formed based on pi-alkyl interaction with HIS41 
and three types (alkyl, pi-alkyl, and 
conventional hydrogen bond) interaction with 
CYS145, and other interaction with residues: 
THR26, LEU27, CYS44, MET49, PRO52, TYR54, 
LEU141, GLY143, SER144, HIS163, MET165, GLU166, 
ASP187, ARG188, GLN189. Whereas, the binding site 

predicted on the active site of protein receptor 
6LU7 by Autodock 4.2.6 was formed in a manner 
dependent on van der Walls interaction with 
HIS41, three types (alkyl, pi-alkyl, and 
conventional hydrogen bond) interaction with 
CYS145, and formed interaction with other 
residues including MET49, TYR54, PHE140, LEU141, 
ASN142, GLY143, SER144, HIS163, HIS164, MET165, 
GLU166, HIS172, ASP187, ARG188, GLN189 (Figure 
3C). These in silico molecular docking studies 
have represented that HIS41 and CYS145 are the 
essential residues responsible for the main 
protease inhibition of the SARS-CoV-2 receptor. 
The molecular docking data indicated that 
mitrjavine and ajmalicine are a strong candidate 
of the main protease inhibitors of SARS-CoV-2.  

Mitrajavine and ajmalicine included in 
monoterpenoid indole alkaloid group, and both 
compounds have almost the same structure, 
except they differ in the position of the 
hydrogen atoms bound to C3, C15, and C20 atoms 
[24]. Mitrajavine is a typical compound of the 
genus Mitragyna Korth, while ajmalicine can be 
found in some plants such as M. spesiosa leaves, 
roots of V. rosea, and Rauwolfia spp [33]. 
Scientific data from both compounds contained 
in M. speciosa leaves are still very limited, except 
for data from the mitragynine compound group 
[27,28,34,35]. Tran 1999 reported that the oral 
administration of ajmalicine extracted from the 
root of V. rosea (from 500 mg/kg to 1600 
mg/kg) yielded no serious adverse effects, other 
than sedative, on mice. In addition to that,  
continuous oral administration in rabbits with 
high doses (4.8 mg/kg daily) did not affect the 
blood, body weight, and other biochemical 
indexes [36]. Meanwhile, a similar observation 
was obtained in the acute and subacute toxicity 
tests on V. rosea extract with various solvents 
[37,38,39]. Therefore, we believed that 
mitrajavine and ajmalicine will serve as suitable 
candidates for further research effort to 
examine their prospective anti-SARS-CoV-2 
activities in vitro and in vivo prior to human 
trials for our future endeavor to combat COVID-
19.  

 
4 Conclusions 

In the present study, we propose the 
potential use of mitrajavine and ajmalicine as 
the main protease of SARS-CoV-2 inhibitor, 
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based on the free energy binding and interaction 
conformation. Taken together, our results urge, 
the importance of new natural-derived 
compounds in drug discovery and their 
prospective antiviral activities against SARS-
CoV-2. We further addressed the importance of 
in silico molecular docking study as one of 
important approaches in drug discovery to 
provide feasible predictions of biological 
activities and possible interactions of target 
compounds with host essential macromolecules 
(surface receptors, enzyme, ion channels, etc) in 
a rapid, accurate, and inexpensive manner. 
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