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Introduction  

Depression is a prevalent psychiatric disorder, significantly 

affecting quality of life. It clinically presented as a change of mood and 

cognition, also loss of interest, persisting for more than 2 weeks.1 World 

Health Organization (WHO) declared depression as the most significant 

disorder to consider as a result of the rising worldwide impact in 2020.2 

In Indonesia, the prevalence of depression in 2013 was 5.1% and 5.6% 

in adolescents and young adults, respectively. In 2023, the prevalence 

of people with mental disorders increased to approximately 20% of the 

Indonesian population. This was the second most significant contributor 

to non-communicable disease, after cardiovascular disease, and caused 

premature death.3 Stress is a major contributor to depression, 

characterized by specific neurobiological changes.4 Hypothesis states 

that depression may be associated with molecular and cellular 

abnormalities triggered by genetic and environmental factors.1  
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An imbalance of key neurotransmitters, such as norepinephrine, 

serotonin, and dopamine, is shown to be a contributing factor to the 

symptoms of depression.5,6 The complex causes of depression make it 

difficult to define and diagnose. Although antidepressants are 

prescribed for depression and mood-related disorders, the limitations 

include a slow therapeutic response and unwanted side effects.7,8 

Studies need to focus on obtaining antidepressant agents with high 

safety and optimum therapeutic effect to optimize therapeutic effect and 

eliminate unwanted side effects. Natural bioactive compounds are 

potential candidates for this purpose, offering broad therapeutic 

properties and pharmacological benefits with good safety and 

tolerability.5,9 The ethnobiology study showed that Rudraksha is a very 

important and spiritual herbal plant with medicinal purposes.10 

Elaeocarpus ganitrus or genitri is the source of Rudraksha beads, which 

have been used traditionally as a natural tranquilizer. It has magnetic 

properties that regulate heart rate and blood pressure, also showing 

antidepressant effect in reducing anxiety and stress.11 E. ganitrus 

showed potent antibacterial activity against S. aureus and E. coli,12 

which was traditionally used to treat skin infection, pimples, and 

fever.10 The traditional uses of E. ganitrus may reflect on its 

pharmacological activity. Therefore, this study will predict the 

antidepressant mechanism of E. ganitrus through molecular docking. 

Among antidepressant signaling pathways, Glycogen Synthase Kinase 

3 Beta (GSK3β) and Akt signaling are shown to be important in mood 

regulation. GSK3β was identified as the downstream target for 

disruption in schizophrenia 1 (DISC1), and there is evidence of 

increased depression, schizophrenia, and bipolar disorder.13 

Meanwhile, Serotonin 6 (5-HT6) is a serotonin receptor that plays a 
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Depression is related to molecular and cellular abnormalities that interact with genetic and 
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ADME/T, and biological activity with PASS Way2Drug. 4-phenylpiperidine and medifoxamine 

had potent biological activity related to antidepressant mechanisms (Pa > 0.7) and satisfied the 

criteria of drug-likeness as Lipinski’s rule of five. These compounds were subjected to molecular 

docking with GSK3β (1UV5) and 5-HT6 (7XTB) using AutoDock Vina integrated in PyRx 0.8. 

Furthermore, 4-phenylpiperidine and medifoxamine tended to perform antidepressant activity 

through GSK3β. These bioactive compounds occupied the same binding site as native ligand 

BRW on GSK3β, but the binding energy of 4-phenylpiperidine (-7.4 kcal/mol) and medifoxamine 

(-7 kcal/mol) was lower than BRW (-9.7 kcal/mol). Bioactive compounds were bound to the same 

site on 5-HT6 as the native ligand SRO. Compared to SRO (-6.5 kcal/mol), 4-phenylpiperidine (-

6.3 kcal/mol) exhibited weaker binding, while medifoxamine (-6.7 kcal/mol) was stronger. These 

results supported the traditional use of Rudraksha beads as antidepressants. However, further 

studies were essential to validate the therapeutic utility of E. ganitrus.  
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crucial role in mood regulation and memory processing.6 Limited 

studies have reported antidepressant action of bioactive compounds on 

GSK3β and 5-HT6. In this study, the importance of the receptors in 

modulating antidepressant mechanism was recognized. Furthermore, 

the potency of bioactive compounds from E. ganitrus as natural 

antidepressant agents was evaluated by targeting GSK3β and 5-HT6, 

through molecular docking. This evaluation was carried out by 

comparing the active site of bioactive compounds with native ligands. 

Molecular docking is a representative method to predict the interaction 

of proteins and small molecules at the atomic level.14 It allows for the 

study of E. ganitrus bioactive compounds binding in the binding site of 

GSK3β and 5-HT6. This bond is crucial for understanding 

antidepressant action and provides scientific evidence supporting the 

traditional use of Rudraksha as a natural tranquilizer. 

 

Materials and Methods  
 

Screening of compounds according to Lipinski’s rule and ADME/T 

Bioactive compounds of E. ganitrus were acquired from a study 

conducted by Khansa et al.15 using UPLC-MS analysis. A total of 6 out 

of 20 bioactive compounds were deposited with CID in the PubChem 

database (https://pubchem.ncbi.nlm.nih.gov/). The Canonical SMILES 

was used for drug-likeness according to Lipinski’s rule of five and 

ADME/T prediction with SwissADME 

(https://www.swissadme.ch/index.php) and pkCSM 

(https://biosig.lab.uq.edu.au/pkcsm/prediction). Lipinski’s rule of five 

was considered as standard criteria for drug-likeness of bioactive 

compounds that comprised molecular weight (MW < 500 Da), octanol-

water partition coefficient (logP < 5), rotatable bonds (RotB < 10), 

hydrogen bond donors (H donor < 5), and acceptors (H acceptor < 10). 

The selected bioactive compounds showed efficient absorption in the 

gastrointestinal (GI) tract and permeability across the blood–brain 

barrier (BBB), with no evidence of toxicity. 

 

Bioactivity prediction 

The possible bioactivity of E. ganitrus compounds was analyzed with 

the PASS prediction tool 

(http://way2drug.com/PassOnline/predict.php).16 Analysis was based 

on Pa (probability of activity) and Pi (probability of inactivity), while 

bioactivity with Pa>Pi was considered as potentially possible. Selected 

bioactivity was related to anti-depression and stress-release activity. 

 

Molecular docking studies 

Ligand retrieval and preparation 

Based on criteria for drug-likeness, ADME/T, and bioactivity, two E. 

ganitrus compounds were selected for a molecular docking study. The 

3D structure of 4-Phenylpiperidine (CID69873) and medifoxamine 

(CID36109) were retrieved as SDF format from the PubChem database. 

Native ligand 6-Bromoindirubin-3'-Oxime (BRW) and serotonin (SRO) 

were acquired from the protein. Ligands were prepared by minimizing 

the energy and converted into PDB format by PyRx Virtual Screening 

Tool, Version 0.8 (released in 2010). 

 

Protein retrieval and preparation 

An anti-depression and stress release protein was selected as the target. 

The 3D structure of protein was retrieved in PDB format from the PDB 

database (https://www.rcsb.org), Glycogen Synthase Kinase 3 Beta 

(GSK3β PDB ID:1UV5), and Serotonin 6 (5-HT6) receptor-Gs-Nb35 

(5-HT6 PDB ID: 7XTB).6,17 Protein was prepared with Discovery 

Studio, Version 2024 (released in 2024), by removing water molecules 

and ligands. Protein structure was saved in PDB format and converted 

into macromolecules in PyRx 0.8 for molecular docking.18 

 

Docking 

The binding energy of ligands to the targeted protein was assessed by 

molecular docking with AutoDock Vina integrated in PyRx 0.8. The 

bioactive compounds, identified as potential based on PASS prediction 

tool, were subjected as ligands for molecular docking. This analysis was 

validated by redocking the native ligands, BRW and SRO, which were 

originally co-crystallized with GSK3β (1UV5) and 5-HT6 (7XTB) 

proteins, to confirm the accuracy of the docking protocol. Potential 

bioactive compounds assessed from biological activity prediction were 

subjected to molecular docking. Ligands from protein PDB Docking 

were adjusted with an exhaustiveness of 50 and grid box of 1UV5 

(center_x = 87.6562; center_y = 62.0938; center_z = 0.1366 and size_x 

= 59.9990487671; size_y = 50.7123617554; size_z = 63.3317881012) 

also 7XTB (center_x = 115.9507; center_y = 95.5215; center_z = 

117.3673; size_x = 97.1337247467; size_y = 86.2073929977; size_z = 

97.5222940445). The least binding energy was used in the selection of 

a model for docking, which was RMSD < 2.18 The interaction between 

protein and ligand was visualized using Discovery Studio 2024.  

 

Results and Discussion 
 

Screening of E. ganitrus bioactive compounds 

Six bioactive compounds were identified for drug-likeness properties 

(Table 1) and ADME/T (Table 2), focusing on chemical properties, 

such as molecular size, hydrogen binding, lipophilicity, and 

pharmacophoric features. These parameters enabled the efficient 

screening of potential drug candidates.19 The results expected bioactive 

compounds with similar properties as drugs, efficient GI and BBB 

absorption, and no toxicity. According to Table 1, all bioactive 

compounds matched the criteria of Lipinski’s rule of five. Among four 

bioactive compounds, 4-phenylpiperidine and medifoxamine 

showcased BBB permeability, which was suitable for antidepressant 

therapy. These bioactive compounds also had toxicity and were cleared 

from the body at a moderate rate (total clearance 0.672 log/mol/min/kg). 

The analysis from PASS (Figure 1) showed the specific biological 

activity related to antidepressants and stress release. In this case, 

cyanamide was absent due to the minimum carbon chain, and it could 

not be predicted in PASS prediction. PASS analysis is effective for 

predicting biological activities that possess therapeutic potential.16  

 

 
Figure 1: Prediction of biological activity from PASS 

Way2Drug 
 

The intense blue color in Figure 1 represented the strong chance of 

activity. Among four bioactive compounds, 4-phenylpiperidine and 

medifoxamine showed a more intense blue color. Meanwhile, 4-

phenylpiperidine and medifoxamine had Pa > 0.7 in phobic disorders 

treatment, mood disorders treatment, antidepressant, and 

neurotransmitter uptake inhibitor. In the PASS prediction tool, a Pa 

score > 0.7 was preferable, showing a high chance of the compounds 

performing the necessary activity, and was frequently selected for 

further testing. The 0.7 > Pa > 0.5 score and Pa < 0.5 showed moderate 

and low chance of activity, respectively. 
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Table 1: Bioactive compounds' properties according to Lipinski’s rule of five  

Bioactive PubchemID MW(g/mol) 

( < 500) 

LogP (<5) RotB 

(< 10) 

H-acceptor 

(< 10) 

H- donor 

(< 5) 

Surface 

Area (Å2) 

(≤ 140 Å2) 

4-Phenylpiperidine 69873   161.248 2.1536 1 1 1 73.8 

Medifoxamine 36109 257.333 3.0321 6 3 0 113.935 

Cyanamide 9864   42.041 -0.57382 0 2 1 18.472 

O-Methylserine 88250 119.12 -0.9553 3 3 2 47.243 

6-Methoxykaempferol 5377945 316.265 2.291 2 7 4 128.792 

N-Methyl-2-[5-(4-

morpholinylmethyl)-1H-

tetrazol-1-yl]-N-[2-

(tetrahydro-2H-pyran-2-

yl)ethyl]acetamide 

45253022 352.439 -0.0771 7 8 0 147.786 

 

Table 2: Bioactive compounds' properties according to ADME/T 

Bioactive Pubchem

ID 

GI 

absorption  

BBB 

permeant  

Total 

Clearance 

(log 

ml/min/kg) 

AMES 

toxicity 

Max. tolerated 

dose (human) (log 

mg/kg/day) 

Oral Rat Acute 

Toxicity 

(LD50) 

(mol/kg) 

4-Phenylpiperidine 69873   High Yes 0.672 No 0.216 2.455 

Medifoxamine 36109 High Yes 0.672 No 0.666 2.463 

Cyanamide 9864   High No 0.812 No 1.3 2.449 

O-Methylserine 88250 High No 0.48 No 1.155 2.017 

6-Methoxykaempferol 5377945 High No 0.458 No 0.52 2.39 

N-Methyl-2-[5-(4-

morpholinylmethyl)-

1H-tetrazol-1-yl]-N-

[2-(tetrahydro-2H-

pyran-2-

yl)ethyl]acetamide 

45253022 High No 0.99 No 0.044 2.431 

 

This result suggested that 4-phenylpiperidine and medifoxamine had 

potential for further analysis. These bioactive compounds consistently 

showed the preferable chemical properties, ADME/T, as well as the 

bioactivity. Therefore, 4-phenylpiperidine and medifoxamine were 

effective as antidepressant agents.  

 

Identification of molecular interaction 

Molecular interactions of atoms and amino acid residues of bioactive 

compounds and proteins were the key components in drug discovery.20 

These components predicted the molecular mechanism and the possible 

effect of compound binding towards the protein.21 To validate the 

docking of E. ganitrus bioactive compounds, this study redocked the 

native ligands, SRO and BRW, obtained from the PDB structure of 

proteins. Native ligands were used as a control to predict the mechanism 

of targeted compounds. For analysis, only docking models that satisfied 

the validation criteria (RMSD < 2.0 Å) were selected for further 

analysis. More specifically, the selected models exhibited an RMSD of 

0.0 Å, which was effective for accurately predicting the ligand-protein 

interaction.14 Docking analysis predicted that medifoxamine performed 

stronger binding to 5-HT6 than the native ligand with -6.7 kcal/mol and 

-6.5 kcal/mol, respectively (Table 3). Furthermore, 4-phenylpiperidine 

performed less strongly binding to 5-HT6 with -6.3 kcal/mol. This 

compound posed strong binding toward GSK3β with -7.4 kcal/mol, 

which was stronger than medifoxamine with -7 kcal/mol. The results 

further showed that bioactive compounds had less strong binding than 

BRW with -9.7 kcal/mol. The binding energy score was a key parameter 

to determine the potency of the compound toward protein and the 

system.16 

SRO, a neurotransmitter, was a known antidepressant that essentially 

regulated mood, appetite, and behavior connected to stress release. This 

antidepressant was synthesized in the central nervous system (CNS) and 

stored in secretory vesicles until triggered by neuronal depolarization to 

release into the synaptic cleft.22 BRW was a potent GSK3β inhibitor, 

which influenced downstream processes, specifically in mood 

regulation and stress release.23 

 

 

Table 3: Binding energy score of bioactive compounds and core target 

Receptor Ligand 
Energy score 

(kcal/mol) 

Bond 

Hydrogen Hydrophobic 

5-HT6 

(7XTB) 

Serotonin -6.5 
N:Thr104, A:Asp106, A:Arg232, 

B:Asp246 
N:Ala101, A:Arg232, A:Lys280 

4-Phenylpiperidine -6.3 R:Ala157 R:Pro187;Phe188, R:Val191 

Medifoxamine -6.7 N:Phe108, N:Thr111 
A:Ala48, A:Ala268, A:Ala269, 

A:Lys271, A:Leu272 

GSK3β 

(1UV5) 
6-Bromoindirubin-3'-Oxime -9.7 

A:Ile62, A:Asp133, A:Val135, 

A:Cys199 

A:Ile62, A:Val70, A:Ala83, A:Lys85, 

A:Leu132, A:Leu188, A:Cys199 
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4-Phenylpiperidine -7.4 - A:Val70, A:Ala83, A:Leu188 

Medifoxamine -7 A:Asn64, A:Cys199, A:Asp200 
A:Ile62, A:Val70, A:Lys85, A:Val110, 

A:Leu132, A:Leu188 

The binding mechanism and potency of E. ganitrus bioactive 

compounds toward targeted proteins were evaluated by comparing with 

native ligands. The binding analysis showed that both compounds 

occupied binding sites distinct from the native ligand SRO on 5-HT6.  

Specifically, 4-phenylpiperidine interacts with Ala157, Pro187,  

 

Phe188, and Val191 through hydrogen bonding and hydrophobic 

forces. Medifoxamine binds through residues Phe108, Thr111, Ala48, 

Ala268, Ala269, Lys271, and Leu272, none of which were used by SRO 

(Figure 2).  

 

 
Figure 2: Interacting atom of E. ganitrus bioactive compounds on 5-HT6 (7XTB): A) complex on protein with ligand (MED: 

medifoxamine, 4PHE: 4-phenylpiperidine, SRO: serotonin), B) interaction of ligand on amino acid residues of protein 
 

This result suggested that both 4-phenylpiperidine and medifoxamine 

were able to interact with 5-HT6 but did not perform antidepressant 

activity, such as SRO. Different from 5-HT6, bioactive compounds of  

 

E. ganitrus were predicted to actively interact with GSK3β at the similar 

active sites of native ligand BRW (Figure 3).  

 

 
Figure 3: Interacting atom of E. ganitrus bioactive compounds on GSK3β (1UV5): A) complex on protein with ligand (MED: 

medifoxamine, 4PHE: 4-phenylpiperidine, BRW: 6-Bromoindirubin-3'-Oxime), B) interaction of ligand on amino acid residues of 

protein 
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Furthermore, 4-phenylpiperidine occupied Val70, Ala83, and Leu188 

of the protein with hydrophobic interaction. Medifoxamine formed 

hydrogen bonds and hydrophobic interactions with Asn64, Cys199, 

Asp200, Ile62, Val70, Lys85, Val110, Leu132, and Leu188. A 

comparative analysis of the binding modes showed an overlap in the 

interacting amino acid residues between the compounds 4-

phenylpiperidine and medifoxamine and the native ligand BRW at the 

GSK3β. These shared residues were Ile62, Val70, Ala83, Lys85, 

Leu132, Leu188, and Cys199, suggesting that the bioactive compounds 

may exhibit an inhibitory mechanism against GSK3β similar to the 

native ligand BRW, as the comparative binding analysis showed an 

overlap in their binding sites.24 GSK3β is a serine/threonine kinase 

widely expressed in the brain, functioning in glycogen synthesis, 

development, proliferation, and apoptosis through phosphorylation.25 

Accordingly, it has been implicated in various pathologies, particularly 

neurodegeneration.1 Protein is regulated through the Wnt signalling 

pathway. In antidepressant response, blocking GSK3β requires 

upregulation of phosphorylation, primarily through Akt signaling using 

5-HT6.23 Blocking GSK3β lead to the reduction of β-catenin 

phosphorylation, and the level of unphosphorylated β-catenin is 

successfully maintained in the cell. In the nucleus, it acts as a 

transcription factor, interacting with T cell factor/Lymphoid enhancer-

binding factor (TCF/LEF) to turn on specific genes.1,26 BRW is shown 

to inhibit GSK3β by mimicking activation of Wnt signaling.27 

 

Bioactive compounds from plant extracts are often used for traditional 

treatment and therapy, which show promising therapeutic effects. 

Previously, ethanol leaf extract of Entada africana reduced the duration 

of mice immobility in the tail suspension test (TST).28 The bioactives 

from the methanol extract of Saurauia roxburghii leaf showed potential 

binding toward the GABAA receptor, potassium channel receptor, and 

human serotonin transporter.9 Furthermore, the 400 mg/kg dose of 

Ximenia americana extracts reduced the immobility time of the forced 

swim test (FST) and TST in the depressive prediction model.5 This 

study predicted that 4-phenylpiperidine and medifoxamine could act as 

GSK3β inhibitors by activating Wnt signalling, similarly to BRW. In 

contrast to SRO, these bioactive compounds did not effectively 

modulate Akt/β-arrestin2/PP2A through 5-HT6.  

Antidepressant mechanism associated with GSK3 signaling, which 

played a role in reducing stress, anxiety, and depression. This protein is 

activated in response to inflammation or stress, leading to further 

inflammatory processes.29 Subsequently, the activation of GSK3 

regulates inflammation-related transcription factors, such as TNFα.30 

The response is characterized by the trafficking of proinflammatory 

factors and immune cells from the peripheral blood circulation that led 

to the disruption of BBB.29,30 Therapeutic intervention using GSK3 

inhibitors typically aims to decrease TNFα level and increase tight 

junction (TJ) protein expression.29 Therefore, it attenuates the 

prolonged learned helplessness and depressive-like behavior.30 The 

potential antidepressant activity of E. ganitrus bioactive compounds 

found in this study was consistent with a previous report on potential 

anti-inflammatory activity through COX-2 modulation.31 Inflammation 

was closely related to depressive behavior, considering that COX-2 

stimulated the production of pro-inflammatory factor prostaglandin E2 

(PGE2) and released other inflammatory mediators.29,32 Antidepressant 

activity of 4-phenylpiperidine and medifoxamine through GSK3β is 

closely related to anti-inflammatory action, as GSK3β signaling is 

implicated in stress-induced inflammation and its activation regulated 

the expression of pro-inflammatory factors.29 

 

Conclusion 
In conclusion, this study evaluates the molecular mechanism of 

bioactive compounds from E. ganitrus toward antidepressant receptors, 

GSK3β, and 5-HT6. A novel validation of the traditional antidepressant 

activity of E. ganitrus was provided through a molecular docking 

analysis of its interactions with GSK3β and 5-HT6. Among four 

bioactive compounds in E. ganitrus leaf, 4-phenylpiperidine and 

medifoxamine are the most promising compounds to be developed as 

natural antidepressant agents. These bioactive compounds show drug-

like properties, as well as potency in GI absorption and BBB 

permeability. PASS also predicted that 4-phenylpiperidine and 

medifoxamine exhibit high antidepressant activity (Pa > 0.7). In a 

molecular docking study, 4-phenylpiperidine and medifoxamine 

effectively inhibit GSK3β, binding at a similar active site as the 

inhibitor. Meanwhile, bioactive compounds are not bound similarly to 

serotonin to 5-HT6, showing that E. ganitrus probably performed 

potent antidepressant activity on GSK3β. Further studies should focus 

on validating this mechanism to establish GSK3β as a key therapeutic 

target. In vivo and in vitro studies are also required to evaluate the 

therapeutic and side effects of E. ganitrus bioactive compounds as 

natural antidepressant agents. 
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