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Abstract
Erythrina crista-galli is a plant species among the genus Erythrina known for 
their wide range if phytochemicals, particularly alkaloids and flavonoids. These 
phytochemicals may play potential role as antioxidant and anti-cholinesterase agents 
for Alzheimer’s Disease (AD) treatments. This study aimed to study the metabolite 
profile, antioxidant and anticholinesterase activity of E. crista-galli flower through in 
vitro and in silico studies. Metabolite profiling was conducted using UPLC-MS/MS 
analysis, the antioxidant activity was evaluated using DPPH, ABTS, and FRAP assay, 
while anticholinesterase activity was evaluated using acetylcholinesterase (AChE) 
activity colorimetric assay, and in silico studies were conducted using both molecular 
docking and molecular dynamics simulation. The methanol extract from E. crista-
galli flowers was evaluated for antioxidant activity using the DPPH, ABTS and FRAP 
assay, showing moderate free radical scavenging activity with IC50 of 153.6 ± 2.4 μg/
ml in DPPH and 255.7 ± 14.9 μg/ml in ABTS assay, while 25.4 ± 1.8 mgQE/g extract 
in FRAP assay. The methanol extract inhibited 17.65 ± 1.28% of the AChE activity in 
the concentration of 50 μg/ml. Metabolite profiling via LC-MS/MS analysis revealed 
the presence of 16 erythrina alkaloids and 5 flavonoids in the methanol extract 
of E. crista-galli flower. Molecular docking and molecular dynamics simulations 
demonstrated the potency of these secondary metabolites, particularly vicenin-2 and 
vitexin as AChE inhibitors. This study highlights the role of E. crista-galli flowers as 
natural source of phytochemicals particularly alkaloids and flavonoids with potential 
antioxidant and anti-cholinesterase activity.

Article highlights
	• LC-MS/MS analysis revealed the presence of flavonoids and erythrina alkaloids in 

methanol extract of E. crista-galli flower.
	• The methanol extract of E. crista-galli flower exhibited moderate free radical 

scavenging activity
	• A multi-faceted computational approach was conducted, combining molecular 

docking and molecular dynamics simulations to investigate the potency of 
secondary metabolites identified in E. crista-galli flower as AChE inhibitor.
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1  Introduction
Alzheimer’s disease (AD) is a form of neurodegenerative disease that progressively 
impairs memory, thinking, and behavior. It’s the leading cause of dementia, affecting mil-
lions of people globally [44]. Oxidative stress plays a pivotal role in the pathogenesis of 
AD, contributing to the formation of amyloid-beta plaques and neurofibrillary tangles, 
which are hallmark features of the disease [14]. Reactive oxygen species (ROS) generated 
during oxidative stress can cause significant neuronal damage, leading to cell death and 
cognitive impairment [48]. The excessive free radicals can interact with methionine-35 
(M-35) residue of Aβ peptide. The oxidation of M-35 residue causes modification of the 
Aβ peptide, which leads to the formation of Aβ dimers and higher order oligomeric Aβ 
structures. The accumulation of oligomeric Aβ on neurons leads neuron death and neu-
rodegeneration [46]. Antioxidants, which neutralize ROS, have been extensively studied 
for their potential to mitigate oxidative damage in AD [38].

In addition to oxidative stress, cholinergic dysfunction is another key factor in AD 
pathophysiology. The enzyme acetylcholinesterase (AChE) breaks down acetylcholine, 
a neurotransmitter essential for learning and memory [6]. Inhibition of AChE has been 
a primary therapeutic strategy for improving cognitive function in AD patients [10]. 
According to world health organization (WHO), there are 57 million people had demen-
tia worldwide in 2021. This number is increasing with nearly 10 million new cases every 
year [57]. Currently, approximately 6.9 million Americans at the age of 65 and older live 
with AD. By 2060, this figure could double to 13.8 million unless significant medical 
advancements prevent or cure the disease [2]. With the increasing prevalence of AD, 
there is an urgent need for novel therapeutic approaches to halt or slow the progres-
sion of the disease. One promising avenue of research involves the exploration of natural 
products, particularly those with potent antioxidant and anti-cholinesterase proper-
ties. Despite extensive research efforts to discover and develop drugs for AD treatment, 
currently only a few that could be used for the treatment of AD, including donepezil, 
rivastigmine, galantamine and memantine [19, 62]. However, these drugs exhibited 
dose-dependent side effects and limited efficacy [50]. Therefore, currently there has 
been a growing focus on the use of traditional herbal medicines as an alternative therapy 
for AD.

In recent years, numerous studies have been published on acetylcholinesterase inhibi-
tors. Many plants are renowned for their historical uses in various traditional practices 
as medicine with promising AChE inhibitory activity. That is why plant-based AChE 
inhibition has been kept at the center of attention for treating AD. Plants from the genus 
Erythrina is among the medical plants that have been long used for traditional medicine. 
Numerous studies have shown that extract from plants of genus Erythrina exhibited 
inhibitory activity against AChE, these including Erythrina corallodendron [47], Ery-
thrina caffra [33], Erythrina velutina [49] and Erythrina variegata [41]. Moreover, the 
plants of genus Erythrina are also potential sources of antioxidant compounds, therefore 
they could be potential candidate to treat AD from natural products.

Keywords  Erythrina crista-galli, Metabolite profiling, Antioxidant, Alzheimer’s disease, 
In silico
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Erythrina crista-galli is one of the seasonal flowering plant species of genus Erythrina 
that are rich in secondary metabolites, particularly alkaloids and flavonoids [16, 17]. A 
number of secondary metabolites identified in this plant species have been reported to 
exhibit inhibitory effect on AChE, these are including vitexin [3], daidzein [60], genistein 
[15], erythraline, erythrinine, and cristanine A [33]. This highlights the potential role of 
E. crista-galli as natural source of AChE inhibitor. Nevertheless, reports on the second-
ary metabolite profile, especially in the flower of E. crista-galli are still limited, therefore, 
the exploration of metabolite profile and evaluation of their potency as AChE inhibitor 
for development of AD therapy from natural product is an intriguing and worthwhile 
topic to study.

2  Material and methods
2.1  Plant materials

The flowers of E. crista-galli were collected from Sersan Badjuri St., Bandung, West 
Jawa, Indonesia in December 2024. The plant materials have been determined at the 
Laboratory of Agricultural Production Technology & Services, Agricultural Cultivation 
Department, Faculty of Agriculture, University Padjadjaran under the voucher specimen 
number 1020 and was identified by Joko Kusmoro.

2.2  Extract preparation

The E. crista-galli flower (263 g) was dried in open air. The dried flowers were grinded 
into fine powder. The sample was then macerated with 96% methanol for 3  days and 
then filtered. The filter was then concentrated using rotary evaporator and stored before 
using.

2.3  DPPH free radical scavenging assay

The free radical scavenging activity of the methanol extract of E. crista-galli flower was 
evaluated using a 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay, con-
ducted on a 96-well microtiter plate, as outlined in previous research [5]. Different con-
centration (31.25  μg/mL–250  μg/mL) of the methanol extract of E. crista-galli flower 
was prepared using methanol as solvent. A mixture of 1.0 mM DPPH solution and 10 
μL of the sample solution was added to each well of the microplate. The mixture was 
then left to react for 30 min in a dark room at room temperature. Following the reaction 
period, the absorbance of the solution was determined at a wavelength of 517 nm using a 
microplate reader. Methanol was used as the blank solution, while quercetin was used as 
a positive control. The percentage of DPPH activity inhibition was calculated using the 
following equation

% Inhibition = (Absorbance of blank solution) − (Absorbance of test sample)
Absorbance of blank solution

x 100%

The IC50 value was obtained by plotting the sample concentration in the x axis against % 
inhibition in the y axis.

2.4  ABTS free radical scavenging assay

The ABTS free radical scavenging assay was conducted according to previous study [4]. 
The ABTS reagent was prepared by mixing 7 mM of ABTS stock solution with 2.45 mM 
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potassium persulfate in a proportion of 1:1. The reagent was let sit for 12–16 in the dark 
place before use. For the assay, the prepared ABTS solution was diluted with water to 
give absorbance of 0.7 at 734 nm. Different concentration (50 μg/mL–400 μg/mL) of the 
methanol extract of E. crista-galli flower was prepared using methanol as solvent. 1 mL 
of the sample solution was mixed with 3 mL of the ABTS solution. After 6 min reaction, 
the absorbance was measured at 734 nm. Methanol was used as the blank solution, while 
quercetin was used as a positive control. The percentage of ABTS activity inhibition was 
calculated using the following equation

% Inhibition = (Absorbance of blank solution) − (Absorbance of test sample)
Absorbance of blank solution

x 100%

The IC50 value was obtained by plotting the sample concentration in the x axis against % 
inhibition in the y axis.

2.5  Ferric reducing/antioxidant power (FRAP)

The FRAP assay was conducted according to previous study [42]. The FRAP reagent was 
prepared by mixing 25 mL of sodium acetate trihydrate (0.3 M,pH 3.6) with 2.5 mL of 
10 mM TPTZ solution (prepared in 40 mM HCl) and 2.5 mL of 20 mM of iron chlo-
ride aqueous solution to give a total of 30  mL FRAP solution. For the assay, 30 µL of 
the sample solution was reacted with 270 µL of FRAP reagent. After 5 min of reaction, 
the absorbance was measured in 595 nm. The results were expressed in mg quercetin/g 
extract, which was calculated by preparing a quercetin curve for FRAP assay (the stan-
dard curve equation: y = 0.0416x + 0.1001, R2 = 0.9983) from 1.25 to 40 µg/mL of standard 
quercetin.

2.6  In vitro AChE inhibition activity

The in vitro AChE inhibitory activity of E. crista-galli methanol extract was evaluated 
using Ellman’s method, as described in the literature [26]. Test solutions were prepared 
in buffer containing less than 10% methanol. The reaction mixture consisted of 125 µL 
DTNB (3 mM), 25 µL acetylcholine iodide (1.5 mM), 50 µL Tris–HCl buffer (50 mM, 
pH 8.0), and 25 µL sample, followed by the addition of 25 µL AChE solution (0.28 U/
mL) in microwell plates. Absorbance was recorded at 405 nm at 5-s intervals for 2 min. 
Enzyme activity was calculated by comparing the reaction rate of the sample with that 
of the blank control, and inhibition (%) was determined as the difference between 100% 
and the measured enzyme activity.

2.7  Statistical analysis

Each in vitro experiment was carried out in triplicate, and the data are presented as 
mean values with their corresponding standard deviation (mean ± SD). Statistical analy-
sis was limited to descriptive statistics, and no inferential tests were applied.

2.8  LC-MS/MS analysis

The separation of chemical constituents present in the extract of E. crista-galli flower 
was conducted using Ultra Performance Liquid Chromatography (UPLC) system (LC: 
ACQUITY UPLC® H-Class System, Waters, USA). A C18 column (1.8 μm 2.1 × 100 mm, 
ACQUITY UPLC® HSS, Waters, USA) was utilized for the analysis, maintained at a 
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column temperature of 50 °C and an ambient temperature of 25 °C. The mobile phase 
consisted of water with 5 mM ammonium formate (phase A) and acetonitrile with 0.05% 
formic acid (phase B). The flow rate was set to 0.2 mL/min using a step gradient method 
over a total run time of 23 min. An injection volume of 5 µL was employed, with samples 
filtered through a 0.2 µm syringe filter prior to injection.

Mass spectrometric analysis was performed using an electrospray ionization (ESI) 
system (Xevo G2-S QTof, Waters, USA). The mass analysis range was set from 50 to 
1200 m/z. The source temperature was maintained at 100 °C, while the desolvation tem-
perature was set to 350  °C with a desolvation gas flow rate of 793 L/hr. The collision 
energy was set at 4 V for low-energy analysis, with a ramp collision energy between 25 
to 60 V. Leucine enkephalin was used for internal mass correction and was infused every 
10 s throughout the run.

Data processing was caried out using MassLynx software (version 4.1). Compound 
annotation was performed by comparing the molecular formula suggested by the Mass-
Lynx software from the HR-MS data (mass error < 10 ppm) with the molecular formula 
data of 729 secondary metabolites previously isolated from genus Erythrina.

2.9  Molecular docking

The 3D structure of Human Acetylcholinesterase in complex with (-)-galantamine was 
downloaded from the Protein Data Bank (PDB) under the ID 4EY6 ​(​​​h​t​t​p​s​:​/​/​w​w​w​.​r​c​s​b​.​
o​r​g​/​s​t​r​u​c​t​u​r​e​/​4​e​y​6​​​​​)​. The co-crystallized ligand was separated from the protein complex 
using Biovia Discovery Studio (DS) 2021 Client software, and both structures (the co-
crystallized and ligand-free protein) were saved as pdb file format. Subsequently, these 
files were prepared for redocking using AutoDockTools 1.5.6 and saved as pdbqt file for-
mat. Following, the co-crystallized ligand and ligand-free protein were redocked using 
AutoDock4 (v4.2.6).

The two-dimensional (2D) structures of the chemical components identified in the 
methanol extract of E. crista-galli flowers from LC-MS/MS analysis were sketched using 
Chemaxon MarvinSketch software. The protonation state of each structure at physiolog-
ical pH (7.4) was also predicted with Chemaxon MarvinSketch. Subsequently, the three-
dimensional (3D) structures of each compound were generated and optimized using 
the MMFF94 force field in Avogadro software, and then saved as pdb files. These 3D 
structures were prepared for molecular docking using AutoDockTools 1.5.6 and saved in 
pdbqt format. The molecular docking was then performed following the same procedure 
as the redocking process.

2.10  Molecular dynamics simulation

Molecular dynamics simulation was conducted according to our previous research [1, 
24]. Prior to the simulation, the histidine residues in the protein structure were adjusted 
using the pdb4amber program, taking into account their local chemical environments, 
and assigned to the ff19SB force field. The partial charges of the ligand structures were 
assigned using the Austin Model 1-Bond Charge (AM1-BC) method from the ante-
chamber tool in AmberTools21, followed by ligand parameterization with the Gener-
alized Amber Force Fields 2 (GAFF2). The ligand–protein complex was then prepared 
using the tleap program from AmberTools21. To solvate the complex, the TIP3P explicit 

https://www.rcsb.org/structure/4ey6
https://www.rcsb.org/structure/4ey6
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water model with a minimal boundary box of 10 Å was used, followed by the addition of 
Na+ and Cl− ions to achieve a physiological salt concentration of 0.15 M.

The Particle-Mesh Ewald Molecular Dynamics (PMEMD) module in AMBER20 
with GPU acceleration was utilized to run the molecular dynamics simulation. The 
minimization of the ligand–protein complex was conducted with two sequential steps. 
The initial minimization process consisted of 1000 steps using the steepest descent 
method and 2000 steps using the conjugate gradient method, with a harmonic force of 
5 kcal mol − 1 Å − 2 applied. This was followed by 5000 steps of unrestricted conjugate gra-
dient minimization to correct any spatial overlaps. The system’s temperature was gradu-
ally increased to 300 K in increments of 20 ps (0–100 K; 100–200 K; and 200–300 K) 
over a total duration of 60 ps. An equilibration period was performed to ensure consis-
tent density and pressure, with a gradual release of force over 1000 ps. The production 
runs were then conducted for 100 ns, with each step lasting 2 fs [23].

3  Result
3.1  Free radical scavenging and acetylcholinesterase inhibition activities of E. crista-galli 

flowers extract

Methanol extract from E. crista-galli flowers was evaluated using DPPH, ABTS, and 
FRAP methods. The methanol extract exhibited IC50 of 153.6 ± 2.4 μg/ml in DPPH assay, 
while 255.7 ± 14.9 μg/ml in ABTS assay, and 25.4 ± 1.8 mgQE/g extract in FRAP assay. 
The standard quercetin exhibited significant free radical scavenging activity with IC50 
of 8.21 ± 0.06 μg/ml in DPPH assay, and 4.04 ± 0.73 μg/ml in ABTS assay. The methanol 
extract inhibited 17.65 ± 1.28% of the AChE activity at the concentration of 50  μg/ml, 
whereas galantamine as positive control exhibited IC50 of 0.36 ± 0.2 μg/mL.

3.2  Metabolite profile of E. crista-galli methanol extract

The interpretation of LCMS/MS both in positive and negative ion modes (Fig. 1) data 
followed by careful examination and comparison with literature data has led to tentative 
identification of erythrina-type alkaloids along with flavonoids in the methanol extract 
of E. crista-galli flower (Table 1). The identification was based on the calculated molecu-
lar formula derived from the mass spectra, with mass error of less than 5 ppm. These 
molecular formulas were then matched with those of Erythrina alkaloids and flavonoids 
reported in the literatures. Furthermore, this tentative identification was supported by 
the presence of characteristic fragmentations in the MS/MS spectra, particularly the 
[M + H–CH3OH]⁺ and [M + H–C3H6O]⁺ fragments, which are typical of both dienoid 
and alkenoid types of Erythrina alkaloids [7, 21].

In addition to erythrina type alkaloids, a number of C-glycosylated flavonoids were 
also tentatively identified in the methanol extract of E. crista-galli flower from negative 
ion mode. These compounds give characteristics fragment ions at [M-H-90]– and [M-H-
120]– which correspond to 0,3X dan 0,2X cross-ring cleavage of the sugar moiety [28, 36].

3.3  Molecular docking

Molecular docking was employed to screen the potency of secondary metabolites iden-
tified by LC-MS/MS analysis in the methanol extract of E crista-galli flower to inhibit 
acetylcholinesterase. Molecular docking for virtual screening was conducted using 
autodock4 as this docking program have been reported to provide more accurate 
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binding affinity prediction [34]. Prior to the docking procedure, we performed a redock-
ing procedure of the co-crystallized ligand to validate the accuracy and reliability of the 
docking protocol by checking if the docking protocol can reproduce the experimentally 
observed binding mode. The redocking procedure yielded an RMSD of 0.68  Å, which 
implies that the molecular docking protocol is valid. The binding affinity of the second-
ary metabolites identified in the flower of E. crista-galli against AChE is given in Table 
S1 (supplementary material). Among these secondary metabolites, vicenin-2 and vitexin 
are the top two with the lowest docking score (− 13.02 and − 11.80 kcal/mol respectively), 
even lower than that of galantamine (− 9.39 kcal/mol). These results suggest that both 
vicenin-2 and vitexin may poses strong potential as AChE inhibitor. The binding pose 
of vicenin-2 and vitexin (Fig. 2) demonstrate the interaction of these compounds with 
amino acids in the catalytic and peripheral residues of AChE. These are including hydro-
gen bond with Tyr337 and Tyr124 which are parts of the PAS residue.

3.4  Molecular dynamics simulation

The results of the 100 ns molecular dynamics simulation provide insights into the sta-
bilizing effects of vicenin-2 and vitexin on acetylcholinesterase (AChE). Specifically, 
the AChE − Vitexin complex exhibited median RMSD of 1.571 ± 0.133  Å, while the 
AChE − Vicenin2 complex exhibited a slightly higher median RMSD of 1.682 ± 0.163 Å. 
These RMSD values are notably lower than the RMSD of the Apo form of AChE, which 
was measured at 1.783 ± 0.321  Å. Moreover, the binding energy of AChE − Vicenin2 
complex obtained from MMGBSA calculation was − 32.104 ± 7.73  kcal·mol−1, 
whereas AChE − Vitexin was − 31.166 ± 1.83  kcal·mol−1. Though, their binding ener-
gies are higher than that of galantamine (− 42.85 ± 3.22  kcal·mol−1), which a known 

Fig. 1  Chromatogram in positive ion mode A and negative ion mode B analysis
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Table 1  Alkaloids and flavonoids identified in E. crista-galli flowers
RT m/z Molecular 

formula
Mass 
error 
(ppm)

Fragments Compound Source

Positive ion mode
3.94 332.1500 C18H21NO5 0.6 314; 300; 282; 254; 

226
Cristanine D (1) E. crista-galli [39]

4.47 312.1245 C18H17NO4 2.9 280; 262; 232; 204 8-oxoerythraline (2) E. crista-galli 
[55]

4.57 316.1559 C18H21NO4 3.2 - Erythratine (3) E. crista-galli [55]
4.66 332.1861 C19H25NO4 0.3 314; 264; 178 Erythratidine (4) E. crista-galli [55]
4.80 330.1709 C19H23NO4 1.2 - Erysotrine N-Oxide (5) E. crista-galli [55]
4.86 344.1504 C19H21NO5 1.7 - Cristanine C (6) E. crista-galli [55]
4.95 328.1554 C19H21NO4 1.5 - Erysotramidine (7) E. crista-galli [55]
5.04 314.1400 C18H19NO4 2.5 264; 234 Erythrinine (8) E. crista-galli [55]
5.21 372.1454 C20H21NO6 1.9 322; 262 11-methoxy‐10-oxoerysotra-

midine (9)
E. latissimi [11]

5.45 344.186 C20H25NO4 0.6 344 Erythristemine (10) E. stricta [58]
5.6 298.1451 C18H19NO3 2.7 266; 236; 208 Erythraline (11) E. crista-galli [55]
5.76 356.1502 C20H21NO5 1.1 264; 324 Eryalkal C (12) E. crista-galli [59]
6.03 386.1611 C21H23NO6 1.8 336; 262; 276 8-acetatemethoxyerythra-

nine (13)
E. crista-galli [59]

6.62 310.1092 C18H15NO4 4.2 278; 250 Cristamidine (14) E. crista-galli [55]
7.45 328.119 C18H17NO5 1.5 278; 250; 220 8‐Oxoerythrinine (15) E. crista-galli [55]
7.76 326.1034 C18H15NO5 1.8 294; 266; 236 10,11‐Dioxoerythraline (16) E. collaroden-

dron [61]
Negative ion mode
4.31 593.1504 C27H30O15 0.3 473, 383, 353 vicenin-2 (17) E. falcata [13]
4.53 563.1388 C26H28O14 2.3 473; 443; 383; 353; 

297
apigenin 6-C-glucosyl-8-C-
arabinoside (18)

[9]

4.93 431.0972 C21H20O10 1.4 357; 311; 283; 269 Vitexin (19) E. falcata [13]
6.76 253.0497 C15H10O4 1.6 225; 209 135 Daidzein (20) E. crista-galli [45]
7,79 269,0457 C15H10O5 2,6 151; 241; 225; 197 Genistein (21) E. crista-galli [45]

Fig. 2  Interaction of vicenin-2 (left) and vitexin (right) with amino acids of the AChE
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inhibitor of AChE, these complexes exhibited lower binding energy than the acetylcho-
line (− 24.33 ± 3.57 kcal·mol−1), which is the natural substrate of AChE.

4  Discussion
This study aims to evaluate the potency of E. crista-galli flower as a remedy for AD ther-
apy through free radical scavenging activity and inhibition of acetylcholinesterase. Free 
radical scavengers, play a crucial role in mitigating oxidative stress [29], which is a sig-
nificant factor in the pathogenesis of AD [8]. The moderate free radical scavenging activ-
ity of E. crista-galli flower suggest that secondary metabolites present in the extract are 
capable of neutralizing free radicals thus preventing cellular damage and protect neuro-
nal cells from oxidative stress-induced apoptosis.

LC-MS/MS analysis of the methanol extract of E. crista-galli flower revealed the 
presence of erythrina alkaloids along with flavonoids (Fig. 3). Among these secondary 
metabolites, vitexin and have been reported to exhibit free radical scavenging activity 
[22, 27, 30]. Moreover, these compounds also inhibit various oxidative stress markers 
and enzymes, such as superoxide dismutase and catalase, contributing to its protective 
effects against oxidative damage [40, 54], further support that the methanol extract of E. 
crista-galli flower could potentially reduce oxidative stress in AD patients.

In addition to oxidative stress, cholinergic dysfunction is another key factor in AD 
pathophysiology [43]. To evaluate the cholinergic inhibitory potency of E. crista-galli 

Fig. 3  Secondary metabolites tentatively identified in E. crista-galli flowers
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flower extract, the secondary metabolites identified in E. crista-galli flower were sub-
jected to molecular docking against AChE. The virtual screening revealed that the 
majority of compounds identified in the flowers of E. crista-galli exhibit potential as 
AChE inhibitors, attributable to their lower binding affinities relative to acetylcholine. 
Notably, some compounds even demonstrate lower binding affinities than galantamine, 
a known AChE inhibitor. Of these secondary metabolites, vitexin and genistein have 
been documented to inhibit AChE activity in vitro [31, 52, 60]. To further elucidate the 
inhibitory potential of these compounds, we performed molecular dynamics simulations 
on the top candidates (vicenin-2 and vitexin) to assess their binding interactions and 
effects on AChE stability.

The results of the 100  ns molecular dynamics simulation provide insights into 
the stabilizing effects of vicenin-2 and vitexin on acetylcholinesterase (AChE). Both 
AChE − Vicenin2 and vitexin complexes exhibited lower RMSD values compared to the 
apo form of AChE (Fig. 4). The lower RMSD values for the compound-bound forms of 
AChE suggest that the presence of these ligands results in reduced structural fluctua-
tions of the enzyme [20]. This implies that both vicenin-2 and vitexin confer a stabiliz-
ing effect on AChE, helping to maintain its structural integrity during the simulation 
period. The stabilizing effects of vicenin-2 and vitexin also highlight their potential util-
ity in therapeutic applications, where enzyme stability is crucial for effective inhibition 
and activity modulation (Fig. 5).

Apart from ligand–protein binding stability, molecular dynamics simulation can also 
provide valuable information on the thermodynamics and kinetics of binding, including 
the calculation of binding free energies and the identification of key interactions that 
stabilize the complex [51]. The binding energy of AChE − Vicenin2 and AChE − Vitexin 
complexes obtained from MMGBSA calculation exhibited lower binding energy than 
the AChE − Galantamine complex. Lower MMGBSA free energy values indicate a more 
favorable binding interaction between the compound and the protein, suggesting higher 
binding stability [56]. This increased stability is crucial for effective inhibition, as it 
means the inhibitor remains bound to the target protein for a longer duration, thereby 
exerting its inhibitory effect more efficiently [53]. Consequently, vicenin-2 and vitexin, 

Fig. 4  RMSD Plot Comparison of AChE in Apo Form (pink), AChE–Vitexin Complex (lime green), and AChE–Vi-
cenin-2 Complex (blue)

 



Page 11 of 14Akili et al. Discover Applied Sciences            (2026) 8:22 

with their lower binding energies, are likely to have greater inhibitory potency against 
AChE compared to Galantamine.

In addition to MMGBSA free energy calculation, residue-based energy decomposition 
was also performed in order to identify the amino acid residue within the AChE bind-
ing pocket which contribute to stabilize the AChE − Vitexin and AChE − Vicenin2 com-
plexes. In residue-based energy decomposition, the residue within the binding pocket 
is regarded as an important residue in the molecular recognition of a ligand if the inter-
action energy between a residue and the ligand is lower than − 0.8 kcal/mol [18]. This 
analysis allows for pinpointing key residues that play significant roles in ligand binding 
and stabilization, providing deeper insights into the molecular interactions governing 
the efficacy of these compounds as potential AChE inhibitors.

For the AChE − vitexin complex, several key residues play significant roles in molec-
ular recognition, particularly within the anionic subsite that binds the quaternary tri-
methylammonium choline moiety of acetylcholine. Notably, Glu202 (− 7.36 kcal/mol) and 
Trp86 (− 5.11 kcal/mol), and Tyr337 (− 2.97 kcal/mol) exhibit low binding affinities when 
interacting with vitexin. Similarly, in the AChE − Vicenin2 complex, strong interaction 
with Tyr337 (− 4.20 kcal/mol), Trp86 (− 4.09 kcal/mol), and Glu202 (− 0,86 kcal/mol). These 
interactions, particularly at the anionic subsite, indicates that both compounds could 
bind effectively to the active site of AChE, thereby inhibiting acetylcholine hydrolysis. 
This mechanism suggests their potential as AChE inhibitor, which may contribute to 
symptomatic relief in neurogenerative condition such as AD.

Based on the result of antioxidant activity, anti-cholinesterase inhibitory evaluation, 
metabolite profiling, and virtual screening through molecular docking and molecular 
dynamics simulation, the methanol extract of E. crista-galli flower demonstrates prom-
ising potential as a source of bioactive compounds with acetylcholinesterase inhibitory 
activity. Query Regarding the safety of the extract for human consumption, though there 
is limited literature reporting toxicity of extract derived from E. crista-galli, number of 

Fig. 5  Heatmaps of MMGBSA binding energy decomposition for residues of AChE interacting with vitexin (A) and 
vicenin-2 (B)
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research have demonstrated that extract derived from another species of genus Eryth-
rina such as E. senegalensis, E. variegata, E. veluntina, E. sacleuxii, and E. fusca are safe 
for human consumptions [12, 25, 32, 35, 37].

5  Conclusion
This study presents the metabolite profile, antioxidant capacity, and acetylcholinesterase 
(AChE) inhibitory activity of E. crista-galli flower extract through both in vitro and in 
silico studies. The methanol extract exhibited moderate antioxidant activity, with IC50 
values of 153.6 ± 2.4 μg/ml (DPPH) and 255.7 ± 14.9 μg/ml (ABTS), and a FRAP value of 
25.4 ± 1.8 mgQE/g extract. It also demonstrated AChE inhibition of 17.65 ± 1.28% at a 
concentration of 50 μg/ml. Metabolite profiling via LC-MS/MS identified 16 erythrina 
alkaloids and 5 flavonoids in the extract. Furthermore, molecular docking and molecular 
dynamics simulations highlighted vicenin-2 and vitexin as key compounds with strong 
binding affinity toward AChE, supporting their potential as natural AChE inhibitors.
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