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ABSTRACT

Mild cognitive impairment (MCI) is defined as an intermediate stage between normal age-related cognitive decline
and pathological cognitive deterioration associated with aging, which course with alterations in one or more cognitive
domains and could progress to a major neurocognitive disorder; we investigate five critical proteins involved in the
pathophysiological process of MCI: Glycogen synthase 3-f3 (GSK3), B-secretase (BACE1), Glutamate transporter
associated protein 3—18 (GTRAP3-18), Pregnane X receptor (PXR), and epidermal growth factor receptor (EGFR).
We evaluated 2,568 phytochemical compounds as potential ligands of the best conformations of proteins, minimized
with 100 ns of molecular dynamics (MDs), which have biological effects on central nervous system disease. All
compounds were subjected to virtual screening to obtain the best ligand based on the docking score, then, 1,000
independent docking assays were performed to corroborate the binding site; Root Mean Square Deviation, frequency,
and interacting atoms were calculated. Finally, the MD of the best ligand-protein complex was developed. The top
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GSK3p. probable ligand for each protein was dioscin for BACE1, quadrigeminal-A for GSK33 and GTRAP3-18, psychotridine
for PXR and EGFR. This research emphasizes various phytochemicals that influence dysregulated proteins in MCI,
offering details on their binding affinities and molecular interactions at the active sites of each receptor.

INTRODUCTION pathway alterations with MND such as Alzheimer’s disease

Mild cognitive impairment (MCI) is defined as [3-6], in this sense, MND produces high morbidity and

an intermediate stage between normal cognitive aging and
pathological cognitive decline, such as major neurocognitive
disorders (MNDs), including Alzheimer’s disease [1,2].
The pathophysiological process must be understood as a
multifactorial process that includes cellular and molecular
dysfunctions [3]; furthermore, MCI shares some signaling
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mortality rates in older individuals around the world and current
treatments have low possibilities of changing the conclusion of
MND; however, MCI is significantly likely to be treated.
Current pharmacological treatment against MCI
includes: 1) acetylcholinesterase inhibitors, necessary to avoid
symptoms of MCI without halting its progression to MND; 2)
a promising treatment combining physical exercise, cognitive
training, and diet, suggesting a reduction of symptomatic MCI
[6]. In addition, phytochemicals have several biological effects
on the central nervous system: they act as neuroprotectors in the
processes of oxidative stress and apoptosis, immunomodulate,
and neuroregulate nervous tissue, among many others.

© 2025 Cristian Gonzalez-Ruiz et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/).
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Additionally, a diet rich in phytochemical compounds has been
shown to influence specific molecular markers in MCI and
MND [6-10].

This study focused on discovering possible
phytochemical treatments for MCI. We conducted a virtual
screening (VS) process to investigate the interactions of 2,588
phytochemical compounds with five key proteins that are
dysregulated in MCI. The selected markers used in this research
are as follows:

1) B- Secretase (BACEL) is a protease involved in
the cleavage of amyloid precursor protein (APP) [11-13];
subsequently, APP is cleaved by y-secretase, producing amyloid
B peptide (A-B), some studies indicate that an increase in
B-secretase activity leads to an excess of A-B plaques, which
contributes to neurotoxicity [14,15]. 2) Glycogen synthase
3-B (GSK3p) plays a significant role in Tau phosphorylation
[16] and is involved in various physiological processes.
However, when GSK3p is overexpressed, it causes an increase
in Tau phosphorylation, which leads to the destabilization of
microtubules [5]. 3) Glutamate transporter associated protein
3-18 (GTRAP3-18) blocks the translocation of the early
excitatory amino acid carrier 1 in the endoplasmic reticulum.
This interaction leads to an increase in reactive oxygen
species and a reduction in glutathione, causing an imbalance
in oxidative processes within neurons [17,18]. 4) Pregnane
X receptor (PXR) is a regulator of P-glycoprotein, and its
activation produces an increased clearance of A-p and reduction
of MCI [19,20]. 5) Epidermal growth factor receptor (EGFR) in
Brain injuries and pathological conditions like MCI and MND
increase its expression and activation reducing Akt levels [21],
which plays an inhibitory activity against GSK3p. On the other
hand, EGFR could activate reactive astrocytes and increase
inflammatory response in MCI and MND [22,23].

Following the VS analysis, we selected the
best phytochemical candidates based on docking scores.
Subsequently, we conducted docking analysis and ligand-
receptor molecular dynamics (MDs) to determine the most
probable conformation of the protein-ligand complex. Finally,
the methods used in this study provide a set of phytochemical
compounds with potential activity against MCI.

MATERIALS AND METHODS

3D ligand structures retrieval and optimization

A total of 2,568 phytochemical compounds from
different libraries were used in this study. First, from PubChem
database [24], through compound subclassification Kyoto
Encyclopedia of Genes and Genomes (KEEG), we select
alkaloids, flavonoids, and terpenes, we downloaded comma-
separated values libraries with 714 alkaloids, 478 flavonoids,
and 1,102 terpenoids; other 16 polyphenols were obtained from
Phenol-explorer [25], 76 sulfur-containing compounds were
taken from SuCComBase [26], 33 isocyanates from the base
“chemical entities of biological interest” (ChEBI) [27] and 149
glucosinolates were taken from Blazevi¢ et al. [28] and drew
in ZINC database [29]. Using OpenBabel [30], 3D conformers
of the 2,568 phytochemical compounds were obtained from
the simplified molecular input line entry system (SMILES) to

3D structures, minimized by 1,500 steps of conjugate gradient
algorithm considering Merck Molecular force Field (MMFF94).

Protein preparation and molecular dynamics

The structure of EGFR, GSK3pB, BACEI, and PXR
were taken from RCSB Protein Data Bank [31], (PDB ID
1IM17), (PDB ID 4J71), (PDB ID: 2ZHT), and (PDB ID:
3CTB), respectively; on the other hand, GTRAP3-18 structure
was taken from AlphaFold [32, 33] (Alpha ID: Q9ES40),
and subjected to 200 ns of (MDs) simulation to optimize the
model and reach a stable conformer. The other four proteins
were subjected to 100 ns of MDs after the removal of other
molecules different from the main protein chain using USCF
Chimera [34].

Simulations were conducted under the parameters
of CHARMM36-jul2020 force field in GROMACS 2021.4
[35,36]. Using a cubic box model, filled with TIP3 water model
based on a simple point charge, and 0.15 M of NaCl which also
served to neutralize the system. The system was subjected to
50,000 steps of the steepest descent minimization process, with
maximum force set to 10 KJ/mol. After that, an equilibration
with 100 ps of a canonical ensemble (NVT) and an isothermal-
isobaric ensemble (NPT) equilibration was performed.

Subsequently, the simulations were carried out in the
NPT ensemble for 100 ns at 300 K and 1 atm, V-rescale and
Parrinello-Rahman algorithms were used to sample canonical
temperature and pressure conditions. A LINCS algorithm with a
cut-off of 10 A was used for computing long-range electrostatic
interactions by the Particle Mesh Ewald method. In the same
way, 10 A was the limit to calculate non-bonded interactions,
i.e., Coulomb (electrostatic) and Lennard Jones (hydrophobic/
van der Waals attractions) using the Verlet cut-off scheme. The
leap-frog algorithm was used to compute the equation of motion
with a time step of 2 fs.

After completing the MDs simulations for each
protein, the GROMACS clustering algorithm using a cutoff of
0.2 nm was applied. This allowed us to identify clusters present
throughout the entire trajectory of the simulations.

Virtual screening

Based on clustering analysis, those clusters that
represent at least 60% of each protein whole dynamics were
obtained, using AutoDock Tools [37], hydrogens and Kollman
charges were added, and the coordinates of a grid box centered
on each protein catalytic site (based on co-crystallised agonist
or antagonist), with a 20 x 20 x 20 A size volume on each one
were obtained; after these, each cluster (saved as pdbqt) was
used as the target for VS using Vina [38,39]. VS was performed
with a bash script. A single pose was analyzed based on protein-
ligand interactions and binding affinity values to perform this
process. The best ligand of each cluster (for each protein) was
used to develop receptor-ligand MDs.

Molecular docking

Based on VS results, the best two ligands for each
cluster were used to perform 1,000 independent replicates by
using a local bash script to obtain the most representative ligand-
protein conformation. Based on docking scores, interactions,
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and Root Mean Square Deviation calculation, the most probable
ligand-protein conformer was chosen to carry out MDs.

Ligand-receptor MDs

MD of the best ligand-receptor conformation was
performed in GROMACS 2021.4 using CHARMM36-Jul2020
forcefield [35,36], considering the same conditions as in point
4. We utilized each ligand, including those co-crystallized, to
generate topologies using the CgenFF online server [40,41].
The average structure representing the whole MDs simulation
was obtained after clustering analysis with a 0.2 nm cutoff,
which was used to build representative images on PyMOL
[42], and the 2D interaction images were obtained with Biovia
Discovery Studio [43].

RESULTS AND DISCUSSION

MDs for clusters

We performed a clustering analysis To determine the
most common and stable conformers in protein structures over
a designated timeframe. This analysis allowed us to investigate
whether the binding site of each protein varies under dynamic
conditions, which in turn affects ligand binding, enabling us
to provide a more accurate description of binding behavior.
As illustrated in Figure 1, BACEI and GSK3f exhibited a
single cluster, depicted in orange, indicating that both proteins
maintained minimal conformational changes throughout the
100 ns simulation, with movements remaining under 0.25
A. The other three proteins (GTRAP3-18, PXR, and EGFR)
each displayed three clusters. The most stable conformation is

shown in orange, the second most stable in green, and the least
common form in blue. Each cluster represents at least 10 ns of
the total simulation, suggesting that each can be considered a
viable conformation for different ligand binding modes.

Virtual screening

As a first approach, a VS of 2,568 phytochemical
compounds with the five key proteins was performed to find
the ten best compounds with the higher binding score. Figures
2 and 3 depict how most compounds binding to the five proteins
are alkaloids, with a few terpenes and only three belonging to
the phenolic compound family.

100+

Cluster frequency (ns)

BACE1 GSK3-R GTRAP3-18 EGFR PXR

Figure 1. Main clusters of the MDs of the analyzed proteins. Cut-off= 0.25 A;
ns = nanoseconds. The most stable conformation is shown in orange, the second
most stable in green, and the least common form in blue.
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Figure 2. Docking scores of the best 10 compounds were obtained after MDs clustering of BACE1 and GSK3f (Only a single cluster was
found for these two proteins). Considering ligands as alkaloid (A), terpene (T), or flavonoid (F).
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As mentioned above, members of the alkaloids family
are those with more interaction ability; one might conjecture that
this phenomenon arises due to the presence of aromatic rings with
nitrogen heteroatoms, which, in addition to being electronegative,
is an electron donor to form interactions with another aromatic,
and charged amino acids [44], conferring stability to the ligand
inside the binding site and enhancing affinity.

On the other hand, terpenes (the second family with
most of the interactions) are compounds with high lipophilicity
that allows them to reach the deepest amino acids inside
the protein and remain longer in the binding site, inducing
conformational changes in the protein to which they have
bound, making them good ligands for cytosolic proteins [45].
Polyphenols contain hydroxyl groups that can act as hydrogen
bond donors and acceptors, allowing them to effectively interact
with aromatic, aliphatic, acidic, and basic amino acids [46].
Despite these chemical characteristics, the results show lower
binding scores than alkaloids.

Molecular docking

This approach allowed us to confirm our previous
VS results, and let us identify with greater certainty the most
probable ligand-protein interactions based on the analysis of
1,000 independent docking assays performed with the ligand of
the highest docking score or each cluster. Representative data of
the docking assay are presented in Figures 2 and 3, and Table 1.

Regarding the active form of BACELI at pH 4.5 (PDB
ID: 2ZHT), important for APP cleavage activity in endosomes
[13,47], the spirostanyl glycoside dioscin (a terpene) found
mainly in Ophiopogon intermedius,and Dracaena draco showed
a 12.56 £ 0.43 kcal/mol binding score (Fig. 2) on 56.2% of the
independently performed assays, making a carbon-hydrogen
bond with the main catalytic residues Asp228 and Asp32 [13]
and hydrogen bonds with some others of the endogenous
substrate binding pocket: Thr72 and Arg235 [48]. Additionally,
dioscin interacts with Thr329, Arg 235, Tyr 198, Thr 72, and
Ser35 (Results obtained from Molecular docking), which
matches other reports [13,48,49]. This approach is supported by
another report that suggests that dioscin could reduce oxidative
stress and inflammation through RAGE/NOX 4 in vitro and in
vivo models of Alzheimer’s disease [50]. Furthermore, our MDs
analysis showed that the complex BACEI vs dioscin remains at
an inactive conformation for at least 43 ns, with slight ligand
conformational differences, mainly on the glycosidic moiety of
the molecule.

Additionally, focusing on GSK3f, a crucial Tau
kinase enzyme, is a significant strategy for mitigating the harm
caused by Alzheimer’s disease. [5], we found that the pyrrole
indole alkaloid quadrigemine A, found mainly in Psychotria
forsteriana, and Psychotria milnei, interact at the ATP-
binding site of this kinase, with hydrogen bonds or pi-alkyl
interactions with Val 70, Val 135, and Leu 188, residues that
match with previous reports [51,52], where the inhibitory effect
of pyrazolo[1,5-a]pyrimidin-7-amine] derivatives was tested.
These interactions were found in 99.4% of the independent
assays performed with a high binding score (—12.1 + 0.1 Kcal/
mol) and could be observed in Figure 2.

Our analysis and results showed the probability
of three different compounds binding the C-terminus of
GTRAP3-18, interacting with the first, second, and third
clusters are quadrigemine A, digoxin, and cepharanthine,
respectively, as shown in Figure 3. Residues involved in the
mentioned interactions include Serl138, Metl62, Prol6l,
Vall65, Leul66, and Alal68, on the C-terminus, an important
structure for GTRP3-18 function [17]. Except for the evidence
of digoxin showing the antioxidative effect on an in vitro model
of murine ischemia [53] and our theoretical approach, there is
no more evidence of probable biological action in MCI or MND
of these compounds.

Moreover, the best candidate for PXR binding is
psychotridine, a pyrrole indole alkaloid found mainly in
Psychotria forsteriana, Psychotria oleoides, and Psychotria
colorata. This compound showed a mean binding score
of =7.8 £ 0.05 Kcal/mol (Fig. 3), considering the three
evaluated clusters, interacting with the important residues
Met 246, Gln 284, Trp 299, and Tyr 306, which comprises
the ligand binding domain of this nuclear receptor and match
some of those reported for garcinoic acid, a selective PXR
agonist [54].

Finally, respecting EGFR vs Psychotridine we
obtained a —8.39 + 0.06 Kcal/mol for cluster 1 in 87.5% of the
independent assays and —8.47 + 0.2 for cluster 3 in 51.2% of
the evaluated assays, as it is shown in Figure 3. Both, show
interactions with the key residues Cys751 and Leu764, which
are part of the ATP-binding pocket, a common therapeutic
target site for EGFR inhibitors [55] which represent suppression
of reactive astrocytes, reduction of amyloid-f toxicity and
neuroinflammation, an increase of axonal regeneration,
and reduction of microtubule damage in neurodegenerative
disorders [56]. On the other hand, the highest affinity ligand in
cluster 2 was C-Curarine I with —7.79 £ 0.02 kcal/mol affinity
in 82% of the 1,000 docking independent assays (Fig. 3).
C-Curarine I is another alkaloid found in curare, which is an
extract of many plants, including Chondrdendron tomentosum;
the natives of South America used this extract as poison for
hunting, affecting muscle contraction control and have very low
LD50 (0.22 mg/kg) in female rats [57] whereby this molecule
could be discarded as a candidate to test in MCI or MND animal
models.

Protein-ligand MDs

To find the most representative conformation of
the protein-ligand complex, confirm the interactions found
in the docking assays are preserved during simulation time,
and evaluate the stability of the complex, a cluster analysis
was performed with a 0.25 A cut-off for each complex, and
the three major conformations for each one were considered
for further analysis. In this sense, after 79.3 ns, BACE1 and
dioscin reach the best conformation, preserved for 17.18 ns of
the whole dynamics. A representative image of the interactions
formed in this complex conformation is shown in Figure 4; the
same analysis for the other two representative conformations
of this complex corresponds to 13.89 and 11.73 ns of whole
dynamics.
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Figure 3. Docking scores of the best 10 compounds were obtained after MDs clustering of GTRAP3-18, PXR, and EGFR. The molecular
docking is based on three different clusters found on each protein. Considering ligands as alkaloid (A), terpene (T), or flavonoid (F).

Regarding GSK3B and quadrigemine A, the best
conformation of the complex is reached at 0.38 ns, with a
duration of 49.67 ns, almost half of the whole dynamics. The
successive two conformations have a duration of 19.54 and
8.79 ns, respectively. These three conformations represent
78% of the dynamics. Analyzing the differences between

ligand conformation, cluster 1 and 3 are too similar; cluster
2 has a slight displacement to the right side of the protein,
anchoring one of the tricycles inside the protein. The image of
the representative conformation is shown in Figure 5, which
also represents the formed interactions that were shared with
the results of the previous docking assay. However, there is



Ruiz et al. / Journal of Applied Pharmaceutical Science 2025;15(05):090-101 095

Table 1. Results of docking assay between best phytochemicals and the clusters of the key five MCI associated proteins. Residues in bold are
important for protein activity.

Binding score+  Frequency

Protein Cluster Ligand Residue interactions

SD (kcal/mol) (%)
BACEl1 1 Dioscin -12.56 +£0.43 52.60 Lys224, Thr329, Arg235, Tyr198, Thr72, Pro70, Ser35
GSK3-B 1 Quadrigemine A -12.1£0.0 99.40 1le62, Asn64, Val70, Val135, Ala83, Leul88
1 Quadrigemine A =7.47+0.3 39.80 Ala41, Leul30, Val37, Leul66, Ser138.
GTRAP3-18 2 Digoxin ~7.22+£0.26 16.30 Val165, Leul66, Leu41, Thr160, Met162, Pro161
3 Cepharanthine —7.38+0.34 50.70 Tle126, Leul31, Alal68, Pro129, Met133, Leu40, Phel134, Asn33, Trp32
1 Psychotridine -7.7+£0.0 62.50 Val211, Met246, Tyr306, Met323, Leu209, Cys284, Trp29.
PXR 2 Psychotridine =7.92 £ 0.04 97.10 Trp299, Ala244, Leu206, His418, Arg410, Met243
3 Psychotridine —7.77 £ 0.04 99.50 Val211, Met246. GIn285 Met323, Leu209, Ser208, Cys284, Thr298
1 Psychotridine —8.39 £ 0.06 87.50 Gly772, Val819, Cys751, Glu738, Ala698, Asp831, Leu694, Leu764
EGFR 2 C-Curarine | =7.79 +£0.02 88.20 Lys721, Thr766, Ala719, Met769, Leu694
3 Psychotridine —8.47+0.2 52.10 Glu738, Asp831, Val702, Leu768, Leu820, Lys828, Cys751, Leu764, Leu753

"
71
A J
N
- Feo’ %
e N
e iz
g A N ‘? 1
{ e L o -3 ¢ »
i
ILE
110 SER
328
Interactions
Carbon Hydrogen Bond Alkyl
C1-C

Figure 4. BACE1-dioscin complex after MDs: (C1-A) Best conformation of BACEI (raspberry-red), dioscin (green), and the interacting atoms in black spheres.
(C1-B) 3D view of interacting atoms with labeled residues (pink). (C1-C) interacting atoms and interaction type in a 2D scheme (Conventional hydrogen bond in
green, carbon-hydrogen bond in light green, and alkyl interactions in pink).
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Figure 5. GSK3f —quadrigemine A complex after MDs: (C1-A) Best conformation of GSK3p (hot pink), quadrigemine A (marine-blue), and the interacting
atoms in black spheres. (C1-B) 3D view of interacting atoms with labeled residues (pink). (C1-C) Interacting atoms and interaction type in a 2D scheme (Carbon
hydrogen bond in light green and pi-alkyl interactions in pink).
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Figure 6. GTRAP3-18 clusters after MDs: Cluster 1) (C1-A) Best conformation of GTRAP3-18 (green)- quadrigemine A (hotpink) and interacting atoms in
black spheres. (C1-B) 3D view of interacting atoms with labeled residues (lemon). (C1-C) interacting atoms and interaction type in 2D. Cluster 2) (C2-A) Best
conformation of GTRAP-318 (green)- digoxin (yellow) and interacting atoms in black spheres. (C2-B) 3D view of interacting atoms with labeled residues (limon).
(C2-C) interacting atoms and interaction type in 2D. Cluster 3) (C3-A) Best conformation of GTRAP3-18 (green)- cepharanthine (orange) and interacting atoms in
black spheres. (C3-B) 3D view of interacting atoms with labeled residues (limon). (C3-C) interacting atoms and interaction type in 2D.

no previous evidence of quadrigemine A probed as a probable On the other hand, concerning GTRAP3-18 and
treatment for MCI or MND. According to our MD results, quadrigemine-A (Fig. 6), the best conformation is achieved at
quadrigemine-A promotes the inactive form of GSK3p for a 38.27 ns of the whole dynamics, with a size of 13.02 ns. The
minimum of 50 ns, presenting a significant opportunity for ligand has at least six transitions hanging around 3.9 to 2.9 ns;
pharmacological testing. differences in the first three ligand conformations are minimal.
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However, these differences make quadrigemine reach other amino
acids compared to molecular docking data. In the same sense, the
best conformation of the complex GTRAP3-18 and digoxin in
Figure 6 C2-A, C2-B, and C2-C has a size of 11.09 ns, which
is reached at about 10.34 ns with at least five sudden transitions
to clusters with a low size (approximately 1.5 ns); nevertheless,

the best conformation forms an interaction with four of the
residues that we showed on the molecular docking analysis; minor
conformational differences are shown between the three first
clusters. Finally, regarding the best conformation of GTRAP3-18
and cepharanthine is adopted at 36.5 ns, covering 40.06 ns of
the whole dynamics; the following two conformations adopted
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represent 14.93 and 6.58 ns, respectively, those conformations
are also close to the initial binding site proposed by the
molecular docking analysis, although the amino acids that form
the interactions are not the same, MDs give us a more realistic
approach and the interactions are more reliable after this analysis

performance. Regulation of GTRP3-18 can contribute to avoiding
MCI progression because this protein is a key down regulator of
glutathione synthesis, whose blocking results in a decrease of
plasma glutathione levels during MCI and Alzheimer’s disease
[58], promoting oxidative damage in neurons.
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Three clusters of PXR and two conformations of
psychotridine (Fig. 7 C3-A, C3-B, and C3-B) dominate the
interaction phenomenon; these conformations have a size
between 72 and 65 ns of the whole dynamics, with at least
six significant clusters along the performed dynamics. The
second conformation varies between 18.5 and 16 ns. These
facts reflect the stability of the complex formed between
the different conformations of PXR and the ligand and the
formation of important interactions inside the hydrophobic
cavity of the ligand binding domain of the receptor.
Among the analyzed proteins, PXR is the sole receptor that
interacts with just one ligand in all three of its suggested
conformations. Finding an agonist of PXR could improve
memory deficit in MNDs, such as meclizine [59], and could
regulate p-glycoprotein in BBB [20], which has an important
role in beta-amyloid clearance. In this way, our results show
psychotridine as a potential PXR agonist to be assessed in
MCI models or major neurocognitive models. The active
conformation of the ligand binding domain of PXR is
prompted by psychotridine for an average time of 68 ns, the
highest value from the evaluated compounds of this work,
this information lets us propose this compound as a potent
agonist for this nuclear receptor.

Regarding the analysis of EGFR and psychotridine
(Fig. 8), the best-adopted conformation considered the most
stable and representative of the binding phenomenon, is size
20.46 ns and is reached by the nanosecond nine. A few transitions
to conformations with less than 1.5 ns were presented during the
adoption of this conformation. The following clusters presented
have a size of 19.72 and 17.99 ns, respectively. Between these
three conformations, the central part of the molecule plays a
significant role in the formation of interaction and anchoring
to the binding site due to the molecular feature, which has
fewer movements. Similarly, EGFR and C-curarine I (Fig. 8
C2-A, C2-B, and C3-B) cluster analysis showed us a great
number of conformations and several transitions between them;
considering only those clusters that remain for more than 1 ns,
we found 26 conformations.

Nevertheless, the most stable conformation (those
with the biggest size) is reached near nanosecond thirty-
three and remains during 5.8 ns of the whole dynamics; this
means that most of the interacting residues are not like those
shown with the molecular docking analysis. Talking about
EGFR and psychotridine in the third analyzed cluster (Fig. 8
C1-A, C1-B, and C1-B), six conformations represent 50%
of the whole dynamics, and the best conformation remains
at 14.59 ns and reaches nearly 53 ns. The most stable and
representative conformations include 10.54 and 8.22 ns,
respectively. Molecular analysis of those conformations
shows that the ligand stays at the initial proposed binding
site, with not several differences between the main chain of
psychotridine.

CONCLUSION

This study sheds light on potential therapeutic
avenues for MCI treatment, emphasizing the significance
of phytochemicals in modulating key molecular pathways
associated with cognitive decline, letting us propose dioscin,

quadrigemine-A, psychotridine, and cepharanthine, as an
important candidate for be tested in MCI and Alzheimer’s
models (in vitro and in vivo).
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