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Abstract 
 

Prenylated flavonoids from Artocarpus spp. are a rich source of bioactive natural products, and several 

members have been reported to inhibit acetylcholinesterase (AChE), a therapeutic target for 

symptomatic management of cognitive impairment. However, reports focusing on AChE-related studies 

of prenylated flavonoids from Indonesian Artocarpus elasticus bark remain scarce. In this study, the 

ethyl acetate extract of A. elasticus stem bark collected in West Java, Indonesia, was fractionated by 

chromatographic techniques to afford two prenylated flavonoids. Compound 1 was tentatively assigned 

as artobiloxanthone based mainly on 1H NMR comparison with literature data, whereas compound 2 

was identified as cudraflavone C supported by UV, FTIR, 1H NMR, and HR-ESIMS. A validated 

molecular docking protocol (re-docking RMSD 0.37 Å) using human AChE (PDB 4EY7) indicated low 

predicted binding energies for 1 and 2 (–4.1 and –3.9 kcal/mol) relative to donepezil (–12.0 kcal/mol). 

Both ligands mainly interacted with peripheral/mid-gorge residues and did not engage the catalytic triad, 

suggesting limited AChE inhibition potential in silico. These findings provide chemotaxonomic 

information on Indonesian A. elasticus bark and highlight the need for complementary in vitro AChE 

assays to confirm bioactivity. 

 

Keywords: acetylcholinesterase, artobiloxanthone, artocarpus elasticus, cudraflavone C, prenylated 

flavonoids 

 
1 Introduction 

Flavonoids are the largest phenolic 

compounds found in plants and act as natural 

coloring pigments. The flavonoid skeleton 

consists of 15 carbon atoms, consisting of two 
benzene rings (C6) and one propane chain (C3) in 

a C6-C3-C6 arrangement [1]. Flavonoids have 

been reported to have various biological activities, 

such as therapeutic effects against various 

degenerative and cardiovascular diseases and 

anticancer, antioxidant, anti-inflammatory, anti-

aging, cytotoxic, and α-glucosidase inhibitor 

properties [2] [3].  

In the flavonoid group, there is a compound 

group called prenylated flavonoids, which are 

flavonoid compounds that undergo prenylation on 

their basic skeleton. Prenylation refers to alkyl 

group substituents, such as prenyl, geranyl, 

lavandulyl, and farnesyl groups [4] [5]. 

Prenylation makes flavonoids more soluble in fat, 

gives them a higher affinity for cell membranes, 

has greater potential, provides variations in 

molecular interactions with cellular targets, and 

has higher and stronger biological activity than 
non-prenylated flavonoids, so that they can have 

great potential in the drug development [5].  

The type of plant that produces many 

prenylated flavonoids comes from the genus 

Artocarpus, which has 50 species and is spread 

across tropical regions in Asia [6]. Artocarpus 

trees are spread across Sumatra, Kalimantan, Java, 

and the Nusa Tenggara Islands. Besides Indonesia, 

Artocarpus trees are also found in Myanmar, 

Thailand, and the Philippines [7]. One of the 

Artocarpus plant species is Artocarpus elasticus, 

which is known to the public as the teureup tree 

(in Sundanese). In addition to prenylated 

flavonoids, there are other bioactive compounds, 
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such as flavonoids, alkaloids, tannins, terpenoids, 

xanthones, triterpenes, β-sitosterol, stilbenes, 

arylbenzofurans, neolignans, and Diels-Alder 

adducts [8] [9]. Previous research reported that 

flavonoids found in A. elasticus include 

dihydrochalcones, flavanones, flavones, 

prenylated flavones, and flavononols, which have 

cytotoxic, antioxidant, antimicrobial, anticancer, 

antibacterial, anti-inflammatory, and 

neuroprotective properties and act as selective 

enzyme inhibitors [10] [11] [12] [13] [2] [9].  

As previously described, flavonoids have 

been reported as therapeutic leads for degenerative 

diseases through multiple mechanisms, including 

antioxidant and anti-inflammatory effects. 

Acetylcholinesterase (AChE) hydrolyzes 

acetylcholine, and its inhibition remains a 
validated symptomatic strategy; nevertheless, 

current drugs can cause adverse effects and do not 

halt disease progression [33] [34]. Several 

prenylated flavonoids have been reported as 

AChE inhibitors in vitro and/or in silico, 

suggesting that increased lipophilicity and 

aromatic surface area may promote binding within 

the active-site gorge [14] [33]. Within Moraceae, 

Artocarpus species are particularly rich in 

prenylated flavonoids, and extracts/isolated 

metabolites from several Artocarpus spp. have 

shown AChE inhibitory activity [37]. However, 

systematic studies focusing on prenylated 

flavonoids from Indonesian A. elasticus bark and 

their interactions with human AChE remain 

limited. 

Based on the considerations above, this work 

aimed to isolate prenylated flavonoids from the 

stem bark of Artocarpus elasticus growing in West 

Bandung Regency, West Java, Indonesia, and to 

evaluate their interaction with AChE by a 

validated molecular docking approach. Bark was 

selected because it functions as a protective tissue 

against environmental stress and pathogens, often 

resulting in the accumulation of defensive 

secondary metabolites. 

 

2 Method 

2.1 Sample Preparation 

The Artocarpus elasticus plant was collected 

from Cisarua District, West Bandung Regency, 

West Java, Indonesia, in 2024. A. elasticus 

samples were identified in the Herbarium 

Bandungense SITH, Institut Teknologi Bandung. 

The A. elasticus stems were separated into bark 

and heartwood. The bark was cut into small pieces 

and air-dried without exposure to sunlight. The 

dried samples were ground into powder. 

 

2.2 Extraction 

Powdered simplicia was extracted using the 

maceration method using distilled ethyl acetate for 

24 hours at room temperature. The maceration 

mixture was filtered, and the filtrate was 

concentrated using a vacuum evaporator. The 

concentrated extract was separated and purified 

using various chromatographic methods. 

 

2.3 Fractionation and Purification 

The extracts were separated using vacuum 

liquid chromatography (VLC) and gravity column 

chromatography (GCC). Before being separated 

using VLC, the extracts were tested using thin-

layer chromatography (TLC) to determine the 

eluent for separation using VLC. The eluent for 

each chromatography method was based on the 

TLC results. 

 

2.4 Characterization of Isolated Compounds 

Compound characterization was performed 

using ultraviolet (UV) spectroscopy, Fourier 

Transform Infrared (FTIR), Nuclear Magnetic 

Resonance (NMR) (1H-NMR), and Mass 

Spectroscopy (MS). 

 

2.5 In silico Acetylcholinesterase Inhibition 

Assay 

The AChE receptor (PDB ID: 4EY7) [36] 

that forms a complex with the ligand donepezil 

(ID: E20) was obtained from the Protein Data 

Bank (PDB) website (https://www.rcsb.org/). The 

AChE target protein (receptor) was separated from 

other molecules, such as water and its native 

ligand (donepezil), leaving only the protein chain. 

Ligand preparation was carried out using a similar 

method, but removing the protein and water 

molecules left only the native ligand. Next, the 

chemical structure of the isolate (test ligand) 

obtained from the PubChem Database 

(https://pubchem.ncbi.nlm.nih.gov) was energy 

minimized using the MM2 method in Chem3D 

software and converted into a .pdb file. Docking 

calculations were performed using AutoDock 

Vina, and binding energies are reported in 

kcal/mol [35]. 

The molecular docking method was first 

validated by re-docking the native ligand 
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(donepezil) of the AChE protein (PDB ID: 4EY7) 

until the RMSD was ≤ 2 Å. Grid box settings were 

performed to determine the interaction position 

between the ligand and the active site of the 

receptor. The grid box position refers to the native 

ligand bound to the receptor at the time of 

download. Three ligands (donepezil as a control 

and two isolates as test ligands) were docked to the 

previously prepared AChE protein. The docking 

results were visualized in 3D using BIOVIA 

Discovery Studio Visualizer, and analysis of 

protein-ligand binding interactions was 

performed. 

 

3 Result and Discussion  

3.1 Sample Preparation 

The stem of A. elasticus was separated into 

bark and heartwood. A total of 3 kg of wet bark 

was dried by airing without exposure to sunlight. 

Drying aims to reduce water content, stop 

enzymatic activity, and prevent deterioration or 

damage to the sample. In addition, drying can keep 

the sample from being easily damaged, and it can 

be stored for a long time [18]. The dried bark of A. 

elasticus was cut into small pieces and ground into 

powder to increase its surface area, thereby 

improving contact between the sample and the 

solvent used. During the extraction process, the 

chemical compounds contained in the sample can 

be extracted more quickly and optimally [19]. The 

resulting bark powder yielded 1.3 kg. 

 

3.2 Extraction 

A. elasticus bark powder of 1.3 kg was 

extracted using the maceration method for 24 

hours using 4.2 liters of technical ethyl distilled 

beforehand. Solvent distillation aims to remove 

impurities that can interfere with the extraction, 

separation, and purification processes and 

interfere with signals when analyzed using 
spectroscopy, so that data interpretation becomes 

less accurate. The choice of ethyl acetate as a 

solvent for maceration is due to its semi-polar 

nature, so it can be used to extract compounds with 

medium polarity, such as flavonoids, tannins, and 

alkaloids. Ethyl acetate can combine polar and 

non-polar groups, so it can extract compounds that 

are polar and non-polar [20]. 

After the maceration was completed, the 

maceration mixture was filtered with a Buchner 

funnel to speed up the filtration process, and the 

filtrate was concentrated using a vacuum 

evaporator to separate it from the solvent (ethyl 

acetate), so that a concentrated ethyl acetate 

extract of A. elasticus stem bark was obtained in 

the form of a paste, blackish brown in color, with 

a distinctive odor of 35.2478 grams. 

 

3.3 Fractionation and Purification 

The concentrated ethyl acetate extract of A. 

elasticus stem bark was subjected to TLC before 

separation using other chromatography methods. 

This aims to determine the appropriate eluent for 

subsequent separation and purification methods, 

resulting in optimal compound separation. The 

eluent used for TLC is a gradient eluent using a 

ratio of n-hexane to ethyl acetate (10:0; 9:1; 8:2; 

7:3; 6:4; 5:5; and 4:6). Furthermore, the 

concentrated ethyl acetate extract of A. elasticus 

stem bark was separated using the Vacuum Liquid 

Chromatography (VLC) method with silica gel 

PF254 as the stationary phase because this method 

can separate large quantities of samples in a short 

time because the process is assisted by a vacuum 

that can accelerate the eluent (mobile phase) to 

elute the compound components in the column 

which then come out into fractions with different 

polarities according to the eluent used [21] 

The eluents used for VLC were 100% n-

hexane, n-hexane:ethyl acetate (9:1; 8:2; 7:3), and 

100% ethyl acetate. The separation process 

produced 20 fractions, and each fraction was 

tested by TLC eluting with n-hexane:ethyl acetate 

(9:1) to see the presence or absence of compounds 

in each fraction, and if there were similar spots on 

the TLC plate (retardation factor (Rf) similarity), 

then the fractions could be combined. The first 

VLC result fractions were combined into four 

combined fractions (A-D) and analyzed by TLC 

eluting with n-hexane:ethyl acetate (9:1). 

Fraction D (2.0937 grams) allows for further 

separation because it shows the presence of the 

target compound and has a larger mass than the 

other fractions. Separation using VLC eluting with 

n-hexane:ethyl acetate (7:3; 1:1) and 100% 

EtOAc. Separation produced 15 fractions, and 
each fraction was tested by TLC again eluting with 

n-hexane:ethyl acetate (6:4). Four combined 

fractions were obtained, namely fractions D1-D4, 

and analysed by TLC eluting with n-hexane:ethyl 

acetate (7:3). 

Separation was carried out again for fraction 

D3 (543.6 mg) using VLC eluting with n-

hexane:ethyl acetate (7:3; 6:4; 5:5) and 

dichloromethane:methanol (9.5:0.5). The results 

of the VLC separation were continued with 
separation using GCC (silica gel 60 stationary 

phase (70-230 mesh)) eluting with 

dichloromethane:methanol:n-hexane (9.5:0.5:6) 
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and were obtained as isolate 1 in the form of a 

yellowish-brown solid (10.5 mg). Fraction D4 

(303.7 mg) was separated using a similar method 

and was obtained as isolate 2 in the form of a 

brown solid (13.4 mg). 

 

3.4 Characterization of Isolated Compounds 
Structure Elucidation of Isolate Compound 1 

Isolate 1 was characterized using ¹H-NMR 

spectroscopy. The 1H-NMR spectrum of isolate 1 

is shown in Fig. 1. The 1H-NMR data of isolate 1 

(500 MHz, CDCl3) showed a chelated hydroxyl 

signal at δH 12.92 (1H, s, 5-OH), typical for a 5-

hydroxyflavonoid with an intramolecular 

hydrogen bond to the C-4 carbonyl. A 

pentasubstituted aromatic proton on ring A 

appeared at δH 6.38 (1H, s, H-6). Signals at δH 
3.87 (1H, br d, J = 5.65 Hz, H-10) together with 

diastereotopic methylene protons at δH 3.36 (1Hβ, 

dd, J = 16.6, 1.6 Hz) and 2.62 (1Hα, dd, J = 16.6, 

7.55 Hz) (H-9) support a dihydrobenzoxanthone-

type scaffold. An exomethylene group was 

indicated by δH 4.78 (1Hβ, br s) and 4.47 (1Hα, br 

s) (H-12), accompanied by an allylic methyl 

singlet at δH 1.79 (3H, s, H-13). A singlet at δH 

2.05 (3H) was attributed to residual ethyl acetate 

(CH3COO−) as a common trace impurity in 

CDCl3 [32] and was therefore not used for 

structural assignment. In addition, two methyl 

singlets at δH 1.47 and 1.46 (each 3H, s; H-17 and 

H-18) and an olefinic pair at δH 6.50 (1H, d, J = 

10 Hz, H-14) and 5.64 (1H, d, J = 10 Hz, H-15) 

indicate a fused 2,2-dimethylchromene moiety. A 

second aromatic singlet at δH 6.48 (1H, s, H-3′) is 

consistent with a highly substituted ring B. 

Collectively, these features are consistent with the 

prenylated dihydrobenzoxanthone 

artobiloxanthone. 

 
Figure 1. 1H-NMR spectrum of isolate 1 

After comparing the 1H-NMR data of isolate 

1 with literature data, the overall chemical shift 

pattern and diagnostic signals are highly 

consistent with artobiloxanthone (Fig. 2). Minor 

deviations can arise from experimental factors 

(e.g., concentration and trace solvent residues). 

Based on the comparison in Table 1, isolate 1 was 

tentatively assigned as artobiloxanthone; 

additional 13C/2D NMR and/or HRMS data 

would further strengthen this assignment. 

 

 
Figure 2. Structure of artobiloxanthone (1) 

Table 1. Comparison of 1H NMR data of isolate 1 and 

artobiloxanthone 

C/H 

position 

δH (Int, m, J = Hz) 

Isolate 1 Artobiloxanthone 

500 MHz, 

CDCl3 

500 MHz, CDCl3 

[22] 

6 
6.38 (1H; s) 6.39 (1H; s) 

9 
3.36 (1Hβ; dd; 

16.6; 1.6) 

3.36 (1Hβ; dd; 

16.6; 1.7) 

  
2.62 (1Hα; dd; 

16.6; 7.55) 

2.63 (1Hα; dd; 

16.6; 7.8) 

10 
3.87 (1H; br d; 

5.65) 

3.86 (1H; br d; 

7.0) 

12 4.78 (1Hβ; br s) 4.80 (1Hβ; br s) 

  4.47 (1Hα; br s) 4.51 (1Hα; br s) 

13 1.79 (3H; s) 1.79 (3H; s) 

14 6.50 (1H; d; 10) 6.54 (1H; d; 10.2) 

15 5.64 (1H; d; 10) 5.64 (1H; d; 10.2) 

17 1.47 (3H; s) 1.46 (3H; s) 

18 1.46 (3H; s) 1.48 (3H; s) 

3' 6.48 (1H; s) 6.51 (1H; s) 

5-OH 12.92 (1H; s) 13.01 (1H; s) 

 

Structure Elucidation of Isolate Compound 2 

Isolate 2 was characterized using UV, FTIR, 

¹H-NMR, and mass spectroscopy. UV 

spectroscopy testing was carried out at 

wavelengths in the range of 200-400 nm. The 

characterization results showed absorption at 

wavelengths of 319 nm, 266.5 nm, and 204.5 nm, 
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as shown in Fig. 3. The wavelength of 319 nm 

(band I, cinnamoyl) indicates the presence of a 

conjugation system typical for flavones or 

flavonols that have OH or isoprene substituents on 

their aromatic rings. The wavelength of 266.5 nm 

(band II, benzoyl) indicates the presence of a 

benzoyl group in the compound structure and is 

commonly found in terhydroxy flavonoids at the 

C-5 or C-7 position. The wavelength of 204.5 nm 

is an absorption associated with the electron 

transition from π→π* of the aromatic ring or 

conjugated double bond, and this supports the 

presence of an aromatic system in the structure of 

isolate 2. 

 

 
Figure 3. UV spectrum of isolate 2 

 

Characterization was continued with FTIR 

spectrophotometry at wavenumbers 500 - 4000 

cm-1 (Fig. 4). The wavenumber of 3230.9 cm-1 is 

characteristic of the hydroxyl group (-OH). There 

is absorption of substituted aliphatic groups in the 

flavonoid skeleton, indicated by absorptions of 

2958.1 cm-1, 2917.1 cm-1, and 2851.4 cm-1 for the 

-CH sp3 stretching group and 1356 cm-1 for -CH 

sp3 bending. Absorption at 1702.7 cm-1 indicates a 

carbonyl group (C=O) and 1614-1454 cm-1 

indicates a C=C double bond of the aromatic ring. 

Absorption at 1161.1 cm-1 and 1079 cm-1 indicates 

C-O-C and C-O vibrations, which are common to 

phenolic compounds and flavonoids.  

 

 
Figure 4. FTIR spectrum of isolate 2 

 

The 1H-NMR data of isolate 2 (500 MHz, 

CDCl3) (Fig. 5) showed a chelated hydroxyl signal 

at δH 13.42 (1H, s, 5-OH), typical for 5-

hydroxyflavones. A pentasubstituted aromatic 

proton on ring A was observed at δH 6.34 (1H, s, 

H-8). An ABX system on ring B was indicated by 

δH 6.42 (1H, d, J = 2.0 Hz, H-3′), 6.48 (1H, dd, J 

= 8.9, 2.0 Hz, H-5′), and 7.16 (1H, d, J = 8.9 Hz, 

H-6′), supporting a 2′,4′-dioxygenated B ring. Two 

prenyl substituents were suggested by methylene 

signals at δH 3.11 (2H, br d, J = 6.78 Hz, H-9) and 

3.41 (2H, br d, J = 7.22 Hz, H-14), olefinic 

methines at δH 5.13 (1H, t, H-10) and 5.24 (1H, t, 

H-15), and four allylic methyl singlets at δH 1.43 

(6H, br s; H-12/H-13) and 1.61 (6H, br s; H-17/H-

18). 
 

 
Figure 5. 1H-NMR spectrum of isolate 2 

 

The 1H-NMR data of isolate 2 were compared 

with literature reports of prenylated flavones. 

Because some published 1H-NMR data for 

cudraflavone C are reported in acetone-d6 [23], 

we emphasize the agreement in diagnostic signal 

patterns and coupling constants (e.g., ABX system 

on ring B and prenyl signals), while 

acknowledging that absolute chemical shifts may 

vary with solvent and concentration. Accordingly, 

isolate 2 was assigned as cudraflavone C (Fig. 6) 
(Table 2). 

 

 
Figure 6. Structure of cudraflavone C (2) 
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Table 2. Comparison of 1H NMR data of isolate 2 and 

cudraflavone C 

C/H 

position 

δH (Int, m, J = Hz) 

Isolate 2 Cudraflavone C 

500 MHz, CDCl3 
400 MHz, 

acetone-d6 [23] 

8 6.34 (1H; s) 6.40 (1H; s) 

9 
3.11 (2H; br d; 

6.78) 
3.12 (2H; br d; 7) 

10 5.13 (1H; t) 5.14 (1H; m) 

12 1.43 (3H; br s) 1.43 (3H; br s) 

13 1.43 (3H; br s) 1.57 (3H; br s) 

14 
3.41 (2H; br d; 

7.22) 3.41 (2H; br d; 7) 

15 5.24 (1H; t) 5.29 (1H; m) 

17 1.61 (3H; br s) 1.78 (3H; br s) 

18 1.61 (3H; br s) 1.65 (3H; br s) 

3' 6.42 (1H; d; 2) 6.57 (1H; d; 2) 

5' 
6.48 (1H; dd; 8.9; 

2.0) 
6.52 (1H; dd; 8; 2) 

6' 7.16 (1H; d; 8.91) 7.19 (1H; d; 8) 

5-OH 13.42 (1H, s) 13.43 (1H, s) 

 

The characterization data for isolate 2 are 

supported by high-resolution mass spectrometry 

(Fig. 7). HR-ESIMS showed an ion at m/z 

423.1800 [M+H]+, consistent with the molecular 

formula C25H26O6 (calculated for C25H27O6
+ 

[M+H]+: 423.1808). No meaningful peak 

corresponding to m/z 432 was observed; therefore, 

m/z 423.1800 was taken as the molecular ion for 

the protonated molecule. 

 
Figure 7. HR-ESIMS spectrum of isolate 2 

 

3.5 In silico Acetylcholinesterase Inhibition 

Activity  

The AChE receptor in the PDB data still 

contains water molecules, native ligands, and 

other residues, so it is necessary to separate the 

receptor and its native ligand into separate files in 

.pdb format. This separation aims not to interfere 

with the docking process and ensure that only the 

ligand and receptor interact. During the 

preparation, hydrogen atoms were added in the 

AutoDockTools software to adjust the docking 

atmosphere, so that it is closer to the physiological 

pH (normal and optimal pH level for biological 

processes in living organisms, around pH 7) [26]. 

The results of this preparation are saved in .pdbqt 

format. Preparation was also carried out on the test 

ligands (isolates 1 and 2) by minimizing the 

energy of the 3D structure using the MM2 method 

in the Chem3D software and converting it into a 

.pdb file. This aims to obtain the lowest energy, 

which can indicate the stability of the chemical 

structure of the ligand [27].  

The molecular docking method was first 

validated by re-docking the native ligand 

(donepezil) of the AChE protein (PDB ID: 4EY7). 

A grid box was previously set, referring to the 

native ligand bound to the receptor when 

downloaded. The center of the grid box was at 
position x = -13.988, y = -43.906, and z = 27.108 

with dimensions of x = 40 Å, y = 40 Å, and z = 40 

Å. The parameter for validation was the Root 

Mean Square Deviation (RMSD) value, which 

indicates the level of deviation or difference in 

position between the docked ligand and the initial 

ligand. The smaller the RMSD value, the smaller 

the error rate that occurs during docking. The 

docking method is valid if the RMSD value is ≤ 2 

Å [28]. The validation results in Fig. 8 show that 

the ligands before and after docking overlap with 

an RMSD value is 0.367 Å, so this method can be 

used for docking the test ligand.  

 

 
Figure 8. Validation results of donepezil ligand 

docking method (red = native ligand, yellow = re-

docked ligand) 

 

The ligand donepezil (control) and the two 

isolates (test ligands) were docked to the AChE 

target protein, and the interactions were visualized 

using BIOVIA. A summary of the docking results 

is provided in Table 3, including predicted binding 
energy, hydrogen bonds, and hydrophobic 

contacts with amino acid residues. More negative 

binding energy values indicate stronger predicted 

binding within the docking scoring function [35]. 

Hydrogen bonding is a specific interaction 

between polar groups on the ligand and amino acid 

side chains, while hydrophobic and π interactions 

(alkyl, π-alkyl, π-cation, π-σ, and π-π stacking) 

help stabilize ligands along the aromatic gorge 

[30] [34].
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Table 3. Ligand interaction with AChE 

Ligand 

Binding 

Energy 

(kcal/mol) 
Hydrogen Bonding Hydrophobic Bonding 

Total 

Bonds 

Donepezil  -12.0 
Phe295,  

Ser393 (C-H), Tyr72 (C-H) 

Glu202, Ser203, Gly121, 

Phe338, Phe297, Arg296, 

Val294, Leu289, Trp286, 

Tyr124, Tyr341, Tyr337, 
His447, Trp86 

17 

Artobiloxanthone 

(1) 
-4.1 - 

Arg245, Met241, Asp266, 

Pro162, Asp304 
5 

Cudraflavone C (2) -3.9 Asp266, Pro162 
Arg245, Met241, Asn265, 

Gly242 
6 

Red = key residue    

 

Donepezil, the standard inhibitor (native 

ligand), has the lowest binding affinity, at -12.0 

kcal/mol, indicating a strong interaction with the 

active site of the AChE enzyme. This interaction 

is shown in Fig. 9. 

 

 
Figure 9. Interaction of donepezil with AChE receptor 

 

The human AChE active-site gorge contains 

multiple functional subsites, including the 

catalytic triad (Ser203, Glu334, His447) at the 

base, the catalytic anionic site (CAS; e.g., Trp86), 

the acyl-binding pocket (Phe295/Phe297), and the 

peripheral anionic site (PAS; e.g., Trp286 and 

Tyr341) near the gorge entrance [33] [34]. In the 

donepezil-bound crystal structure (PDB 4EY7), 

donepezil engages aromatic residues along the 

gorge (including Trp86, Trp286, Phe295, and 

Tyr337/Tyr341), which stabilizes its high affinity 

binding [36]. 

Artobiloxanthone (1) showed a much less 

negative predicted binding energy (–4.1 kcal/mol) 

than donepezil (–12.0 kcal/mol), indicating 

substantially weaker binding in the docking 

model. This interaction is shown in Fig. 10. 

The π-cation interaction with the Arg245 

residue occurs between the aromatic ring of 

artobiloxanthone (1), which has a high π electron 

density with a positive charge on the side chain of 

Arg245. The π-alkyl interaction with the Met241 

residue occurs between the aromatic ring of 

artobiloxanthone (1) and the nonpolar group of the 

Met241 residue. In addition, there are weak Van 

der Waals interactions between residues Asp266, 

Asp304, and Pro162 with the area around 

artobiloxanthone (1). The higher binding affinity 

value of artobiloxanthone (1) than donepezil is 

also in line with the absence of interactions with 

key residues involved in AChE binding, namely 

Phe295, Tyr341, Phe338, and Arg296, so that 

artobiloxanthone (1) has weak activity as an 

AChE enzyme inhibitor compared to donepezil. 

 
Figure 10. Interaction of artobiloxanthone (1) with 

AChE receptor 

 

Cudraflavone C (2) similarly showed a less 

negative predicted binding energy (–3.9 kcal/mol) 

than donepezil (–12.0 kcal/mol), suggesting 
weaker binding. This interaction is shown in Fig. 

11. 

 
Figure 11. Interaction of cudraflavone C (2) with 

AChE receptor 
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For cudraflavone C (2), hydrogen bonds were 

predicted between phenolic –OH groups and 

Asp266/Pro162, while additional hydrophobic/π 

interactions involved Arg245 and Met241 (Figure 

11). Notably, neither 1 nor 2 formed interactions 

with the catalytic triad or the canonical CAS/PAS 

aromatic residues that dominate donepezil binding 

in 4EY7 [34] [36]. A plausible explanation for the 

weak predicted binding is that these prenylated 

flavonoids are neutral polyphenols lacking a 

cationic center, whereas potent AChE inhibitors 

typically exploit cation–π interactions (especially 

with Trp86) and extensive aromatic stacking along 

the gorge [33] [34]. Therefore, the present docking 

results suggest limited AChE inhibition potential 

for 1 and 2, and experimental enzyme assays are 

required to confirm any inhibitory activity. 
 

4 Conclusion 

Two prenylated flavonoids were isolated 

from the stem bark of Artocarpus elasticus, 

namely artobiloxanthone (1) (tentative assignment 

based mainly on 1H NMR comparison) and 

cudraflavone C (2) (supported by UV, FTIR, 1H 

NMR, and HR-ESIMS). In a validated molecular 

docking protocol against human AChE (PDB 

4EY7), both compounds displayed weak predicted 

binding energies (–4.1 and –3.9 kcal/mol) 

compared with donepezil (–12.0 kcal/mol) and did 

not engage key subsites (CAS/PAS) or the 

catalytic triad. These results indicate limited 

AChE inhibition potential in silico and underline 

the need for follow-up in vitro AChE assays and 

expanded spectroscopic characterization 

(especially for compound 1). 
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