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ABSTRACT: The primary mechanism for dopamine degradation depends on the activity 
of catechol-O-methyltransferase (COMT) enzyme. The COMT inhibition may improve 
dopamine transmission in patients with Parkinson’s disease (PD). The medicinal herb 
Mucuna pruriens (MP) protects brain cells by inhibiting COMT activity with its active 
components. Researchers conducted in silico screening to assess the efficacy of MP phy-
tochemicals in inhibiting COMT. Overall, 13 phytoconstituents were selected through 
the IMPPAT 2.0 database and subjected to molecular docking (AutoDock Vina) to reveal 
how selected compounds interacted with the COMT crystal structure (PDB ID: 6I3D). 
The compounds exhibited stronger binding than both the co-crystallized ligand and the 
reference drug, with coumarin achieving the highest docking score of −7.6 kcal/mol, fol-
lowed by linoleic acid and oleic acid at −7.5 and −7.4 kcal/mol, respectively. Coumarin 
binds to the COMT active site by forming hydrogen bonds with two essential amino 
acids, Trp143 and Ile91. The molecular dynamics simulations showed that the protein–
ligand complex remained stable, with the backbone root-mean-square deviation (RMSD) 
fluctuating between 1.3 and 1.6 Å. The root-mean-square fluctuation (RMSF) results, 
combined with the protein–ligand interactions, demonstrated that the ligand maintained 
stable contact through binding interactions, including both hydrophobic interactions and 
water-mediated hydrogen bonds with Glu90. The molecular mechanics–generalized born 
surface area (MM–GBSA) determined that the system achieved a favorable binding free 
energy of −75.19 ± 4.96 kcal/mol, driven by hydrophobic stabilization via van der Waals 
and lipophilic interactions.: The natural compound Coumarin from MP shows potential 
as a COMT inhibitor for the treatment of PD.
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GRAPHICAL ABSTRACT

1. INTRODUCTION

Parkinson’s disease (PD) represents the second most prev-
alent neurodegenerative condition and develops due to the 
progressive degeneration of dopaminergic neurons in the 
substantia nigra (SN) region of the brain (Lev et al., 2003; 
Singh & Dikshit, 2007). It is a rapidly growing global health 
concern, with recent estimates indicating that more than 10 
million people worldwide are currently living with the dis-
ease, and its prevalence is expected to increase substantially 
due to population aging (Dorsey et al., 2018; GBD 2021, 
Parkinson’s Disease Collaborators, 2024).

The primary symptoms of PD include resting tremors, 
stiffness, bradykinesia, and postural instability (Balestrino & 
Schapira, 2020). Dopamine depletion and norepinephrine 
deficiency in PD result in multiple symptoms, including bra-
dykinesia, tremors, speech difficulties (dysarthria), rigidity, 
and cognitive impairment (Kalia & Lang, 2015; Poewe et al., 
2017). Extensive research has been conducted, but the spe-
cific cause of the disease remains undetermined (Poewe et al., 
2017). The disease progression occurs with the formation of 
Lewy bodies through alpha-synuclein protein aggregation 

(Spillantini et al., 1997; Wong & Krainc, 2017). PD has two 
primary forms: (1) brain-first PD, which starts with alpha-sy-
nuclein pathology in the brain, and (2) body-first PD, which 
starts in the peripheral nervous system, particularly in the 
gut, before spreading through the vagus nerve or bloodstream 
(Horsager et al., 2020).

Today, pharmaceutical treatment of PD relies on four main 
medication categories, which include levodopa (L-DOPA) 
with decarboxylase inhibitors plus dopamine agonists and cate-
chol-O-methyltransferase (COMT) inhibitors and monoamine 
oxidase-B (MAO-B) inhibitors (Balestrino & Schapira, 2020; 
Kalia & Lang, 2015). The main role of COMT inhibitors is 
to prevent the body from breaking down L-DOPA outside the 
brain, which results in extended dopamine effects and improved 
therapeutic outcomes (Männistö & Kaakkola, 1999).

Growing interest in plant-based therapies has encour-
aged exploration of natural alternatives. Mucuna pruriens 
(MP), commonly known as velvet bean, belongs to the 
Fabaceae family and is widely distributed across tropical 
regions (Hettiarachchi and Gunathilake, 2023; Lampariello 
et al., 2012). The people of Asia, Africa, and the Americas 
have traditionally used the plant as food and for its medicinal 
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properties. The seeds of the plant contain high amounts of 
L-DOPA, which serves as a direct precursor for dopamine 
synthesis. M. pruriens seeds have been part of traditional 
Indian medicine for more than 2000 years as a PD treatment 
(Katzenschlager et al., 2004; Manyam, 1995). The seeds pos-
sess multiple pharmacological properties, including antioxi-
dant, anti-inflammatory, hypolipidemic, and hypoglycaemic 
activities (Sathiyanarayanan & Arulmozhi, 2007). The bio-
logical activities of these substances appear to provide both 
neuroprotection and help alleviate symptoms.

M. pruriens contains natural L-DOPA, which has the 
potential to boost dopaminergic activity by inhibiting 
COMT enzyme function (Manyam, 1995). The inhibi-
tion of COMT reduces dopamine breakdown and improves 
L-DOPA absorption, and it also has the potential to improve 
PD treatment outcomes. The enzyme COMT plays a critical 
role in dopamine metabolism by transferring methyl groups 
to catechol substrates, which then undergo metabolic conver-
sion (Männistö & Kaakkola, 1999). The process of blocking 
COMT activity becomes necessary as it increases the dopa-
mine levels in the brain and extends the duration of the thera-
peutic effects of L-DOPA.

The discovery of natural COMT inhibitors from MP pro-
vides a complementary treatment method for patients receiv-
ing pharmacological treatments. In silico techniques such as 
molecular docking, molecular dynamics (MD) simulations, 
and binding free energy calculations serve as powerful com-
putational tools in predicting ligand–protein interactions 
and enzyme inhibition mechanisms at the atomic level 
(Hollingsworth & Dror, 2018; Lionta et al., 2014). The pres-
ent study investigates how MP seed phytoconstituents inhibit 
COMT through molecular docking, MD simulations, and 
binding free energy analysis to discover natural substances 
that can enhance PD treatment.

2. MATERIALS AND METHODS

2.1. Phytoconstituent selection and preparation

The researchers selected phytoconstituents present in 
MD based on their reported presence in the IMPPAT 2.0 
(Indian Medicinal Plants, Phytochemistry and Therapeutics) 
database, a collection of phytochemical and ethnopharma-
cological data. The selected compounds demonstrated their 
structural diversity by representation of different chemical 
classes, including fatty acids, indole derivatives, alkaloids, and 
phenolic compounds. In addition, the drug-likeness of the 
selected phytoconstituents was evaluated based on Lipinski’s 
rule of five, which predicts oral bioavailability of compounds. 

According to this rule, compounds are more likely to exhibit 
good permeability and absorption when they satisfy the fol-
lowing criteria: molecular weight ≤ 500 Da, octanol–water 
partition coefficient (LogP) ≤ 5, hydrogen bond donors ≤ 5, 
and hydrogen bond acceptors ≤ 10 (Lipinski et al., 2001). 
Compounds with minimal or no violations were considered 
suitable for further computational analysis.

The three-dimensional (3D) structures of the selected phy-
toconstituents were obtained from the IMPPAT 2.0 database 
in the Structure Data File (SDF) format. Ligand prepara-
tion was performed to generate stable energy configurations 
that served as the foundation for molecular docking exper-
iments. The researchers conducted energy minimization for 
each phytoconstituent using the Merck Molecular Force 
Field (MMFF94) to eliminate all steric clashes and achieve 
the most accurate molecular shape. The ligands were con-
verted to PDBQT format after energy minimization, which 
included assigning atom types and partial charges required for 
AutoDock Vina v1.2.0 docking. The research team used all 
synthesized compounds for molecular docking studies, which 
were conducted under identical computational conditions 
(Mohanraj et al., 2018).

2.2. Protein selection and preparation

The 3D crystal structure of the target enzyme was obtained 
from the Protein Data Bank (PDB) using accession ID 6I3D. 
The protein structure was prepared for docking by remov-
ing all nonessential molecules, including crystallographic 
water and co-crystallized ligands. The polar hydrogen atoms 
were added to the structure, and the partial charges were 
distributed. The protein structure was saved in PDBQT for-
mat (6I3D.pdbqt) for molecular docking research (Berman  
et al., 2000).

2.3. Grid box generation

The researchers established the docking search area by con-
structing a grid box that included the active site of the target 
protein. The grid box parameters were chosen to ensure full 
coverage of the binding pocket while allowing enough flexi-
bility for ligand sampling across various molecular configura-
tions. The grid box parameters have been specified as follows:

2.3.1. Grid center coordinates
	� center_x = 2.70
	� center_y = 16.06
	� center_z = 69.39

https://doi.org/10.53365/nrfhh/224629
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for a gradual equilibration. The production MD simulation 
was run for 100 nanoseconds at 300 K and atmospheric pres-
sure, with NPT control using the Nose-Hoover thermostat 
and the Martyna-Tobias-Klein barostat. The research team 
recorded their trajectories at regular intervals for evaluating 
the structural stability and interaction persistence via RMSD 
and RMSF, hydrogen bonding, and other dynamic parame-
ters (Bowers et al., 2006).

3. RESULTS

3.1. Molecular docking analysis of Mucuna pruriens 
phytoconstituents against COMT

Scientists used molecular docking techniques to assess the 
binding affinity of MP phytoconstituents for the COMT 
protein. The research team examined 13 phytoconstituents 
using docking to evaluate their binding affinity relative to 
the co-crystallized ligand and the reference medication, as 
shown in Table 1. Docking scores are reported in kcal/mol, 
with lower scores indicating stronger binding. The tested 
compounds showed several docking scores that exceeded the 
co-crystal ligand value of −5.2 kcal/mol and the reference 
medication value of −4.4 kcal/mol. Coumarin achieved the 
highest docking score of −7.6 kcal/mol among all the sub-
stances tested. It was followed by linoleic acid with a score 

2.3.2. Grid box dimensions
	� size_x = 20 Å
	� size_y = 20 Å
	� size_z = 20 Å
Energy range: 4 kcal/mol; Exhaustiveness: 8.
The aforementioned rules and tests were consistently 

applied during the local docking screening to achieve accurate 
force calculations.

2.4. Molecular docking procedure

The researchers utilized AutoDock Vina v1.2.0 to conduct 
molecular docking experiments, which involved predicting 
ligand binding shapes and their associated binding strengths 
using its scoring system and random optimization techniques. 
Separate docking experiments were carried out for each syn-
thesized ligand, with each ligand being docked into the spec-
ified grid box of the target protein. Multiple binding shapes 
were generated for each ligand, and the shape with the lowest 
binding energy (kcal/mol) was chosen for further interaction 
studies. (Trott & Olson, 2010)

2.5. Visualization and interaction analysis

The researchers utilized the BIOVIA Discovery Visualizer 
software to conduct visualization and interaction analysis follow-
ing docking. They developed two-dimensional (2D) interaction 
diagrams to illustrate all hydrogen bonds, π–π stacking, π–alkyl 
interactions, and other noncovalent contacts that ligands estab-
lish with the active-site residues of the target protein.

2.6. Molecular dynamics simulation

The Desmond module, part of the Schrödinger software 
suite (Schrödinger Release 2021-4), was used to perform 
an MD simulation to evaluate the dynamic stability of the 
protein–ligand complex over 200 nanoseconds. The complex 
system was built using System Builder as the base, since it 
required solvating the complex in an orthorhombic box with 
the TIP3P water model while maintaining a buffer zone of 10 
Å from the protein boundary. System neutrality was achieved 
by adding the necessary counterions, together with 0.15 M 
NaCl, which simulated the ionic strength found in natural 
body fluids. The system underwent energy minimization using 
the Optimized Potentials for Liquid Simulations (OPLS) 
force field before entering the NVT (constant Number of 
particles, Volume, and Temperature) and NPT ensembles 
(constant Number of particles, Pressure, and Temperature) 

Table 1
Docking scores and hydrogen bond interactions of selected 
phytoconstituents from Mucuna pruriens against Catechol-O-
methyltransferase (COMT, PDB ID: 6I3D).

SN  Phytoconstituents Docking Score 
(kcal/mol) 

 No. of H-bonds

1 Myristic acid −7.3 3

2 Bufotenine −6.4 1

3 Tryptamine −6.2 2

4 N,N-Dimethyl-5-methoxytryptamine −6.5 1

5 Coumarin −7.6 –

6 Choline −3.0 1

7 Stearic acid −6.2 –

8 Serotonin −6.0 –

9 N,N-Dimethyltryptamine −6.3 1

10 Palmitic acid −6.8 4

11 Oleic acid −7.4 1

12 Beta-Sitosterol −7.0 –

13 Linoleic acid −7.5 –

14 Co-crystal ligand −5.2 5

15 Reference drug −4.4 –

https://doi.org/10.53365/nrfhh/224629
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of −7.5 kcal/mol, oleic acid at −7.4 kcal/mol, and myristic 
acid at −7.3 kcal/mol. The results show that these phytocon-
stituents bind more strongly to the COMT binding site than 
the reference ligands. The fatty acid–derived phytoconstitu-
ents showed moderate to high docking scores, with palmitic 
acid (−6.8 kcal/mol) and oleic acid, linoleic acid, myristic 
acid, and stearic acid (−6.2 kcal/mol). Palmitic acid produced 
the most hydrogen bonds with four bonds. Myristic acid and 
oleic acid formed three and one hydrogen bonds, respectively, 
demonstrating different ways of forming polar interactions 
despite their similar binding strengths.

Indole and tryptamine derivatives, including N, 
N-dimethyl-5-methoxytryptamine (−6.5 kcal/mol), N, 
N-dimethyltryptamine (−6.3 kcal/mol), tryptamine (−6.2 
kcal/mol), bufotenine (−6.4 kcal/mol), and serotonin (−6.0 
kcal/mol), demonstrated modest docking scores. The com-
pounds formed between zero and two hydrogen bonds, which 
showed limited polar interactions compared to both fatty 
acids and the co-crystal ligand. The docking score for choline 
reached its lowest value of −3.0 kcal/mol because it formed 
one hydrogen bond with the COMT active site, yet main-
tained a weak binding affinity. The co-crystal ligand formed 
five hydrogen bonds, yet most phytoconstituents showed 
better docking performance than it did. The reference med-
ication had the least favorable docking score and failed to 
form hydrogen bonds under the specified docking conditions. 
This may be attributed to its improper orientation within the 
active site or the absence of suitable hydrogen bond donor 

Figure 1. Three-dimensional (3D) molecular interaction of 
coumarin with catechol-O-methyltransferase (COMT) enzyme 
obtained from molecular docking analysis. The figure illustrates 
the binding orientation of coumarin within the active site 
of COMT, highlighting key amino acid residues involved in 
ligand stabilization, including Trp143 and Ile91. Noncovalent 
interactions such as π–π stacking and hydrophobic interactions 
are shown, which contribute to binding affinity.

Figure 2. Two-dimensional (2D) interaction diagram of linoleic 
acid bound to the catechol-O-methyltransferase (COMT) 
active site. The figure represents hydrophobic interactions, 
including alkyl and π–alkyl contacts, between linoleic acid 
and surrounding amino acid residues such as Met40, Pro174, 
and Trp143. No conventional hydrogen bonds are observed, 
indicating a predominantly hydrophobic mode of binding.

and acceptor groups, which limited its interaction with key 
catalytic residues. Additionally, steric hindrance and sub-
optimal binding conformation may have contributed to its 
reduced binding affinity.

3.2. Coumarin–COMT interaction

The three-dimensional molecular interaction of couma-
rin docked at the COMT active site is shown in Figure 1. 
The analysis of interactions showed that the binding pocket 
contained multiple π-mediated and hydrophobic interac-
tions. The Trp143 residue showed two types of interactions 
with coumarin, the π–π and π–alkyl interactions at distances 
of 4.92 and 5.11 Å, respectively. The researchers discovered 
additional hydrophobic interactions with Ile91 at two dis-
tance points, 3.76 and 3.98 Å. The ligand was connected with 
Gly66 and His142 at distances of 5.02 and 4.92 Å. The bind-
ing orientation of coumarin within the COMT active site can 
be defined through the interaction.

3.3. Linoleic acid–COMT interaction

The 2D diagram in Figure 2 demonstrates the interaction 
between linoleic acid and COMT. The interaction profile 

https://doi.org/10.53365/nrfhh/224629


 Mohmmad Qutboddin et al. View Article online

Na t u r a l  R e s o u r c e s  f o r  Hu m a n  H e a l t h  2026, 6, 353–366  |  358

(3.59 Å) and π–alkyl interactions with Pro174 at distances of 
4.28 and 5.23 Å. These association occurrences describe the 
binding pose of the co-crystalline ligand within the COMT-
binding pocket.

3.5. Reference drug–COMT interaction

The 2D molecular interaction diagram of the refer-
ence drug docked into the COMT active site is presented 
in Figure 4. The interaction analysis revealed van der Waals 
interactions with Trp143 and Met40, along with a carbon–
hydrogen bond involving Pro174 (3.21 Å). The ligand formed 
a π–lone pair interaction with Asp141 at 2.84 Å distance, and 
an amide–π stacking interaction with His142 was found at 
5.22 Å distance. Additional alkyl and π–alkyl interactions 
were identified with Met40 and Pro174, with interaction dis-
tances of 3.87 and 3.99 Å, respectively. The interactions pres-
ent in this study demonstrate how the reference drug binds to 
the COMT active site.

shows that the binding site of COMT is mainly occupied 
by alkyl and π–alkyl connections to its surrounding residues. 
Linoleic acid established hydrophobic contacts with Met40 at 
distances of 3.82 and 4.26 Å, and with Pro174 at 4.33, 5.08, 
and 5.21 Å. The study found extra alkyl bonding, which 
occurred with Trp38 at a distance of 4.84 Å and with Trp143 
at 5.46 and 5.55 Å. The ligand formed additional bonds 
with Tyr68, which showed interaction distances of 5.35 and 
5.46  Å. The linoleic acid–COMT complex showed no evi-
dence of conventional hydrogen bond interactions.

3.4. Co-crystal ligand–COMT interaction

Figure 3 displays the 2D molecular interaction profile, 
which shows how the co-crystal ligand interacts with the 
COMT active site. The interaction map shows that active site 
residues form multiple established hydrogen bonds together 
with carbon–hydrogen bond connections. Conventional 
hydrogen bonds were observed between the ligand and Ser119 
(2.93 Å), Gly66 (2.77 Å), Asp141 (2.75 Å), and Asn170 
(3.39 Å). Additional carbon–hydrogen bond interactions 
were identified with His142 (3.21 Å) and Met40 (2.88 Å). 
The ligand also exhibited a π–cation interaction with Lys144 

Figure 3. Two-dimensional (2D) molecular interaction 
profile of the co-crystallized ligand with the catechol-O-
methyltransferase (COMT) enzyme. The diagram shows 
multiple conventional hydrogen bonds (e.g., Ser119, Gly66, 
Asp141, and Asn170), along with additional interactions such 
as π–cation and π–alkyl contacts, demonstrating strong polar 
and electrostatic contributions to ligand binding.

Figure 4. Two-dimensional (2D) molecular interaction diagram 
of the reference drug within the catechol-O-methyltransferase 
(COMT) binding pocket. The interaction map highlights 
van der Waals forces, carbon–hydrogen bonds, π–lone pair 
interactions, and π–alkyl contacts with residues such as Met40, 
Pro174, Asp141, and His142, indicating comparatively weaker 
binding interactions.

https://doi.org/10.53365/nrfhh/224629
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Figure 5. Root mean square deviation (RMSD) plot of the coumarin–COMT complex obtained from molecular dynamics 
simulation over 100 ns. RMSD represents the deviation of the protein backbone atoms over time, indicating the structural stability of 
the protein–ligand complex during the simulation.

3.6. Molecular dynamics simulation

3.6.1. Root mean square deviation (RMSD)
The analysis of ligand flexibility (Figure 5) revealed very 

small internal motion of the ligand due to the RMSF below 
0.05 Å. The active site movement restrictions of the protein 
structure resulted in RMSF value measurements of about 
1.45–1.55 Å, and these restrictions occurred without any 
structural changes to the ligand. The protein RMSF analy-
sis demonstrated system stability; the majority of the residues 
showed only small movements under 0.4–0.8 Å, with loop 
regions and terminal residues exhibiting greater movement, 
which measured from 1.5 to 1.9 Å and 3.0 Å, respectively. 
After all, this pattern occurs in solvated protein systems and 
does not result from ligand instability.

3.6.2. Root mean square fluctuation (RMSF)
The analysis of ligand flexibility (Figure 6) indicated very 

little internal movement, with RMSF values being less than 
0.05 Å when aligned with itself. The RMSF values ranged 
from 1.45 to 1.55 Å during protein alignment, which indi-
cated slight positional changes to the active site rather than 
any structural deformation of the ligand. The RMSF analy-
sis of the protein in Figure 7 confirmed system stability as 

most residues displayed small movements ranging from 0.4 
to 0.8 Å. Proteins in solution usually display increased mobil-
ity in loop regions, which show measurements between 1.5 
and 1.9 Å, and terminal residues, which show measurements 
around 3.0 Å, and this observation does not connect to any 
instability brought by the ligand.

3.7. Ligand properties

The physicochemical properties of the ligands delivered 
identical results during testing throughout the simulation. 
The ligands showed an RMSD range of 0.08 to 0.15 Å while 
maintaining a radius of gyration between 2.25 and 2.30 Å. 
The MolSA values were recorded between 148 and 152 Å², 
whereas the polar surface area maintained a stable range of 
63–67 Å². The SASA variations, spanning from 50 to 300 Å², 
indicated changes in the ligand’s solvent exposure while 
it retained its compact form. Trajectory analysis revealed 
the absence of hydrogen bonds between the molecules. 
Experimental findings indicate that the Coumarin–COMT 
complex exhibits robust structural stability, controlled ligand 
dynamics, and effective binding properties throughout the 
MD simulation (Figure 8).

https://doi.org/10.53365/nrfhh/224629
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3.8. Protein–ligand interaction

The analysis of protein–ligand interactions reveals that 
Coumarin consistently forms stable and specific contacts 
with the active site residues of COMT throughout the 
simulation. 

 The 2D interaction map in Figure 9 shows that the car-
bonyl oxygen of Coumarin formed a water-mediated hydro-
gen bond with Glu90, which lasted for approximately 6% 
of the simulation time, while hydrophobic proximity with 
Met40 further supports ligand anchoring. The protein–ligand 
contact histogram in Figure 10 shows that multiple residues 

https://doi.org/10.53365/nrfhh/224629
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parameters describe ligand stability, compactness, and solvent exposure throughout the simulation.

Figure 9. Protein–ligand interaction diagram showing key contacts between coumarin and catechol-O-methyltransferase (COMT) 
active site residues during molecular dynamics simulation. The figure highlights hydrogen bonding, hydrophobic interactions, and 
water-mediated contacts that contribute to binding stability.
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Figure 10. Protein–ligand contact histogram representing the frequency of interactions between coumarin and catechol-O-
methyltransferase (COMT) residues throughout the simulation. The interaction fraction indicates how often specific residues 
participate in binding over the simulation time.

Figure 11. Protein–ligand contact timeline showing the temporal evolution of interactions between coumarin and catechol-O-
methyltransferase (COMT) over the 100 ns simulation. The variation in the number of contacts per frame reflects the persistence and 
stability of binding interactions.

maintain consistent binding, while important interacting res-
idues display interaction fractions between 6 and 14%, which 
indicates that they make repeated contact instead of brief 
contact. The contact timeline in Figure 11 shows that these 
interactions remain active because the number of contacts 
varies between approximately 1 contact and 4 contacts for 
each frame during the 100 nanosecond trajectory. Notably, 
interaction events are distributed across the simulation rather 
than clustered in short intervals, which demonstrates that 
binding stability lasts for an extended period. The stable and 
well-maintained Coumarin–COMT interaction throughout 
the MD simulation is confirmed by contact frequency, inter-
action persistence, and water-mediated hydrogen bonding.

3.9. MM–GBSA energy calculation

The binding free energy results from molecular mechan-
ics–generalized born surface area (MM–GBSA) analysis show 
that Coumarin–COMT complex exhibits favorable bind-
ing free energy with an average binding energy of ΔGbind =  
−75.19 ± 4.96 kcal/mol, as shown in Figure 12. The inter-
action relies on nonpolar/dispersion forces as the main com-
ponent, which is demonstrated by the extremely negative 
van der Waals term value (ΔG_vdW = −49.93 ± 4.94 kcal/
mol) together with the substantial lipophilic contribution of 
(ΔG_lipophilic = −29.91 ± 5.10 kcal/mol), which indicates 
hydrophobic packing functions as the primary stabilizing 
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Figure 12. Molecular Mechanics–Generalized Born Surface Area (MM-GBSA) binding free energy analysis of the coumarin–COMT 
complex. The figure represents total binding free energy (ΔG_bind) along with individual energy contributions, including van der 
Waals (ΔG_vdW), electrostatic (ΔG_coulomb), lipophilic, and hydrogen bonding terms, indicating the dominant forces stabilizing 
the complex.

force. Electrostatic stabilization is moderate (ΔG_coulomb = 
−20.32 ± 4.79 kcal/mol), while hydrogen bonding contrib-
utes modestly (ΔG_Hbond = −2.01 ± 1.02 kcal/mol). The 
covalent/strain-related term is small (ΔG_covalent = −4.91 ± 
2.00 kcal/mol), implying limited internal penalty. The overall 
ΔGbind value of −75.19 kcal/mol shows a less negative value 
than the total of its favorable components because there exist 
positive terms that are typically associated with solvation/
desolvation and related penalties that were not included in 
this summary. The positive terms not included in this sum-
mary, together with the strong vdW/lipophilic stabilization 
effects, work to create a partial cancellation.

4. DISCUSSION

The enzyme COMT plays an essential role in dopaminer-
gic metabolism by catalyzing the methylation of catechol sub-
strates, leading to dopamine degradation in brain tissue. This 
process is particularly important in PD, where dopamine lev-
els are significantly reduced. Therefore, COMT inhibitors are 
clinically used as adjuncts with L-DOPA to enhance dopa-
mine availability and improve motor function in PD patients 
(Kalia & Lang, 2015; Männistö & Kaakkola, 1999).

In the present study, an in silico approach was employed 
to evaluate MP phytoconstituents as potential COMT inhib-
itors using molecular docking, molecular dynamics (MD) 
simulations, and MM–GBSA binding free energy analy-
sis. The docking results revealed that several phytochem-
icals exhibited a stronger predicted binding affinity toward 
COMT than the co-crystallized ligand and the reference 
drug. Among the evaluated compounds, coumarin demon-
strated the highest docking score (–7.6 kcal/mol), followed 
by linoleic acid, oleic acid, and myristic acid. These findings 
support the presence of bioactive constituents in MP, which 
are capable of modulating COMT activity, thereby support-
ing its traditional use in the management of PD (Bonifácio 
et al., 2007; Rai et al., 2020).

The co-crystallized ligand formed multiple hydrogen 
bonds within the active site; however, it exhibited a lower 
docking score (–5.2 kcal/mol) compared to the phytocon-
stituents. This highlights an important principle in struc-
ture-based drug design: hydrogen bonding alone does not 
determine binding strength. Instead, ligand stabilization 
within enzyme catalytic pockets depends on a combination 
of interactions, including hydrophobic packing, π–π stacking, 
dispersion forces, and ionic interactions (Bissantz et al., 2010; 
Davis & Teague, 1999).
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4.3. Synergistic contribution of phytoconstituents

The docking results further demonstrated that couma-
rin exhibited the highest binding affinity among the stud-
ied compounds, confirming it as the primary contributor to 
COMT inhibition. Coumarin showed direct interaction with 
key active site residues (Trp143 and Ile91), along with stable 
hydrogen bonding and hydrophobic interactions during MD 
simulations.

In contrast, linoleic acid and myristic acid, being long-
chain fatty acids, primarily contributed through hydropho-
bic interactions within the enzyme binding pocket. Although 
their binding affinities were slightly lower, they likely enhance 
ligand stabilization by increasing the hydrophobic environ-
ment, thereby supporting the overall stability of the protein–
ligand complex.

This indicates a synergistic mode of action, where multi-
ple phytoconstituents collectively enhance therapeutic effi-
cacy. In MP, this synergy may involve dopamine restoration 
via L-DOPA along with inhibition of dopamine degradation 
through compounds such as coumarin.

Supporting literature suggests that coumarin derivatives 
from plants such as Angelica archangelica and Ferula species 
exhibit neuroprotective and enzyme inhibitory activities 
(Venugopala et al., 2013). Additionally, linoleic acid has been 
reported to possess anti-inflammatory and neuroprotective 
effects in PD models (Koppula et al., 2012), while fatty acids 
such as myristic acid contribute indirectly through membrane 
stabilization and cellular signaling.

Overall, these findings establish that coumarin serves as 
the primary driver of COMT inhibitory activity, while lin-
oleic acid and myristic acid contribute through synergistic 
stabilization and supportive interactions.

5. CONCLUSION

The current research applied an in silico methodology, 
which combined molecular docking with MD simulation 
and MM–GBSA binding free energy assessment to assess 
the COMT inhibitory activity of MP phytoconstituents. 
Among the tested compounds, coumarin exhibited the stron-
gest binding capacity while maintaining stable contacts with 
crucial active site residues (Trp143 and Ile91) because of its 
binding energy and dynamic stability during the complete 
simulation time. The findings indicate that coumarin func-
tions as an effective natural scaffold that can be used by scien-
tists to develop COMT inhibitors.

The results show that coumarin functions as a treat-
ment that complements L-DOPA therapy by blocking 
dopamine degradation, thereby boosting dopaminergic 

4.1. Enhanced structural and dynamic validation of coumarin

The majority of existing research on coumarin has pri-
marily focused on enzyme inhibition or synthetic derivatives 
evaluated through in vitro biochemical assays, often lacking 
detailed structural and dynamic validation (Foroozesh et al., 
2019; Zhao et al., 2021). The present study utilized the 
COMT crystal structure (PDB ID: 6I3D) to demonstrate 
that naturally derived coumarin binds directly to key cata-
lytic residues, including Trp143 and Ile91, indicating target-
specific inhibition.

The observed binding affinity (–7.6 kcal/mol) is compa-
rable to or higher than previously reported natural COMT 
inhibitors (Sherif et al., 2024), suggesting a strong interaction 
within the enzyme active site. Furthermore, MD simulations 
revealed stable protein–ligand interactions (RMSD: 1.3–1.6 
Å), with sustained binding supported by hydrogen bond-
ing, hydrophobic interactions, and water-mediated contacts 
involving Glu90.

Additionally, MM–GBSA binding free energy calculations 
demonstrated a favorable binding energy (–75.19 ± 4.96 
kcal/mol), primarily driven by van der Waals and lipophilic 
interactions. This thermodynamic validation provides novel 
insight into the binding strength of coumarin with COMT, 
which has not been extensively reported in earlier studies. 
Collectively, these findings highlight that naturally derived 
coumarin exhibits strong binding affinity, dynamic stability, 
and favorable energetic properties.

4.2. Coumarin as a complementary agent to L-DOPA

Although L-DOPA remains the gold standard for PD 
treatment due to its role as a dopamine precursor, its thera-
peutic efficacy is limited by rapid metabolism, particularly by 
COMT. This limitation underlies the clinical use of COMT 
inhibitors such as entacapone to prolong L-DOPA action.

In this context, coumarin does not act as a substitute for 
L-DOPA but instead functions through a complementary 
mechanism of action. The present findings indicate that cou-
marin acts as a potential COMT inhibitor, thereby reduc-
ing dopamine degradation and preserving both endogenous 
and exogenously administered dopamine. This may enhance 
dopaminergic neurotransmission and improve therapeutic 
outcomes.

Thus, coumarin may improve the pharmacokinetic pro-
file of L-DOPA while maintaining its pharmacodynamic 
effects. Its therapeutic relevance lies in its potential to prolong 
L-DOPA action and reduce associated side effects, position-
ing it as a supportive phytoconstituent rather than a replace-
ment therapy.
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neurotransmission, which improves PD treatment results. 
The protein–ligand complex stability arises from the com-
bined hydrophobic interactions of linoleic and myristic acids 
and other phytoconstituents.

The study results rely entirely on computational prediction 
methods. The research lacks both in vitro enzymatic assays 
and in vivo validation, which is a major limitation. Also, the 
researchers did not conduct any experiments to assess the 
pharmacokinetics, bioavailability and toxicity of the com-
pounds they identified in their study.

The COMT inhibitory activity, together with the thera-
peutic potential of coumarin and other phytoconstituents 
from MP, requires experimental studies, which must include 
biochemical inhibition assays and animal models. The study 
establishes a theoretical base for creating plant-based COMT 
inhibitors while providing evidence that supports the use of 
MP in treating PD.
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