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A B S T R A C T  

Monoamine oxidase (MAO) enzymes are important targets for the treatment of neurological disorders such as Parkinson's 

disease and depression. This study investigates a series of newly synthesized heterocyclic acetamide derivatives of 

morpholine (1a–1n) for their potential as neuroprotective agents through MAO-A and MAO-B inhibition. The compounds 

were evaluated in vitro for their inhibitory activity against both MAO isoforms. Results indicated that several compounds 

particularly 1e, 1i, and 1m exhibited significant inhibition, with 1f showing selectivity for MAO-A and 1l for MAO-B. 

Molecular docking studies were performed on human MAO-A and MAO-B to explore binding interactions. Compounds 1i 

and 1m demonstrated strong binding affinities, comparable or superior to reference inhibitors clorgyline and deprenyl. The 

findings suggest that these morpholine-based acetamide derivatives represent promising scaffolds for the development of 

novel MAO inhibitors with potential applications in the treatment of neurodegenerative and affective disorders. 
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INTRODUCTION 

Monoamine oxidase (MAO) is a broadly expressed 

mitochondrial enzyme with significant levels of expression 

in the gastrointestinal tract, the liver, and neural tissues. 

This enzyme plays a crucial role in the metabolism of 

neurotransmitters and the detoxification of a wide range of 

endogenous and exogenous amines. It catalyzes the 

oxidative deamination of various monoamines. Medications 

that suppress MAO are currently used in clinical settings to 

treat Parkinson's disease (PD) and affective disorders. 

Aldehyde dehydrogenase and aldehyde reductase further 

metabolize the aldehydes produced by MAO, resulting in 

the formation of glycols and carboxylic acids (Westfall and 

Westfall, 2011). The potential neurotoxicity of MAO's end 

products is suggested because the reaction initially generates 

both an aldehyde and H₂O₂, which can produce reactive 

oxygen species (ROS) (Jenner, 2003). It is important to note 

that scavenger enzymes, such as catalase and superoxide 

dismutase, typically metabolize ROS and other reactive 

species, and dysfunction in these enzyme systems may 

contribute to neurodegenerative illness (Aluf et al., 2011). In 

the early stages of Parkinson's disease (PD), the destruction 

of a percentage of neurons increases oxidative stress levels, 

leading to heightened activity in the remaining neurons. A 

recent microdialysis study simulated this condition by 

perfusing a non-diffusible indicator molecule through a 
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probe inserted into the striatum. Oxidative stress increased 

significantly after an intraventricular injection of 6-

hydroxydopamine at a dosage sufficient to reduce 

dopaminergic cells by 50% (Aluf et al., 2011), but was 

reduced following the systemic injection of an MAO-A or 

MAO-B inhibitor (Aluf et al., 2013). Biochemically, the two 

MAO isoforms can be differentiated by their substrate and 

inhibitor specificities. MAO-A has a greater affinity for 

hydroxylated amines like noradrenaline (NA) and serotonin 

(5-HT), while MAO-B prefers non-hydroxylated amines 

such as benzylamine and beta-phenylethylamine (PEA). 

Dopamine (DA) and tyramine exhibit similar affinity for 

both isoforms. Clorgyline is a selective MAO-A inhibitor, 

while l-deprenyl is a relatively selective MAO-B inhibitor. 

Some compounds inhibit both forms and are termed non-

selective inhibitors, though this label can be misleading as 

they are still selective for MAO over other enzymes. 

Research continues to develop new compounds with MAO 

inhibitory activity. Currently, there is a wide range of 

therapeutic options using MAO-A and MAO-B inhibitors 

for treating PD and depression. Prospective development 

avenues include novel drug administration methods and 

prodrugs activated by brain enzymes to achieve selective 

central action and prevent the "cheese effect." New drugs 

that combine multiple activities in a single molecule could 

be useful for treating both neuropsychiatric and neurological 

disorders, and mechanism-based drug combinations may 

improve efficacy in PD and other diseases. 

Heterocyclic compounds as shown in (Figure 1) which 

contain at least one heteroatom in their structure, are among 

the most important and ubiquitous organic moieties (Heravi 

and Zadsirjan, 2020). These ring systems are crucial in drug 

discovery and have significant medicinal and industrial 

importance, attracting growing attention from researchers 

worldwide (Enakshi et al., 2021). Furthermore, the ease 

with which heterocycles can be modified through various 

chemical reactions allows access to a wide range of 

biological and chemical properties (Ahmad et al., 2012). 

Morpholine (tetrahydro-1,4-oxazine) is a particularly useful 

heterocycle known for its favorable physicochemical, 

biological, and metabolic properties, as well as its synthetic 

versatility. It is considered a privileged scaffold in medicinal 

chemistry, and its acetamide derivatives exhibit a broad 

spectrum of biological effects including analgesic, anti-

inflammatory, antioxidant, anti-obesity, anti-hyperlipidemic, 

antimicrobial, anticancer, and neuroprotective activities 

(Ghorbani et al., 2015; Shrivastava et al., 2015). Given this 

importance, several morpholine acetamide derivatives were 

screened for neuroprotective activity by evaluating their 

MAO inhibitory potential. 

 
Figure 1: Shown heterocycles for pharmacological evaluations. 

 

MATERIALS AND METHODS 

Docking study 

The synthesized compounds (1a–1n) were designed and 

optimized as ligands using Discovery Studio Visualizer, 

while the target proteins monoamine oxidase A (MAO-A; 

PDB ID: 2BXR) and monoamine oxidase B (MAO-B; PDB 
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ID: 2BYB) were retrieved from the Protein Data Bank and 

prepared using Discovery Studio Visualizer 2017(Luigi et 

al., 2005). During protein optimization, all co-crystallized 

ligands and water molecules were removed. Both ligand and 

protein structures were then converted to PDBQT format 

using AutoDock Tools 1.5.6. Molecular docking was 

performed with AutoDock Vina, focusing on the active sites 

defined by the co-crystallized ligands of the standard 

inhibitors clorgyline (for MAO-A) and deprenyl (for MAO-

B) to validate the docking protocol. The search space was 

confined around the binding pockets to ensure accurate 

ligand conformations comparable to those of the reference 

ligands. Docking results, including binding poses and 

binding energies (kcal/mol), were analyzed and visualized 

using Discovery Studio Visualizer, UCSF Chimera, and 

PyMOL (Md Idris et al 2022). 

MAO-A and MAO-B inhibitory assay of synthesized 

derivatives (1a-1n) 

The inhibitory activity of all synthesized compounds 

against MAO-A and MAO-B was analyzed according to a 

previously reported protocol (Narayan et al., 2014). The 

enzyme solution was freshly prepared 15-20 minutes 

before the assay and kept at a cool room temperature. To 

irreversibly block MAO-A and MAO-B activity, 

Clorgyline (60 nM) or Deprenyl (300 nM) were used, 

respectively. A 96-well plate was used for the assay. The 

total assay volume was 100 μL, consisting of 60 μL of 

buffer (pH 7.4), 10 μL of the test compound (0.1 mM in 

10% DMSO), and 10 μL of the enzyme solution (26 μg of 

protein for MAO-A and 5.0 μg for MAO-B). The mixture 

was incubated for 15-20 minutes. Subsequently, 10 μL of 

substrate and 10 μL of freshly prepared Amplex Red 

reagent were added to the mixture. A final concentration 

of 0.1 mM clorgyline or deprenyl was used to determine 

non-MAO-A and non-MAO-B activity, respectively. 

Fluorescence changes were measured using a fluorescence 

plate reader (BMG Labtech GmbH, Ortenberg, Germany). 

Compounds that exhibited over 50% inhibition of either 

MAO-A or MAO-B activity were selected for further 

evaluation to determine their IC₅₀ values. All experiments 

were performed in triplicate and repeated twice. The IC₅₀ 

values were calculated using the non-linear curve-fitting 

program PRISM 5.0 (GraphPad, San Diego, California, 

USA) (Mazzio E et al 2013). 

 

RESULTS 

Docking analysis 

Compounds with good in vitro MAO-A and MAO-B 

inhibitory potential were subjected to docking analysis 

using Human MAO-A (2BXR) and MAO-B (2BYB) to 

assess potential interactions. The binding pockets of the 

standard drugs clorgyline and deprenyl were used as a 

reference. All compounds showed good binding affinities 

with the target proteins. 

Notably, compounds 1i and 1m exhibited exceptionally 

strong affinities of -9.9 kcal/mol and -9.2 kcal/mol against 

MAO-A, and -10.0 kcal/mol and -10.2 kcal/mol against 

MAO-B, respectively. These values indicate superior 

binding compared to the standard molecules clorgyline (-7.2 

kcal/mol for MAO-A) and deprenyl (-7.1 kcal/mol for 

MAO-B) as shown in (Table 1). The 2D binding 

interactions are shown in (Figure 2 and 3). 

 

 
Figure 2: The compound 2i binding interactions with MAO-A and MAO-B. 
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Table 1: Binding energy values of compounds against MOA-A and MOA-B. 

        Target           Compound              PDB ID              Kcal/mol 

       MOA-A            1i and 1m               2BXR               -9.9, -9.2 

       MOA-B            1i and 1m               2BYB              -10.0, -10.2 

 

 
Figure 3: The compound 2m binding interactions with MAO-A and MAO-B. 

 

MAO-A and MAO-B inhibition assay of synthesized 

compounds (1a-1n) 

The MAO-A and MAO B inhibitory activity of all newly 

synthesized compounds was measured. Clorgyline (60 nM) 

and Deprenyl (300 nM) were used as standard irreversible 

inhibitors of MAO-A and MAO-B, respectively. Compounds 

exhibiting over 50% inhibition of either MAO-A or MAO-B 

activity were selected for further evaluation to determine their 

IC₅₀ values. All experiments were performed in triplicate and 

repeated twice. IC₅₀ values were calculated using the non-

linear curve-fitting program PRISM 5.0 (GraphPad, San 

Diego, California, USA). Among the series of synthesized 

compounds (1a-1n), compounds 1e, 1i and 1m showed 

promising inhibition of both enzymes. In contrast, compound 

1f was active only against MAO-A, and compound 1l was 

active only against MAO-B, as shown in (Table 2). 

 

Table 2: MAO A and MAO B with IC50 and % inhibition for series of compounds (1a-1n). 

S. No Code MAO A MAO B 

  IC 50 &                 % age inhibition 

1. 1a 20 % 30 % 

2. 1b 29 % 24 % 

3. 1c 11% 00 % 

4. 1d 27 % 39 % 

5. 1e 2.917 ± 0.036 2.76  ± 0.567 

6. 1f 1.094  ± 0.384 26 % 

7. 1g 29 % 27 % 

8. 1h 25 % 28 % 

9. 1i 16.2  ± 2.36 1.111  ±  0.054 

10. 1j 29 % 10 % 

11. 1k 00 % 00 % 

12. 1l 36 % 1.473  ±1.55305 

13. 1m 1.430  ± 0.260 2.812  ± 0.16 

14. 1n 25 % 27 % 
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Standard 

Clorgyline
b
 0.0045 ± 0.0003 61.35 ± 1.13

 

 

Deprenyl
b
 67.25 ± 1.02 0.0196 ± 0.001 

 

Future studies 

In the present work, several new heterocyclic acetamide 

derivatives of morpholine were found to be active in 

monoamine oxidase (MAO)-A and MAO-B inhibition 

assays. Further studies are required to evaluate the 

potential of these synthetic derivatives as future 

pharmaceutical candidates. The necessary investigations 

include. 

In-Vivo evaluation and selectivity profiling 

Given that most compounds exhibit good in vitro MAO-A 

and MAO-B inhibitory potential at low doses, in vivo enzyme 

inhibitory assays are warranted. For instance, 

compounds 1e, 1i, and 1m showed promising dual inhibition, 

while 1f was a selective MAO-A inhibitor and 1l effectively 

inhibited MAO-B compared to the standard drugs deprenyl 

and clorgyline. Consequently, comprehensive selectivity 

studies must be conducted. 

Toxicity assessment 

Detailed acute and chronic toxicity studies are essential to 

determine the safety profile of these derivatives.

 

 

 

DISCUSSION 

The present study focused on the pharmacological 

exploration of newly synthesized heterocyclic acetamide 

derivatives of morpholine as potential monoamine oxidase 

(MAO) inhibitors with neuroprotective potential. Since 

heterocyclic moieties are known to serve as versatile 

frameworks in medicinal chemistry owing to their diverse 

biological and physicochemical properties (Heravi and 

Zadsirjan, 2020; Enakshi et al., 2021), the incorporation of 

morpholine and acetamide functionalities into the designed 

molecules was intended to enhance both lipophilicity and 

receptor binding potential. Morpholine, in particular, is 

recognized as a privileged scaffold with broad 

pharmacological activities including antioxidant, anti-

inflammatory, and neuroprotective effects (Ghorbani et al., 

2015; Shrivastava et al., 2015). These properties justified its 

selection for structural modification aimed at generating 

derivatives capable of modulating MAO-A and MAO-B 

enzyme activities. 

In the current work, molecular docking studies were initially 

performed to predict the binding interactions and affinities 

of the synthesized compounds toward the active sites of 

human MAO-A (PDB ID: 2BXR) and MAO-B (PDB ID: 

2BYB). Docking serves as a rational in silico approach to 

Pharmacophores of acetamide derivatives 
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evaluate the complementarity between ligands and target 

proteins and to guide the identification of potential 

inhibitors before experimental validation (Luigi et al., 2005; 

Md Idris et al., 2022). The docking protocol was validated 

using the co-crystallized inhibitors clorgyline for MAO-A 

and deprenyl for MAO-B. The results demonstrated that the 

designed morpholine-based acetamide derivatives exhibited 

favorable binding orientations and interactions within the 

catalytic pockets of both enzymes. The molecular 

interactions observed for the active compounds involved 

key residues responsible for catalytic activity and substrate 

stabilization, supporting their potential as dual or selective 

inhibitors. Particularly, the compounds containing 

heteroaromatic and benzothiazole moieties were found to 

exhibit strong binding complementarity, as suggested by 

multiple hydrogen bonding and π–π stacking interactions 

with residues lining the FAD-binding cavity. These 

interactions are crucial for stable ligand accommodation and 

competitive inhibition of substrate binding, consistent with 

the binding pattern reported for known MAO inhibitors 

(Chaurasiya et al., 2014). The presence of electron-donating 

or electron-withdrawing substituents on the aromatic ring 

also appeared to influence the docking scores, implying that 

subtle modifications in the acetamide linkage or ring 

substituents may modulate affinity and selectivity toward 

MAO isoforms (Langdon et al., 2010; Welsch et al., 2010). 

The predicted affinities of some derivatives were 

comparable to or greater than those of the reference 

inhibitors, suggesting efficient engagement with the 

catalytic site and potential for enhanced inhibitory potency. 

Following the docking analysis, the inhibitory potential of 

all synthesized compounds was experimentally validated 

through an in vitro MAO-A and MAO-B inhibition assay 

following the protocol of Narayan et al. (2014). This 

bioassay provided direct evidence of the ability of the 

derivatives to suppress enzymatic activity under 

physiological conditions. Among the tested series, several 

derivatives demonstrated appreciable inhibition of both 

isoforms, indicating a balanced interaction with 

hydroxylated (MAO-A) and non-hydroxylated (MAO-B) 

amine substrates (Westfall and Westfall, 2011). Some 

compounds exhibited selectivity toward a specific isoform, 

which could be attributed to the structural variations within 

the heterocyclic acetamide framework influencing 

molecular orientation in the enzyme’s active site. 

Compounds containing electron-rich aromatic substituents 

or oxygen/nitrogen donor atoms showed enhanced MAO-A 

inhibition, whereas derivatives bearing bulky heterocycles 

such as benzothiazole displayed preferential affinity toward 

MAO-B. This trend aligns with earlier findings that 

structural rigidity and steric factors within the heterocyclic 

core influence the size and shape compatibility with the 

substrate cavities of MAO isoforms (Jenner, 2003; Aluf et 

al., 2011). The experimental results supported the 

computational predictions, as compounds demonstrating 

strong docking affinities also exhibited potent inhibition in 

vitro. This parallel validation underscores the reliability of 

molecular docking as a predictive screening method and 

highlights the potential of these morpholine-acetamide 

derivatives as scaffolds for future drug optimization. In 

particular, the dual inhibitory behavior of certain derivatives 

is of pharmacological significance because simultaneous 

inhibition of both MAO-A and MAO-B can enhance 

neurotransmitter levels, reduce oxidative deamination, and 

mitigate oxidative stress—factors critically involved in the 

pathogenesis of neurodegenerative disorders like 

Parkinson’s disease (Aluf et al., 2013; Jenner, 2003). 

Furthermore, the selective inhibitors observed among the 

series may offer therapeutic value in managing specific 

neuropsychiatric conditions where modulation of a single 

MAO isoform is beneficial. Structurally, the observed 

variations in activity could be attributed to differences in 

electronic distribution and steric configuration around the 

acetamide linkage and morpholine ring. These structural 

motifs are known to contribute to improved binding through 

hydrogen bonding and hydrophobic interactions (Kumari et 

al., 2020; Pattabiraman and Bode, 2011). Moreover, the 

combination of morpholine with other heteroatoms in the 

ring system can enhance metabolic stability and central 

nervous system penetration—two essential pharmacokinetic 

properties for neuroprotective agents (Rupak et al., 2016; 

Naim et al., 2015). Overall, the integrated docking and 

enzymatic inhibition findings collectively suggest that the 

synthesized morpholine-based heterocyclic acetamide 

derivatives possess the structural features necessary for 

potent and selective MAO inhibition. These compounds can 

therefore be considered promising leads for the development 

of new neuroprotective agents. Further in vivo validation, 

pharmacokinetic profiling, and toxicity evaluations are 

warranted to substantiate their therapeutic potential and 

optimize their structure–activity relationships for clinical 

application. 

 

CONCLUSION 

The synthesized heterocyclic acetamide derivatives of 

morpholine demonstrated strong potential as monoamine 
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oxidase inhibitors. Several compounds exhibited dual 

inhibition of MAO-A and MAO-B, while others showed 

selective activity. Molecular docking confirmed favorable 

binding interactions with both enzyme isoforms. These 

findings highlight the morpholine-acetamide scaffold as a 

promising framework for neuroprotective drug design. The 

compounds may serve as lead candidates for treating 

neurodegenerative and affective disorders. Further in vivo 

and toxicity studies are recommended to validate their 

therapeutic potential. 
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