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Abstract 

Context: Alzheimer's disease is rising significantly and could reach alarming numbers in the coming decades. Therefore, diverse pathways are being explored 

to discover new therapies. Ginsenosides could reduce cellular damage, protect brain neurons, and cognitive function. Due to a lack of clarity regarding the 

potential inhibitory mechanisms of these compounds on pathophysiological pathways in β-amyloid development, bioinformatic analysis has been employed. 

Aims: To evaluate, through in silico analysis, analogs of ginsenosides as potential β- and γ-secretase inhibitors for Alzheimer's disease treatment. 

Methods: Ginsenoside analogs (798) were selected from the PubChem database and minimized using Open Babel Tools. β-secretase and γ-secretase were 

chosen from the Protein Data Bank database and prepared using AutoDockTools 1.5.7. Molecular docking for analogs and their co-crystallized molecules was 

executed using AutoDock-Vina. The interactions and binding types of complexes were analyzed. Molecular dynamics simulations were performed for analogs 

146521791, 134688678, and Ginsenoside Rg1, as well as their co-crystallized molecules, using AMBER20 software. 

Results: In molecular docking, the molecules demonstrated superior binding affinity toward the β-secretase active site, with a score of 146521791, and for γ-

secretase, it was 134688678. In molecular dynamics simulation, all β-secretase complexes showed structural stability (RMSD <2.5 Å), with high flexibility in 

residue position between 150-175, 312-325, and 362-375 (RMSF of 2-3 Å); for γ-secretase, the native protein shows less RMSD value variation in comparison to 

the other complexes, also all analog complexes showed the same movement variation in the γ-secretase residues with values between 1 and 3 Å.  

Conclusions: This suggests its therapeutic potential as an alternative Alzheimer's disease therapy, highlighting its ability to interfere with key enzymatic 

processes involved in the formation of amyloid peptide. This reveals its therapeutic potential as an alternative Alzheimer's disease therapy and highlights its 

ability to interfere with key enzymatic processes in the formation of amyloid peptides.  

Keywords: amyloid precursor protein secretases; docking simulation; ginsenosides; molecular dynamics simulation. 

 

Resumen 

Contexto: La enfermedad de Alzheimer está aumentando significativamente y podría alcanzar cifras alarmantes en las próximas décadas. Por lo tanto, se 

están explorando diversas vías para descubrir nuevas terapias. Los ginsenósidos podrían reducir el daño celular, proteger las neuronas cerebrales y la función 

cognitiva. Debido a la falta de claridad sobre los posibles mecanismos inhibidores de estos compuestos en las vías fisiopatológicas del desarrollo de β-

amiloide, se ha empleado el análisis bioinformático.  

Objetivos: Evaluar, mediante análisis in silico, análogos de ginsenósidos como posibles inhibidores de la β-secretasa y la γ-secretasa para el tratamiento de la 

enfermedad de Alzheimer. 

Métodos: Se seleccionaron análogos de ginsenósidos (798) de la base de datos PubChem y se minimizaron con Open Babel Tools. La β-secretasa y la γ-

secretasa se seleccionaron de la base de datos Protein Data Bank y se prepararon con AutoDockTools 1.5.7. El acoplamiento molecular de los análogos y sus 

moléculas cocristalizadas se realizó con AutoDock-Vina. Se analizaron las interacciones y los tipos de unión de los complejos. Se realizaron simulaciones de 

dinámica molecular para los análogos 146521791, 134688678 y el ginsenósido Rg1, así como sus moléculas cocristalizadas, utilizando el software AMBER20. 

Resultados: En el acoplamiento molecular, las moléculas demostraron una afinidad de unión superior hacia el sitio activo de la β-secretasa, con una 

puntuación de 146521791, y para la γ-secretasa, fue de 134688678. En la simulación de dinámica molecular, todos los complejos de β-secretasa mostraron 

estabilidad estructural (RMSD <2,5 Å), con alta flexibilidad en la posición del residuo entre 150-175, 312-325 y 362-375 (RMSF de 2-3 Å); Para la γ-secretasa, la 

proteína nativa muestra una menor variación en el valor de RMSD en comparación con los otros complejos. Además, todos los complejos análogos mostraron 

la misma variación en el movimiento de los residuos de γ-secretasa, con valores entre 1 y 3 Å. 

Conclusiones: Esto sugiere su potencial terapéutico como terapia alternativa para la enfermedad de Alzheimer, destacando su capacidad para interferir con 

procesos enzimáticos clave involucrados en la formación del péptido amiloide. 

Palabras Clave: ginsenósidos; secretasas de la proteína precursora amiloide; simulación de acoplamiento; simulación de dinámica molecular. 
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INTRODUCTION 

Alzheimer's disease is the most prevalent form of 
dementia. The prevalence of this disease is increasing 
significantly and is expected to reach alarming num-
bers in the coming decades. Around 7.24 million cases 
were reported in 2019, predominantly affecting popu-
lations between 70 and 74 (Li et al., 2022). This clinical 
condition is characterized by the accumulation of β-
amyloid protein plaques and tau protein tangles in 
the brain, leading to the loss of neurons and, ultimate-
ly, cognitive dysfunction (Scheltens et al., 2021). Initial 
symptoms are usually mild, manifesting as difficulties 
in speech articulation, but as it progresses, it can se-
verely impact memory, thinking, and the ability to 
perform daily activities. Moreover, patients may ex-
perience changes in personality and behaviour, add-
ing a burden to caregivers and families (Terracciano 
et al., 2017; Terracciano and Sutin 2019). 

This disease represents a significant economic and 
social challenge. The costs associated with the care 
and treatment of Alzheimer's patients are substantial 
and are projected to continue rising as diagnoses be-
come more frequent (Wong, 2020). Despite the ab-
sence of definitive and precise treatment, various 
pharmacological options have been used to alleviate 
symptoms and slow disease progression. These 
treatments primarily focus on two types of medica-
tions: acetylcholinesterase inhibitors and N-methyl-D-
aspartate antagonists (Passeri et al., 2022). However, 
symptom reduction varies and is not highly selective, 
leading to the combined use of therapeutic approach-
es to prevent rapid progression, albeit with limited 
effectiveness (Cummings et al., 2019). Currently, tra-
ditional pharmacological methods include monoclo-
nal antibodies such as aducanumab and lecanemab, 
which act by removing the deposits of β-amyloid 
already accumulated in the brain, targeting later 
phases of the pathological cascade of amyloid plaque 
formation. However, despite considerable effective-
ness, the results of clinical studies of monoclonal anti-
bodies have shown severe adverse effects, such as 
cerebral edema and microbleeds, which limit their 
safety and use in some patients. 

As scientific research advances, various pathways 
are being explored to discover new therapies and 
approaches for treating Alzheimer's disease. Ginseno-
sides have been traditionally used in Asian medicine 
for centuries due to their purported medicinal proper-
ties (Flagg, 2021). Approximately 150 ginsenosides of 

natural origin have been isolated from roots, leaves, 
stems, and fruits of ginseng, which can be found in 
Panax ginseng, Panax notoginseng, Panax pseudoginseng, 
Panax japonicus, or Panax quinquefolius. The central 
nervous system is highly susceptible to oxidative 
stress, and the reduction of oxidative damage plays a 
crucial role in the development of neurodegenerative 
diseases, such as Alzheimer's disease.  

Some studies suggest that ginsenosides have a 
neuroprotective effect by eliminating reactive oxygen 
species (ROS) in the brain, while also promoting neu-
rite growth and inhibiting neuroinflammation (Seo et 
al., 2016; Shi et al., 2019). Additionally, ginsenosides 
may help reduce cellular damage, protect brain neu-
rons, and have a positive impact on cognitive function 
and memory. It has been observed that these com-
pounds enhance synaptic plasticity, a crucial process 
for learning and memory (Wu et al., 2022). Yet, a tran-
scendental aspect to consider within the potential 
therapeutic and primitive effect, is based on the ca-
pacity to cross the blood-brain barrier, by which it has 
been demonstrated that some such as ginsenoside F1, 
a derivative of ginsenoside Rg1, after being metabo-
lized present the condition of becoming a more lipo-
philic compound with a lower molecular weight, 
which allows it to act on its therapeutic target by in-
hibiting the cytotoxicity induced by the aggregation 
of Aβ (Yun et al., 2022).  

In recent years, it has been shown that ginseno-
sides have beneficial effects in neurodegenerative 
diseases through experimental models, where it has 
been simulated how they interfere; for example, in 
Alzheimer's disease by molecular targets as the inhi-
bition of beta-secretase (BACE 1) turns out to be a 
critical pharmacological target as it is involved in the 
production of the β-amyloid peptide, which is why it 
has become a clinically validated and attractive target 
due to the crucial role it plays (Chagas Monteiro et al., 
2023). On the other hand, ginsenosides act in previous 
phases by blocking their precursor forms, which 
could be more effective in the initial stages of the dis-
ease. The importance lies in the fact that Aβ accumu-
lation begins 15-20 years before clinical symptoms 
occur, primarily due to defective clearance of the pep-
tide in the brain. Clinical trials with these drugs are 
currently underway in earlier stages of the disease. 
Still, initial results have not been clinically impressive 
(Panza et al., 2019).  
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On the other hand, the majority of ginsenosides 
used have shown beneficial effects derived from the 
fact that they are natural compounds with a low tox-
icity rate (Söderberg et al., 2023). In contrast to gin-
senosides, all monoclonal antibodies used in the 
treatment of Alzheimer's disease are extremely ex-
pensive and may require other routes of administra-
tion, such as the intravenous route. Ginsenosides are 
products with greater bioavailability, which can pro-
vide a more accessible and sustainable treatment in 
the long term. However, more clinical evidence will 
be needed to approve its clinical application (Hoang 
et al., 2024). 

The generation of new drugs leads to increased 
costs and significant time investment, making the 
development of computational tools essential for 
providing multiple options in the initial selection of 
candidate compounds, which will aid in profiling, 
optimizing, and theorizing potential mechanisms of 
action for molecules that ultimately become new 
drugs (Paggi et al., 2024). Therefore, in silico studies 
are particularly useful in studies that minimize in 
vitro and clinical trials, facilitating the confirmation of 
the potential therapeutic approach with experimental 
development (Sadybekov and Katritch, 2023). How-
ever, the lack of clarity regarding the potential inhibi-
tory mechanisms of these compounds on related 
pathophysiological pathways in β-amyloid develop-
ment has led to the introduction of computational 
concepts and bioinformatic analyses using tools such 
as molecular docking, pharmacophore modelling, and 
molecular dynamics (Mouchlis et al., 2020). These 
tools enable exhaustive screening of new candidates 
for the development of complementary therapies for 
this pathology in the future.  

Therefore, this study aims to evaluate, through in 
silico analysis, analogs of ginsenosides as potential 
inhibitors of β- and γ-secretase for the treatment of 
Alzheimer's disease.  

MATERIAL AND METHODS 

Search and preparation of ligands 

The search for structural analogs of ginsenosides 
was conducted using the PubChem database (Kim et 
al., 2016), applying a selection filter of 98% structural 
similarity based on a Tanimoto coefficient from a 2-
dimensional fingerprint similarity search compared to 
ginsenoside Rg1 (CID code 441923). Structures form-
ing complexes with salts were excluded beforehand. 
A total of 798 molecules were downloaded in SDF 
(Structure Data File) format. Subsequently, the struc-
tures were minimized using Open Babel tools v.2.3.1 
(O’Boyle et al., 2011), applying MMFF94 force fields, 

utilizing the steepest descent algorithm and conjugate 
gradients, with 2500 steps. 

Search and preparation of protein. 

Searches for the crystallized structures of β-
secretase and γ-secretase related to Alzheimer's dis-
ease were conducted using the Protein Data Bank 
database (Berman et al., 2000), identified with the 
accession codes 4TRZ (β-secretase or BACE1) (Hattori 
et al., 2015) and 6LR4 (γ-secretase or PSE1) (Yang et 
al., 2021b), respectively. Each protein was prepro-
cessed by removing co-crystallized molecules, adding 
hydrogen atoms, and eliminating any present water 
or ions through AutoDockTools 1.5.7 (Morris et al., 
2009). This was followed by refinement using 
pdb4amber (Case et al., 2020), which revealed missing 
residues in the structure. The target protein structures 
were calculated with Kollman atom charges and 
merged non-polar hydrogens by AutoDockTools 1.5.7 
(Morris et al., 2009).  

Molecular docking validation 

The validation of target protein-ligand complex 
structures was performed using the co-crystallized 
PDR_002017 (2-thiophenyl HEA-type inhibitor-β-
secretase complex) (PDB code: 4TRZ) and ESF-γ-
secretase (PDB code: 6LR4). For β-secretase, the refer-
ence ligand 2-thiophenyl HEA-type inhibitor was 
selected to define the center of the grid box. A replica-
tion of the ligand coordinates was done with grid 
spacing set to 1.00 Å, in a center grid space of x = 
10.73 Å, y = -36.98 Å, z = 49.42 Å with offset values of 
x = 18 Å, y = 18 Å y z = 16 for β-secretase and x = 
168.32 Å, y = 173.55 Å, z = 146.79 Å with offset values 
of x = 17 Å, y = 17 Å y z = 22 Å for γ-secretase, in such 
a way that the results obtained in molecular redock-
ing were as close as possible to the pose, location, and 
interactions of the co-crystallized ligand obtained in 
the previous crystallography, with a RMSD <2 Å.  

Molecular docking simulation  

The molecular docking of ginsenoside analogs 
with secretases and their co-crystallized molecules (2-
thiophenyl HEA (hydroxyethylamine)-type inhibitor 
for 4TRZ and ESF (Semagacestat) for 6LR4 was exe-
cuted by AutoDock-Vina v.1.1.2 based on bash script-
ing (Trott and Olson, 2010). Grid spacing was set to 
1.00 Å, in a center grid space of x = 10.73 Å, y = -36.98 
Å, z = 49.42 Å with offset values of x = 18 Å, y = 18 Å 
y z = 16 for β-secretase and x = 168.32 Å, y = 173.55 Å, 
z = 146.79 Å with offset values of x = 17 Å, y = 17 Å y 
z = 22 Å for γ-secretase. Each molecular docking was 
simulated with an exhaustiveness of 8, yielding 10 
conformations based on their effectiveness value and 
free energy. The results were visualized by PyMOL 
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software v.2.3.2 (Yuan et al., 2017), and the complexes 
were converted into PDB format. The interactions and 
binding types of complexes were analyzed by PyMOL 
software v.2.3.2 and LigPlot + program v.2.2 (Las-
kowski and Swindells, 2011).  

Molecular dynamics simulation 

The molecular dynamic simulations were devel-
oped for complexes with analogs 146521791, 
134688678, 441923, and co-crystallized molecules, also 
called reference molecules (2-thiophenyl HEA-type 
inhibitor for 4TRZ and ESF for 6LR4) using AMBER20 
software (Case et al., 2020). Before simulation, the 
molecules were prepared and solvated, followed by 
minimization and equilibration steps. Using the 
SHAKE algorithm, heating was performed from 100 
to 300 K with gradual restraints and thermostat cou-
pling, thereby maintaining hydrogen bonds. Subse-
quent MD simulations of 100 ns were conducted at 
constant pressure and temperature. Analysis using 
AMBER20 CPPTRAJ included root mean square devi-
ation (RMSD), root mean square fluctuation (RMSF), 
solvent-accessible surface area (SASA), and radius of 
gyration (Rg) measurements to assess complex stabil-
ity and flexibility (Roe and Cheatham, 2018). Addi-
tionally, binding free energies with various ligands 
were determined using the Molecular Mechanics with 
Generalized Born and Surface Area Solvation (MM-
GBSA) method over a 100 ns simulation timeframe, 
according to Alviz-Amador et al. (2019), ensuring a 
comprehensive evaluation of the interactions between 
the studied compounds and their target proteins. 

ADME and toxicity 

The Swiss Bioinformatics Institute's SwissADME 
online tool (http://www.sib.swiss) was used to build 
the prediction of pharmacokinetic parameters (Daina 
et al., 2017). Factors include gastrointestinal absorp-
tion, P-glycoprotein binding (P-gp), blood-brain bar-
rier permeability (BBB), cytochrome P450 (CYP450) 
inhibitory isoforms, and skin permeability coefficient 
(Log Kp). Additionally, bioavailability and Lipinski's 
and Veber's rules are required. In silico toxicity predic-
tion was conducted utilizing the GUSAR Online serv-
er, which is based on the lethal dosage 50 (LD50) for 
rats via the oral route and presents categorization 
according to the OECD Project (Lagunin et al., 2011). 
Similarly, PROTOX 3.0 is utilized for the prediction of 
carcinogenicity, neurotoxicity, hepatotoxicity, and 
immunotoxicity (Banerjee et al., 2024).  

Data analysis  

The root-mean-square deviation (RMSD) calcula-
tion for the validation of molecular docking was per-
formed by superimposing the poses of the reference 
ligand and the re-docked complex using the align-
ment tool in PyMOL software (Yuan et al., 2017). The 
binding affinities, expressed in kcal/mol, were com-
piled in Microsoft Excel and categorized according to 
their energetic rankings. Molecular interactions for 
each ligand-protein complex were analyzed using 
LigPlot+ (Laskowski and Swindells, 2011), emphasiz-
ing frequent hydrophobic contacts and hydrogen 
bonds. A heat map was constructed to visualize the 
interaction profiles between amino acid residues and 
the ligands, employing the readxl, pheatmap, and 
RColorBrewer libraries in R software (Gu and Hüb-
schmann, 2022). The trajectory analyses of RMSD, 
RMSF, radius of gyration (RoG), and solvent-
accessible surface area (SASA) were carried out using 
the CPPTRAJ module from the Amber suite and plot-
ted with the XMGrace software v. 5.1.19. The binding 
free energies (ΔGtotal ± SD) were estimated for each 
complex using the MM-GBSA method. Lastly, phar-
macokinetic and toxicity predictions were exported in 
CSV format and tabulated accordingly. 

RESULTS  

Search and preparation of ligands 

The structural analogs search for ginsenoside Rg1 
showed 811 total analogs with a 98% similarity. How-
ever, only 798 final analogs were selected because the 
other 13 analogs had to be excluded due to damage to 
their structure or failure to convert to a 3D structure 
(Fig. 1). 

Molecular docking validation 

To validate the molecular docking protocol, the co-
crystallized ligands 2-thiophenyl HEA-type inhibitor 
for β-secretase BACE1(PDB code: 4TRZ) and ESF for 
γ-secretase (PDB code: 6LR4) were redocked against 
the respective receptors, calculating the best binding 
pose and the root-mean-square deviation (RMSD). 
Redocking results were aligned with the co-
crystallized complex obtained from the Protein Data 
Bank, using PyMol free version software (Yuan et al., 
2017), whose results showed successful pose with an 
RMSD >2Å; for 2-thiophenyl HEA-type inhibitor-β-
secretase complex, the results showed an RMSD of 
0.327 Å for ESF (Fig. 2A) and for ESF-γ-secretase an 
RMSD of 1.855 Å for γ-secretase (Fig. 2B). When the 
RMSD values are below 2.0 Å, according to Bordogna 
et al. (2011), it is considered a successful score pose 
and validates the molecular docking protocol (Bor-
dogna et al., 2011). 
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Figure 1. Selection criteria for ginsenoside Rg1 structural analogs. 

 
 

A B 

  

Figure 2. Molecular docking validation alignment for β-secretase and γ-secretase with their co-crystallized 

ligands. 

(A) Alignment of protein 4TRZ (β-secretase)- 2-thiphenyl HEA-type inhibitor. (B) Alignment of protein 6LR4(γ-secretase)-ESF. 

 
Molecular docking simulation 

The molecular docking virtual screening with 798 
analogs revealed the top 10 analogs with the highest 
binding energy values according to the two different 
receptors. For β-secretase BACE1(PDB code: 4TRZ), 
the top ligand was 146521791analog with -8.6 
kcal/mol (Table 1), while for γ-secretase, the top lig-
and was 134688678 with -10.1 kcal/mol (Table 2). 
Therefore, for this study, the top ligand for each re-
ceptor was selected for molecular docking and dy-
namics simulation to compare it to ginsenoside Rg1 
(PDB code: 44193) and its co-crystallized ligands: 2-
thiophenyl HEA-type inhibitor for β-secretase BACE1 
and ESF for γ-secretase (Table 3). 

Therefore, the best binding free energy values 
(ΔG) of the co-crystalized ginsenoside and its top 2 
analogs have been shown in Table 4. Of the 798 gin-
senoside analogs studied, for β-secretase, the best ∆G 
was for 146521791 (-8.6 kcal/mol), and ginsenoside 
Rg1 (-6.5 kcal/mol), and 2-thiophenyl HEA-type in-
hibitor (-12.5 kcal/mol) (Table 4). Fig. 3 shows the 
interactions between the native compound and gin-
senoside analogs with the active site of β-secretase. 

The ginsenoside analogs revealed common inter-
actions through hydrogen bonds with the Thr133, 
Gln134, Phe169, and Asn294 residues, and non-
bonding interactions with Ile171, Thr293, and Lys382 
(Fig. 3A and 3B). In the reference compound (the co-
crystallized molecule in complex with 4TRZ), only the 
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Thr293 residue established a hydrogen bond with β-
secretase; in contrast, the other residues engaged in 

hydrophobic interactions (Fig. 3C). 

 

Table 1. Molecular docking top 10 results of protein 4TRZ with ginsenoside analogs. 

Top 10 Ligand Protein Program Docking DistfromRMSDl.b. BestmodeRMSDu.b. 

1 146521791 4TRZ VINA -8.6 0.000 0 

2 118705164 4TRZ VINA -8.5 0.000 0 

3 131676147 4TRZ VINA -8.5 0.000 0 

4 57390324 4TRZ VINA -8.3 0.000 0 

5 102594524 4TRZ VINA -8.2 0.000 0 

6 123721072 4TRZ VINA -8.2 0.000 0 

7 129460961 4TRZ VINA -8.2 0.000 0 

8 131704821 4TRZ VINA -8.2 0.000 0 

9 22748247 4TRZ VINA -8.2 0.000 0 

10 67964981 4TRZ VINA -8.2 0.000 0 

 

Table 2. Molecular docking top 10 results of protein 6LR4 with ginsenoside analogs. 

Top 10 Ligand Protein Program Docking DistfromRMSDl.b. BestmodeRMSDu.b. 

1 134688678 6LR4 VINA -10.1 0.00 0.00 

2 100916854 6LR4 VINA -9.8 0.00 0.00 

3 147090292 6LR4 VINA -9.7 0.00 0.00 

4 21626528 6LR4 VINA -9.7 0.00 0.00 

5 21550367 6LR4 VINA -9.6 0.00 0.00 

6 101093686 6LR4 VINA -9.5 0.00 0.00 

7 9918603 6LR4 VINA -9.5 0.00 0.00 

8 10771651 6LR4 VINA -9.4 0.00 0.00 

9 11664992 6LR4 VINA -9.4 0.00 0.00 

10 124762504 6LR4 VINA -9.4 0.00 0.00 

 

 

Figure 3. Molecular docking of β-secretase 

against ginsenoside analogs.  

(A) 146521791; (B) ginsenoside Rg1; (C) 2-
thiophenyl HEA-type inhibitor (co-crystalized 

molecule from native ginsenoside (PDB code: 

4TRZ). 
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Table 3. 2D structural formula of molecules selected for molecular dynamics. 

2-thiophenyl HEA-type inhibitor for β-secretase BACE1 and ESF 
(semagacestat) for γ-secretase. 441923 (ginsenoside Rg1) and the top analogs 

from molecular docking simulation results for each receptor. 

 

 

Table 4. Molecular docking results in top interactions with amino acids through hydrogen bonds for β-secretase and γ-secretase.  

Target protein Molecule 
Binding energy 

(kcal/mol) 
H-bond residues interaction (Bond length in Å) 

β-secretase 146521791 -8.6 Thr133 (3.15), Gln134 (3.13), Lys168 (2.59), Phe169 (2.93), 

Asn294 (2.99), Leu324 (2.70; 2.88), Ser386 (2.74)  

441923 -6.5 Gly72 (3.25), Thr133 (3,20), Gln134 (2.81; 3.04), Phe169 (3.29), 

Lys168 (2.70; 3.01), Asn294 (3.23), Arg296 (2.84; 2.94), Ser389 

(2.71)  

PRD_002107 (thiophenyl 

HEA-type inhibitor) 

-12.5 Thr293 (3.19) 

γ-secretase 134688678 -10.1 Tyr77 (2.74), Asp257 (3.32), Asp385 (2.70), Gly378 (2.69), Leu432 

(2.88) 

441923 -8.1 Tyr77 (2.93), Asp257 (2.87; 3.01), Asp385 (2.63), Lys429 (2.96), 

Leu432 (2.67), Ala434 (3.18)  

ESF -7.2 Lys380 (3.23), Leu432 (2.99) 

*Residues highlighted in bold correspond to common amino acid interactions for β-secretase and γ-secretase. 
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Figure 4. Molecular docking of γ-secretase against ginsenoside analogs.  

(A) 134688678; (B) ginsenoside Rg1; (C) ESF (co-crystalized molecule from native ginsenoside (PDB code: 6LR4). 

 
Otherwise, the best binding values between gin-

senosides and γ-secretase were 134688678 (-10.1 
kcal/mol) and ginsenoside Rg1 (-8.1 kcal/mol). 
Meanwhile, ESF (co-crystalized ligand with 6LR4 
ginsenoside) exhibited a binding energy of -7.2 
kcal/mol (Table 4). The common residues forming H-
bond interactions with γ-secretase and ginsenoside 
compounds were Tyr77, Asp257, and Asp385. Only 
the Leu432 residue was common to all molecules, 
including the co-crystallized molecule (ESF) (Fig. 4A-
C). 

On the other hand, the heat map presented in Fig. 
5 illustrates the interaction patterns between the main 
ligands and the amino acid residues of the binding 
sites in the 4TRZ and 6LR4 (PSEN1) proteins. For 
4TRZ, a substantial number of residues including 
Gly72, Thr133, Gln134, Phe169, Ile171, Thr293, 
Asn294, and Arg296, were identified as interacting 
with all ligands. Additionally, residues Tyr132, 
Gln291, and Thr292 were shared between 
PRD_002107 (the reference inhibitor) and ligand 
146521791. In contrast, Gln73, Gly74, Tyr254, Asp289, 
and Val393 exhibited interactions exclusively with the 
co-crystallized molecule. Notably, Trp176 did not 
display interactions with any of the ligands analyzed 
(see Fig. 5A).  

Similarly, Fig. 5B highlights the interaction profile 
of ligands bound to 6LR4, revealing consistent inter-
actions with residues such as Asp385, Lys380, Leu381, 

Leu425, Ala431, Leu432, and Ala434 across all lig-
ands. Among the ginsenosides analyzed, residues 
Tyr77, Asp257, Leu268, Val272, Gln276, Ile287, and 
Gly382 were frequently involved. Finally, the ligand 
with the highest binding affinity exhibited unique 
interactions with Val261, Gly378, Leu381, Thr421, and 
Leu422. 

Molecular dynamics 

The molecular dynamics results reveal that all β-
secretase complexes (4TRZ) maintained RMSD values 
below 2.5 Å, with minimal variations observed in the 
4TRZ-reference and 4TRZ-ginsenoside Rg1 complex-
es. SASA values ranged from 16,000 to 19,000 Å². The 
radius of gyration showed that the native protein 
exhibited better compaction, while the 4TRZ-
146521791 complex displayed values exceeding 21.5 
Å. RMSF analysis indicated consistent movement in 
both the 4TRZ-146521791 and native complexes (Fig. 6 
A-D). 

For γ-secretase (6LR4), the native protein exhibited 
fewer RMSD variations compared to the other sys-
tems. SASA values ranged from 17,500 to 19,500 Å², 
with notable increases observed in 6LR4-134688678. 
The radius of gyration showed more significant varia-
tion after 40 ns, and RMSF values indicated greater 
flexibility in both the native and reference systems 
(Fig. 7A-D). 
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Figure 5.  The heat map demonstrates the formation of interactions between ligands and specific amino acid residues.  

(A) 4TRZ against 146521791, ginsenoside Rg1 and PRD_002107 (2-thiophenyl HEA-type inhibitor). (B) 6LR4 against 134688678, ginsenoside 

Rg1 and ESF.  

 

  

  

Figure 6. Molecular dynamic simulation of β-secretase (PDB code: 4TRZ) against ginsenoside analogs.  

(A) RMSD; (B) SASA; (C) RoG; (D) RMSF. 
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Figure 7. Molecular dynamic simulation of γ-secretase (PDB code: 6LR4) against ginsenoside analogs.  

(A) RMSD; (B) SASA; (C) RoG; (D) RMSF. 

 

Table 5. Binding free energy components (kcal/mol) of β and γ-secretase complexes, ginsenoside analogs, and co-crystallized mole-

cules using the GBSA method. 

Energy component VDW EEL EGB ESURF ΔGgas ΔGsolv ΔGTotal SD 

4TRZ-146521791 -59.23 -310.72 328.33 -7.68 -369.95 32.06 -49.30 7.56 

4TRZ-441923 -51.85 -14.82 37.33 -6.33 -66.67 30.99 -35.68 2.59 

4TRZ-cocrystallized 

(PRD_002107) 

-41.06 -49.65 61.25 -5.94 -90.71 55.31 -35.40 8.98 

6LR4-134688678 -66.09 -3.58 17.11 -8.16 -69.67 8.95 -60.71 5.93 

6LR4-441923 -62.47 -14.49 27.25 -7.35 -76.96 19.89 -57.07 5.28 

6LR4-cocrystallized (ESF) -31.07 97.53 -87.67 -4.24 66.46 -91.92 -25.46 4.38 

EEL: Electrostatic energy, EGB: Summation of electrostatic, ESURF: Surface energy, ΔGgas: Gibb’s energy in the gas phase ΔGsol: Gibb's energy in the 

aqueous phase, ΔGTotal: Total Gibb's energy, VDW: Van der Waals. 

 

Binding free energy calculations showed γ-
secretase complexes had better binding energy, with 
6LR4-134688678 being the best complex overall (Table 
5). 

In general, the predicted pharmacokinetic proper-
ties of ginsenosides indicated low gastrointestinal 
absorption and limited BBB permeability. The com-
pounds were identified as active P-gp substrates, with 
no inhibitory activity against CYP450 enzymes. Addi-
tionally, acute oral toxicity in rats was reported to 
exceed 1200 mg/kg, classifying the compounds as 
toxicity class IV. The ginsenosides were predicted to 
be non-carcinogenic, non-neurotoxic, and non-

hepatotoxic. However, the compounds showed poten-
tial immunogenicity (Table 6). 

DISCUSSION 

Veerappan et al. (2013) explored an inhibitor 
known as SC7 bound to active sites of BACE1, con-
firming two aspartic acid residues (Asp93 and 
Asp289) that are essential for substrate binding and 
render BACE1 inactive, considered the region most 
favorable for molecular docking. This coincides with 
the results of the molecular docking simulation of this 
study, where molecule 146521791 demonstrated hy-
drophobic interactions with Asp93. 
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Table 6. Pharmacokinetic and toxicity properties associated with ginsenoside analogs.  

Parameters  146521791 134688678 441923 

GI absorption Low Low Low 

BBB permeant No  No  No  

Bioavailability Score 0.17 0.17 0.17 

P-gp substrate Yes  Yes  Yes  

CYP1A2 inhibitor No No No 

CYP2D6 inhibitor No No No 

CYP3A4 inhibitor No No No 

Log Kp (cm/s) -8.48 -9.46 -9.29 

Synthetic Accessibility 8.91 9.04 9.21 

Rat Oral LD50 (mg/kg) – Class  1464 – IV 1232 – IV 1826 – IV 

Carninogenicity  Inactive Inactive Inactive 

Neurotoxicity Inactive Inactive Inactive 

Hepatoxicity Inactive Inactive Inactive 

Immunotoxicity Active  Active  Active  

Lipinski rule No; 3 violations: 

MW>500, NorO>10, 

NHorOH>5 

No; 3 violations: 

MW>500, NorO>10, 

NHorOH>5 

No; 3 violations: 

MW>500, NorO>10, 

NHorOH>5 

Veber  No; 1 violation: 

TPSA>140 

No; 1 violation: 

TPSA>140 

No; 1 violation: 

TPSA>140 

BBB: Blood barrier brain; GI: Gastrointestinal; Log Kp (skin permeability coefficient); P-gp: Glycoprotein P; LD50: Letal doses 50 

 
Similarly, ginsenoside CK interacts with residues 
Thr133 with a binding affinity of -12.4 kcal/mol, with 
hydrogen bonding interactions and Van der Waals 
interaction between residues Gln134, Thr292, and 
Thr293, thereby strengthening the protein-ligand 
interaction; also, H-bond interactions were observed 
in the analog 146521791 with Thr133 and Gln134 and 
hydrophobic interactions with Tyr132, Thr293, and 
Thr292. 

Regarding β-secretase (PDB code: 4TRZ), the in-
corporation of transition-state mimics of an aspartic 
protease, such as hydroxymethylcarbonyl (HMC) or 
hydroxyethylamine (HEA), within an extended sub-
strate sequence for BACE1, proved effective as an 
initial step in the development of a BACE1 inhibitor, 
where an aspartate residue serves as an indicator of 
an inhibitory process. This finding aligns with the 
results of the present study, in which analog 
146521791 exhibited interaction with the Asp93 resi-
due (Hattori et al., 2015). Likewise, it has been ob-
served that docking interactions of ginsenoside F1 
involve hydrogen bonds at the Thr292 residue, with a 
binding affinity of -12.3 kcal/mol.  Similarly, analog 
146521791 in this study’s molecular docking simula-
tion demonstrated hydrophobic bonds. Furthermore, 
ginsenosides Rg1 and Rh2, although showing less 

potential for drug development, exhibited affinity 
through H-bonds with the Asp93 residue of the active 
site; notably, Rg1 interacts more strongly, forming 
five hydrogen bonds with the Thr292 residue, and 
Asp93 interacts with the OH groups of the sugar moi-
eties present in both Rg1 and Rh2. The ginsenosides 
Rf, Ro, Rh1, and Rh2, despite lacking the significance 
of CK and F1, also formed hydrogen bonds with resi-
due Asp93 (Veerappan et al., 2013) (see Table 7). 

The heatmap analysis revealed distinct interaction 
patterns between the ligand 1465217891 and β-
secretase, specifically involving residues Asp93, 
Ile179, and Ser386. Asp93 plays a pivotal role in the 
peptide cleavage process. Under acidic conditions, it 
remains predominantly deprotonated, while Asp289 
is protonated. This protonation-deprotonation dy-
namic facilitates the activation of a nucleophilic water 
molecule and stabilizes the transition state during 
substrate hydrolysis. Furthermore, the acid-base con-
figuration of the catalytic center contributes to charge 
stabilization and establishes critical electrostatic inter-
actions with the ligands (Alhawarri et al., 2024; Chen 
et al., 2012). Ile179 contributes to the formation of a 
hydrophobic sub-pocket within the binding site, ena-
bling interactions with polar moieties of the ligands 
through van der Waals forces. 
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Table 7. Comparison of the most relevant interactions between ginsenoside analogues of the study and other reported 

molecules.  

Ligand Crucial residues 
Observed 

Interaction 

Binding 

energy 

(kcal/mol) 

Clinical potential/observations 

146521791  

(β-secretase) 

Asp93, Thr133, 
Gln134, Thr292, 

Thr293, Ser386, 

Arg296 

H-bonds, 
hydrophobic 

interactions 

-8.6 Potential BACE1 inhibitor; 

interactions like active ginsenosides. 

Ginsenoside Rg1  

(β-secretase) 

Thr133, Phe169, 

Arg296 

H-bonds -6.5 Structural stability observed in 

molecular dynamics. 

Original studies: Rg1 reduced CDK5 
expression, inhibited PPARγ 

phosphorylation, increased IDE, 

reduced BACE1, APP, and Aβ₁₋₄₂, and 

decreased neuronal apoptosis. 

PRD_002107 

(thiophenyl HEA-type 

inhibitor) 

(β-secretase) 

Thr133, Gln134, 

Asp289, Thr292, 

Thr293, Arg296 

hydrophobic 

interactions and 

H-bonds 

-12.5 PRD_002107 is a HEA inhibitor that 

forms a stable complex with BACE1 
but has not been demonstrated to 

inhibit through chemical and 

crystallographic analysis. 

134688678 

(γ-secretase) 

Asp257, Lys380, 

Gly382, Asp385, 

Leu432, Val261, Val272 

hydrophobic 

interactions and 

H-bonds 

-10.1 Highest binding energy for γ-

secretase; strong inhibitor 

candidate. 

Ginsenósido Rg1 (γ-

secretase) 

Val261, Val272, 
Leu282, Asp257, 

Lys380, Asp385, 

Leu432 

hydrophobic 
interactions and 

H-bonds 

-8.1 Favorable interaction; may stabilize 

active conformation of PS1 

ESF 

(γ-secretase) 

Leu282, Lys380, 

Leu432 

H-bonds -7.2 Lower affinity compared to 

ginsenosides and analogs. 

SC7  

(referent inhibitor) 

Asp93, Asp289 H-bonds −14.2 Active region is confirmed as 

favorable mating site. 

Ginsenoside CK Thr133,Asp289, 

Thr289 
H-bonds -12.4 Possibility to cross the BBB; strong 

and specific interaction. 

Ginsenoside F1 Gly95, Asp289, Thr292, 

Thr390 

H-bonds -12.3 Crosses BBB. 

Asp93 reinforces its inhibitory effect. 

Ginsenoside Ro Asp93, Pro131, 

Gln134, Gly135 

H-bonds -12.1 Cell studies show that the Ro H and 

Ro L variants increased BACE1 

expression without reducing 

enzymatic activity. 

Ginsenoside Rg1 Asp93, Thr292, Gly291 H-bonds -11.8 Lower potential than CK and F1, but 

relevant in multiple interactions. 

Ginsenoside Rh1 Asp93, Tyr259, Gly291, 

Thr292 

H-bonds −11.6 Secondary relevance. 

Asp93 role confirmed. 

 

This interaction significantly enhances the stabili-
zation of the ligand within the active site (Mobeen et 
al., 2013; Sultana and Woo, 2025). Additionally, 
Ser386 acts as both a hydrogen bond donor and ac-
ceptor, particularly with polar groups of ligands lo-
cated at the P' site (P1′–P3′) of BACE1.  

These interactions function as anchoring points, 
reinforcing ligand binding toward the C-terminal end 
of the enzyme (Huang et al., 2013; Grewal et al., 2024).  

Some research has clarified that aspartic residues 
(Asp93 and Asp289) help elucidate the position of 
Thr133 and Ser386 about the catalytic site, allowing 
for a better understanding of the opening and closing 
capacity of the BACE1 gate, which contributes to flap 
flexibility and the stabilization of interacting ligands. 
This was compared to what was observed in ginseno-
side 146521791, which also appears to interact with 
Thr133 through hydrophobic bonds and with Ser386 
via hydrogen bonds formed by the hydroxyl groups 
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of the ginsenoside sugars, thereby demonstrating 
greater structural folding (Gueto-Tettay et al., 2016). 
Additionally, interactions between ginsenosides and 
Arg296 showed that 146521791 and ginsenoside Rg1 
established hydrophobic contacts and hydrogen 
bonds involving their sugar components. Notably, 
interaction with this residue and the surrounding 
hydrophobic pocket has also been reported for refer-
ence compounds, suggesting its potential role in sub-
strate recognition. Moreover, previous studies have 
indicated that certain inhibitors exhibit atypical con-
formations at the P2′ and P4′ positions, which may 
influence the inhibition of enzymatic cleavage (Cole 
and Vassar, 2007). 

The molecular dynamics results show that all the 
complexes formed with β-secretase (PDB code: 4TRZ), 
including the native protein, maintained an RMSD of 
less than 2.5 Å, showing minor variations in the 
4TRZ-reference and 4TRZ-ginsenoside Rg1 systems, 
which indicates notable behavior of structural folding 
and stability as described by Maruyama et al. (2023) 
(Fig. 5A). Regarding the solvent accessible surface 
area (SASA) component, it was shown that the sys-
tems remained between 16,000 and 19,000 Å², with 
minimal variations between the co-crystallized mole-
cule and the 4TRZ-146521791 system, which tended to 
stay at the same values throughout the entire simula-
tion, while more significant changes were evident in 
the analog 4TRZ-ginsenoside Rg1 (Fig. 5B). In the 
radius of gyration analysis of the systems with β-
secretase, it was shown that the native protein tends 
to maintain better compaction compared to the sys-
tems linked to ginsenoside analogs, and even the 
4TRZ-146521791 complex exhibited values greater 
than 21.5 Å (Fig. 5C). Regarding RMSF, this analysis 
shows us the movement of each residue during the 
simulation. The results show that, in general, all the 
complexes exhibited similar movements, reporting 
greater flexibility in the residues between positions 
150–175, 312–325, and 362–375 with RMSF values of 2 
to 3 Å, except for the 4TRZ-146521791 complex and 
4TRZ-native, which reached higher values at these 
positions (5 to 6 Å) (Fig. 5D). 

γ-Secretase has been described as having a catalyt-
ic binding site composed of two aspartate residues, 
Asp257 and Asp385, which aligns with the findings of 
the interaction between 134688678 and ginsenoside 
Rg1, both of which form hydrogen bonds with PS1 
(presenilin-1). However, the co-crystallized ligand did 
not show these two residues within its binding sites. 
Furthermore, these authors also report that among the 
natural compounds described as β-secretase inhibi-
tors are ginsenosides, reinforcing the importance of 
the present study in elucidating their binding sites 
and modes of interaction with these proteins 

(Schaduangrat et al., 2019). Similarly, studies of inhib-
itors such as semagacestat against γ-secretase have 
reported that the hydroxyl group can donate hydro-
gen bonds to Asp385, which suggests that the activat-
ed conformation of presenilin-1 can be retained and 
linked to the inhibitor. Likewise, residues Val261 and 
Val272 can establish a highly hydrophobic environ-
ment that can influence the specificity and potency of 
the inhibitors. Additionally, the validation of the co-
crystallized ligand showed the formation of hydrogen 
bonds with Lys380 (β2 chain) and Leu432 (phenylala-
nine ammonia-lyase-PAL motif) (Yang et al., 2021b).  

Similarly, in the heat map, it is observed that the 
three ligands (134688678, ginsenoside Rg1, and ESF) 
showed interactions with common residues such as 
Lys380, Asp385, Leu425, Ala431, Ala434, and Leu432. 
In previous studies, the presence of the carbonyl 
group of Lys380 can interfere with the binding to the 
ligands through H-bond, like the β-sheet interactions 
with the substrate, and additionally, the presence of 
Leu432, which contributes to the binding of the APP 
or Notch substrate. The residue Leu425, like 
Leu418/Thr421, can form the pocket in the TM8 do-
main in CTF, while the residue Ala434 interacts with 
all ligands as described in the binding with semaga-
cestat, related to the PAL loop (433–435), and leads to 
its attraction and closure around the inhibitor. On the 
other hand, other interactions observed with ligands 
such as ginsenosides Rg1 and 134688678 were with 
residues Leu268, Val272, and Leu282, which are main-
tained in the vicinity of TM6-7 of the PS1-NTF, creat-
ing a hydrophobic site (Yang et al., 2021b).  

For the γ-secretase systems (PDB code: 6LR4) with 
the ginsenoside analogs, it was observed that the na-
tive protein presented fewer variations in the RMSD 
values compared to the other systems, like the 6LR4-
ginsenoside Rg1 complex along the trajectory. The 
most considerable variations were observed with 
6LR4-Reference, which showed an increase in RMSD 
values higher than 4 Å before the initial 40 ns and 
subsequently stabilized at lower values of 3 Å (Fig. 
6A). Regarding the SASA, it is noted that the systems 
fell between values of 17,500 to 19,500 Å²; for 6LR4-
134688678, an increase in the values was observed 
between 20 and 40 ns, compared to the rest of the 
complexes. On the other hand, the 6LR4-reference 
and 6LR4-ginsenoside Rg1 systems show on average 
values lower than 18,500 Å², being more constant and 
lower in the 4TRZ-ginsenoside Rg1 complex (Fig. 6B).  

In the radius of gyration, it was evident that dur-
ing the initial 35 ns, the values remained with minor 
variations between 20.5 and 21.5 Å. However, after 40 
ns, substantial changes were observed in the RoG, 
showing values lower than 20.5 Å for the 6LR4-
Reference system, followed by 6LR4-ginsenoside Rg1, 
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which exhibited values lower than 21 Å and a de-
crease like that of the reference molecule after 80 ns. 
The RMSF values, it can be observed that the analog 
complexes presented the same variation in movement 
of the γ-secretase residues with values between 1 to 3 
Å, unlike 6LR4-native and 6LR4-reference, where 
greater flexibility was evident with values between 4 
to 6 Å in the residues between positions 75–87, 112–
125, 212–225, 262–275, with the highest peak of 
movement in the residues between 112–125 (Fig. 6D). 

Pharmacokinetic properties indicated low gastro-
intestinal absorption, with some reports suggesting 
that after the administration of oral formulations of 
ginsenoside Rg1, bioavailability ranging from 1% to 
20% can be obtained. However, the development of 
liposomal formulations via the pulmonary route indi-
cates that the AUC after administration can increase 
by 22.7% compared to conventional administrations 
(Liang et al., 2024). Similarly, the study did not report 
inhibition of fundamental CYP isoforms (3A4, 2D6, 
1A2); however, some reports indicate that compounds 
like ginsenoside Rg1 may be related as a substrate of 
CYP3A4 but not P-gp, which means its inhibition 
would be reflected in an increase at the systemic level 
(Li et al., 2024). Additionally, it has been established 
that reactions such as deglycosylation at the intestinal 
level can lead to the development of metabolites like 
F1 and Rh1, which could increase their absorption 
capacity (Won et al., 2019). In the case of permeation 
across the blood-brain barrier, systematic reviews of 
preclinical studies have described evidence of the 
ability to cross after administration, in addition to the 
design of intranasal microemulsions, which increases 
the capacity for brain uptake at a higher rate (Li et al., 
2015; Liang et al., 2021). It has been confirmed in mu-
rine and transgenic AD models that ginsenoside Rg1 
can penetrate through different types of formulations 
and accumulate in the hippocampus and cortex (Li et 
al., 2016). 

Toxicity predictions for the compounds studied 
showed values >1200 mg/kg, which is classified as 
moderately safe, with the results of orally adminis-
tered ginseng extracts containing ginsenoside Rg1 at 
values above 5000 mg/kg, and as determined in stud-
ies in rats with an adequate safety profile, with values 
>2000 mg/kg (Carabin et al., 2000; Park et al., 2022). It 
was also observed that the predictions by Protox 3.0 
showed an adequate profile in terms of inactivity to 
carcinogenicity, hepatotoxicity and neurotoxicity; 
where the literature shows that compounds such as 
ginsenoside Rg1 do not show notable effects of car-
cinogenicity and on the contrary shows effects of mi-
totic arrest in several cell lines and activates apoptotic 
pathways in tumor cells, as well as decreased angio-
genesis and transition from epithelial to mesenchymal 

cells (Hong et al., 2022; Jiang et al., 2023). Studies have 
found that ginsenoside Rg1 does not cause liver dam-
age in mice, and there were no major changes in liver 
enzyme levels (Zhao et al., 2015).  Protective activity 
has even been determined in murine models with 
chronic ethanol hepatitis, with decreased oxidative 
activity and regulation of the NLRP3 inflammasome 
(Yang et al., 2021a). For neurotoxicity, it is supported 
that ginsenosides may be related to a low alteration 
effect on neuronal tissue function and have been 
linked to neuroprotective properties in vivo and in 
vitro, capable of regulating synaptic function, neuroin-
flammation, and oxidative stress (Chen et al., 2022; 
Zhang et al., 2025). 

Additionally, Table 5 reports the binding free en-
ergy calculations of each complex selected for molecu-
lar dynamics simulation. The results show that over-
all, γ-secretase complexes had the best total binding 
free energy compared to β-secretase. Overall, the best 
complex was 6LR4-134688678, followed by 6LR4-
ginsenoside Rg1, 4TRZ-146521791, 4TRZ-ginsenoside 
Rg1, 4TRZ-cocrystallized (2-thiophenyl HEA-type 
inhibitor), and 6LR4-co-crystallized (ESF), with values 
of -60.71 ± 5.93, -57.07 ± 5.28, -49.30 ± 7.56, -35.68 ± 
2.59, -35.40 ± 8.98, and -25.46 ± 4.38 kcal/mol, respec-
tively, as obtained by the GBSA method. 

CONCLUSION 

The present in silico study demonstrated the possi-
ble potential of ginsenoside analogues as inhibitors of 
β- and γ-secretase, enzymes involved in the patho-
physiology of Alzheimer's disease. Molecular docking 
analysis revealed that analog 146521791 exhibited the 
highest binding affinity against β-secretase, whereas 
analog 134688678 showed more favorable interactions 
with γ-secretase. This denoted key interactions at the 
specific binding site of the ligand to the protein, iden-
tified residues such as Thr133, Gln134, Phe169, 
Asn294, Ile171, Thr293 and Lys382 for β-secretase, 
and for the amino acid residues Tyr77, Asp257, 
Asp385 and Leu432 for γ-secretase, evidencing high 
binding free energy values with the analogues 
134688678, 146521791 and the ginsenoside Rg1.  

In parallel, these results were complemented by 
molecular dynamics simulations, which established 
structural stability and a favorable interaction profile 
of the ligand-protein complexes during the simulation 
time. The behavior of parameters such as RMSD, 
RMSF, RoG, and SASA evidenced high stability, flex-
ibility, and compactness in the active site residues. 
Additionally, free energy calculations performed by 
MM-GBSA corroborated the energetic feasibility of 
these interactions. The predicted pharmacokinetic and 
toxicity profile indicated inadequate gastrointestinal 
absorption and BBB permeability and drug-likeness 
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characteristics moderately compatible with Lipinski 
and Veber rules; while in silico toxicological analyses 
indicated a low carcinogenic, hepatotoxic and neuro-
toxic risk.  

The results confirm the possible potential of gin-
senoside analogues as base structures for new ligands 
in multiple therapeutic targets for the treatment of 
Alzheimer's disease. Thus, the obtained analogues 
constitute a vital contribution in the development of 
new drugs with broad therapeutic efficacy from the 
study of natural sources. 
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