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SWISS ADME

Bu ¢aligmanin amaci, 13 stilben ve Alzheimer hastaligi (AH) nin tedavisinde
kullanilan 5 Amerikan Gida ve Ilag Dairesi onayli ilacin ADME tahmini ve
molekiiler yerlestirme yontemi ile karsilastirilmasidir. AH patolojisinde yer
alan kolinerjik, amiloid, tau, oksidatif stres ve inflamasyon hipotezleri,
molekiiler  yerlestirmede hedeflenmistir.  SwissADME,  stilbenlerin
(resveratrol,  pterostilben,  oksiresveratrol,  pikeatannol,  pinosilvin,
isorhapontigenin, isorhapontin, astringin, piceid (polidatin) ve mulberroside
A) ve Amerikan Gida ve Ilag Dairesi onayli ilaglarm (takrin, donepezil,
rivastigmin, galantamin ve memantin) fizikokimyasal, lipofiliklik, suda
¢ozlniirliik, farmakokinetik, ilaca benzerlik ve tibbi kimya ozelliklerini
belirlemek i¢in kullanilmistir. CBDOCK2, stilbenlerin ve Amerikan Gida ve
flag Dairesi onayli ilaglarin hedef proteinlere (AChE, BuChE, APP, BACE,
GSK-3p, CDK5, SOD, CAT, GPx, Cox-2, iINOS, IL-1p ve TNF-a) baglanma
afinitesini belirlemek i¢in kullanilmigtir. SWiSSADME sonuglar stilbenlerin
AH tedavisinde dogal friinler olarak kullanilabilecegini gdstermistir.
Molekiiler yerlestirme sonuglari, mulberroside A’nin en iyi vina skorunu
(kcal/mol) gosterdigini ve ardindan astringin, piceid (polidatin), isorhapontin,
donepezil,  oxyresveratrol,  piceatannol,  galantamin,  resveratrol,
isorhapontigenin, takrin, pinosilvin, pterostilben, rivastigmin ve memantin’in
geldigi gosterilmistir. Calismamizda AH tedavisinde stilbenler ve Amerikan
Gida ve Ilag Dairesi onayh ilaglar hesaplamali yaklagimlar kullanilarak
degerlendirilmistir. Sonuglar, AH patolojisinin ¢esitli hipotezleri iizerindeki
potansiyel terapotik etkilerini  vurgulamistir. Bu  bulgularm  klinik
uygulamalarda dogrulanmasi igin daha fazla arastirmaya ihtiyag vardir.
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The aim of this study is to compare 13 stilbenes and 5 FDA-approved drugs
used in the treatment of Alzheimer’s disease (AD) by ADME prediction and
molecular docking method. Cholinergic, amyloid, tau, oxidative stress and
inflammation hypotheses involved in AD pathology were targeted in
molecular docking. SwissADME has been used to determine the
physicochemical, lipophilicity, water solubility, pharmacokinetics, drug-
likeness and medicinal chemistry properties of stilbenes (resveratrol,
pterostilbene, oxyresveratrol, piceatannol, pinosylvin, isorhapontigenin,
isorhapontin, astringin, piceid (polydatin), and mulberroside A) and FDA-
approved drugs (tacrine, donepezil, rivastigmine, galantamine, and
memantine). CBDOCK2 has been used to determine the binding affinity
stilbenes and FDA-approved drugs to target proteins (AChE, BUChE, APP,
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BACE, GSK-3B, CDK5, SOD, CAT, GPx, Cox-2, iNOS, IL-1pB, and TNF-a).
SwissADME results showed that stilbenes could be used as natural products
in the treatment of AD. The molecular docking results indicated that
mulberroside A showed the best vina score (kcal/mol) followed by astringin,
piceid (polydatin), isorhapontin, donepezil, oxyresveratrol, piceatannol,
galanthamine, resveratrol, isorhapontigenin, tacrine, pinosylvin, pterostilbene,
rivastigmine, and memantine. Our study evaluated stilbenes and FDA-
approved drugs for the treatment of AD using computational approaches. The
results highlight its potential therapeutic effects on various hypotheses of AD
pathology. More research is needed to validate these findings for clinical
practice.

To Cite: Sirin S. Computational Analysis of Stilbenes as Potential Multi-Targeted Therapeutics for Alzheimer’s Disease.
Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2025; 8(1): 145-166.

1. Introduction

Alzheimer's disease (AD) is a severe neurological disorder that results in dementia and is thought to be
responsible for 60% to 70% of cases worldwide. Patients sixty to sixty-five years of age and older are
affected by AD, a degenerative disorder. In this age range, it is the primary cause of death.
Epidemiological projections suggest that by 2050, the number of people with AD globally may rise to
107 million in rising economies (Kamble et al., 2024).

The development of AD is thought to be influenced by several theories, including cholinergic, amyloid,
tau, oxidative stress, and inflammatory ones (Shevelyova et al., 2024). The cholinergic theory states that
increased acetylcholine esterase (AChE) breakdown of acetylcholine (ACh) into acetate and choline
causes ACh levels to decrease in AD. Lower levels of ACh affect brain activity and encourage the
aggregation of amyloid-beta (AB), which results in the formation of senile plaque (Vejandla et al., 2024).
The amyloid theory postulates that the accumulation of AP, (amyloid precursor protein (APP) which is
processed by proteases to produce AP) sets off a series of processes that eventually result in
neurodegeneration (Ganz and Ben-Hur, 2024; Wolfe, 2024). According to the Tau theory, AD is
primarily caused by an accumulation of abnormal Tau protein in the brain (Liu et al., 2024; Nasb et al.,
2024). Reactive oxygen species (ROS) cause damage to brain cells under oxidative stress, which leads
to neurodegeneration and cognitive decline, according to the oxidative stress and inflammation theories.
Both AP and phosphorylated tau pathologies lead to enhanced ROS generation. ROS can cause an
inflammatory response, whereas inflammation causes oxidative stress. Oxidative stress and
inflammation can damage synapses and brain cells, contributing to AP and tau neurotoxicity in AD
(Perluigi et al., 2024).

Because AD is so complicated, FDA-approved drugs (tacrine, donepezil, rivastigmine, galantamine, and
memantine) that interacts with a single receptor or enzyme is frequently insufficient for therapy (Yajing
et al., 2024). Because there are so few viable therapy options for AD, researchers are looking into
powerful pharmacological drugs as well as a wide range of other biological processes as ways to prevent
it. As a result, dietary small molecules from natural sources were studied and shown to have potential

therapeutic effects in AD. These compounds (e.g., flavonoid polyphenols, phenolic acids, stilbenes, and
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lignans) have been widely documented to be anti-AD agents both in vivo and in vitro, with relatively
modest side effects (Balakrishnan et al., 2024).

Polyphenols are categorized into four kinds based on their structural properties and number of phenolic
rings: flavonoid polyphenols, phenolic acids, stilbenes, and lignans. Stilbenes are important
phytoestrogens, referring to a family of polyphenolic compounds having a homogenous stilbene parent
nucleus or its polymers (Cao et al., 2024). These compounds are made up of two benzene rings arranged
C6-C2-C6. Many stilbenes are generated from trans-resveratrol or t-resveratrol, which is an essential
precursor in their synthesis. T-resveratrol can be transformed into various stilbenes, including viniferins
(by oxidation), pterostilbene (via methylation), and piceid (via glycosylation) (Aleynova et al., 2024).
Stilbenes, due to their unique molecular structure, have been shown to exhibit a variety of
pharmacological properties, including antioxidant, anti-inflammatory, and anti-degenerative disease
effects (Socala et al., 2024; Yan et al., 2024).

The current study aims to evaluate the stilbenes (resveratrol, pterostilbene, oxyresveratrol, piceatannol,
pinosylvin, isorhapontigenin, isorhapontin, astringin, piceid (polydatin), and mulberroside A), compared
to the FDA-approved drugs (tacrine, donepezil, rivastigmine, galantamine, and memantine), to treat AD
by targeting the cholinergic hypothesis (AChE and BuChE), the amyloid hypothesis (APP and BACE),
the tau hypothesis (GSK-3 and CDKJ5), the hypotheses of oxidative stress (SOD, CAT, and GPx) and
inflammation (Cox-2, iNOS, IL-1B, and TNF-a) by computational approaches through, ADME

(absorption, distribution, metabolism, and excretion) prediction and molecular docking.

2. Material and Methods

2.1. Preparation of ligands, FDA-approved drugs, and proteins
Ligands (resveratrol, pterostiloene, oxyresveratrol, piceatannol, pinosylvin, isorhapontigenin,
isorhapontin, astringin, piceid (polydatin), and mulberroside A) and FDA-approved drugs (tacrine,
donepezil, rivastigmine, galantamine, and memantine) for SwissADME online platform were prepared
in SMILES string format (Table 1).

Table 1. Stilbenes and FDA-approved drugs list

Ligand Name SMILES String

Resveratrol (1) Oc2ccc(C=Cclcc(O)cc(O)cl)ce2

Pterostilbene (2) COc2cc(0OC)cc(C=Cclccc(O)ccl)c2

Oxyresveratrol (3) Oc2ccc(C=Cclcc(O)ce(0)cl)c(O)c2

Piceatannol (4) Oc2cc(O)cc(C=Cclcce(O)c(0)cl)c2

Pinosylvin (5) Oc2cc(O)ce(C=Cclcceecl)c2

Isorhapontigenin (6) | COc2cc(C=Cclcc(O)cc(O)cl)ccc20

Isorhapontin (7)

COc3cc(C=Cc2cc(0)cc(OCIOC(CO)C(0)C(0)CL0)c2)cce30

Astringin (8)

OCC30C(0c2cc(0)cc(C=Cclceec(0)c(0)cl)c2)C(O)C(0)C30

Piceid (polydatin) (9)

OCC30C(0c2cc(0)cc(C=Cclceec(0)ccl)c2)C(0)C(0)C30

Mulberroside A (10)

OCC40C(Oc3ccc(C=Cc2cc(0)cc(OC10C(CO)C(0)C(0)C10)c2)c(0)c3)C(0)C(0)CA0

Tacrine (11)

Nc2c1CCCCclnc3cccec23

Donepezil (12)

COc4cc3CC(CCLCCN(CC1)Cc2cceec2)C(=0)c3cc40C

Rivastigmine (13)

CCN(C)C(=0)Oclccee(c1)C(C)N(C)C

Galantamine (14)

COc2ccc3CN(C)CCC14C=CC(0)CC10c2c34

Memantine (15)

CC13CC2CC(C)(C1)CC(N)(C2)C3
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Also, ligands (resveratrol, pterostilbene, oxyresveratrol, piceatannol, pinosylvin, isorhapontigenin,
isorhapontin, astringin, piceid (polydatin), and mulberroside A), FDA-approved drugs (tacrine,
donepezil, rivastigmine, galantamine, and memantine), and proteins (AChE, BuChE, APP, BACE,
GSK-3B, CDKS5, SOD, CAT, GPx, Cox-2, iNOS, IL-1pB, and TNF-a) for cavity-detection guided blind
docking (CB-DOCK) were prepared in mol2, mol, sdf, and pdb format.

2.2. SwissADME online platform

The ADME prediction server used is SwissADME (http://swissadme.ch/) from the Swiss Institute of
Bioinformatics. SwissSADME has been used to determine the physicochemical properties (formula,
molecular weight, num. heavy atoms, num. arom. heavy atoms, fraction Csp3, num. rotatable bonds,
num. H-bond acceptors, num. H-bond donors, molar refractivity, and TPSA), lipophilicity (log Po/w
(iLOGP, XLOGP3, WLOGP, MLOGP, and SILICOS-IT), and consensus log Po/w), water solubility
(log S (ESOL), log S (Ali), log S (SILICOS-IT), solubility (mg/ml; mol/l), and class), pharmacokinetics
(GI absorption, BBB permeant, P-gp substrate, CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4
inhibitor, and Log Kp (skin permeation)), drug-likeness (lipinski, ghose, veber, egan, muegge, and
bioavailability score), and medicinal chemistry (PAINS, brenk, leadlikeness, and synthetic accessibility)

associated with small molecules (Daina et al., 2017).

2.3. CB-DOCK?2 online platform

The protein-ligand blind docking server used is CB-DOCK2 (https://cadd.labshare.cn/ch-
dock2/index.php) from the Cao Lab. CB-DOCKZ2 has been used to determine the protein-ligand blind
docking, integrating cavity detection, docking and homologous template fitting (Liu et al., 2022).

3. Results and Discussion

Comprehensive evaluation of stilbenes such as resveratrol, pterostilbene, oxyresveratrol, piceatannol,
pinosylvin, isorhapontigenin, isorhapontin, astringin, piceid (polydatin), and mulberroside A, as well as
FDA-approved drugs, including tacrine, donepezil, rivastigmine, galantamine, and memantine, have
shown their potential for AD. It constitutes an important step in the evaluation of treatments. Through
computational methodologies involving ADME prediction and molecular docking, this study
investigates multifaceted aspects of AD pathology, specifically targeting cholinergic, amyloid, and tau
hypotheses, as well as oxidative stress and inflammation. In the following section, we will describe the
findings of our research, shedding light on the effectiveness and potential mechanisms of action of these

stilbenes and FDA-approved drugs in combating the progression of AD.
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3.1. Bioavailability radar of the ligands and FDA-approved drugs

The bioavailability radar of the ligands (resveratrol, pterostiloene, oxyresveratrol, piceatannol,
pinosylvin, isorhapontigenin, isorhapontin, astringin, piceid (polydatin), and mulberroside A) and FDA-
approved drugs (tacrine, donepezil, rivastigmine, galantamine, and memantine) are shown in Figure 1.
Bioavailability radar provides a first look at the drug-likeness of ligands and FDA-approved drugs. This
radar is used to determine the potential of molecules as drugs by evaluating their pharmacokinetic and
pharmacodynamic properties (Jia et al., 2020; Ranjith and Ravikumar, 2019). This methodology helps
identify compounds with drug-like properties and examines critical properties of molecules such as
lipophilicity, size, polarity, solubility, saturation, and flexibility (Ibrahim et al., 2020). These evaluation
criteria are used to determine the bioavailability of compounds and their potential in the drug
development process. Bioavailability radars of FDA-approved drugs with stilbenes are an important tool
to determine the pharmacokinetic profiles and drug-likeness of these compounds (Poltronieri et al.,
2020). These comprehensive evaluations contribute to the development of more effective treatment
strategies. The pink area represents the optimal range for 6 properties (lipophilicity, size, polarity,
solubility, saturation, and flexibility) (lipophilicity: XLOGP3 between -0.7 and +5.0, size: MW between
150 and 500 g/mol, polarity: TPSA between 20 and 130 A2, solubility: log S not higher than 6,
saturation: carbon fraction in sp3 hybridization should not be less than 0.25, and flexibility: not more
than 9 rotatable bonds) (Ibrahim et al., 2020). Ligands (isorhapontigenin, astringin, piceid (polydatin),
and mulberroside A) and FDA-approved drugs (donepezil, rivastigmine, galantamine, and memantine)
are within the optimal range for the 6 properties (lipophilicity, size, polarity, solubility, saturation, and
flexibility).

1 2 3 4 5
|
#/

6 7 8 9 10

11 12 13 14 15

Figure 1. Bioavailability radar of ligands and FDA-approved drugs
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3.2. BOILED-Egg plot of the ligands and FDA-approved drugs

The Brain Or IntestinaL EstimateD permeation method (BOILED-EgQ) plot of the ligands (resveratrol,
pterostilbene, oxyresveratrol, piceatannol, pinosylvin, isorhapontigenin, isorhapontin, astringin, piceid
(polydatin), and mulberroside A) and FDA-approved drugs (tacrine, donepezil, rivastigmine,
galantamine, and memantine) are shown in Figure 2.

BOILED-Egg plot estimates passive (P-gp substrate-, red)/active (P-gp substrate+, blue) blood-brain
barrier (BBB) permeation and human gastrointestinal absorption (HIA) of ligands and FDA-approved
drugs (Ndombera et al., 2019). This prediction is based on 2 physicochemical properties: lipophilicity
(WLOGP) and polarity (TPSA) (Daina and Zoete, 2016). The yolk contains the physicochemical domain
for BBB permeation and the egg white contains the physicochemical domain for HIA (Rafeeq et al.,
2024). The outer gray area represents ligands with properties that imply limited BBB permeation and
low HIA (Ponzoni et al., 2017). This model is a critical tool for predicting the bioavailability and efficacy
of drugs and evaluates the pharmacokinetic profiles of ligands and drugs. These evaluations contribute
to the development of more effective treatment strategies. Ligands [resveratrol (passive), pterostilbene
(passive), pinosylvin (passive), and isorhapontigenin (passive), and FDA-approved drugs [tacrine
(active), donepezil (active), rivastigmine (passive), galantamine (active), and memantine (passive)]
shows high BBB permeation and high HIA.

1 2 3 4 {1 s
\
\
\
\
\
6 7 8 9 10
11 12 13 14 15

Figure 2. BOILED-Egg plot of ligands and FDA-approved drugs
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3.3. Physicochemical properties of the ligands and FDA-approved drugs
The physicochemical properties of the ligands (resveratrol, pterostilbene, oxyresveratrol, piceatannol,
pinosylvin, isorhapontigenin, isorhapontin, astringin, piceid (polydatin), and mulberroside A) and FDA-
approved drugs (tacrine, donepezil, rivastigmine, galantamine, and memantine) are shown in Table 2.
Physicochemical properties evaluated to understand the pharmacokinetic and pharmacodynamic
properties of ligands provide important information about the bioavailability, efficacy and safety of the
drug. While the molecular weight (MW) and the number of heavy atoms determine the size and
complexity of the compound, the Csp3 fraction affects the three-dimensional structure and
bioavailability of the molecule (Rafeeq et al., 2024). The number of rotatable bonds affects the flexibility
of the molecule, and the number of hydrogen bond acceptors and donors affects its solubility in aqueous
environments and interaction with biological targets (Daina and Zoete, 2016). The bioavailability radar
also provides information on the molecular weight (size), fraction csp3 (saturation), number of rotatable
bonds (flexibility), and TPSA (polarity) of ligands and FDA-approved drugs (size: MW between 150
and 500 g/mol, saturation: carbon fraction in sp3 hybridization should not be less than 0.25, flexibility:
not more than 9 rotatable bonds, and polarity: TPSA between 20 and 130 A?) (Kadri and Aouadi, 2020).
All ligands and FDA-approved drugs, except mulberroside A, are within the optimum range for
molecular weight (size). All ligands and FDA-approved drugs, except resveratrol, pterostilbene,
oxyresveratrol, piceatannol, pinosylvin, and isorhapontigenin, are within the optimum range for fraction
csp3 (saturation). All ligands and FDA-approved drugs are within the optimum range for number of
rotatable bonds (flexibility). All ligands and FDA-approved drugs, except isorhapontin, astringin, piceid
(polydatin), and mulberroside A, are within the optimum range for TPSA (polarity).

Table 2. Physicochemical properties of ligands and FDA-approved drugs

Physicochemical Properties
Num. Num. Num.
Molecular Num. arom. Fraction Num. H- H- Molar
No Formula A heavy rotatable bond L TPSA
weight heavy Csp3 bond refractivity
atoms bonds accept
atoms ors donors
1 C14H1203 228.24 g/mol 17 12 0.00 2 3 3 67.88 60.69 A2
2 C16H1603 256.30 g/mol 19 12 0.12 4 3 1 76.82 38.69 A2
3 C14H1204 244.24 g/mol 18 12 0.00 2 4 4 69.90 80.92 A2
4 C14H1204 244.24 g/mol 18 12 0.00 2 4 4 69.90 80.92 A2
5 C14H1202 212.24 g/mol 16 12 0.00 2 2 2 65.86 40.46 A2
6 C15H1404 258.27 g/mol 19 12 0.07 3 4 3 74.37 69.92 A2
7 C21H2409 420.41 g/mol 30 12 0.33 6 9 6 106.50 149.07 A2
8 C20H2209 406.38 g/mol 29 12 0.30 5 9 7 102.03 160.07 A2
9 C20H2208 390.38 g/mol 28 12 0.30 5 8 6 100.00 139.84 A2
10 C26H32014 568.52 g/mol 40 12 0.46 8 14 10 134.15 239.22 A2
11 C13H14N2 198.26 g/mol 15 10 0.31 0 1 1 63.58 38.91 A2
12 C24H29NO3 379.49 g/mol 28 12 0.46 6 4 0 115.31 38.77 A2
13 C14H22N202 250.34 g/mol 18 6 0.50 6 3 0 73.12 32.78 A2
14 C17H21INO3 287.35 g/mo 21 6 0.53 1 4 1 84.05 41.93 A2
15 C12H21N 179.30 g/mol 13 0 1.00 0 1 1 55.68 26.02 A2
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3.4. Lipophilicity of the ligands and FDA-approved drugs

The lipophilicity of the ligands (resveratrol, pterostilbene, oxyresveratrol, piceatannol, pinosylvin,
isorhapontigenin, isorhapontin, astringin, piceid (polydatin), and mulberroside A) and FDA-approved
drugs (tacrine, donepezil, rivastigmine, galantamine, and memantine) are shown in Table 3.

The classic descriptor for lipophilicity is the partition coefficient (log Po/w) between N-octanol and
water (Buchwald and Bodor, 1998). Log Po/w was calculated with five different prediction models
(iLOGP, XLOGP3, WLOGP, MLOGP and SILICOS-IT) (Mishra and Dahima, 2019). The consensus
log Po/w is the arithmetic mean of the values estimated by five different prediction models (Udugade et
al., 2019). Log Po/w is ranged between —0.7 and +5.0 according to the bioavailability radar (Sert et al.,
2021). This parameter is an important indicator that affects the bioavailability of molecules and their
ability to reach target cells. All ligands and FDA-approved drugs, except mulberroside A, are within the
optimum range.

Table 3. Lipophilicity of ligands and FDA-approved drugs

Lipophilicity

No Log Po/w Log Po/w Log Po/w Log Po/w Log Po/w Consensus

(iLOGP) (XLOGP3) | (WLOGP) | (MLOGP) | (SILICOS-IT) Log Po/w
1 1.71 3.13 2.76 2.26 2.57 2.48
2 3.02 3.78 3.36 2.76 3.61 331
3 1.44 2.77 2.46 1.67 2.08 2.08
4 1.61 2.86 2.46 1.67 2.08 2.14
5 2.05 3.48 3.05 2.87 3.07 2.90
6 2.27 3.59 2.76 1.93 2.60 2.63
7 2.25 1.06 0.24 -0.65 0.55 0.69
8 1.27 0.73 -0.07 -0.87 0.00 0.21
9 1.75 1.03 0.23 -0.36 0.47 0.62
10 1.00 -0.84 -2.59 -2.97 -2.08 -1.50
11 2.09 2.71 2.70 2.33 3.12 2.59
12 3.92 4.28 3.83 3.06 491 4.00
13 321 2.29 2.44 2.34 1.46 2.34
14 2.64 1.84 1.32 1.74 2.03 1.91
15 251 3.28 2.69 3.02 2.76 2.85

3.5. Water solubility of the ligands and FDA-approved drugs

The water solubility of the ligands (resveratrol, pterostilbene, oxyresveratrol, piceatannol, pinosylvin,
isorhapontigenin, isorhapontin, astringin, piceid (polydatin), and mulberroside A) and FDA-approved
drugs (tacrine, donepezil, rivastigmine, galantamine, and memantine) are shown in Table 4.

Water solubility (Log S) was calculated with three different prediction models (ESOL, Ali, and
SILICOS-IT) (Ciorsac et al., 2021). These prediction models play a critical role in evaluating the
aqueous solubility of compounds and provide important information in drug discovery and development
processes. ESOL, Ali and SILICOS-IT models are used to optimize the bioavailability and efficacy of
drugs by determining the solubility profiles of compounds (Boobier et al., 2020 ). These models provide
important tools for understanding and improving the pharmacokinetic and pharmacodynamic properties
of drugs. Log S is ranged between insoluble < -10 < poorly < -6 < moderately < -4 < soluble < -2 very
soluble < 0 highly (Yaglioglu et al., 2022; Henning et al., 2023). All ligands and FDA-approved drugs
are within the optimum range for soluble, moderately soluble, and poorly soluble classes.
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Table 4. Water solubility of ligands and FDA-approved drugs

Water solubility
Log S Solubility LogS Solubility Log S Solubility
No | EsoL) | (mg/ml:mol) Class Al) | (mg/mizmoll) Class (S'LI'TC)OS' (mg/ml:mol/l) Class
V] 32 | Sens | sowle | 407 | gille | Mobles | 3% | siseod | SO
2| 49 | Groeos | souple’ | “2 | sire0s | soble | % | 3ose0s | soluble
3 84 | Gameor | Sowle | 412 | GERRe | VGRes | 270 | Yowees | Soudke
4 3% | Ghwos | S | L | oose0s | solble | 2T | Loseos | Soube
o [ e | an | S Ay w | 2 | o
AN BEAEDE L AR T
7 -3.01 g%;i%i Soluble -3.78 i%féz_%i Soluble -1.71 81'.2945;82; Soluble
8 | -280 S0 Soluble | -3.67 80802 Soluble -1.02 Dyt Soluble
o | -290 P Soluble | -3.56 Lo Soluble -161 Py Soluble
10 | -253 POSAR Soluble | -3.70 Lo Soluble 0.76 o0 Soluble
o o | s | | sn | bmn | swe | ae | imp o
o o | S [ Wmmy | g | o el | o | tmm | mon
13 | 269 ey Soluble | -2.62 o Soluble 315 Lrsel Soluble
14| 293 o soble | 234 | LYY Soluble 2.9 S0l Soluble
15 | -302 Lo Soluble | -3.50 002 Soluble -2.80 Al ol Soluble

3.6. Pharmacokinetics of ligands and FDA-approved drugs

The pharmacokinetics of the ligands (resveratrol, pterostilbene, oxyresveratrol, piceatannol, pinosylvin,
isorhapontigenin, isorhapontin, astringin, piceid (polydatin), and mulberroside A) and FDA-approved
drugs (tacrine, donepezil, rivastigmine, galantamine, and memantine) are shown in Table 5.
Pharmacokinetic properties of drugs, Gl absorption, BBB permeant, P-gp substrate, CYP enzyme
inhibitory (CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4) and skin permeability coefficient. It is
evaluated with various parameters such as (Log Kp). Gl absorption determines the absorption of the
drug from the intestines and its passage into the systemic circulation. P-gp substrates refer to drugs that
are excreted from the cell by the active transport mechanisms of P-gp, which affects the bioavailability
of drugs (Yoshitomo et al., 2022). Enzyme inhibitors such as CYP1A2, CYP2C19, CYP2C9, CYP2D6
and CYP3A4 may cause drug-drug interactions by inhibiting enzymes involved in drug metabolism.
Inhibition of these enzymes can directly affect the metabolism and effectiveness of other drugs (Liao et
al., 2020). Additionally, the skin permeability coefficient (Log Kp) determines the transdermal
absorption capacity of drugs and their passage through the skin into the systemic circulation (Hamadeh
et al., 2023). These parameters play an important role in drug development processes by providing
critical information about the bioavailability, effectiveness and safety of drugs.

Gl absorption, BBB permeant, P-gp substrate properties of ligands and FDA-approved drugs are also
given in the BOILED-Egg plot. All ligands and FDA-approved drugs, except isorhapontin, astringin,
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and mulberroside A, are within the optimum range for Gl absorption. All ligands and FDA-approved
drugs, except oxyresveratrol, piceatannol, isorhapontin, astringin, piceid (polydatin), and mulberroside
A, are within the optimum range for BBB permeant. All ligands and FDA-approved drugs, except
isorhapontin, piceid (polydatin), tacrine, donepezil, and galantamine, are not the substrate of P-gp.
The tendency of ligands and FDA-approved drugs to cause drug interactions through inhibition of
cytochromes (CYPs) has been estimated (Hakkola et al., 2020). Ligands (isorhapontin, astringin, piceid
(polydatin), and mulberroside A) and FDA-approved drugs (rivastigmine and memantine) are not the
inhibitor of CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4.
Skin permeation is a linear method based on Potts and Guy’s simple QSPR model, which relates the
decimal logarithm of the skin permeability coefficient (log Kp in cm/s) to MW and log Po/w (Ranjith et
al., 2022). Ligands and FDA-approved drugs with a lower negative log Kp value is seen as being more
permeant to the skin (Jose et al., 2023). Log Kp (skin permeation) of ligands and FDA-approved drugs
score ranges from -10.36 to -5.06 cm/s.

Table 5. Pharmacokinetics of ligands and FDA-approved drugs

Pharmacokinetic

No Gl BBB P-gp CYP1A2 CYP2C19 | CYP2C9 | CYP2D6 | CYP3A4 | Log Kp (skin

absorption permeant | substrate inhibitor inhibitor inhibitor | inhibitor | inhibitor | permeation)
1 High Yes No Yes No Yes No Yes -5.47 cm/s
2 High Yes No Yes Yes Yes Yes No -5.18 cm/s
3 High No No Yes No Yes No Yes -5.82 cm/s
4 High No No Yes No Yes No Yes -5.76 cm/s
5 High Yes No Yes No Yes No No -5.12 cm/s
6 High Yes No Yes No Yes No Yes -5.33 cm/s
7 Low No Yes No No No No No -8.11 cm/s
8 Low No No No No No No No -8.26 cm/s
9 High No Yes No No No No No -7.95 cml/s
10 Low No No No No No No No -10.36 cm/s
11 High Yes Yes Yes No No No Yes -5.59 cm/s
12 High Yes Yes No No No Yes Yes -5.58 cm/s
13 High Yes No No No No No No -6.20 cm/s
14 High Yes Yes No No No Yes No -6.75 cm/s
15 High Yes No No No No No No -5.06 cm/s

3.7. Druglikeness of ligands and FDA-approved drugs

The druglikeness of the ligands (resveratrol, pterostilbene, oxyresveratrol, piceatannol, pinosylvin,
isorhapontigenin, isorhapontin, astringin, piceid (polydatin), and mulberroside A) and FDA-approved
drugs (tacrine, donepezil, rivastigmine, galantamine, and memantine) are shown in Table 6.

The druglikeness is evaluated using five distinct rule-based filters (Gupta et al., 2020). Major
pharmaceutical corporations [Lipinski (Pfizer), Ghose (Amgen), Veber (GSK), Egan (Pharmacia), and
Muegge (Bayer)] frequently conduct analyses that lead to these rule-based filters (Yadav and Mohite,
2020). Lipinski's rule is based on properties such as molecular weight (less than 500 Daltons),
octanol/water partition coefficient (logP < 5), number of hydrogen bond acceptors (< 10), and number
of hydrogen bond donors (< 5). Ghose, Veber, Egan and Muegge rules include additional parameters
such as molecular weight, polar surface area (TPSA), number of rotatable bonds (Soares et al., 2023).

Ligands (resveratrol, pterostilbene, oxyresveratrol, piceatannol, pinosylvin, and isorhapontigenin), and
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FDA-approved drugs (donepezil, rivastigmine, and galantamine) are within acceptable range for
Lipinsky, Ghose, Veber, Egan, and Muegge filters.

Also, the Abbot bioavailability score attempts to estimate the probability that ligands and FDA-approved
drugs will have at least 10% oral bioavailability or measurable Caco-2 permeability in rats (Chai et al.,
2022). This semiquantitative rule-based score based on total charge, TPSA, and Lipinski filter violation
identifies four classes of ligands and FDA-approved drugs with probabilities of 11%, 17%, 56%, or 85%
(Ozioko and Gaiya, 2023). These evaluations provide critical information to optimize the bioavailability
and effectiveness of drugs. All ligands and FDA-approved drugs are within acceptable range for Abbot
bioavailability score (17% and 56%).

Table 6. Druglikeness of ligands and FDA-approved drugs

Druglikeness
. Bioavailability
No Lipinski Ghose Veber Egan Muegge score
1 Yes; 0 violation Yes Yes Yes Yes 0.55
2 Yes; 0 violation Yes Yes Yes Yes 0.55
3 Yes; 0 violation Yes Yes Yes Yes 0.55
4 Yes; 0 violation Yes Yes Yes Yes 0.55
5 Yes; 0 violation Yes Yes Yes Yes 0.55
6 Yes; 0 violation Yes Yes Yes Yes 0.55
Lo No; 1 No; 1 .
Yes;1 violation: Lo o No; 1 violation:
7 NHOrOH>5 Yes violation: violation: H-don>5 0.55
TPSA>140 | TPSA>131.6
8 Yes; 1 No; 1 No; 1 viol:l:t;ioan'
violation: Yes violation: violation: TPSA>156 0.55
NHorOH>5 TPSA>140 | TPSA>131.6 '
H-don>5
o Yes; 1 No; 1 No; 1 violation:
violation: Yes Yes violation: ' ' 0.55
H-don>5
NHorOH>5 TPSA>131.6
1 No; 3 vio’\ll;;i:ns No; 3
violations: MW>480. No; 1 No; 1 violations:
MW>500, WLOGP<-0’4 violation: violation: TPSA>150, 0.17
NorO>10, o TPSA>140 | TPSA>131.6 H-acc>10,
MR>130,
NHorOH>5 H-don>5
#atoms>70
11 P No; 1 violation:
Yes; 0 violation Yes Yes Yes MW<200 0.55
12 | Yes; 0 violation Yes Yes Yes Yes 0.55
13 | Yes; 0 violation Yes Yes Yes Yes 0.55
14 | Yes; 0 violation Yes Yes Yes Yes 0.55
No; 2
P violations:
15 | Yes; 0 violation Yes Yes Yes MW<200, 0.55
Heteroatoms<2

3.8. Medicinal chemistry of ligands and FDA-approved drugs

The medical chemistry of the ligands (resveratrol, pterostilbene, oxyresveratrol, piceatannol, pinosylvin,
isorhapontigenin, isorhapontin, astringin, piceid (polydatin), and mulberroside A) and FDA-approved
drugs (tacrine, donepezil, rivastigmine, galantamine, and memantine) are shown in Table 7.

The phrase "Pan-Assay INterference compounds” (PAINs) encompasses a broad range of ligands and
FDA-approved drugs that impede biological screening assays through diverse methods of action

(Boateng et al., 2024). PAINs can complicate drug discovery processes by causing false positive results
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in biological screening campaigns. Ligands and FDA-approved drugs had no alert in PAINS filter except
piceatannol and astringin.
Brenk is a filter to identify ligands and FDA-approved drugs that are chemically reactive, metabolically
unstable, and at risk levels (Sardar, 2023). FDA-approved drugs (tacrine, donepezil, rivastigmine, and
memantine) had no alert in Brenk filter.
Leadlikeness is a tactical guideline for selecting starting points for chemical optimization in order to
enhance the possibility of developing "drug-like" molecules during the drug discovery programs
(Goodnow, 2001). FDA-approved drugs (rivastigmine and galantamine) had no violation in
leadlikeness.
The synthetic accessibility score of the ligands and FDA-approved drugs, or ease of synthesis, goes from
1 (very simple) to 10 (extremely difficult) (Ertl and Schuffenhauer, 2009). These scores are critical in
determining the synthesizability of drug candidates and their potential in development. Synthetic
accessibility of ligands and FDA-approved drugs score ranges from 1.98 to 6.11.

Table 7. Medicinal chemistry of ligands and FDA-approved drugs

Medical chemistry
No PAINS Brenk Leadlikeness Synthep_c
accessibility
1 alert: No; 1 violation:
! Oalert stilbene MW<250 202
1 alert: No; 1 violation:
2 0 alert stilbene XLOGP3>3.5 229
1 alert: No; 1 violation:
3 Oalert stilbene MW<250 236
4 1 alert: 2 alerts: No; 1 violation: 209
catechol_A | catechol, stilbene MW<250 '
1 alert: No; 1 violation: :
5 0 alert stilbene MW>250 1.98
1 alert: No; 1 violation:
6 Oalert stilbene XLOGP3>3.5 222
1 alert: No; 1 violation: :
! 0 alert stilbene MW>350 4.98
8 1 alert: 2 alerts: No; 1 violation: 4.86
catechol_A catechol, stilbene MW>350 '
1 alert: No; 1 violation:
9 0 alert stilbene MW>350 4.82
1 alert: No; 2 violations:
10 0 alert . ) MW>350, 6.11
stilbene
Rotors>7
No; 1 violation:
11 0 alert 0 alert MW<250 2.08
No; 2 violations:
12 0 alert 0 alert MW>350, 3.36
XLOGP3>3.5
13 0 alert 0 alert Yes 2.73
1 alert:
14 0 alert isolated_alkene Yes 4.57
No; 1 violation:
15 0 alert 0 alert MW<250 3.70

3.9. Molecular docking results of ligands, FDA-approved drugs, and target proteins
The molecular docking results of the ligands (resveratrol, pterostilbene, oxyresveratrol, piceatannol,
pinosylvin, isorhapontigenin, isorhapontin, astringin, piceid (polydatin), and mulberroside A), FDA-

approved drugs (tacrine, donepezil, rivastigmine, galantamine, and memantine) and target proteins
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(AChE, BuChE, APP, BACE, GSK-3p, CDKS5, SOD, CAT, GPx, Cox-2, iNOS, IL-1pB, and TNF-a) are
shown in Table 8.

Blind docking is a molecular modeling technique used to determine the binding sites of ligands to target
proteins. This technique is used to predict the binding affinity and potential interactions of ligands. The
vina score is a system based on empirical scoring that establishes the binding affinity of ligands, FDA-
approved drugs, and target proteins (Boyles, 2020). Vina scores often indicate Gibbs free energy in the
binding of ligands and FDA-approved drugs to target proteins (Akhoon et al., 2019). A higher negative
vina score indicates a strong binding affinity (Meli et al., 2022). Such studies play a critical role in drug
discovery and development processes and enable the development of more effective therapeutic
strategies.

The binding affinity of the target proteins to ligands are AChE > CAT > Cox-2 > BuChE > iNOS >
SOD > CDKS5 > TNF-a > GPx > GSK-3 > APP > BACE > IL-18, respectively. The binding affinity
of the ligands to target proteins are mulberroside A > astringin > piceid (polydatin) > isorhapontin >
oxyresveratrol > piceatannol > isorhapontigenin > resveratrol > pinosylvin > pterostilbene, respectively.
The binding affinity of the target proteins to FDA-approved drugs are AChE > BuChE > Cox-2 > iNOS
> CAT > SOD > GSK-3p > GPx > CDKS5 > TNF-a > APP > BACE > IL-1p, respectively. The binding
affinity of the FDA-approved drugs to target proteins are donepezil > galantamine > tacrine >
rivastigmine > memantine, respectively. The molecular docking studies indicate that the ligands and
FDA-approved drugs have a strong binding affinity to the target proteins (AChE, BUChE, APP, BACE,
GSK-3B, CDKS5, SOD, CAT, GPx, Cox-2, iINOS, IL-1B, and TNF-a), and that it is possible for those

proteins to function.
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Table 8. Molecular docking results (vina score) of ligands, FDA-approved drugs, and target proteins

Target Protein
Ligand
AChE | BUChE | APP | BACE | GSK-3p | CDK5 | SOD | CAT | GPx | Cox-2 | iNOS | IL-1p | TNF-a
Resveratrol -8.7 -8.7 -1.2 -6.6 -6.9 7.7 8.1 8.7 71 71 -8.6 6.4 7.7
Pterostilbene -8.5 -8.0 -7.2 -6.7 -6.8 71 77 8.3 71 7.9 8.4 6.1 6.9
Oxyresveratrol -8.8 -8.6 -7.5 -6.7 -7.3 8.8 8.2 94 -7.0 8.4 8.6 6.5 .75
Piceatannol 91 -8.4 11| 67 7.0 80 | 85 | 90 | -71 | 83 | 90 | -64 | -79
Pinosylvin -8.6 -8.4 7.1 | 6.3 -7.0 76 | <79 | 83 | 70 | -79 | -83 | -6.0 7.3
Isorhapontigenin | -8.8 8.1 10 | 6.7 7.0 79 | -78 | -87 | 73 | 83 | -82 | -64 | -79
Isorhapontin -8.9 9.1 -7.6 | 81 -8.5 92 | 89 | 93 | -85 | -105 | -94 | -73 -8.8
Astringin -107 | 94 -7.8 8.1 -8.3 8.9 89 | -99 | -85 | -106 | -100 | -7.2 -8.9
Piceid
. -105 | -98 19 | 1.8 7.8 89 | 86 | -112 | -83 | -101 | 98 | -74 | -90
(polydatin)
Mulberroside A | -114 | -102 | -85 | -88 -8.7 90 | 99 | -102 | -99 | -108 | -92 | -78 9.3
Tacrine -8.5 -8.2 -6.7 -6.5 9.9 8.1 74 | 80 | 71 | -81 80 | -56 7.2
Donepezil -100 | 9.2 -89 | -80 -7.6 97 | -79 | -86 | 90 | -96 | -93 | -67 -8.4
Rivastigmine -7.9 7.1 -5.8 -5.7 5.6 6.1 68 | -75 | 62 | -68 76 | 53 6.1
Galantamine -8.7 -8.6 1.0 | 7.2 75 70 | 81 | 81 | -79 | -85 | -81 | -64 7.8
Memantine -76 -71 | -58 | -58 -6.6 53 | -75 | 66 | 64 | -66 | -63 | -50 | -65
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In our study, the contact residues of the prominent ligands (astrin, piceid (polydatin), and mulberroside
A) and FDA-approved drugs (tacrine and donepezil) to the target proteins (AChE, BuChE, APP, BACE,
GSK-3B, CDKS5, SOD, CAT, GPx, Cox-2, iINOS, IL-1B, and TNF-a) according to their vina scores
(kkal/mol) are given in Table 9.

Interactions between ligands and target proteins are characterized by specific amino acid residues and
bond structures at binding sites. These interactions are of great importance for the stability and function
of biomolecular complexes. Various types of bonds, such as hydrogen bonds, hydrophobic interactions
and electrostatic interactions, are the main components of these interactions. Interactions between
hydrogen bonds are shown as teal dotted lines, and these bonds represent strong polar interactions
between the ligand and the protein (Moharana et al., 2023). Hydrophobic interactions are shown with
gray dotted connections, and these bonds represent interactions occurring in nonpolar regions between
the ligand and the protein (Labarre et al., 2021). Electrostatic interactions are shown as yellow dotted
lines, and these bonds express the attractive forces that occur between oppositely charged regions
between the ligand and the protein (Fanfrlik et al., 2023). Detailed examination of these binding
interactions is critical in drug discovery and development processes. Understanding the structural
properties of ligand-protein complexes and the effects of these interactions on biological activity allows
the design of new and more effective therapeutic agents (Adhav and Saikrishnan, 2023).

Table 9. Molecular docking results of ligands (astrin, piceid (polydatin), and mulberroside A) and FDA-
approved drugs (tacrine and donepezil), and target proteins

. Target .
Ligand . Contact Residues
Protein

Chain B: GLN71 TYR72 ASP74 i
LEU76 THR83 TRP86 ASN87 wise | 17 Seho:
TRP117 TYR119 GLY120 2 rasel -
GLY121 GLY122 PHE123 - N &
TYR124 SER125 GLY126 TN Y
ALA127 LEU130 TYR133 RN YO
Mulberroside A AChE GLU202 SER203 ALA204 TRP236 A ) 52 ~ 4
TRP286 HIS287 VAL288 LEU289 %0505 TTI haar
PRO290 GLN291 GLU292 o P ;
SER293 VAL294 PHE295 v S
ARG296 PHE297 TYR337 - e N
PHE338 VAL340 TYR341 = A ek
GLY342 HIS447 GLY448 |LE451 SV

Chain A: GLN67 ASN68 1LE69
ASP70 GLN71 SER72 GLY78 - =izs
SER79 TRP82 ASN83 PRO84 g
TYR114 GLY115 GLY116 Ti225. -0 N83 g
GLY117 PHE118 GLN119 AN e Nwaso
THR120 GLY121 THR122 5 N 3
LEU125 TYR128 GLY149 3 ﬂ{wﬂ‘tﬁ' &
. GLU197 SER198 LEU273 P g,
Mulberroside A BuChE GLU276 ALA277 PHE278 > Jes. -
VAL280 TYR282 GLY283 )
THR284 PRO285 LEU286 SER287 s,
VAL288 ASN289 PHE290 e i
ALA328 PHE329 VAL331 / i k!
TYR332 GLY333 TRP430 F27202
MET437 HIS438 GLY439 TYR440 s
ILE442
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Donepezil

APP

Chain A: ASN326 MET329
ARG330 ALA333

Chain B: ARG414 LEU417

ARGA418 GLU420 GLN421
LYS422 GLN424 ARG425 HIS450
LEU453 GLN454 ILE456 GLU457

GLUA458 VAL460 ASN461

LEU464 GLU483 LEU484

LEU485 HIS486 SER487

Mulberroside A

BACE

Chain A: GLY11 GLN12 GLY13
LEU30 ASP32 GLY34 SER35
SER36 PHE47 TYR71 THR72

GLN73 GLY74 LYS107 PHE108

PHE109 ILE110 ASN111 SER113

TRP115 ILE118 ILE126 ARG128

TYR198 LYS224 ILE226 ASP228

SER229 GLY230 THR231

THR232 ASN233 ARG235

SER327 THR329 GLY330
THR331 VAL332

Tacrine

GSK-3B

Chain A: ILE62 PHE67 VALT70
ALAB83 LYS85 ARG96 GLU97
LEU132 TYR134 VAL135
THR138 ARG180 ASP181 LYS183
GLN185 ASN186 LEU188
CYS199 ASP200 PHE201 GLY202
SER203 ASN213 VAL214 SER215
TYR216 ILE217 ARG220 TYR221
GLY259 ASP260 SER261
Chain B: ARG220 TYR221
TYR222 PHE229 ASP260 VAL263
LEU266 VAL267 ILE270 PHE291
LYS292 PHE293 PRO294

Donepezil

CDK5

Chain A: ARG149 PRO154
VAL155 ARG156 CYS157
TYR158 SER159 ALA160
GLU161 GLY175 ALA176
LYS177 PRO234 ASP235
Chain C: ARG179 ASP182
ARG183 LEU186 GLN191
ASP192 GLN193 GLY194 PHE195
ILE196 THR197 PRO198 ALA199
ASN200 MET237 GLY238
ASN239 GLU240 TYR243
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Mulberroside A

SOD

Chain A: HIS17 ILE18 HIS26
LYS29 HIS30 HIS31 ALA32
ALA33 VAL35 PRO62 ALAG3
PHE66 ASN67 GLY69 GLY70
HIS71 HIS74 PHE77 VAL116
GLY117 VAL118 GLN119
GLY120 GLN143 ILE158 ASP159
VAL160 TRP161 GLU162 HIS163
ALA164 LEU167 GLN168
LYS170 ASN171 VAL172
ARG173 PRO174 ASP175 LEU177
LYS178 ALA179 ILE180
Chain B: GLN21 ILE22 LEU25
HIS26 LYS29 HIS30 HIS31
ALA32 ALA33 VAL35 ASN37
ALA63 PHEG6 ASN67 GLY69
GLY70 HIS71 HIS74 VAL116
GLY117 VAL118 GLN119
GLY120 GLN143 ASP159 TRP161
GLU162 HIS163 ALA164 LEU167
ASN171 VAL172 ARG173
PRO174

Piceid
(polydatin)

CAT

Chain A: GLU67 ARG68 ILE69
PRO70 GLU71 ARG72 VALT73
ALA76 ALA117 GLU119 SER120
HIS166 LYS169 ARG170 ASN171
PRO172 GLN173 HIS175 PHE326
GLU330
Chain B: ASP389
Chain C: GLU67 ARG68 ILE69
PRO70 GLU71 ALA117 GLU119
SER120 HIS166 LYS169 ARG170
ASN171 HIS175 LEU176 LYS177
ASN324 TYR325 PHE326
GLU330
Chain D: ARG388 ASP389
ASN397 GLY399 ASN403

Mulberroside A

GPx

Chain A: GLU52 ILE54 GLN58
TYR59 LYS62 ASN83 GLN86
GLU87 GLU88 LEU89 ALA90
PRO91 GLY93 LEU94 VAL95
ILE96 LEU97 ASN131 PHE132
GLN133 PHE135
Chain B: GLU42 TYR43 GLY44
ALA45 LEU46 THR47 ASP49
GLY50 GLU5S1 GLUS52 TYR53
ILE54 PRO55 PHE99 PHE135
GLU136 LYS137 GLY138 ASP139
LYS144 GLU145 GLN146
LYS147 PHE148

¢ 4

T 154-vse
Py Ke2

'y l(
2ot
Gize 137
139

Mulberroside A

Cox-2

Chain C: ASN34 PRO35 CYS36
CYS37 SER38 ASN39 PRO40
CYS41 GLN42 ASN43 ARG44
GLY45 GLU46 CYS47 MET48

SER49 TYR130 ASN131 VAL132
HIS133 TYR134 GLY135 TYR136
TYR147 ALA151 LEU152
PRO153 PRO154 VAL155
ALA156 ASP157 ASP158 GLN461
GLU465 TYR466 LYS468
ARG469
Chain D: GLU322 TRP323
GLY324 ASP325 GLU326
GLN327 LEU328

/
-

Rac9/ o
A

l

N
" “w
! (ﬁﬂ’\:&m %
] /
Lk AR S
C37° €36 s
~

RN 7R
bj“ -7 ! Gaowass
~e N34 s,

LER o e
\

222
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Chain A: GLY117 SER118 ILE119
MET120 ARG199 CYS200 ILE201

P466
GLY202 GLN263 ARG266 oy 4T e
TRP346 TYR347 PRO350 VAL352 ‘R Ve

TYR373 MET374 THR376
GLU377 ILE378 ARG381 ASP382
ASP385 ARG388 ILE462 TRP463
Astringin iNOS LEU464 VAL465 PRO466
PRO467 PHEAT76
Chain B: LYS88 TRP90 ALA197
PRO198 ARG199 CYS200 ILE201
GLY202 MET374 GLU377
ARG381 TRP461 ILE462 TRP463 ‘
LEU464 VAL465 PRO466 /
PRO467 VALA75 PHE476 HIS477
GLN478 GLU479 MET480

Chain A: GLY22 PRO23 TYR24
GLU25 LEU26 LYS74 LYS77
PRO78 THR79 LEUSO GLN81
LEUS2 GLU83 SER84 TRP120

Mulberroside A IL-1B SER123 THR124 SER125 GLN126

ALA127 MET130 PRO131
VAL132 PHE133 LEU134
GLY135 GLY136 THR137

LYS138 GLN141 ASP142 ILE143

Chain B: GLUS3 GLY54 LEUS5
ARG82 ALA84 TYR87 LYS90
VAL91 ASN92 LEU93 LEU94

SER95 VAL123 PHE124 GLN125

LEU126 GLU127 LEU157

Mulberroside A TNF-o Chain D: ARG82 ILE83 ALA84

TYR87 GLN88 THR89 VALOL

ASN92 LEU93 LEU94 SER95

ALA96 ILE97 LYS98 TYR119

LEU120 GLY121 VAL123
PHE124 GLN125 LEU126
GLU127

4. Conclusions

In conclusion, comprehensive evaluation of stilbenes and FDA-approved drugs through computational
methodologies targeting many hypotheses underlying AD pathogenesis has provided valuable insights
into their potential therapeutic efficacy. Further investigation and validation of these findings through
in vitro and in vivo studies are warranted to translate these computational predictions into clinically

meaningful treatments for AD.
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