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Abstract

Monoamine oxidase B (MAO-B) plays a pivotal role in the oxidative deamination of dopamine, a process crucial
for maintaining neurotransmitter homeostasis in the central nervous system. In Parkinson's disease (PD),
increased MAO-B activity exacerbates dopamine depletion, contributing to disease progression. MAO-B inhibitors
such as selegiline, rasagiline, and safinamide are widely used to mitigate dopamine breakdown, but their long-
term efficacy and side effects necessitate the search for alternative therapeutic agents. L-theanine, a bioactive
amino acid found in green tea (Camellia sinensis), has demonstrated neuroprotective properties and the ability to
modulate neurotransmitter levels. However, its interaction with MAO-B remains largely unexplored. This study
investigates the potential of L-theanine as a MAO-B inhibitor through molecular docking analyses, comparing its
binding affinity with established inhibitors. Additionally, the drug-likeness properties of L-theanine are assessed to
determine its viability as a therapeutic lead compound. Our findings provide insights into the molecular
interactions between L-theanine and MAO-B, supporting its potential as a natural therapeutic agent for PD and
other neurodegenerative disorders characterized by dopamine dysregulation.

Keywords: Monoamine oxidase B (MAO-B), Parkinson's disease (PD), dopamine metabolism, MAO-B inhibitors,
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1. Introduction

Monoamine oxidase B (MAO-B) is a flavin-containing enzyme predominantly expressed in the brain that
regulates dopamine homeostasis by catalyzing its oxidative deamination to 3,4-dihydroxyphenylacetic
acid (DOPAC)(Bortolato et al., 2008; Edmondson & Binda, 2018; Tan et al., 2022). Together with
monoamine oxidase A (MAO-A), MAO-B belongs to the monoamine oxidase family, although the two
isoforms differ in tissue distribution and substrate specificity(Chew et al., 2023; Harro & Oreland, 2016).
In the central nervous system, particularly within the striatum, MAO-B plays a major role in dopamine
metabolism, thereby regulating neuronal function and motor behaviour (Cho et al., 2021; Jaisa-aad et al.,
2024).

The pathological significance of MAO-B has been extensively investigated in Parkinson's disease
(PD), a neurodegenerative disorder characterized by progressive degeneration of dopaminergic neurons
in the substantia nigra and consequent dopamine depletion, leading to motor impairments such as tremor,
bradykinesia, and rigidity(Marino et al., 2020; Regensburger et al., 2023; Vijiaratnam et al., 2021).
Elevated MAO-B activity further accelerates dopamine degradation, thereby exacerbating disease
progression (Kumar & Andersen, 2004). Consequently, selective MAO-B inhibition has emerged as an
established therapeutic strategy to preserve dopamine levels and improve motor function in PD patients
(Jost, 2022).

Several selective MAO-B inhibitors, including selegiline, rasagiline, and safinamide, are currently
used in clinical practice (Muller &Mohr, 2019). These agents inhibit dopamine metabolism by binding to
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the enzyme's active site, thereby alleviating motor symptoms (Finberg, 2018). However, their long-term
use is associated with adverse effects, drug interactions, and variable therapeutic efficacy, underscoring
the need for safer and more effective alternatives(Riederer & Miiller, 2018; Sz6k6 et al., 2018; Tsuboi et
al., 2022; Yamada & Yasuhara, 2004).

Natural products have attracted increasing attention as potential neuroprotective agents because of
their favourable safety profiles and multiple biological activities (Deb et al., 2019; Grabska-Kobyltecka et
al., 2023; Kuboyama et al., 2014). L-theanine, a non-proteinogenic amino acid abundant in green tea
(Camellia sinensis), readily crosses the blood-brain barrier and modulates neurotransmission, stress
responses, and neurotransmitter homeostasis (Chu et al., 1999; Dramard et al., 2018; Nathan et al., 2006;
Yoto et al., 2012). Emerging evidence suggests that L-theanine may also interact with MAO-B, although
its inhibitory potential and molecular binding mechanism remain poorly understood (Shao et al., 2022).

Therefore, the present study employed molecular docking to investigate the interaction of L-
theanine with MAO-B and compared its binding affinity with established MAO-B inhibitors, including
rasagiline and selegiline. In addition, the drug-likeness properties of L-theanine were evaluated to assess
its potential as a lead compound. The findings may provide mechanistic insights into the neuroprotective
effects of L-theanine and support its future development as a natural therapeutic candidate for Parkinson's
disease and related neurodegenerative disorders.

2. Materials and methods
2.1. Receptors and Ligands

The three-dimensional structure of human MAO B enzyme (PDB id: 2Vv5Z) was downloaded from
RCSB Protein Data Bank (www.rcsh.org/pdb) in PDB format. The structure of our ligand of interest, L-
theanine, along with two other known competitive MAO-B receptor antagonists, safinamide,
procarbazine, selegiline, methamphetamine, and rasagiline were downloaded in .mol format from CAS
DataBase List of Chemical Book (https://www.chemicalbook.com). The selection of the structure was
based on the receptor model, resolution, and source organism. The structure 2VV5Z has 2 chains of equal
length, determined by X-ray diffraction at a resolution of 1.60A and has two bound ligands, flavin-
adenine dinucleotide (FAD) and (S)-(+)-2-[4-(fluorobenzyloxy-benzylamino) propionamide] (SAG).

2.2. Stereochemical Quality Assessment of the Receptor
Ramachandran plots were generated for the receptor using PROCHECK 3.6.2 module available at the
PDBSum server to assess the stereochemical quality of the receptors (Laskowski et al., 1993).

2.3. Detection of Available Cavities in the Receptor

For detecting the available cavities in the protein, which have the potential to allow the binding of the
ligands, Molegro Virtual Docker 7.0.0 (MVD) was used (Thomsen & Christensen, 2006). The cavity
volumes, the amino acids present and the cavity coordinates were determined. These pockets were
confirmed and the druggability of these pockets was revealed by wusing Cavity Plus
(http://www.pkumdl.cn:8000/cavityplus/index.php), which is an online tool for protein cavity detection
(Xu et al., 2018).

2.4. Pharmacophore Generation of the Ligands
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For visualisation and comparison of the potential interaction groups on the ligand used in the study,
pharmacophores were generated using the CavPharmer module
(http://www.pkumdl.cn:8000/cavityplus/computation.php#pharmacophoreModule) of the Cavity Plus
online tool (Xu et al., 2018).

2.5. The Docking Simulation

The receptor (2V5Z) was loaded in Molegro Virtual Docker 7.0.0 software. Preparation of the protein and
correction of amino acids for protonation, as well as energy minimisation, were carried out consecutively.
Extra water molecules were removed, and pre-existing ligands in the receptor pockets (if any) were
withdrawn. The final binding site was selected as the active pocket that binds with the ligands in the most
suitable poses. The scoring function was selected to be MolDock Score with Grid Resolution set to 0.30A
(Mazumder et al., 2013). The default binding coordinates for L-theanine in the MAO-B receptor were
selected for docking. The results of molecular docking were visualized using a BIOVIA discovery studio
visualizer(Baroroh, S.Si. et al., 2023). Ligand maps were generated, which showed the hydrogen bonding
interactions, steric interactions and the electro-static interactions between the ligand and the receptors.

2.6. Assessment of drug-likeness properties of different ligands

The InChl structures of the compounds were retrieved from the PubChem compounds database and
subsequently converted to the desired structure format using Open Babel for docking applications.
Following this, the drug likeness properties of the compounds were assessed utilizing the Molsoft L.L.C.
online server(Zhong et al., 2014).

3. Results
3.1. Preparation of Ligands and Target Receptors for Molecular Docking
3.1.1. Stereochemical Quality of selected MAO-B protein.

The Ramachandran plot generated for the MAO-B receptor indicates that 93.4% of its residues are
situated within the most favoured regions, with only 5.9% falling into the additionally allowed regions of
the plot (Fig. 1). Proteins with a majority of residues falling within the most favoured regions of the
Ramachandran plot are considered to have a higher quality structure, indicating proper folding and
stability. The Ramachandran plot analysis indicates that the selected receptor exhibits excellent
stereochemical quality, rendering it suitable for conducting molecular binding studies with our target
ligands.

3.1.2. Identification of cavities in the receptor.

The MAO-B protein receptor was analysed using the CavityPlus module, revealing the presence of 31
cavity sites within both chains of the protein structure. These cavities represent potential active sites
where interactions with ligands can occur. From this pool, two cavities were singled out based on their
exceptionally high druggability scores of 2698 and 2349. These selected cavities were prioritized for
further investigation through specific ligand docking studies.

3.2. Docking Analysis of the target receptor and ligands
3.2.1. Interactions of MAO-B receptor with Safinamide and Procarbazine
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From the docking study, it can be interpreted that the compound safinamide binds to MAO-B receptor by
forming hydrogen bonds with tyrosine 326(A), isoleucine 199(A) and tyrosine398(A), while forming a
carbon-hydrogen bond with Glycine 58(A) and another pi-pi stacked bond with tyrosine 398(A) residue.
Steric interactions do not occur between the ligands and the receptor. A pi-sulphur bond can be identified
in safinamide which is attached to cysteine 172(A) and a pi-alkyl bond is present with leucine
171(A)(Fig. 2 A). Apart from conventional hydrogen bonds in procarbazine among Glutamine 206(A),
Methionine 436(A), Glycine 434(A), a carbon hydrogen bond is also formed at leucine 171(A). There is
an additional pi-pi stacked bond with tyrosine 435(A) and a pi-alkyl bond with arginine 42(A).
Methionine 436(A) has both conventional hydrogen bond as well as an alkyl bond (Fig. 2 B). Thus, it can
be noted that conventional hydrogen bonds are equal in number in safinamide and procarbazine.
However, the overall bonds are comparatively more in procarbazine.

3.2.2. Interactions of MAO-B receptor with Selegiline and R-Methamphetamine

Both the compounds selegiline and methamphetamine possess similar structures, which can be explained
by the fact that selegiline is partially metabolized to produce N-desmethylselegiline, L-amphetamine, and
L-methamphetamine. The structures of selegiline and methamphetamine are indeed similar, and this
similarity arises from their shared chemical backbone, specifically their amine functional groups and
substituted phenyl rings. This structural resemblance contributes to their pharmacological effects, as both
compounds can interact with adrenergic and dopaminergic receptors in the brain, albeit with different
affinities and mechanisms of action. However, the difference in number of bonds formed by these
compounds with MAO-B receptor is notably high. Amphetamine showed the highest number of
interacting bonds as compared to other ligands. Unlike other compounds, selegiline has no hydrogen
bonds with the receptor (Fig. 3 A). It only exhibits pi-pi stacked, pi-alkyl and Carbon-Hydrogen bonds.
On the other hand, methamphetamine exhibits multiple interactions with the MAO-B receptor, the
highest of which are the weak interactions of van der Waal formed by Isoleucine (B)272, Histidine
(A)273, Valine (B)235, Proline (B)234, Valine (B)10, Glutamic acid (B)34, Glycine (B)12, Arginine
(B)36, and Glycine (B)11. Apart from these, it also displays alkyl bonds with Alanine (B)35, Lysine
(B)271, Leucine (B)268, and Proline (B)265. A single pi-pi T-shaped bond is formed between Tyrosine
(B:393) and the receptor pocket (Fig. 3 B). A pi-sigma bond is also formed with Isoleucine (B:264) which
is also attached with an alkyl bond to the ligand. An intriguing observation revealed that most of the
bonds in the methamphetamine structure originate from its aromatic ring rather than its linear backbone.

3.2.3. Interactions of MAO-B receptor with Rasagiline, Pargyline and L-theanine

Out of all the bonds observed between these two ligands, hydrogen bonds are generally the strongest.
Hydrogen bonds are formed between a hydrogen atom covalently bonded to an electronegative atom
(such as nitrogen, oxygen, or fluorine) and another electronegative atom. They are typically stronger than
the other interactions listed because they involve significant electrostatic attractions between partial
charges.The chemical structure of rasagiline consists of a propargylamine moiety, which is crucial for its
inhibitory activity against MAO-B. This propargylamine group undergoes a selective and irreversible
binding to the active site of MAO-B, leading to long-lasting inhibition of the enzyme's activity. Having a
linear structure, L-theanine bonds with MAO-B receptor with three conventional hydrogen bonds at
Arginine 42(A), Glycine 13(A), Glutamic acid 34(A)(Fig. 4 B). No other bonds could be observed within
the linear structure of L-theanine. However, hydrogen bonds can prove to be much stronger than most

Published on 16/08/2026. Edited by: Dr. Sisir Kumar Rajbongshi | Dr. Kshirod Sarmah | Dr. Rajdeep Ghosh | Dharmeswar Tarang
Department of Computer Science, Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Amjonga, Goalpara, Assam-783124, India



Advances in Multidisciplinary Research and Innovation page no: 388
Published in August 2026 by Deep Science Publishing (USA | UK | India | Turkey)
ISBN: 978-93-7185-118-3 | E-1SBN: 978-93-7185-110-7 | DOI: https://doi.org/10.70593/978-93-7185-110-7

® DeepScience

other interactions. Whereas, rasagiline exhibits only one conventional hydrogen bond at glutamic acid
379(A). There are four weak van der Waal interactions at glutamic acid 303(A), phenylalanine 305(A),
valine 381(A), and tyrosine 301(A). A pi-anion bond is additionally observed at glutamic acid 376(A)
(Fig. 4 A). It is a type of non-covalent interaction that occurs between a pi system, typically an aromatic
ring or a double bond, and an anion. This interaction is characterized by the attraction between the
negative charge of the anion and the positive electrostatic potential of the pi system. Lysine 302(A) is
attached to the compound with two alkyl bonds. On the other hand, pargyline forms a stacking interaction
with Tyr398(B), contributing to stability by engaging the aromatic ring of pargyline with the tyrosine
residue of the receptor. A weak hydrogen bond is observed between pargyline and Gly57, which can
contribute to ligand stabilization (Fig. 4 C). Several hydrophobic interactions occur between pargyline
and Phe343(B), Val294(B), Lys296(B), and Trp388(B), indicating the importance of nonpolar
interactions in its receptor binding.

In the interaction study between the three compounds, it is noteworthy that rasagiline does not
entirely fit within the pockets of the MAO-B receptor, leaving it surrounded by amino acid residues
unlike L-theanine& Pargyline, which interact seamlessly with the receptor from various directions.
Rasagiline appears to occupy a single position without fully engaging with the surrounding amino acids.
This distinction underscores the differing binding characteristics and interactions of the compounds with
the receptor site.

3.3. Free energy binding score of the ligands with the MAO-B receptor.

Free energy binding scores provide an estimate of the strength of interaction between a ligand and its
target protein. It represents the thermodynamic stability of the interaction between a ligand (drug
candidate) and its target protein (Du et al., 2016). A lower docking score typically corresponds to a higher
predicted binding affinity or stronger binding energy (Pantsar& Poso, 2018).

Safinamide displayed the highest binding affinity of -10.3 kcal/mol as compared to the other ones,
followed by procarbazine (-8.5 kcal/mol), selegiline (-7.7 kcal/mol), and amphetamine (-6.5 kcal/mol)
(Table 1). Interestingly, L-theanine exhibits a higher binding affinity than rasagiline and pargyline. Thus,
L-theanine may prove to be an efficient MAO-B inhibitor, whose binding energy with MAO-B receptor
is comparable to those of the commonly used inhibitors for the treatment of PD symptoms.

3.4. Comparison of the drug-likeness properties of different ligands.

The drug-likeness study of ligands in a docking study is critical because it evaluates the potential of a
compound to become a viable therapeutic drug(Agu et al., 2023). This involves assessing the
pharmacokinetic and physicochemical properties of ligands to ensure they align with the characteristics
required for successful drug development(Sampat et al., 2022).

Among all the ligands, L-theanine possesses a medium molecular weight, which is neither too
high nor too low. The notably higher drug-likeness score of L-theanine (0.24) compared to safinamide
(0.08) may be attributed to the exceptionally high molecular weight of safinamide. This may influence its
drug-likeness score since molecular weight is a key factor in pharmacokinetics and bioavailability of a
compound. Molecular weight of L-theanine is approximately 174.2 g/mol, whereas that of safinamide is
302.3 g/mol.Again, rasagiline and pargyline exhibited lower drug-likeness model scores of 0.13 and 0.04
compared to L-theanine, although their molecular weights are similar to that of L-theanine (Fig. 5). The
drug-likeness model score of procarbazine, selegiline, and methamphetamine are 0.90, 0.85 and 0.32
respectively, which are higher than L-theanine.
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4. Discussion

Monoamine oxidase-B (MAO-B) inhibitors constitute an important class of therapeutic agents for the
management of Parkinson's disease (PD) by reducing dopamine degradation in the central nervous
system, thereby improving motor function and decreasing the dependence on levodopa therapy(Finberg
& Rabey, 2016; Laban &Saadabadi, 2023; Sekar et al., 2024; Tan et al., 2022; Turnbull et al., 2005).
Among the clinically approved MAO-B inhibitors, selegiline, rasagiline, and safinamide have
demonstrated efficacy in alleviating PD symptoms, with selegiline reported to be particularly effective
when used in combination with levodopa (Binde et al., 2020). Despite these therapeutic benefits, the
long-term clinical use of MAO inhibitors remains constrained by several limitations, including adverse
drug interactions, irreversible enzyme inhibition, hepatotoxicity, and dietary restrictions associated with
tyramine-containing foods, commonly referred to as the "cheese effect”(Chamberlain & Baldwin, 2021,
Edinoff et al., 2022; Flockhart, 2012; Pickar et al., 1982; Todorovi¢ Vukoti¢ et al., 2021; Van den Eynde
et al., 2022). These drawbacks have encouraged the search for safer, naturally derived MAO-B inhibitors.

Green tea and its bioactive constituents have attracted considerable attention because of their
neuroprotective and antidepressant properties. Nabavi et al. (2017)reported that green tea catechins
exhibit antidepressant-like effects, which may partly arise from their ability to inhibit MAQO activity.
Similarly, Mazzio et al. (2013) demonstrated that green tea extracts possess significant inhibitory activity
against human MAO-B using a high-throughput enzyme microarray assay. Further supporting these
observations,Shao et al. (2022) proposed that tea bioactive compounds, including L-theanine, catechins,
tea pigments, and GABA, alleviate depression by suppressing hyperactivity of the hypothalamic-
pituitary-adrenal (HPA) axis, reducing neuroinflammation, restoring monoaminergic balance, and
lowering MAO levels. These findings collectively suggest that tea-derived phytochemicals may exert
their neuroprotective effects through modulation of monoamine metabolism.

Previous experimental evidence from our laboratory also indicated that L-theanine significantly
improved motor behaviour and restored dopamine levels in an MPTP-induced mouse model of
Parkinson's disease (Deb & Borah, 2024). The beneficial effects might be mediated through dopamine
receptor agonism or inhibition of dopamine-metabolizing enzymes such as MAO-B or catechol-O-
methyltransferase (COMT), although direct evidence was not available. The present molecular docking
study provides computational support for this hypothesis by demonstrating that L-theanine interacts
favourably with the MAO-B active site.

Our docking analysis revealed that L-theanine exhibited a stronger binding affinity toward MAO-
B than the clinically used inhibitors rasagiline and selegiline. Furthermore, L-theanine demonstrated
favourable drug-likeness properties, surpassing those of rasagiline, selegiline, and safinamide, indicating
its potential suitability as a lead compound for drug development (Fig 6). The enhanced binding affinity
may be attributed to favourable molecular interactions within the enzyme active site, including hydrogen
bonding and hydrophobic interactions, while its superior drug-likeness may reflect advantageous
physicochemical and ADMET characteristics. Although these findings are based on computational
analyses and require validation through enzyme inhibition assays and in vivo studies, they provide a
mechanistic basis for the previously reported neuroprotective effects of L-theanine and support its
potential as a safe, natural MAO-B inhibitor for the treatment of Parkinson's disease.
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Our findings highlight the potential of L-theanine as a natural MAO-B inhibitor with promising
neuroprotective implications for Parkinson's disease (PD). Molecular docking revealed a strong binding
affinity of L-theanine toward MAO-B, comparable to or exceeding that of established inhibitors such as
rasagiline and selegiline, while also demonstrating favourable drug-likeness properties. In addition to
MAO-B inhibition, the reported antioxidant, anti-inflammatory, and neurotransmitter-modulating
activities of L-theanine further support its therapeutic potential.

Given the limitations associated with currently available MAO-B inhibitors, L-theanine represents
a promising natural alternative for the management of PD and other dopamine-related neurodegenerative
disorders. However, these in silico findings require validation through in vitro enzyme assays, in vivo
studies, and clinical investigations, along with comprehensive evaluation of its pharmacokinetic
properties. Overall, this study provides a foundation for the further development of L-theanine as a safe,
plant-derived neuroprotective agent for Parkinson's disease.
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Fig 1. Ramachandran plot analysis indicates that the selected MAO-B receptor (PDB ID: 2V52)
exhibits excellent stereochemical integrity, with 93.4% of its amino acid residues situated within
the most favoured region of the plot. Only 5.9% residues fall in additionally allowed regions.
Negligible number of residues fall outside the favoured range. The remaining residues are
distributed across additional and generously allowed regions of the Ramachandran plot as

generated in Procheck module.
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Fig. 2. 2D and 3D view of the close amino acid residues participated in H-bond, van der Waals
interaction, and pi-alkyl interaction with phytochemicals within the active pocket of human
MAO-B are represented. With (A&C) Safinamide (B&D) Procarbazine.
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Fig.3.The 2D and 3D representations illustrate the key amino acid residues involved in hydrogen
bonding, van der Waals interactions, and Pi-Alkyl interactions with phytochemicals within the
active pocket of human MAO-B. Panels (A&C) depict interactions with Selegiline, while panels
(B&D) showcase interactions with Amphetamine.
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Fig.4. The 2D and 3D representations display the amino acid residues closely involved in
hydrogen bonding, van der Waals interactions, and Pi-Alkyl interactions with phytochemicals
within the active pocket of human MAO-B. Panels (A&D) illustrate interactions with rasagiline,
panels (B&E) depict interactions with L-theanine and panels (C&F) show binding interactions

with pargyline.

Table 1. The list of ligands whose interactions were studied with MAO-B receptor along with
their docking scores, the various residues involved in their interaction with the receptor.

Ligands Binding Interacting residues
Affinity
(kcal/mol)
Safinamide -10.3 Tyr A: 326, lle A:199, Tyr A:398,
CysA: 172, Leu A:171, Gly A:
58
Procarbazine -8.5 Arg A:42, Leu A:171, Glu A:206,
Tyr A:435, Met A:436, Gly
A:434
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Selegiline -1.7 Phe B:343, Leu B: 171, Tyr
B:398, Tyr B:435, Tyr B: 60

Amphetamine -6.5 lle B:264, lle B:272, Ala B:35,
His A:273, Val B:235, Lys
B:271, Pro B:234, Glu B:34, Tyr
B:393, Val B:10, Gly B:12, Leu
B:268, Arg B:36, Pro B: 265,

GlyB:11
L-theanine -6.2 Arg A:42, Gly A:13, GIu A:34
Rasagiline -5.6 Lys A:302, Glu A:303, Phe

A:305, Tyr A:301, Glu A:376,
Glu A:379, Val A:381

Pargyline -4.7 Val B:110, Gly B:12, Leu B:298,
Arg B:34, Leu B: 265, Glu B:211
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Fig.5. Graphs showing the drug-likeness model score of (A) Safinamide (B) Procarbazine (C)
Selegiline (D) Methamphetamine (E) L-theanine (F) Rasagiline (G) Pargyline, as generated
through Molsoft LLC.
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Fig. 6. Increased MAO-B activity leads to excessive dopamine breakdown, reducing its
availability and contributing to neuronal dysfunction. In PD, elevated MAO-B activity accelerates
dopaminergic neuron loss, further impairing motor and cognitive functions. Existing MAO-B
inhibitors, such as selegiline and rasagiline, effectively decline dopamine breakdown but have
limitations including potential side effects. L-theanine, a non-protein amino acid in tea, exhibits
strong MAO-B binding affinity, surpassing rasagiline and pargyline. Its superior drug-likeness
score compared to safinamide, rasagiline, and pargyline suggests its potential as a more effective
natural MAO-B inhibitor than the currently available options.
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