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ABSTRACT: In this study, Wedelolactone’s multitarget activity
against Alzheimer’s disease was examined using density functional
theory and molecular docking techniques. At physiological pH, the
pKa and molar fractions have been estimated. The most likely
relative rate constants of two radical scavenger mechanisms are
formal hydrogen transfer in a lipid environment and single-electron
transfer in a water solvent. Compared to Trolox (koverall = 8.96 ×
104 M−1 s−1), Wedelolactone (koverall = 4.26 × 109 M−1 s−1) is more
efficient in scavenging the HOO• radical in an aqueous environ-
ment. The chelation capacity of metals was investigated by
examining the complexation of the Cu(II) ion at various
coordination positions and calculating the complexation kinetic constants. Furthermore, molecular docking simulations showed
that the known forms of Wedelolactone at physiological pH effectively inhibited the AChE and BChE enzymes by comparing their
activity to that of tacrine (control). Wedelolactone is a promising drug candidate for Alzheimer’s disease therapy in light of these
findings.

1. INTRODUCTION
A prevalent kind of dementia among elderly persons is
Alzheimer’s disease (AD). Oxidative stress is linked to the
formation and progression of AD.1,2 As people age, their
antioxidant defense system gradually deteriorates. According to
recent research, oxidative damage occurs before developing
senile plaques and neurofibrillary tangles in the brain, two
additional clinical symptoms of AD.3−5 Moreover, the brain
tissues of AD patients had abnormally high quantities of metal
ions (like copper, zinc, and iron), ranging from three to six
times the level found in healthy human brains.6,7 This
dyshomeostasis of metal ions is extremely important since
the creation of harmful metal−amyloid complexes enhance the
aggregation of amyloid β proteins.8 In addition, since the redox
character of the metal cations concerned and the presence of
oxygen molecules in brain tissue, these activities also result in
the production of reactive oxygen species (ROS) via Fenton-
like processes, which enhance oxidative stress. ROS damage
can be prevented by increasing the number of antioxidant
molecules found in the brain.9,10

Furthermore, the cholinergic hypothesis is the most
common way to explain how AD happens and directly causes
cognitive decline.11,12 Also, it has been found that
cholinesterases (ChEs) like acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) can cause amyloid protein
plaques and that using inhibitors can reduce these plaques.
In the brains of healthy people, AChE is responsible for 80% of

ChE activity, while BChE is responsible for the remaining
20%.13 However, as AD progresses, AChE levels in the brain
fall to 55−67% of normal levels while BuChE levels rise to
120% of normal levels, demonstrating that BChE is crucial for
acetylcholine hydrolysis in the late stages of AD.14,15 A change
in the BChE/AChE ratio from 0.6 to as high as 1.1 can cause
cholinergic deficits in these areas, leading to behavioral and
cognitive problems.16,17 Additionally, creating highly selective
BChE inhibitors may help prevent some of the typical
cholinergic adverse effects linked to AChE inhibition.18 As a
result, inhibiting BChE activity may prove advantageous as a
treatment for AD.19,20 Thus, drug developers are becoming
interested in finding both AChE and BChE inhibitors.
Only a few drugs have been licensed to treat the disease’s

symptoms and enhance patients’ quality of life.21 But their
clinical impact is limited due to low selectivity, low
bioavailability, and unwanted side effects. Because of these
factors, it is essential to develop AD research in order to
comprehend the mechanisms involved in the disease’s
formation and the creation of new, more effective, and tailored
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medications. As a result of the many different causes of AD, a
new approach to designing treatment agents for the disease is
the development of multitarget medicines to be more effective
in treating it.22,23

Using computational tools, we can anticipate a drug’s
effectiveness in humans, improve its pharmacokinetic features,
identify new targets, and lessen its adverse effects. The “in
silico” methodology also aids in lowering expenses and
speeding up the whole design procedure.24−26 Inspired by
multifunctional design and aware of the importance of
computational tools, researchers have been using computers
to evaluate the therapeutic potential of new compounds that
show promise as multitarget AD treatment candidates.27−30

Wedelolactone, a coumestan derivative generated from
plants, has many valuable biological benefits, including anti-
tumor31 and anti-hepatotoxicity effects,32 antioxidant33 and
anti-diabetic activities,34 and anti-inflammatory properties35

and protection of neuropharmacological functions.36 In terms
of antioxidant activity, previous studies confirmed the good
radical scavenging activity of Wedelolactone33,37 and some
typical coumestan derivatives.38,39 However, a broader analysis
of the mechanism, kinetics, and all states produced by acid−
base equilibria in a water solvent to evaluate the HOO• radical
scavenging ability of Wedelolactone has not been done before.
When proposed as a potential molecule for creating novel
therapeutics for AD treatment, a deeper understanding of
Wedelolactone’s structural and electrical properties and
biological mechanisms is beneficial.
To understand and theoretically rationalize the mechanism

of anti-AD action of Wedelolactone, density functional theory
(DFT) was applied to evaluate the antiradical activity and
metal-chelating characteristics, and molecular docking was
used to examine the inhibition of AChE and BChE enzymes.

2. COMPUTATIONAL METHODS
2.1. Quantum Chemical Calculations. Density func-

tional theory (DFT) methods included in the Gaussian 09
program were utilized for geometry optimization and
frequency computations.40 The M05-2X functional was chosen
because its developers recommended for kinetic calculations.41

It has been widely used for the kinetic calculation in organic
and biological systems involving free radical reactions due to
low errors compared with experimental data42−44 and also
among the best-performing functionals for calculating reaction
energies involving free radicals.45 In this paper, the level of
theory M05-2X/6-31+G(d,p) was used for evaluating the
radical scavenging activity of antioxidants because the kcalc./kexp.
ratio was estimated to be about 1−2.944 and has also been
successfully used by other authors.46−51 Solvation model
density (SMD) method was utilized to examine the effect of
pentylethanoate and water medium on the antioxidant’s
antiradical capability.52 The rate constants were calculated
using the QM-ORSA (quantum mechanics-based test for
overall free radical scavenging activity) technique.44,53 Table
S1 given in the Supporting Information (SI) describes the
procedure in further detail. Regarding species with several
conformers, we examined all of them and used the conformer
with the lowest electronic energy in our computations.54

Copper complex formation constants (Kf) were determined
using eq 1

K e G RT
f

/f
0

= (1)

where R denotes the gas constant, T represents the
temperature (298.15 K), and ΔfG0 denotes the standard
Gibbs free energy change for the complex formation reaction.
The Cartesian coordinates, standard enthalpies, and Gibbs

free energies of studied structures computed in this work are
shown in Table S2 of the SI.
2.2. Molecular Docking Simulations. From the opti-

mized chemical structures (using the DFT method in Section
2.1), these compounds were converted into format*mdb to
create the input database for the MOE docking. The structural
information of the AChE (PDB ID: 1ACJ)55 and BChE (PDB
ID: 4BDS)56 proteins were taken from the Protein Data Bank.
In order to prepare the receptor for docking studies, the

three-dimensional (3D) protonation of the protein structures
was set up using the Quickprep tool of MOE. The ligands were
docked into the active site of the protein using the Triangular
Matching docking method, and 10 different configurations
were generated based on the binding free energies of each
complex. The most stable molecules with the highest affinities
for receptor interaction were predicted to be in poses with the
lowest binding free energy. Docking simulations of the ligands
toward the AChE and BChE enzymes were performed by using
the MOE software. Discovery Studio was used to investigate
the ligand−receptor interactions.57

3. RESULTS AND DISCUSSIONS
3.1. Directed Antioxidant Properties. As shown in our

previous papers,58,59 acid−base equilibria should be considered
in the context of the activity in an aqueous environment that
can affect the studied compound’s antiradical characteristics.
Three potential acidic sites, which correspond to phenolic
moieties, are shown in H3Wed (Figure 2). The tendency for
deprotonation at these locations (see Figure 1) was estimated

by comparing the energies of the corresponding anionic
species. This investigation indicates that deprotonation can
most likely take place at site O1H. The O9H site was chosen as
the second deprotonation site because it is the most stable
dianion in the second acid−base equilibrium (see Figure 2). As
far as we know, its pKa values have not been reported. Thus,
the pKa of H3Wed has been calculated using the isodesmic
reaction and thermochemical cycles method.60,61

Table 1 shows the neutral (H3Wed), monoanionic
(H2Wed−), and dianionic (HWed2−) molar fractions at
physiological pH, which correspond to 0.0369, 0.4649, and
0.4982, respectively. These figures unequivocally demonstrate
that the ionic species are the main form of Wedelolactone at
pH = 7.4. Therefore, only monoanionic and dianionic species

Figure 1. Structure of Wedelolactone (H3Wed), 1,8,9-Trihydroxy-3-
methoxy-6H-[1]benzofuro[3,2-c][1]benzopyran-6-one.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.2c08014
ACS Omega 2023, 8, 15031−15040

15032

https://pubs.acs.org/doi/suppl/10.1021/acsomega.2c08014/suppl_file/ao2c08014_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.2c08014/suppl_file/ao2c08014_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.2c08014/suppl_file/ao2c08014_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c08014?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c08014?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c08014?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c08014?fig=fig1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.2c08014?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


were considered when simulating reactions in aqueous
solution.
Peroxyl radicals (ROO•) are living organisms’ primary

molecules responsible for oxidative stress.62 The phenolic
compounds that are the most selective in deactivating peroxyl
radicals due to their ability to block their harm quickly are the
ideal partners for ROO• radicals.63,64 The ROO• radicals are
an excellent option for investigating antiradical activity because
their reactivity ranges from low to moderate.53,62 Thus,
hydroperoxyl radical (HOO•), the smallest member of the
peroxyl family, was considered the reactive oxygen species to
investigate the antioxidant activity displayed through free
radical scavenging.
As previously mentioned, it is crucial to include all states

produced by acid−base equilibria in a water solvent to evaluate
the HOO• radical scavenging ability of Wedelolactone. To
better understand the connection between Wedelolactone’s
structural characteristics and its antiradical activity, we focused
on two, the formal hydro transfer (FHT) and single-electron
transfer (SET), mechanisms that are important by our58,59 and
other research groups.65,66

• FHT (Formal Hydro Transfer)

H Wed HOO H Wed H O3 2 2 2+ +· ·
(2)

H Wed HOO HWed H O2 2 2+ +· · (3)

HWed HOO Wed H O2 2
2 2+ +· · (4)

• SET (Single-Electron Transfer)

H Wed HOO H Wed HOO2 2+ +· · (5)

HWed HOO HWed HOO2 + +· · (6)

All possible reaction routes were investigated for their
thermodynamic feasibility by calculating their Gibbs free
energy of reaction (ΔrG0). Then, only exergonic reaction
routes (ΔrG0 < 0) were employed to search the involved
transition state to calculate the rate constants. Because even if
the endergonic channels occurred at considerable rates, the
opposite reaction would still be preferred, and they will be
ignored in the kinetic calculations.
As the pentylethanoate solvent (equivalent to the lipid-like

environment) is unstable for ionic species, only neutral species
operating via the FHT pathways (SET not included) were
studied. For both polar and nonpolar solutions, the calculated
ΔrG0 values for all reaction routes are shown in Table 2.

Here, the FHT mechanism is investigated in a nonpolar
solvent (pentylethanoate) containing only the H3Wed form.
The results show that the capture of hydrogen atoms by the
HOO• at sites O8H and O9H is exergonic by −5.0 and −7.3
kcal/mol, respectively, while the capture at site O1H is slightly
positive (ΔrG0 = 5.1 kcal/mol). Alternatively, all reactions
involving H2Wed− and HWed2− that follow the FHT pathway
in an aqueous solution are predicted to be exergonic, with
ΔrG0 values ranging from −4.57 to −14.98 kcal/mol.
Optimized transition-state (TS) geometries for thermochemi-
cally feasible reaction pathways are depicted in Figure 3.
We have also investigated the potential for a SET

mechanism to occur in a water solution. The Gibbs free
energies of the SET processes have been determined for
deprotonated species reacting with the HOO• radical in water
at 298.15 K. Data in Table 2 suggest that the SET mechanism
is not thermodynamically feasible for the monoanionic
molecule (ΔrG0 = 13.80 kcal/mol). On the other hand, the
dianion species is involved in an exergonic SET reaction (ΔrG0

= −1.60 kcal/mol).
The total rate coefficients (ktotal) and overall rate coefficients

(koverall) for the reactions in each solvent are computed and
shown in Table 3. In a nonpolar solution, where only the
neutral species is present, the values of ktotal and koverall are
identical (eq 7).
In nonpolar medium:

k k k (H Wed)overall total app
FHT

3= = (7)

In an aqueous environment at pH = 7.4, the ktotal and koverall
values of acid−base species can be determined by applying the
eqs 8−10.
In polar solution:

k k(H Wed ) (H Wed )total 2 app
FHT

2= (8)

k k

k

(HWed ) (H Wed )

(H Wed )

total
2

app
FHT

2

app
SET

2

=

+ (9)

k k kf . (H Wed ) f . (HWed )overall (anion) total 2 (dianion) total
2= +
(10)

Figure 2. Potential deprotonation routes of Wedelolactone at physiological pH.

Table 1. Various Acid−Base States Molar Fractions of
Wedelolactone at pH = 7.4

species H3Wed H2Wed− HWed2−

f 0.0369 0.4649 0.4982

Table 2. Gibbs Free Energies (ΔrG0) of the Reactions
between Wedelolactone and HOO• Radical in Studied
Media (in kcal/mol)

aqueous medium lipid medium

pathways H2Wed− HWed2− H3Wed

FHT, position O1H 5.1
FHT, position O8H −4.57 −14.98 −5.0
FHT, position O9H −10.46 −7.3
SET 13.80 −1.60
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The obtained results from Table 3 indicated that the HOO•

radical scavenging reactivity of Wedelolactone (koverall = 4.96 ×
103 M−1 s−1) is slightly higher than that of Trolox (koverall =
3.40 × 103 M−1 s−1)47 in a nonpolar solvent. Comparisons of
total rate constant computed with the same approaches
support this argument. The polarity of the solvent further

increases the reactivity of Wedelolactone. The overall rate
coefficient in a water environment is approximately 4.26 × 109

M−1 s−1. As shown, Wedelolactone’s ability to scavenge
hydroperoxyl radicals increases around 105-fold in a polar
solution compared to a nonpolar medium. These results
suggest that ionic species are essential for the antiradical action
of Wedelolactone. Compared to Trolox, a commonly used
reference antioxidant (koverall = 8.96 × 104 M−1 s−1),47

Wedelolactone is predicted to be more effective in scavenging
the HOO• radical (koverall = 4.26 × 109 M−1 s−1) in a polar
solvent.
3.2. Copper-Chelating Properties. The present study

will focus on copper since this element is pervasive in the
human body and necessary for the proper functioning of most
biological systems.67,68 Copper’s role in producing reactive
oxygen species,68 especially the particularly destructive OH
radical, has been linked to its function in the etiology of various
neurological illnesses.69 Additionally, it has been discovered

Figure 3. Optimized transition-state geometries of the studied species were calculated at the M05-2X/6-31+G(d,p) level. (W: water, P:
pentylethanoate).

Table 3. Calculated Rate Constant Values (kapp, ktotal, and
koverall) of the Reactions of Wedelolactone with HOO•

Radical (in M−1 s−1)

kapp in aqueous medium kapp in lipid medium

channels H2Wed− HWed2− H3Wed

FHT, position O8H 1.51 × 108 4.52 × 109 6.30 × 101

FHT, position O9H 7.36 × 108 4.90 × 103

SET 3.20 × 109

ktotal 8.87 × 108 7.72 × 109 4.96 × 103

koverall 4.26 × 109

Figure 4. Complex structures between [Cu(H2O)4]2+ and H2Wed−/HWed2− species involved in exergonic chelation pathways. The distances are
reported in Å.
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that Cu(II) is more harmful than Fe(III) in terms of oxidative
damage under similar experimental settings.70 Cu ions are
predicted to be hydrated in the polar solution. We modeled
them coordinated to water molecules. Therefore, as opposed
to the bare ions, this model is more accurate in depicting “free”
copper in physiological systems. For this reason, we selected a
configuration including four water molecules because the most
typical structure of Cu-water complexes in the aqueous
medium is approximately square planar.71,72

At physiological pH = 7.4, the ability of Wedelolactone’s
acid−base equilibria to complexate [Cu(H2O)4]2+ was
determined by computing Gibbs free energy (ΔfG0) for the
processes listed below

n

H Wed Cu(H O)

CuH Wed(H O) (4 )H On

2 2 4
2

2 2 2

+ [ ]

[ ] +

+

+
(11)

n

HWed Cu(H O)

CuHWed(H O) (4 )H On

2
2 4

2

2 2

+ [ ]

[ ] +

+

(12)

The O atoms of Wedelolactone act as chelation sites in these
pathways, and the Wedelolactone’s potential dual role as a
monodentate (n = 1) and bidentate (n = 2) ligand is also
considered. As a result, we will look into how complexes with
this geometry can form with just a single organic ligand
(H2Wed− or HWed2−). According to the reaction described in
eqs 11,12, we determined the potential formation of several
complexes between [Cu(H2O)4]2+ and a single H2Wed− or
HWed2− species. Figure 4 depicts the various structures
involved in exergonic chelation pathways, and Table 4 lists the
corresponding values for ΔfG0 and Kf.

The H2Wed− and HWed2− ligands can form monodentate
complexes with the [Cu(H2O)4]2+ ion at any of the seven
oxygen atom locations (O1, O3, O5, O6, O8, and O9).
Additionally, bidentate complexes are created at sites 1, 2,
and 3, which are the two oxygen atom positions nearest to one
another.

From Table 4, we can see that the H2Wed− ligand prefers to
coordinate at site 1, O1, and site 2, with ΔfG0 values of −14.64,
−10.45, and −6.47 kcal/mol, respectively. They have Kf values
that range from 5.47 × 1010 to 5.56 × 104. Concerning the
[CuH2Wed(H2O)n]+ complexes, the Cu−O1 bonds are strong
because the interacting oxygen atom has a more negative
charge. Cu−O1 distances are 1.869 and 1.921 Å for sites 1 and
O1, respectively. On the other hand, the complexation
reactions of H2Wed− with [Cu(H2O)4]2+ at other sites are
unstable, with ΔfG0 values that range from 1.34 to 7.13 kcal/
mol and Kf values that are low (vary from 1.04 × 10−1 to 5.90
× 10−6).
Concerning both mono and bidentate coordination modes,

almost all [CuHWed(H2O)n] complexes have noticeably high
negative ΔfG0 values (except at the O3 and O8 positions).
These complexes are common in water because they form
favorably and spontaneously and have high Kf values (5.57 ×
101−1.00 × 1017). The Cu−O lengths for the monodentate
complexes range from 1.907 to 1.996 Å, while those for the
bidentate complexes are 1.881−3.062 Å (Figure 4). The
obtained results reveal that HWed2−, a dianionic ligand, was
found to outperform significantly monoanionic ligands in
stabilizing the produced Cu(II) complexes.
Total complex formation constants (Ktotal

f ) were determined
to be 5.47 × 1010 for the H2Wed− ligand and 1.01 × 1017 for
the HWed2− ligand, respectively, suggesting that both mono
and dianionic ligands are expected to be more powerful
Cu(II)-chelating agents, capable of reducing the amount of
Cu(II) free ions created by the Fenton processes linked to AD.
3.3. AChE and BChE Inhibitory Properties. To

effectively treat Alzheimer’s disease, it suggests that blocking
the AChE and BChE enzymes is crucial. In this section,
molecular docking simulations are performed to clarify the
interactions and affinities between Wedelolactone and the
target enzymes AChE and BChE.
As discussed above, Wedelolactone can exist in three forms

in a physiological environment: neutral (H3Wed), monoanion
(H2Wed−), and dianion (HWed2−). Tacrine was used as the
reference ligand for AChE and BChE, which also has two
existing forms, including tacrine-neutral and tacrine-proton.
Thus, these ligands’ binding energies and interactions with the
target proteins (AChE and BChE) were studied. Generally,
only the binding site with the lowest binding energy is
described in detail. The binding energy was determined as the
most critical indicator in the docking studies for comparing the
binding affinity of the drugs toward the targeted protein. The
lower an inhibitor’s docking score (DS), the stronger its
binding affinity. The docking outcomes are summarized in
Figures 5 and 6.
For AChE, the ligand−AChE complex’s binding free energy

ranged from −6.41 to −8.36 kcal/mol (Figure 5). The lowest
binding free energy and highest binding affinity were found for
ligand H3Wed, while the highest binding free energy and
lowest binding affinity were found for ligand tacrine-neutral. In
the AChE-H3Wed complex, ligand H3Wed exhibits hydrogen
bonding with residues Tyr130 and Tyr334, as well as non-
covalent interactions with Trp84 Glu199, Phe330, Trp432, and
His440 in the active site. H2Wed− forms complexes with AChE
through the following amino acids: Trp84, Ser200, Phe288,
Phe290, Phe330, Phe331, Gly441, and His440. The active area
of interactions in the AChE−HWed2− complex is covered by
Trp84, Gly118, Gly119, Phe288, Phe290, Phe330, Phe331,
Gly432, and His440 residues. In the case of tacrine (control),

Table 4. ΔfG0, Kf, and ΣKf Values for the Various
Coordinating Sites of H2Wed− and HWed2−

species site ΔfG0 (kcal/mol) Kf

H2Wed− O1 −10.45 4.62 × 108

O3 4.20 8.31 × 10−4

O6 1.34 1.04 × 10−1

O8 6.20 2.84 × 10−5

O9 7.13 5.90 × 10−6

site 1 −14.64 5.47 × 1010

site 2 −6.47 5.56 × 104

site 3 2.17 2.56 × 10−2

Ktotal
f = ΣKf 5.47 × 1010

HWed2− O1 −12.3 1.05 × 109

O3 1.64 6.27 × 10−2

O6 −2.38 5.57 × 101

O8 9.85 5.96 × 10−8

O9 −15.22 1.46 × 1011

site 1 −20.67 1.45 × 1015

site 2 −23.18 1.00 × 1017

site 3 −18.48 3.58 × 1013

Ktotal
f = ΣKf 1.01 × 1017
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it can see interactions with amino acid residues including
Trp84, Gly119, Phe330, and His440. An analysis of the AChE
residues of all ligands revealed three essential residues shared
by all complexes: Trp84, Phe330, and His440. These amino
acids are crucial for inhibiting activity.55,73 Therefore,

Wedelolactone can be considered a potential inhibitor of the
AChE enzyme.
In the case of BChE, molecular docking experiments

revealed that Wedelolactone had negative binding energy
values of −7.69 kcal/mol with H3Wed, −7.51 kcal/mol with
H2Wed−, and −7.03 kcal/mol with HWed2−. Depending on

Figure 5. Docking score (DS) and interacting residues between ligands and AChE enzyme.

Figure 6. Docking score (DS) and interacting residues between ligands and BChE enzyme.
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the docking score values (Figure 6), the order of these ligands’
binding affinities is as follows: H3Wed > H2Wed− > HWed2−.
Most notably, these values were lower than those of both
tacrine-neutral (−6.04 kcal/mol) and tacrine-proton (−6.53
kcal/mol). Thus, Wedelolactone exhibited a strong binding
affinity with the identified target protein comparable to the
commercial drug tacrine. Figure 6 also depicts simultaneous
interactions, which can shed light on the binding site
interactions of the ligands for the target enzymes. H3Wed
was the most effective ligand for binding to the active site of
BChE by forming conventional hydrogen bonds with Leu286
and Ser287 and hydrophobic contacts with Trp82, Trp231,
Ala328, Pher329, Trp430, Met437, His438, and Tyr440. In the
case of the ligand H2Wed−, the interaction analysis results
showed that it exhibits typical hydrogen bonds, pi−anion, pi−
pi T-shaped, pi−pi stacked, and pi−alkyl contacts with BChE
amino acid residues. Specifically, two hydrogen bonds were
established between H2Wed− and the residues Ser198 and
Tyr332. This ligand had a pi−anion interaction with the amino
acid residue His438. Furthermore, other molecular interactions
interact with residues Trp231, Leu286, Val288, Ala328, and
Phe329. Similarly, it was discovered that the ligand HWed2−

interacts with the residues Leu286 and Ser287 of BChE
protein through hydrogen bonds. A few other amino acid
residues, including Ala328, Met437, Tyr430, and Trp440, took
part in the pi−alkyl interaction. Between Trp82, Pher329, and
the HWed2− molecule, pi−pi T-shaped and pi−pi stacked
interactions were discovered. Additionally, the amino acid
residues Trp231 and His438 in the active site created pi−anion
interactions with the dianion molecule. Interactions between
different forms of Wedelolactone and the amino acid residues
Trp82, Trp231, Ser198, and His438 of the BChE enzyme were
considered noteworthy since these amino acids are essential for
the inhibition of activity.74−76

Based on the above discussion, Wedelolactone has a
significant binding affinity for two target receptors. It interacts
favorably with essential amino acid residues in these enzymes,
suggesting it may have potential anti-Alzheimer activity.

4. CONCLUSIONS
In this article, the anti-Alzheimer activity of Wedelolactone is
explained by computational investigations. DFT and docking
molecular simulations were used to investigate the antioxidant
properties as well as the AChE and BChE inhibitory activities,
proposed as combined multiple target agents against AD. Our
researches lead to the following conclusions:
The molar distribution shows that both mono and dianion

forms predominate at physiological pH. Compared to a
nonpolar medium, the ability of Wedelolactone to scavenge
hydroperoxyl radical in a polar solution rises by about 105.
These findings point to the importance of ionic species for the
antiradical effect of Wedelolactone. Compared to Trolox
(koverall = 8.96 × 104 M−1 s−1), which is typically utilized as a
reference antioxidant, Wedelolactone (koverall = 4.26 × 109 M−1

s−1) is more effective in the polar medium.
Taking into account the complexation’s stabilization energy,

the most likely of the examined complexes is the Cu(II)
complex, which has the metal center coordinated to sites 1, 2,
and 3 of the ligand dianion. This finding suggests that the
dianionic species of Wedelolactone is a more potent Cu(II)-
chelating agent, decreasing the amount of Cu(II) free ions
created by the Fenton processes related to AD.

In addition, the current forms of Wedelolactone at
physiological pH were demonstrated to have exceptionally
good affinity with the AChE and BChE enzymes by molecular
docking simulations comparing their activity to that of tacrine.
Thus, Wedelolactone is a potent therapy candidate for AD

due to its multiple properties as antiradical, Cu(II) chelator,
and AChE and BChE inhibitors.
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