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Abstract— Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by a significant reduction in acetylcholine 

levels, primarily resulting from the excessive activity of the enzyme acetylcholinesterase (AChE). Inhibiting AChE is a widely explored 

approach to manage AD symptoms. This study investigated the potential of four phytochemicals—Sennidin A, Sennidin B, Emodin, and Aloe-

emodin—found in Senna alexandrina Mill. as AChE inhibitors using molecular docking studies. The binding interactions and affinities of these 

compounds were analyzed to assess their inhibitory potential against AChE. Docking results demonstrated that all tested compo unds exhibited 

strong interactions with the enzyme’s active site, with Sennidin A showing the highest binding affinity of -7.51, whereas Sennidin B, despite its 

structural similarity to Sennidin A, exhibited the lowest binding affinity of -5.55. The other compounds also showed significant binding 

affinities, with Emodin (-7.35), and Aloe-emodin (-6.97) exhibiting particularly notable interactions. These interactions, involving hydrogen 

bonding and hydrophobic forces, suggest their potential role in AChE inhibition. Therefore, the findings of this study highlight phytochemicals 

obtained from S. alexandrina as promising candidates for AD therapy, demanding further investigation through molecular dynamics simulations 

and experimental validation. 
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I.  INTRODUCTION 

Neurodegenerative diseases, particularly Alzheimer's disease (AD), have become a major public health concern due to the 
increasing global life expectancy and aging population. AD is characterized by progressive neuronal degeneration, memory 
impairment, and cognitive decline. One of the main features of Alzheimer’s disease is the loss of cholinergic signaling, mainly 
caused by the fast breakdown of acetylcholine (ACh) by the enzyme acetylcholinesterase (AChE; EC 3.1.1.7) in the synaptic cleft 
(Bartus et al., 1982). Enhancing cholinergic function through the inhibition of AChE has thus been recognized as an effective 
therapeutic approach to mitigate the cognitive symptoms associated with AD (Lane et al., 2006). 

Although several AChE inhibitors such as donepezil, galantamine, and rivastigmine have been clinically approved, their 
therapeutic efficacy is often limited by adverse effects, high cost, and poor pharmacokinetic profiles (Anand and Singh, 2013). 
These limitations have intensified the search for new AChE inhibitors; especially those derived from natural sources, due to their 
structural diversity, multi-targeted actions, and typically lower toxicity profiles (Kennedy and Wightman, 2011). Phytochemicals 
from medicinal plants continue to provide a promising foundation for novel drug discovery, including treatments for 
neurodegenerative conditions. 

Senna alexandrina Mill. (Synm: Cassia angustifolia), a member of the Fabaceae family, is an ancient medicinal plant 
traditionally used for its purgative effects due to the presence of anthraquinone glycosides such as sennosides (Sultana et al., 2009). 
Beyond its well-established role as a laxative, S. alexandrina is a rich source of diverse bioactive compounds with reported 
antioxidant, anti-inflammatory, antimicrobial, and cytotoxic activities (Dubey et al., 2022). Among these, anthraquinone derivatives 
such as Sennidin A, Sennidin B, Emodin, and Aloe-emodin have drawn scientific interest due to their neuroprotective, anti-
inflammatory, and enzyme-modulating properties (Khattak et al., 2020; Malik and Müller, 2016). 

Emodin and Aloe-emodin, in particular, have been widely studied for their potential pharmacological activities, including 
antioxidant and neuroprotective effects (Srinivas et al., 2007). These compounds have demonstrated the ability to interfere with 
amyloid-β aggregation and to exert modulatory effects on key enzymes implicated in neurodegeneration, including 
acetylcholinesterase (Saha and Ahmad, 2024). Sennidin A and Sennidin B, although primarily associated with gastrointestinal 
activity, possess a similar anthraquinone scaffold and are hypothesized to share bioactivity profiles with emodin analogs. However, 
their potential as AChE inhibitors remains unexplored. 

With the rapid development of computational tools in drug discovery, in silico methodologies such as molecular docking have 
become instrumental in predicting the interaction of bioactive compounds with their molecular targets (Kitchen et al., 2004).  
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Molecular docking allows the virtual screening of phytochemicals against target proteins, providing insights into their binding 
modes, affinities, and potential inhibitory mechanisms. These approaches not only accelerate the early stages of drug development 
but also reduce the cost and complexity associated with traditional experimental screening (Lionta et al., 2014). 

This study aims to explore the potential of selected natural compounds from S. alexandrina—Sennidin A, Sennidin B, Emodin, 
and Aloe-emodin—as AChE inhibitors through a comprehensive in silico approach. Molecular docking study was conducted to 
evaluate their binding affinities and interactions with the active site of AChE.  

By integrating ethnopharmacological knowledge with modern computational techniques, this study seeks to identify novel 
AChE inhibitors from S. alexandrina, potentially contributing to the development of safer and more effective therapeutic agents for 
the management of Alzheimer's disease. Moreover, the findings aim to expand the pharmacological relevance of this traditional 
medicinal plant beyond its conventional use.  

II. MATERIALS AND METHODS  

Selection of Ligands and Controls 

In the present study, four natural anthraquinone derivatives—Sennidin A, Sennidin B, Emodin, and Aloe-emodin—derived 
from Senna alexandrina were selected based on their reported bioactivity and structural relevance. The 3D chemical structures of all 
compounds were retrieved in Simplified Molecular Input Line Entry System (SDF) format from the PubChem compound database 
(https://pubchem.ncbi.nlm.nih.gov; accessed on 20 January 2025) (Kim et al., 2016). 

Preparation of Target Protein (AChE) 

The high-resolution crystal structure of human Acetylcholinesterase (AChE) complexed with an inhibitor (PDB ID: 7D9P) was 
downloaded from the RCSB Protein Data Bank (https://www.rcsb.org) (Burley et al., 2021). Protein structure preparation was 
conducted using PyMOL (version 2.5) (DeLano, 2002), which involved removing all crystallographic water molecules, co-factors, 
and non-essential ligands. Hydrogen atoms were added using AutoDockTools (MGTools) from the AutoDock suite (Trott and 
Olson, 2010) to ensure proper atom valency. The cleaned and hydrogenated protein was saved in PDB format for subsequent 
docking. 

Ligand Preparation 

Ligands (including the co-crystallized inhibitor H0R) were converted from SDF to PDB format using OpenBabel (version 
2.3.1) (O’Boyle et al., 2011). The converted ligand files were imported into PyRx (version 0.9.8) (Dallakyan and Olson, 2015), 
where hydrogen atoms were added, and energy minimization was performed using the Universal Force Field (UFF) via the 
conjugate-gradient algorithm. All ligands were then exported in PDBQT format, which is compatible with AutoDock Vina for 
docking simulations. 

 

Molecular Docking 

Molecular docking was conducted using pyVSvina, a Python-based virtual screening tool integrated with AutoDock Vina 
(version 1.1.2) (Trott and Olson, 2010). The active site of the AChE receptor was defined by setting the grid box to center 
coordinates of X = 13.9, Y = 43.2, Z = 27.2, with grid dimensions of 23.1 × 16.3 × 21.0 Å for X, Y, and Z axes, respectively. 
During docking, ligand molecules were kept flexible while the receptor was treated as rigid. Docking results were evaluated based 
on binding affinity scores (in kcal/mol), and the best poses were selected for each compound based on the lowest docking energies. 

Visualization and Interaction Analysis 

Protein-ligand complexes were visualized and analyzed using Discovery Studio Visualizer (BIOVIA, version 2021) (Biovia, 
2021). Intermolecular interactions such as hydrogen bonds, π-π stacking, van der Waals forces, and hydrophobic interactions were 
examined to interpret the ligand binding conformation and interaction profile within the AChE active site. 

III. RESULTS AND DISCUSSION  

In Alzheimer’s disease (AD), the degradation of acetylcholine (ACh) due to elevated acetylcholinesterase (AChE) activity 

disrupts cholinergic neurotransmission, contributing to cognitive decline. As a result, AChE inhibition has become a core strategy 

in AD treatment. In this study, molecular docking study was performed to assess the binding efficiency and interaction profiles of 

four natural compounds Sennidin A, Sennidin B, Emodin, and Aloe-emodin from Senna alexandrina against the AChE enzyme. 
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Figure 1: 3- Dimensional structure of the compounds of S. alexandrina. 

Sennidin A exhibited the strongest binding affinity to AChE with a binding energy of −7.51 kcal/mol, suggesting a high potential 

to inhibit the enzyme. This molecule formed multiple interactions with catalytically important residues, such as ASP74, TYR70, 

ASP283, and HIS287, all of which are known to be involved in the hydrolysis of acetylcholine. The structural configuration of  

Sennidin A, with multiple hydroxyl and carbonyl groups and favors both hydrogen bonding, which likely contribute to its 

superior binding affinity. These results are consistent with previous reports indicating that anthraquinone derivatives can serve as 

effective AChE inhibitors due to their planar aromatic system, which allows them to insert into the enzyme's active site and 

interact with both the catalytic triad and the peripheral anionic site (PAS) (Ali et al., 2023; Rawat et al., 2022). Thus, Sennidin A 

emerges as a promising scaffold for designing novel anti-AChE agents. 

Despite being structurally similar to Sennidin A, Sennidin B displayed the lowest binding energy of −5.55 kcal/mol, indicating a 

weaker interaction with AChE. It mainly interacted with peripheral residues like PRO432, GLN438, and ARG439, which are 

located away from the enzyme’s catalytic core. The lower affinity may be attributed to subtle differences in the orientation or 

flexibility of functional groups, reducing its ability to form critical hydrogen bonds or π-π interactions with active site residues. 

This variation reinforces the idea that even small structural modifications can significantly alter binding efficacy. As previously 

reported, ligand geometry and the spatial arrangement of donor-acceptor groups are crucial for optimal binding within the AChE 

active site (Valasani et al., 2013). Therefore, while Sennidin B shares structural features with effective inhibitors, it lacks the 

precise interaction geometry required for robust inhibition. 

   
Figure 2: 3- Dimensional structure of the Acetylcholinesterase (AChE). 

 

Emodin showed a favorable binding energy of −7.35 kcal/mol, closely following Sennidin A in terms of interaction strength. It  

formed interactions with key residues like TYR124, PHE338, ASP74, and TYR337. These residues are located in both the 

catalytic and peripheral sites, suggesting that Emodin may inhibit AChE through a dual -binding mechanism. Emodin is a well-

known anthraquinone with reported neuroprotective and antioxidant properties. Prior studies have demonstrated its potential as a 

multi-target agent in neurodegenerative disorders due to its ability to inhibit AChE and reduce oxidative stress (Zhang et al., 

2022).  
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Figure 3: Protein-ligand interactions illustrating hydrogen bonds and hydrophobic interactions between AChE and compounds of S. 

alexandrina. 

Aloe-emodin exhibited a binding affinity of −6.97 kcal/mol, forming interactions with several key residues, including TYR72, 

TYR124, GLY121, and GLU202. These residues are known to be crucial for ligand stabilization and enzymatic inhibition. Aloe-

emodin's binding pattern suggests it can engage with both catalytic and peripheral domains of AChE, potentially interfering with 

substrate entry or turnover. Similar to Emodin, Aloe-emodin belongs to the anthraquinone family and has previously been 

reported for its AChE-inhibitory and antioxidant activities (Chen et al., 2021).  

Overall, Sennidin A and Emodin emerged as the most promising inhibitors of AChE among the tested compounds. Their 

favourable binding energies and rich interaction networks with catalytically relevant residues suggest their potential as lead 

compounds for further development. These results provide a scientific rationale for the traditional use of Senna species in 

cognitive health and encourage further exploration of its bioactive constituents. 

However, it is essential to acknowledge that docking studies are predictive and based on static models. Therefore, to verify these 

findings, further molecular dynamics (MD) simulations, in vitro enzyme inhibition assays, and ADMET (Absorption, 

Distribution, Metabolism, Excretion, and Toxicity) studies are recommended.  

CONCLUSION 

This study presents in silico analyses and molecular docking of four natural compounds Sennidin A, Sennidin B, Emodin, and 
Aloe-emodin derived from Senna alexandrina against acetylcholinesterase (AChE). The compounds were evaluated for their 
binding affinities, interactions, and potential as AChE inhibitors. Results highlight that Sennidin A and Emodin exhibit the 
strongest binding affinities, suggesting their potential as therapeutic agents for Alzheimer's disease. These findings underscore the 
significance of natural phytochemicals in drug design and offer valuable insights into the molecular mechanisms of AChE 
inhibition. 
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