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Abstract  
Dillenia pentagyna Roxb., a deciduous and medium sized tree, is an ethnobotanically important species 
of several Asian countries including Bangladesh, Srilanka, and India. Various parts of this endangered 
tree including leaf, bark, root etc. are used in folkloric medicine systems for a very long time. It is  
locally used in the treatment of pain, wound healing, diabetes, diarrhea and other disease states. 
Molecular docking is an important technique to validate the exerted pharmacological actions of a plant 
or specific phytoconstituents by assessing the binding affinity and interaction pattern between small 
molecules and particular target receptors. Thus, to justify the notable ethnobotanical importances of D. 
pentagyna, an in silico study was designed employing selected phytochemicals i.e. isorhamnetin, lupeol, 
quercetin, kaempferol, and betulin isolated from this plant based on previous literature searches. The 
molecular docking revealed strong binding affinities (-4.8 to -12.9 kcal/mol) with the respective target 
proteins: 2OYE, 6COX, 4YK5, 5ZHP, and 1A5H. Besides, in accordance with the Lipinski’s rules, all 
five selected compounds of D. pentagyna  showed promising orally active drug-like characteristics. To 
recapitulate, the present study has been found parallel with  the existing ethnobotanical significance 
of D. pentagyna as the source of pain, fever, thrombosis, and diarrhea management agent. 
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Introduction  
 Dillenia pentagyna Roxb., locally known as  
‘Mota karmal’ is an important traditional plant with 
enormous ethnobotanical importance (Gandhi et al., 
2013). It belongs to Dilleniacea family and mainly 
distributed in Asian regions (Gandhi et al., 2013). 
Plants from Dillenia genus also used to treat cardiac 
weakness, fever, septic sore, and traumatic injury 
(Khatun et al., 2016). Among fockloric use of D. 
pentagyna, analgesic, anti-inflammatory, 
antidiarrheal, and antidiabetic actions are most 
important which is also used to treat bone fracture, 
piles, dysentery and other stomach diseases (Prasad 

et al., 2009; Dubey et al., 2009). Besides, bioactive 
secondary metabolites found from D. pentagyna can 
also exert anti-thrombotic action which support the 
thrombolytic potentials of this plant (Choi et al., 
2015; Gong et al., 2020). Plants are always blessed 
with several kinds of phytochemicals which may 
attribute to their pharmacological actions (Alam       
et al., 2020a, Alam and Haque, 2020). 
Phytochemicals isolated from  D. pentagyna 
attributed to wide ranges of bioactive secondary 
metabolites including flavonoids (kaempferol, 
quercetin, rhamnetin-3-glucoside, isorhamnatin, and 
naringenin-7 galactosyl (1-4) glucoside), terpinoids 
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(betulin, mallic acid, lupeol, betunaldehyde, β-
sitosterol, stigmasterol, and betulinic acid) (Gandhi et 
al., 2013). Among other phytochemicals naringenin 
7-galactosyl glucoside, naringenin-41-O-β-D-
xylopyranoside, dihydroquer-cetin 5-galactoside, α-
L-rhamnopyranosyl-3-β-hydroxyl-lup20(29)-en-28-
oic acid, and rhamnetin-3-glucoside are major 
(Gandhi et al., 2013). 
 From the ancient era, herbal plants have become 
important sources of therapies to treat different 
ailments in all cultures and civilizations (Alam et al., 
2021c; Emon et al., 2020b). Folkloric usage of plant 
sources are  important hints for the researchers to 
establish novel drug therapies from 
ethnopharmacologically important plant sources 
employing wet lab and dry lab experiments (Rudra     
et al., 2020). Phytochmecials isolated from medicinal 
plants have also offered lesser side effects than 
synthetic drugs. About 80% of therapeutic molecules 
are either a direct derivation or a modified form of 
the natural source (Maridass and De Britto, 2008). 
Thus, even after the establishment of synthetic 
therapies, the demand of herbal drugs has not been 
nullified.   
 Docking technique is a popular computational 
procedure in drug discovery to optimize 
targeted compounds and explore novel active 
molecules via virtual screening coupled with 
experimental binding interactions and affinities of 
small molecules (Parenti and Rastelli, 2012). Search 
algorithms have been used to study the free energy 
landscape and to discover the optimum ligand poses 
in molecular docking (Huang and Caflisch, 2011). 
Molecular docking  can be a very nifty option to 
establish a preliminary concept of pharmacological 
actions exerted by a plant extract or isolated 
phytochemicals (Alam et al., 2021a). To develop and 
analyze drug designing of a newer molecule, 
execution of computer-aided drug discovery 
approaches and molecular docking have been proved 
as time-efficient procedure. Usually, structure-based 
technique involving ligand-receptor molecular 
docking is designed to estimate interaction affinities 
and binding patterns of the biological moieties with a 

particular target receptor. A convenient molecular 
docking should hold the potential to recognize the 
native ligand posture with the binding site of the 
three-dimensional protein structure coupled with 
physical connections (Guedes et al., 2014). Thus, it 
can be assumed that isolated phytochemicals from D. 
pentagyna can play the driving role which attributes 
to the pharmacological activities. In this study, we 
have performed an in silico study to justify and 
support the notable ethnopharmacological actions of 
D. pentagyna including analgesic, anti-inflammatory, 
antipyretic, antidiarrheal and thrombolytic activities 
using a computer aided approach (Alam et al., 
2020b). 
 
Materials and Methods 
Molecular docking 
 Protein preparation: 2OYE  (cyclooxygenase-
1), 6COX (cyclooxygenase-2), 4YK5 (microsomal 
prostaglandin E synthase 1), 5ZHP (muscarinic 
acetylcholine receptor) and 1A5H (tissue 
plasminogen activator) have been taken from RCSB 
Protein Data Bank (https://www.rcsb.org/structure) in 
PDB format for the screening of analgesic, anti-
inflammatory, antipyretic, antidiarrheal and 
thrombolysis studies. Using Discovery Studio 2020, 
proteins have been separated from both water and 
heteroatoms. In order to prepare proteins, the 
gasteiger charge and nonpolar hydrogens were kept 
as default form. In addition, all proteins in UCSF 
Chimera were brought to the minimum energy level 
followed by further analysis, employing standard 
residues in AMBER ff14sB and other residues in 
gasteiger mode (Yang et al., 2012). 
 Ligand preparation: The structure of five 
phytocompounds of D. pentaagyna namely 
kaempferol (PubChem CID: 5280863), quercetin 
(PubChem CID: 5280343), isorhamnetin (PubChem 
CID: 5281654), lupeol (PubChem CID: 259846), 
betulin (PubChem CID: 72326) were collected from 
PubChem database (https://pubchem.ncbi.nlm.nih. 
gov/;). Besides, ibuprofen,  indomethacin, loperamide 
and streptokinase were studied in order to compare 
and juxtapose the docking of the phytocompounds of 
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D. pentaagyna. The ligands were downloaded in 
2DSDF format and curtailed by PyRx tool to figure 
out the best possible hit for the targets. The virtual 
screening software PyRx from MGLTools 
(https://ccsb. scripps.edu/mgltools/) was run in 
default format (Emon et al., 2020a).  
 Docking analysis: A semiflexible docking style 
was utilized for the docking study (Herowati and 
Widodo, 2014). Using PyRx AutoDock Vina 
program, PDB files of phytochemicals and proteins 
were obtained and later converted into PDBQT 
format. The rigidity of the protein and flexibility of 
the ligand were preserved by this study. The 
molecules of the ligand were given 10 degrees of 
freedom. AutoDock defines measures to 
automatically convert molecules into molecules of 
the pdbqt format, box sort, grid box formation, etc. 
The grid box was generated in the center of the box 
with an active location and sought out the binding 
affinity of selected phytoconstituents and receptors. 
Furthermore, to assess the best docking locations, 
BIOVIA Discovery Studio Visualizer 2020 has been 
accelerated. The PyRx AutoDock Vina was 
introduced (Herowati and Widodo, 2014).  
 

Pharmacokinetics and toxicity measurement study 
 Utilizing the online tools (http://www. swiss-
adme.ch/ and http://lmmd.ecust.edu.cn/ admetsar2/) 
ADME/T analysis was carried on in this study. All 
selected compounds’ drug similarity profile, 
pharmaco-kinetics, and physiochemical charac-
teristics were also evaluated based on Lipinski's rules 
(Zhang and Wilkinson, 2007; Lipinski et al., 1997). 

Results and Discussion 
 Molecular docking and ADME/T analysis of 
analgesic, anti-inflammatory, antipyretic, 
antidiarrheal and thrombolytic activities of selected 
phytoconstituents: This study demonstrated that the 
best docking score against cyclooxygenase-1 (PDB: 
2OYE) is by isorhamnetin which is -12.9 (Table 1 
and Figure 1). These compounds' docking scores 
were better than their respective commercially 
available marketized product. The ranking order 
based on the docking scores of analgesic effects 
against cyclooxygenase-1 was as followed: 
isorhamnetin > lupeol > quercetin > kaempferol > 
ibuprofen > betulin (Table 1 and Figure 1). The score 
of the docking interaction of the cyclooxygenase-2  
(PDB: 6COX) and the selected compounds have been 
presented as follow: lupeol > betulin > kaempferol > 
isorhamnetin > quercetin > ibuprofen (Table 1 and 
Figure 2). In the antipyretic docking study, 
microsomal prostaglandin E synthase 1 (PDB: 4KY5)  
was docked against the selected metabolites and 
isorhamnetin secured the highest binding score 
(Table 1 and Figure 3). Isorhamnetin binds to the 
microsomal prostaglandin E synthase 1 receptor via a 
series of bonds: carbon-hydrogen bond (tyr80), pi-
alkyl (val24) and scored highest binding affinity to 
the respective receptor In order to evaluate the 
possible antidiarrheal potentiality, all 5 specified 
metabolites within D. pentagyna were docked against 
muscarinic acetylcholine receptor (PDB: 5ZHP) 
where betulin showed the most promising activity 
with docking  

 

Table 1. The docking score of screened phytochemical’s binding at the active site of the selected proteins. 
 

Compounds Analgesic, Anti-Inflammatory and 
Anti-pyretic 

Antidiarrheal Thrombolytic 

2OYE 6COX 4YK5 5ZHP 1A5H 
Kaempferol -8.8 -8.7 -6.0 -6.2 -7.5 
Quercetin -9.0 -8.3 -5.9 -6.1 -7.1 
Isorhamnetin -12.9 -8.4 -6.9 -6.2 -7.2 
Lupeol -9.0 -10.4 -6.7 -7.9 -7.4 
Betulin -4.8 -9.1 -6.8 -11.8 -8.5 
Standard drugs (Ibuprofen/Indomethacin/ 
Loperamide/Streptokinase) 

-7.4 
 

-6.4 
 

-8.2 -7.1 -6.4 

 

2OYE = cyclooxygenase-1, 6COX = cyclooxygenase-2, 4YK5 = microsomal prostaglandin E synthase 1, 5ZHP = muscarinic acetylcholine 
receptor, 1A5H = tissue plasminogen activator. Docking of standard drugs: ibuprofen against 2OYE and 6COX, indomethacin against 
4YK5, loperamide against 5ZHP and streptokinase against 1A5H. 
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Figure 1. 3D and 2D representations of the best key interaction between cyclooxygenase-1 and selected phytochemicals 

(isorhamnetin). 
 

 
Figure 2. 3D and 2D representations of the best key interaction between cyclooxygenase-2 and selected phytochemicals 

(lupeol). 
 

 
Figure 3. 3D and 2D representations of the best key interaction between microsomal prostaglandin E synthase 1 and selected 

phytochemicals (isorhamnetin). 
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Figure 4. 3D and 2D representations of the best key interaction between muscarinic acetylcholine receptor and selected 

phytochemicals (betulin). 
 
 

 
Figure 5. 3D and 2D representations of the best key interaction between tissue plasminogen activator and  selected 

phytochemicals (betulin).  
 
Table 2. Absorption, digestion, metabolism, excretion and toxicological (ADME/T) properties of the compounds for 

good oral bioavailability. 
 

Compound 
name 

PID M.W HBA HBD LogP HIA AM CAR PPB AOT - 
kg/mol 

Kaempferol 5280863 286.24 6 4 2.28 0.9881 0.7300 1.000 1.061 1.739 
Quercetin 5280343 302.24 7 5 1.99 0.9833 0.9000 1.000 1.175 2.559 
Isorhamnetin 5281654 316.26 7 4 2.29 0.9889 0.7300 1.000 1.259 2.84 
Lupeol 259846 426.73 1 1 8.02 0.9930 0.7300 0.9714 1.017 3.852 
Betulin 72326 442.73 2 2 7.00 0.9884 0.7500 0.9857 0.891 3.482 

 
PID= PubChem ID, M.W= Molecular weight, HBA= H-bond acceptors, LogP= partition coefficient (lipophilicity), HBD= 
H-bond donors, HIA = Human Intestinal Absorption, AM= Ames mutagenesis, CAR= Carcinogenicity (binary), PPB= 
Plasma protein binding, AOT= Acute Oral Toxicity.  
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score of -11.8 (Table 1 and Figure 4). Betulin binds 
to the muscarinic acetylcholine receptor via pi-sigma 
(phe554) bond.The docking ranks between the tissue 
plasminogen activator (PDB: 1A5H) and the 
analyzed compounds have displayed that betulin 
placed the major phytoconstituent followed by 
kaempferol, lupeol,  isorhamnetin, quercetin and 
streptokinase (Table 1 and Figure 5). 
 ADME/T analysis has been also performed 
during this in silico study. It can be perceived from 
Table 2 that, lupeol and betulin have disrupted one of 
the five parameters of Lipinski's law. The partition 
coefficient (lipophilicity) of lupeol and betulin are 
slightly higher than the normal range  (less than 5) 
(Lipinski et al., 1997). On the other hand, rest of the 
compounds have been fulfilled all the Lipinski 
criterias suggesting that these phytocompounds can 
be assumed as  bioavailable (Lipinski et al., 1997). 
 Computational analysis or molecular docking is 
frequently used to estimate interactions between 
ligands and targets along with gaining the deeper 
insights into the biological actions of bioactive 
compounds (Alam et al., 2021b). It also offers further 
comprehensions into the potential mechanisms of 
action and binding manners within the enzyme 
binding pocket  (Alam et al., 2021a). Negative 
binding reveals strong favorable ligand-receptor 
complex interactions  (Emon et al., 2021b). The 
molecular docking revealed that there were strong 
binding affinities with the respective target proteins. 
From these findings, by establishing promising 
interactions with target proteins, it can be assumed 
that the recognized compounds can attribute to 
antidiarrheal and COX inhibitory actions of the plant 
extract. The highest docking score showed by 
phytocompounds for 2OYE and 6COX were -12.9 
and -10.4, respectively which are greater than 
standard drugs and supported the actions of D. 
pentagyna against fever, pain and inflammation. 
Besides, highest docking score for 5ZHP and 1A5H 
were -11.8 and -8.5, respectively and supported 
antidiarrheal and thrombolytic potentials. 

 According to the Lipinski’s rules, all five 
compounds revealed promising orally active drug-like 
characteristics. It can now be assumed that the 
metabolites will possess good oral bioavailability and 
can be regarded as a potential lead compound and 
further study is recommended to evaluate associated 
toxicity concerns extensively. Since the drugs used 
for the fever, pain, inflammation, diarrhea, and 
thrombosis are not economical and accessible to the 
greater section of the society, and also showed 
noteworthy side effects, the application of this study 
may be a boon for them (Emon et al., 2021a). 
 
Conclusion 
 According to the previous literature review, it 
can be concluded that the D. pentagyna  possesses an 
elevated amount of phytoconstituents that might be 
bioactive and may be the justification of its widely 
popular folkloric use. Molecular docking study 
performed in this study also support the 
ethnobotanical usage of this plant. It also ascertained  
its safety profile based on ADME/T analysis. Though 
further lab based research work is still recommended 
to find the long term safety and toxicity measurement 
along with establishment exact mechanism of actions 
responsible for displayed pharmacological actions. 
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