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(Article) 
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Abstract: MAOs are flavoenzymes that aid in the oxidative deamination of neurotransmitters such 

as dopamine, serotonin, and epinephrine. MAO inhibitors are antidepressants that act by inhibiting 

neurotransmitter breakdown in the brain and controlling mood. MAO inhibitors with the chloro-

phenyl-chromone-carboxamide structure have been shown in investigations to be extremely effec-

tive. The current study employs in-silico screening, MD simulation, and drug kinetics evaluation, 

all of which are evaluated using different criteria. The study comprised 37 ligands, and three stood 

out as the best, with greater binding scores above the threshold value. Docking analysis found that 

compound 34 had the highest docking score in the series (-13.60 kcal mol-1) and interacted with 

the important amino acids TYR 435, CYS 397, CYS 172, PHE 343, TYR 398, and LYS 296 re-

quired for MAO inhibitory activity. The ADMET study revealed that the compounds had drug-like 

properties. The results of this study could be used to develop chromone drugs that target the MAO 

inhibitor. The top three ligands with the highest force and work were then simulated using molecular 

dynamics. The protein-ligand complexes had steady trajectories throughout the 100 ns simulation, 
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according to the data. Furthermore, the drug likeliness predicted by ADMET analysis findings in-

dicated that the top three lead compounds had strong inhibitory efficiency, superior pharmacoki-

netics, and were non-toxic under physiological settings. As a result, these compounds have the po-

tential to be exploited as possible treatment medications for PD. 

Keywords: MAO-B Inhibitors, Parkinsonism Disorder, Molecular Docking, Molecular Dynamics 

Simulation, Pharmacokinetic. 

1. Introduction 

Parkinson's disease (PD) is a common neurological abnormality [1]. A combination of heredi-

tary and environmental variables is thought to have a role in aberrant protein aggregation within 

certain groups of neurons, resulting in cell malfunction and, eventually, death [2]. Given the huge 

number of Motor and non-motor symptoms constitute a large number of patients in PD [3-5]. 

Potent adenosine A2a antagonists were employed as prospective anti-Parkinson disease medi-

cines in retrospect, according to a Non-linear QSAR analysis coupled with pharmacophore model-

ling [6]. Researchers used QSAR modelling to find LRRK2 inhibitors for PD [7]. Munteanu demon-

strated in 2010 that Drug Discovery and Design for Complex Diseases Using QSAR Computational 

Methods [8]. Nikolic employed theoretical Drug design for CNS [9]. De and Roy conducted re-

search on QSAR modelling of PET imaging agents for the diagnosis of PD targeting dopamine 

receptors in 2020 [10]. Helguera demonstrated in 2013 how different QSAR models might be cou-

pled to improve predictions of human monoamine oxidase inhibitors. The resultant models demon-

strated statistical significance, interpretability, and prediction power on an external validation set 

of chromone derivatives with unknown activity [11]. Following that, Tong et al found that the model 

has a good and consistent predictive capacity, as well as the molecular docking with proteins target 

(PDB ID: 5CGJ), ADMET, and drug-likeness prediction performed, which demonstrated appropri-

ate docking score, suitable ADMET, and drug-likeness qualities [12]. 
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There have been major recent advancements in our understanding of the PD's pathophysiology. 

In addition to the recognized motor problems, there has been a growing recognition that the disease 

may be associated with major non-motor disturbances [13]. Although there is no cure there are 

numerous management options for early Parkinson's disease treatment [14]. As the disease devel-

ops, more treatment options become available, however, managing PD patients is difficult because 

pharmacological alternatives are restricted and levodopa remains the backbone of treatment [15]. 

However, levodopa-induced dyskinesia (LID) is a common side effect reported in PD patients 

treated with levodopa normally encountered after a long period of treatment [16], but occasionally, 

this may be seen even after a few days or months of treatment. MAOs are widely distributed en-

zymes that have a flavin adenine dinucleotide (FAD) cofactor covalently linked to a cysteine resi-

due. They are expressed in a variety of living species and are in charge of key neurotransmitter 

metabolism in both the central nervous system (CNS) and peripheral tissues [17]. MAO-B is an 

isoenzyme that binds to the outer mitochondrial membrane and catalyzes the oxidative deamination 

of aromatic amine substrates. MAO-B principally metabolizes dopamine and phenethylamine, and 

it is the enzyme's distribution tissue. Because of its role in neurotransmitter metabolism in the cer-

ebrum, MAO-B is a proven therapeutic target for neurological disorders. Furthermore, the expres-

sion of MAO-B in neural tissues increases fourfold with age, resulting in increased dopamine me-

tabolism and higher hydrogen peroxide production [18]. Finally, repurposing MAO-targeted med-

ication for PD treatment remains a prospective technique especially, when integrated with in-silico 

techniques and protein target of ID: 6FW0 (crystal structure of human MAO-B in complex with 

chlorophenyl-chromone-carboxamide). Computer-assisted drug design (CADD) using in-silico 

techniques has been of significant importance and has been reported nowadays in many literatures 

[19-25].  Computer-assisted drug design (CADD) using in-silico techniques has been used in the 

identification and development of non-toxic, highly effective, and inexpensive drugs for the treat-

ment of PD [26-28]. 
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This research aimed to utilize In-silico Screening, MD simulation, and Drug Kinetics Assess-

ment to determine the mechanism of interaction between MAO-B potent inhibitors and protein tar-

gets for the treatment of PD by analyzing their binding interactions through molecular simulation 

and Pharmacokinetic ability. 

2. Materials and Methods 

Protein Target preparation for docking 

The crystal structure of human monoamine oxidase B (MAO B) in complex with chlorophenyl-

chromone-carboxamide (PDB ID: 6FW0; chain A) was retrieved from RCSB PDB database 

(https://www.rcsb.org/) as shown in Figure 1. AutoDockTools, v 1.5.6 was utilized in protein prep-

aration [29]. Further, the point of attachment of the protein by the native ligand was unravelled from 

the research carried out by [30]. Further, tools used in a previous study were used to prepare the 

ligand [29,31]. 

 

Figure 1: unprepared protein target with code ID 6FW0 
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Lead molecules preparation 

Thirty-seven (37) new series of hydrazone derivatives were taken from the literature [32] which 

are anti-Parkinson’s disease with the chemical structures. ChemDraw was used to draw the chemi-

cal compounds, saved in SD file, and further converted to 3-D using the Spartan’14 software as 

shown in Table-1, and finally saved in PDB format in preparation for docking.  

  

Jo
urn

al 
Pre-

pro
of



  

 

Table 1: 2D structures of chemical compounds 
Compound 

ID 

2D structures  

1 

 

2 

 

3 

 

4 
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Analysis of molecular docking 

PyRx software was used for virtual screening while Discovery Studio 2016 version was used 

for viewing the interactions between the receptor and ligand. Thirty-seven anti-Parkinson agents 

were subjected to molecular docking. The molecules were minimized to ensure that the compound 

fit the side of the active site of the protein in the best conformation. The docking results in binding 

affinity were spread between -7.3 kcal/mol to -13.6 kcal/mol. A threshold value was fixed as -13 

kcal/mol as such, three (3) ligands with a binding affinity above the minimum were selected and 

studied further. The binding affinity and other parameters were used to screen the 3D conformations 

of chemical compounds obtained from docking. 
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Dynamics Simulations 

The docking results were valid with the aid of MD simulation [33]. To perform MD simula-

tions, the software called GROMACS 18.1 was utilised [34, 35].  Ligand structure and its topology 

were assessed via the CHARMM36 force field, and Protein structure and the pdb2gmx module were 

added [36].  The energy minimization of 5000 steps in a vacuum using the steepest descent method 

was then performed.  Each protein complex was positioned in a box with a distance of 10 Å be-

tween the sides. The TIP3P water model was used, with the right ions of sodium and chloride coun-

ter ions supplied, the salt concentration of salt [37, 38]. For the simulation, one apo-structure and 

two protein-ligand complexes were generated. The molecular systems were optimized for the pro-

duction runs. 100 ns interval simulations were run at a temperature of 310 K and a pressure [39, 

40]. XMGRACE software was used for the trajectory plots such as root-mean-square deviation 

(RMSD), root-mean-square fluctuation (RMSF), radius of gyration (Rg), and solvent accessible-

surface-area (SASA), as well as intermolecular hydrogen bonds between the compounds and the 

protein target [41]. 

Pharmacokinetics evaluation: 

Free online web tools such as swissadme.ch/ and others were consulted to carry out the phar-

macological magnitude of the selected ligands [42, 43]. The intended properties were selected to 

analyze pharmacokinetic, drug-likeliness, and physicochemical parameters [44, 45]. In developing 

desired drug candidates, ADMET evaluation is paramount [46, 47]. The ADMET score is calculated 

as 

𝐴𝐷𝑀𝐸𝑇 𝑠𝑐𝑜𝑟𝑒 =  
∑ 𝑝𝑖×𝑦𝑧

𝑥=1

∑ 𝑝𝑖
𝑧
𝑥=1

              Eqn 1 

y= transformed result, p= the weight applied to each point, z= number of endpoints  

All the top three desired phytochemical properties for both the ligands and referenced drug 

were examined for drug-likeliness. Thereafter, The ADMET properties of the selected ligands were 
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also analyzed by bringing into play an online free web server [48]. Figure 2 show the overview of 

the research methodology 

 

Figure 2: Research methodology Jo
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3. Results and Discussion 

Molecular Docking 

During molecular docking simulation, Figure 3 shows the region occupied by compound 13 in 

the protein. All the compounds were found to bind the co-crystal inhibitor ligand (E92602) was 

bound. Among all the compounds compound 34 was found to have the highest binding affinity (-

13.6 kcal/mol) and intermolecular interactions (19). Whereas, the reference was found with the 

lowest Gibb’s free energy (-8.8 kcal mol-1) and interactions (intermolecular) (3). Table 2 shows 

virtual screening details. 

 
Figure 3: Attachment of the native ligands and reference compound in the protein 
 
Table 2: The receptor and the docked compounds screening 

Ligand Binding affinity 

(kcalmol-1) 

Bonds no (intermolecular) Total no. of hydrogen 

bonds 

13 -13.1 8 2 

30 -13.3 9 1 

34 -13.6 19 9 

Reference -8.8 3 1 
 

According to Reis et al. [30], the binding of the compounds within the inhibitor active site 

interacts with the key residues like TYR 435, CYS 397, CYS 172, PHE 343, TYR 398, and LYS 

296. The binding interactions of the compounds with the amino acid residues of the target protein 

have been detailed in Table 3. Also, the visualization of these interactions has been given in Figure 

4 (3D) and Figure 5 (2D). In 1 H-pyrrolo-[3, 2-c] quinolones, were evaluated against the human 

MAO using in vitro and silico methods [49, 50]. With the compounds showing similar binding 
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patterns in terms of binding region, our docking results are by [51, 52]. Inhibition of human MAO 

could be achieved by our compounds [49, 50]. 

 
Figure 4: 3D view of: A) compound 13, B) compound 30, C) compound 34, and D) reference.  
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Figure 5: 2D binding interaction view of : A) compound 13, B) compound 30, C) compound 34, and D) reference. 
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Table 3: Protein interactions with compounds 13, 30, 34, and reference 
Ligands HB Hydrophobic bonds 

π-π π-alkyl 

13 ASN116 , 

ARG127 

PHE103 TYR112, 

ARG120, 

ARG484 

30 TYR 435, TYR326 TYR398, 

 

34 SER59, 

TYR60, 

CYS172 , 

CYS397, 

GLY434 , 

TYR435  

 

 

TRP388, 

GLY57, 

 

PHE343, 

TYR398 

LYS296 

CYS397  

 

Reference GLN206 - TYR398, 

TYR435 

 
 

Molecular dynamics (MD) simulation 

The degree of stability of the docked complex and the target protein was validated with the aid 

of MD simulation [53]. Compound 34 and the native ligand trajectories plots are shown in Figure 

6. The root-mean-square deviation (RMSD) graph depicts the stability of the protein–compound 34 

combinations throughout a 100-ns simulation.  

It is obvious from Figure 5 that both compound 34 and the reference molecule permanently 

remained inside the inhibitor binding site. After 10 ns, all of the RMSD plots were stable. Both the 

protein-compound 34 complex and the apo-protein were on par in the RMSF study, with a nearly 

identical fluctuating pattern. The C-terminal portion of the protein–reference complex showed a 

higher number of variations (450-500 residues). Fluctuations between 100–150 and 300–400 resi-

dues were also found in the case of the protein-reference drug complex. Higher fluctuations in 

RMSF plots suggest that the reference drug's inhibitor binding site is unstable.  

In addition, Rg and SASA plots were also examined to determine the structural compactness 

of the generated structures. The Rg plot analysis revealed that the protein-compound 34 complexes 

remained compact throughout the simulation, resulting in a drop in the SASA value as the ligand 

occupancy increased. Finally, the complex had changed structurally because of re-arrangement in 

the ligand.  
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Furthermore, the ligand RMSD plots reveal that compound 34 was stable inside the inhibitor 

binding pocket till the simulation completion. But reference drug was highly fluctuating, indicating 

its instability. The MD simulation outcomes of the compound were by the previous study [54]. 

Although these researchers have performed the MD simulations for the same protein target, both 

studies represent the stability only through the RMSD and RMSF plots [54]. Our study, on the other 

hand, uses GROMACS 18.1 to report on the stability of several plots. The MD simulation results 

of compound 34 and the reference drug complexed with the protein indicate that both ligands pen-

etrate the inhibitor binding site and form persistent contacts that may contribute to their inhibitory 

effect. In all of the parameters analyzed for simulation tests, however, compound 34 was determined 

to be much better than the reference drug. Table 4 represents the MD trajectory values of compound 

34 and reference drug complexed with human MAO. 

Table 4: MD trajectory values of compound 33 and reference drug complexed with human MAO. 

MD trajectory plots Apo-protein Protein-compound 34 

complex 

Protein-reference complex 

RMSD 0.30–0.35 nm 0.30–0.35 nm 0.35-0.40 nm 

RMSF (higher fluctuations) 50-100 residues: 0.39 nm 100–150 residues: 0.5 nm, 

300-400: 0.42 nm 

0-50 residues:0.45 nm 

Rg 2.35-2.40 nm 2.40–2.45 nm 2.35-2.40 nm 

SASA 220-230 nm2 230-235 nm2 220-230 nm2 

Ligand H-bonds - 10 3 

Ligand RMSD - 0.4-0.5 nm 0.7 nm Jo
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Figure 6: 100 ns trajectories view of MD simulation of MAO B complexed with compound 34 and reference 

drug. A) target-ligand RMSD, B) target-ligand RMSF, C) target-ligand Rg, D) target-ligand SASA, E) ligand hydrogen 
bonds, and F) ligand RMSD. Red: apo-protein, green: protein-compound 33 complex, and black: protein-reference drug 
complex. 

 

Pharmacokinetics assessment 

Table 5 shows the pharmacokinetics and drug-likeliness parameters of the selected ligands and 

the referenced drug. The physicochemical and biological properties of the ligands, as well as their 

drug-likeness, are determined by the ADMET profile analysis using free web-based software. Table 

5 shows the predicted drug-likeness, all the molecules were within the threshold value. Human 

Intestinal Absorption, Caco-2 (colorectal adenocarcinoma cells), Blood-brain barrier, Human oral 
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bioavailability, Ames mutagenesis, Water-solubility, and Plasma protein binding were the molecu-

lar properties predicted for the ligands. As a result, the development and judicious use of new med-

ications necessitate an investigation of their biological activity profiles, which must take into con-

sideration human metabolism [55-57]. As a result of the preceding analysis, it is obvious that the 

lead-suggested ligands have adequate ability to inhibit the receptor.  
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Table 5: Drug-likeness in-silico prediction. 

 13 30 34 REFERENCE 

Molecular weight 

(≤500) 

397.41 388.44 440.52 287.53 

AlogP (<5) 2.71 4.15 4.27 1.93 

HBA (≤10) 6 4 4 4 

HBD (≤5) 1 1 1 1 

RTB 7 5 5 1 

PSA (≤140) 137.16 111.34 111.34 41.93 

Linpinski’s violation 0 0 0 0 

Ghose violations 0 0 0 0 

Veber violations 0 0 0 0 

Egan violations 0 0 0 0 

Muegge violations 0 0 0 0 

Bioavailability 

Scores 

0.55 0.55 0.55 0.55 

Pains alert 0 0 0 1 

Leadlikeness 

Violations 

0 0 0 2 

Synthetic accessibility 3.56 3.47 4.51 4.57 

Water solubility -5.16 -6.14 -6.08 -2.18 

Caco2 permeability 0.42 0.39 0.51 -1.04 

Intestinal absorption 97.07 91.59 93.12 72.40 

Blood-Brain Barrier -0.78 -0.62 -0.53 0.40 

AMES toxicity No No No Yes 

Volume of distribution 1.32 1.28 1.38 0.53 

 

4. Conclusions 

PD is an incurable neurodegenerative illness, that mostly affects adults sixty-five years old and 

above. It gradually leads to an inability to think, reason, learn and imagine things and eventually 

death. This study used in-silico screening, Molecular Dynamics Simulation, and Drug Kinetics As-

sessment to determine the mechanism of interaction between MAO-B potent inhibitors and protein 

targets for the treatment of Parkinson's disease by analyzing their binding interactions using molec-

ular simulation and Pharmacokinetic ability. This investigation uncovered three effective therapeu-

tic compounds against the targets (6FW0: 13, 30, and 34). Molecular Dynamics Simulation was 
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used to better investigate these lead complexes. Throughout the simulation, these complexes main-

tained stable paths. The ADMET analysis and pharmacokinetic characteristics of the lead com-

pounds also revealed improved drug likeliness. Our findings show that plant-based bioactive com-

pounds have an inhibitory potential against Parkinson's disease and could be used as a medicine to 

treat the disease.   
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