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Abstract
Dysobinin is a naturally occurring limonoid and a type of triterpenoid, which shows certain efficacy, although its prospects in the 
field of pharmacology are still limited. Therefore, this study aimed to improve the pharmacological properties of dysobinin through 
structural rearrangement. A 56% yield was obtained using Selectfluor to convert dysobinin into a novel molecule, specifically 22α-
carboxyacid-dysobinin (5). Compared to the other compounds, 22α-carboxyacid-dysobinin (5) exhibited significantly higher 
cytotoxicity against human epithelial tumor (HeLa) and B16-F10 cancer cells. However, this compound 5 exhibited the lowest 
cytotoxicity against MCF-7 cancer cells. Subsequently, a docking study showed that compound 5 had binding energies of -9.61, -
7.81, and -6.08 kcal/mol for EGFR, Bcl-2, and Tyrosinase, respectively. In the prediction of pharmacokinetic parameters, 
compound 5 fulfilled the minimum standard parameters for the ADMET properties. Therefore, compound 5 may be considered a 
promising lead compound for anticancer development, warranting further optimization and validation.    
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1. INTRODUCTION

Cancer is the second leading cause of mortality, 

after cardiovascular diseases. In 2023, over 19.5 

million new cancer cases and approximately 10.4 

million cancer-related fatalities were reported [1]. 

In 2022, Indonesia recorded approximately 408,000 

new cancer cases and more than 242,000 cancer-

related deaths, indicating a substantial and growing 

public health concern in the country [2]. Cancer is a 

broad term that includes numerous types of 

malignant tumors. Uncontrolled cell development, 

aberrant cell migration, and unintended 

dissemination of adjacent tissues and organs are 

characteristic features of these tumors [3][4]. 

Cancer development is driven by multiple factors, 

including genetic mutations, environmental 

exposures, lifestyle factors, and infections, which 

disrupt cellular signaling, regulatory mechanisms, 

 
and apoptotic pathways, leading to the 

transformation of normal cells into cancer cells, 

characterized by uncontrolled proliferation [5]. 

Chemotherapy is one of the most widely used 

cancer treatment methods owing to its broad 

application across various cancer types. However, 

chemotherapy has certain limitations, including 

drug resistance, selectivity, efficiency, and adverse 

effects [6]. Identifying new anticancer agents that 

exhibit greater selectivity for cancer cells and result 

in fewer adverse effects, such as myelosuppression, 

gastrointestinal toxicity, alopecia, 

immunosuppression, and organ toxicity, is essential 

to address these challenges. Therefore, research on 

the discovery of bioactive compounds as anticancer 

agents with improved inhibitory activity needs to be 

further developed.  

The discovery of new drug candidates with high 

cytotoxicity can be achieved by modifying natural 

compounds. Several studies have shown that 

limonoids isolated from Chisocheton macrophyllus 

exhibit anticancer activity [7]-[10]. However, the 

activity of limonoid dysobinin remains relatively 

low. This is likely due to the absence of specific 

functional groups that effectively inhibit cancer cell 

growth. Nevertheless, these limonoid compounds 

have the potential to serve as model compounds for 

the development of breast cancer agents, as they 

possess relatively high mass among plant-derived 

isolates [11]. This characteristic meets one of the 
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key requirements for structural modification or 

development aimed at enhancing their activity via 

functional group transformation.  

In silico molecular docking studies are essential 

for predicting ligand–protein interactions and 

binding stability [12]. Among the key anticancer 

targets, Epidermal Growth Factor Receptor (EGFR) 

promotes proliferation, angiogenesis, and metastasis 

and suppresses apoptosis [13], with elevated 

expression reported in MCF-7 cells [14]. B-cell 

lymphoma 2 (Bcl-2) regulates cell survival by 

inhibiting pro-apoptotic pathways and is stably 

expressed in HeLa cells [15][16]. Tyrosinase, a key 

enzyme in melanogenesis, catalyzes the conversion 

of L-tyrosine to melanin via sequential oxidation 

reactions [17]-[20]. In addition to pigmentation, 

tyrosinase is closely associated with melanoma 

progression and cellular defense mechanisms. This 

is particularly relevant in melanoma models, such 

as B16-F10, which exhibit high melanogenic 

activity and are widely used to evaluate 

antimelanoma agents. This study shows that 

molecular docking analyses of proteins can predict 

the inhibitory mechanism of the tested compound at 

the active site of the protein. This is the first study 

to report the rearrangement of dysobinin using this 

method. One synthesized molecule and four 

extracted compounds were tested for their 

inhibitory effects on MCF-7, HeLa, and B16-F10 

cancer cells, and molecular docking was used to 

explore the underlying mechanisms.  

  

2. MATERIALS AND METHODS 

 

2.1. Instruments and Chemicals 

The Instruments used in this study consisted of 

an ultraviolet (UV) spectrum measured using a 

TECAN Infinite M200 Pro spectrophotometer with 

methanol as the solvent. Optical rotations were 

recorded using a Perkin Elmer 341 polarimeter 

 

 

 
Figure 1. Diagram isolation of compounds from C. macrophyllus seeds. 

 
 

 
Figure 2. Structures of Compounds 1-5. 
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(Waltham, MA, USA). Infrared (IR) spectra were 

obtained using a PerkinElmer Spectrum-100 FTIR 

spectrometer. Mass spectra were obtained using a 

Waters Xevo QTOF-HR-MS instrument. 1H and 
13C NMR spectra were obtained on a Bruker 

Ascend spectrometer at 700 MHz for 1H and 175 

MHz for 13C, using TMS as the internal standard. 

Separation and purification were carried out using 

silica gel 60 (Merck, 70–230 and 230–400 mesh). 

Thin-layer chromatography (TLC) was performed 

on GF254 silica gel plates (Merck, 0.25 mm 

thickness), and visualization was performed under 

UV-visible light at 254 and 365 nm. For limonoid 

detection, Erlich’s reagent (p-

dimethylaminobenzaldehyde) diluted in ethanol 

(10% H2SO4) was sprayed onto the plate and 

heated.  

The materials used for isolation consisted of C. 

macrophyllus seeds, technical organic solvents (re-

distilled), and pro-analysts such as methanol, n-

hexane, ethyl acetate, chloroform, acetone, and 

other organic solvents, silica gel GF254 for thin-layer 

chromatography, silica gel G60 for vacuum liquid 

chromatography, silica gel 70-230 mesh, and silica 

gel 200-400 mesh for column chromatography, and 

TLC plates. The staining reagent was 10% sulfuric 

acid in ethanol. Chisocheton macrophyllus seeds 

were collected from the Bogor Botanical Garden in 

West Java Province, Indonesia. The Herbarium 

Bogoriense in Bogor houses a voucher specimen 

(No. Bo-1295453). The chemicals required for the 

synthesis included acetonitrile, methanol, aquadest, 

Selectfluor, and dysobinin. The materials required 

for testing the cytotoxic activity of the isolates 

included PrestoBlue reagent, B16-F10, HeLa, and 

MCF-7 breast cancer cells, RPMI 1640 medium 

culture media, 10% Fetal Bovine Serum (FBS), 

trypsin-EDTA, dimethyl sulfoxide (DMSO), and 

doxorubicin as a positive control. 

 

2.2. Extraction and Isolation 

Dry seeds of C. macrophyllus (3.5 kg) were 

macerated in methanol for 6 × 24 h and then 

evaporated to yield 414.0 g of the crude extract. 

The crude extract was partitioned using n-hexane, 

ethyl acetate, and n-butanol, yielding 197.0, 41.7, 

and 15.0 g of concentrated extracts, respectively, 

for each solvent. The n-hexane extract was further 

separated by vacuum liquid chromatography (VLC) 

using a gradient elution system (n-hexane, ethyl 

acetate (EtOAc), and methanol (MeOH) on silica 

gel G60, producing nine fractions (A-I). Fraction D 

(5 g) was purified by recrystallization to obtain 

compound 1 (500 mg). Fraction E (2.04 g) was 

chromatographed using a gradient mixture (2.5% 

ethyl acetate in n-hexane) on silica gel (70-230 

mesh). Subfraction E9 (289.4 mg) was further 

purified by recrystallization from chloroform to 

obtain compound 2 (200 mg). Subfractions E2–E5 

(142.5 mg) were combined and separated using a 

silica gel column to obtain compound 3 (16.1 mg). 

Compound 4 (18.0 mg) was isolated by purifying 

subfractions E10–E12 (96 mg) using a silica gel 

column chromatography (Figure 1).  

 

2.3. Procedure for Selectfluor 

A Schlenk flask was filled with acetonitrile (2.0 

mL), methanol (2.0 mL), aquadest (0.2 mL), 

Selectfluor (0.25 mmol), and dysobinin (0.25 

mmol) in an inert environment (Figure 2). The 

resulting mixture was stirred and sealed for 20-h at 

room temperature. Chromatography was performed 

on a silica gel column using n-hexane: EtOAc (8:2) 

as the eluent. This process yielded compound 5 (72 

mg, 56%) [21].  

 

2.5. Cytotoxic Activity 

The PrestoBlue® test was used to assess the 

cytotoxicity of compounds 1–5 by conducting a cell 

viability test. The cells were cultured in Roswell 

 

 

 
 

 
Figure 3. Reaction of rearranged Dysobinin.  
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Table 1. Comparison data between 22α-carboxyacid-dysobinin (5) with dysobinin (1). 

 C 

Dysobinin 22α-carboxyacid-dysobinin 

1H-NMR (500 MHz) 13C-NMR (125 MHz) 1H-NMR (700 MHz) 13C-NMR (175 MHz) 

δH ppm (ΣH; mult; J=Hz) δC ppm δH ppm (ΣH; mult; J=Hz) δC ppm 

1 7.30 (1H; d; 10.3) 158.2 7.16 (1H; d; 10.1) 157.3 

2 5.84 (1H; d; 10.3) 126.6 5.94 (1H; d; 10.3) 126.1 

3 - 204.1 - 204.6 

4 - 45.6 - 44.9 

5 2.50 (1H; m) 48.9 2.54 (1H; m, 11.5) 47.9 

6 5.40 (1H; m) 70.0 5.47 (1H; m) 70.2 

7 5.40 (1H; d) 75.1 5.42 (1H; m) 74.6 

8 - 43.9 - 43.1 

9 1.28 (1H; m) 38.3 2.25 (1H; m) 37.0 

10 - 41.6 - 40.8 

11 1.80 (1H; m) 17.0 1.78 (1H; m) 16.4 

12 2.30 (1H; m); 2.50 (1H; m) 35.3 2.07 (2H; t) 32.6 

13 - 47.9 - 47.3 

14 - 159.7 - 158.1 

15 5.40 (1H; m) 120.2 5.38 (1H; m) 119.2 

16 1.73 (1H; m); 1.93 (1H; m) 33.6 2.50 (2H; td; 11.6, 6.9) 34.0 

17 2.84 (1H; dd; 7.4; 11.3) 52.7 2.83 (1H; dd; 10.9, 7.3) 50.9 

18 1.35 (3H; s) 27.1 1.34 (3H; s) 26.9 

19 1.22 (3H; s) 32.1 1.25 (3H; s) 31.7 

20 - 125.5 - 134.1 

21 7.40 (1H; s) 140.9 7.23 (1H; s) 146.6 

22 6.40 (1H; d) 112.0 4.85 (1H; d; 2.6) 69.9 

23 7.50 (1H; d) 143.7 2.80 (1H; d; 1.8) 50.7 

28 1.15 (3H; s) 20.7 1.17 (3H; s) 20.5 

29 1.22 (3H; s) 20.9 1.19 (3H; s) 20.8 

30 1.22 (3H; s) 21.2 0.85 (3H; s) 21.0 

1' 2.00 (3H; s) 21.3 1.99 (3H; s) 21.1 

2' - 170.6 - 170.1 

1'' 2.00 (3H; s) 22.4 2.01 (3H; s) 21.4 

2'' - 170.6 - 170.3 

1'''     - 174.2 
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Park Memorial Institute (RPMI) medium 

supplemented with 10% (v/v) FBS and 1μL/mL 

antibiotics. The cultures were then maintained at 

37°C in a humid environment with 5% CO2. MCF-

7, HeLa, B-16-F10, and CV-1 cells were seeded 

into 96-well culture plates at a density of 1.7 × 104 

cells per well. After a 24-h incubation period, the 

old media were replaced with fresh media 

containing different samples at various 

concentrations (7.81, 15.63, 31.25, 62.5, 125, 250, 

500, and 1000 μg/mL) and a control. The samples 

and cells were cultured for 24-h prior to the 

addition of PrestoBlue® reagent (resazurin dye) to 

the wells. The data were subsequently assessed 

using a multimode reader at 570 nm. Finally, the 

IC50 values, which indicate the concentration of 

chemicals that caused a 50% decrease in cell 

viability, were calculated using the linear regression 

method in Microsoft Excel. In this particular 

setting, the absorbance observed in the control 

wells directly indicated a cell viability of 100% 

[22].  

 

2.6. Molecular Docking 

The crystal structures of the EGFR, Bcl-2, and 

Tyrosinase protein complexes and their ligands 

were downloaded from the Protein Data Bank 

(https://www.rcsb.org/) using PDB IDs 4HJO, 

2W3L, and 2Y9X, respectively. Furthermore, the 

ligand and protein structures were separated using 

Chimera software and saved in PDB format [23]. 

All tested compounds were constructed in a three-

dimensional structure using Avogadro software 

[24]. Subsequently, the structures of these 

compounds were optimized using Orca software 

with the DFT B3LYP 3-21G method, and the 

output files were generated in PDB format [25]. All 

compounds were docked using AutoDock4. The 

docking grid was defined as 40 × 40 × 40 grid 

points with a grid spacing of 0.375 Å and was 

centered on the binding site occupied by the native 

ligand. The Lamarckian Genetic Algorithm (LGA) 

 

 

 
Figure 5. Selected 1H-1H NOESY correlations of compound 5.  

 
 

 

 
Figure 4. Selected HMBC and 1H-1H COSY correlations for compound 5. 

https://www.rcsb.org/
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was used for 50 runs. The interactions between the 

ligand and protein were visualized using Biovia 

Discovery Studio 2019. 

The 3D structure of compound 5 was converted 

into the SMILES format using Biovia Discovery 

Studio 2019 software and uploaded one by one to 

the pkCSM website [26]. Physicochemical and 

ADMET parameters were determined using the 

ADMET menu. Furthermore, pkCSM provides data 

on Lipinski's rule of five: adsorption, distribution, 

metabolism, excretion, and toxicity.  

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Structure Elucidation 

The n-hexane extract of C. macrophyllus seeds 

yielded compounds 1–4 (Figure 2). The NMR data 

for compounds 1–4 were compared with reference 

data to identify their molecular structures. Based on 

this comparison, compounds 1–4 were identified as 

dysobinin (1), 11α-acetoxydysobinin (2), dysobinol 

(3), and 7-deacetylepoxyazadiradione (4), which are 

well-known chemical compounds [27]. 

The synthesis of dysobinin analogs using 

Selectfluor was performed following the method 

reported by Isabelle et al. [28]. The reaction was 

performed in a mixed solvent system of MeCN/

MeOH/H₂O, which also functioned as a 

nucleophilic medium. This process afforded 

compound 5 with a 56% yield. The reaction 

mechanism is initiated by the opening of the furan 

ring, triggered by the electrophilic activation of the 

furan moiety by Selectfluor, which acts as both a 

source of electrophilic fluorine (F⁺) and an 

oxidizing agent. Owing to its highly π-electron-rich 

nature, the furan ring undergoes an initial attack by 

F⁺ at the α-position, generating a highly reactive 

dearomatized radical cation intermediate [29][30]. 

This unstable intermediate is rapidly trapped by 

methanol in the MeCN/MeOH/H₂O solvent system, 

leading to the formation of an alkoxy species. This 

intermediate subsequently undergoes stepwise ring 

opening of furan through cleavage of the C–O 

bond. In the subsequent stage, the presence of water 

facilitates further hydrolysis and oxidative 

rearrangement, ultimately yielding a more stable 

carboxylic acid product. This reaction is shown in 

Figure 3. FTIR, HR-TOF-MS , 1D and 2D NMR 

spectral analyses were used to elucidate the 

structure of compound 5.  

The IR spectrum of 22α-carboxyacid-dysobinin 

(5) showed several essential peaks. The vibration 

frequencies of the O–H hydroxyl, Csp3–H, and 

C=O carbonyl groups were identified at 3453 cm-1, 

2933 cm-1, and 1744 cm-1, respectively. The peak at 

1455 cm-1 corresponds to the C=C alkene groups, 

and the peak at 1247 cm-1 is associated with the C–

O ether groups. HR-TOF-MS analysis showed that 

5 exhibited a molecular ion fragment [M+H]+ at 

541.2811 (calcd, 541.2801). A comparison of the 

NMR spectra of 22α-carboxyacid-dysobinin 

(C31H40O8) (1) and dysobinin (C30H38O6) (5) is 

shown in Table 1. The 1H-NMR spectrum exhibited 

the presence of seven tertiary methyls, five methyls 

in the upfield chemical shift (δH 0.85, 1.17, 1.19, 

1.25, and 1.34, s, 3H), and two methyls tertiary in 

the downfield chemical shift (δH 1.99 and 2.01, 

each 3H). In addition, the presence of oxymethine 

protons for H-6 and H-7 at δH 5.42 (1H, m) and 

5.47 (1H, m), respectively, and three olefinic 

methine groups at δH 5.38 (1H, m), 5.94 (1H, d, 

J=10.3 Hz), 7.16 (1H, d, J=10.1 Hz), and 7.23 (1H, 

s) for H-15, H-2, and H-1, respectively, are 

characteristic of dysobinin [27]. However, in 

 

 

 

Table 2. Cytotoxicity of compounds 1–5 in MCF-7, HeLa, B16-F10, and CV-1 cancer cells.  

 
 

Compound 
IC50 (µg/mL) 

MCF-7 HeLa B16-F10 CV-1 

  Dysobinin (1) 66.7 60.0 71.52 >250.00 

  11α-acetoxydysobinin (2) >250 >250 >250.00 >250.00 

  Dysobinol (3) 96.2 >250 40.26 >250.00 

  7-deacetylepoxyazadiradione (4) 243.7 237.14 >250.00 >250.00 

  22α-carboxyacid-dysobinin (5) >300 18.30 23.84 177.10 

  Doxorubicin 43.18 16.24 51.85 39.48 
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compound 5, the furan skeleton has changed, with 

the addition of one oxymethylen proton at δH 4.85 

(1H, d, J=2.6 Hz) for H-23, one oxymethine proton 

at δH 2.80 (1H, d, J=1.8 Hz) for H-22, and one 

olefinic methine proton at δH 7.23 (1H, s), making 

compound 5 a new, undiscovered compound. 

Analysis of the 13C-NMR, DEPT-135°, and (HSQC) 

spectra showed that compound 5 contains thirty-one 

carbons, representing the addition of one carbon 

compared to the initial structure of dysobinin. 

Compound 5 contains four carbonyls for the ketone 

and ester groups (δC 204.6, 170.1, 170.3, and 174.2) 

and seven methyl tertiary groups (δC 20.5, 20.8, 

21.0, 21.1, 21.4, 26.9, and 31.7). The 13C NMR 

spectra also displayed three methylenes (δC 16.4, 

32.6, and 34.0), one oxymethylene (δC 69.9), and 

four aliphatic methines (δC 37.0, 47.9, 50.7, and 

50.9). Additionally, there were three methine 

olefinic (δC 119.2, 126.1, and 157.3), two 

oxymethines (δC 70.2, and 74.6), one oxygenated 

sp2 methine carbon (δC 146.6), and six quaternary 

carbons, including sp3 and sp2 quaternary carbon 

(δC 40.8, 43.1, 44.9, 47.3, 134.1, and 158.1) [31]. 

The structural differences between compound 5 and 

dysobinin include the presence of carbonyl, 

aliphatic methine, and oxymethylene groups.  

The presence of a group bound to 5 is reinforced 

by the HMBC spectrum (Figure 4), including the 

position of the ketone and two acetyls in rings A 

and B. The presence of a carbonyl group at C-3 in 

ring A was confirmed by the correlations between 

H-28 (δH 1.17) and H-29 (δH 1.19) with C-3 (δC 

204.6). The positions of the acetyl groups at C-6 

and C-7 in ring B were confirmed by the 

correlations between H-6 (δH 5.47) and H-7 (δH 

5.42) with C-1″ (δC 170.1) and C-2″ (δC 170.3), 

respectively. The correlation of H-22 (δH 2.80) with 

C-1''' (δC 174.2) prove that the carboxyl group at C-

1''' in the ring dihydrofuran. Furthermore, four 

cyclic rings were shown from the 1H-1H COSY 

spectrum, namely the correlation of H-1/H-2 in ring 

A, H-5/H-6/H-7 in ring B, H-9/H-11/H-12 in ring 

C, and H-15/H-16/H-17 in ring D. In addition, the 
1H-1H COSY correlation between H-22/H-23 and 

HMBC correlations between H-17 (δH 2.83) to C-20 

(δC 134.1), H-22 (δH 2.80) to C-20 (δC 134.1) and H

-23 (δH 4.85) to C-20 (δC 134.1), C-21 (δC 146.6) 

confirmed the dihydrofuran ring in compound 5. 

The relative configuration of compound 5 was 

determined using the NOESY spectrum (Figure 5) 

and comparative NMR data for its analogues [27]. 

The NOESY spectrum showed a correlation 

between H-22 (δH 2.80) and H-17 (δH 2.83), where 

H-17 is β-oriented, and so H-22 is β-oriented, too, 

while the carboxyl group attached to C-22 is α-

oriented.  

 

3.2. Cytotoxic Activity 

All compounds 1–5 and doxorubicin, as positive 

controls, were assessed for cytotoxic activity 

against breast cancer (MCF-7), cervical cancer 

(HeLa), melanoma cancer (B16-F10), and normal 

African green monkey kidney fibroblast cells (CV-1 

cells) using a previously described approach [31]-

[33]. The experiments were conducted in duplicate, 

and the data are presented as mean values. 

According to the IC50 values shown in Table 2, 

compound 5 against MCF-7 cancer cells had the 

lowest anticancer activity compared to other cancer 

cell lines. In contrast, compound 5 showed 

comparatively stronger cytotoxic activity against 

HeLa and B16-F10 cells, with IC₅₀ values of 18.30 

 

 

 
Figure 6. Superimposed structures of ligands before docking (white) and after docking (blue): (a) erlotinib, 

(b) DRO, and (c) tropolone.  
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and 23.84 µg/mL, respectively. These values are 

within a similar range to those observed for 

doxorubicin (IC₅₀ = 16.24 and 51.85 µg/mL). 

According to the findings, compound 5 exhibited 

better anticancer activity against HeLa and B16-F10 

than the other compounds. All tested compounds 

showed little cytotoxicity towards normal CV-1 

cells (IC₅₀ values >150 μg/mL), indicating a safe 

profile and selective activity towards cancer cell 

lines. Selectivity analysis showed that 22α-

carboxyacid-dysobinin (5) had a significant SI 

value of 7.43, indicating pronounced selectivity for 

cancer cells compared to normal CV-1 cells.  

Structure–activity relationship (SAR) analysis of 

compounds 1–5 revealed that structural 

modifications to the limonoid skeleton significantly 

influenced their cytotoxic activity. Dysobinin (1), 

which retains an intact furan ring, exhibited 

moderate cytotoxicity against MCF-7, HeLa, and 

B16-F10 cell lines, suggesting that the furan moiety 

plays a crucial role in maintaining biological 

activity owing to its π-electron-rich nature and 

potential involvement in molecular interactions 

with biological targets. However, further structural 

modifications of this moiety led to significant 

changes in its activity. Compound 5, in which the 

furan ring undergoes oxidative cleavage to form a 

carboxylic acid group, exhibited significantly 

enhanced cytotoxicity against HeLa and B16-F10 

cells. This finding suggests that the introduction of 

a polar functional group, such as –COOH, enhances 

binding interactions, likely through hydrogen 

bonding and electrostatic interactions with cellular 

targets [34]. Conversely, the presence of an acetoxy 

group, as observed in 11α-acetoxydysobinin (2), 

significantly decreased the activity across all tested 

cell lines. This reduction may be attributed to 

increased steric hindrance and excessive 

lipophilicity, which negatively affect cellular uptake 

and target-binding affinity. A similar trend was 

observed for 4, where structural modification 

involving alkoxy substitution led to weak cytotoxic 

activity. These results indicate that acetylation and 

alkoxy substitution tend to reduce the biological 

activity. The presence of hydroxyl groups also 

influences the biological activity and selectivity. 

Dysobinol (3), which contains an additional 

hydroxyl group, exhibited moderate and selective 

activity, particularly against B16-F10 cells.  
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These observations suggest that hydroxyl groups 

may facilitate intracellular interactions and redox 

processes, thereby increasing the oxidative stress. 

HeLa and B16-F10 cells are highly sensitive to 

increased ROS levels, which cause mitochondrial 

damage and trigger apoptosis [35][36]. MCF-7 cells 

have a relatively more complex antioxidant defence 

mechanism and are therefore insensitive to ROS 

[37]. Overall, the SAR trends observed in this study 

indicate that the oxidation of the furan ring to 

generate carboxylic acid functionality is the most 

favourable modification to enhance cytotoxic 

activity, especially in Hela and B16-F10 cells. 

 

3.3. Molecular Docking Study 

A molecular docking study was conducted to 

identify the potential interactions between 

compounds 1-5 and EGFR, Bcl-2, and tyrosinase. 

The docking protocol was validated using the root-

mean-square deviation (RMSD) parameter. The 

RMSD is a widely accepted metric for validating 

docking procedures through redocking analyses, as 

it ensures the reliability and accuracy of molecular 

docking outcomes [38]. The RMSD values for 

erlotinib (0.94 Å), phenyl tetrahydroisoquinoline 

amide (DRO) (0.90 Å), and tropolone (0.15 Å) 

were all below the acceptable threshold of 2 Å, 

indicating that the docking parameters were valid 

and reliable for compounds 1–5. The superimposed 

structures of these compounds are shown in Figure 

6.  

EGFR is a transmembrane receptor tyrosine 

kinase involved in cell proliferation and survival, 

and its dysregulation is associated with cancer, 

including MCF-7 cells [39]. In this study, molecular 

docking was performed to predict the potential 

inhibitory mechanisms of compounds with reported 

anticancer activity against MCF-7 cells. The 

docking results showed that the binding energies of 

all compounds 1-5 fall in the range of -6.62 to -9.61 

kcal/mol (Table 3). Compared to erlotinib (-8.21 

kcal/mol), compounds 1, 2, and 5 had lower binding 

energies, implying that these compounds had better 

inhibitory activity against the EGFR protein. The 

2D interaction analysis revealed that all compounds 

bound within the EGFR active site, with interaction 

patterns partially overlapping with those of the 

native ligand, erlotinib (Figure 7). Erlotinib formed 

key hydrogen bond interactions with residues such 

as Lys704, Cys773, and Met769, along with 

hydrophobic contacts (alkyl and π-alkyl) with 

Val702, Lys721, and Leu768, respectively. The π-

 

 

 
Figure 7. 2D-Intermolecular interactions of (a) erlotinib, as well as (b) compounds 1, (c) 2, and (d) 5, in the 

active site of the EGFR protein.  

 
 



J. Multidiscip. Appl. Nat. Sci. 

 

sigma interactions are formed with amino acid 

residues Leu694, Ala719, and Leu820, which are 

essential for stable binding within the active site. 

Compounds 1 and 2 exhibited similar interaction 

profiles, including hydrogen bonding with Lys704 

and hydrophobic interactions with surrounding 

residues, suggesting a binding mode comparable to 

that of erlotinib. In contrast, compound 5 showed 

multiple hydrophobic interactions and hydrogen 

bonding with Lys692, Lys704, Gln767, and 

Met769, indicating a strong binding affinity, as 

reflected by its favourable docking score. However, 

no direct correlation was observed between the 

docking scores and cytotoxic activity against MCF-

7 cells. Compound 5 showed the most favorable 

binding energy but weak activity (IC₅₀ > 300 µg/

mL), whereas compound 1 exhibited the strongest 

activity (IC₅₀ = 66.7 µg/mL) despite a less favorable 

docking score. These results indicate that docking 

provides only a preliminary estimate of binding 

affinity and does not directly predict biological 

activity, as factors such as cell permeability may 

influence the observed in vitro effects of the 

compounds.  

Molecular docking studies of compounds 1–5 

were also performed against the Bcl-2 protein. The 

docking results showed that compounds 1–5 

exhibited binding energies ranging from −7.16 to 

−8.02 kcal/mol, which were less favourable than 

that of the native ligand DRO (−10.47 kcal/mol). 

Compound 2 displayed the lowest binding energy 

(−8.02 kcal/mol), followed by compounds 1 (−7.96 

kcal/mol) and 5 (−7.81 kcal/mol), respectively. 

Furthermore, 2D interaction analysis demonstrated 

that compounds 1, 2, and 5 bind within the Bcl-2 

active site through a combination of hydrogen 

bonding, hydrophobic, π-related, and electrostatic 

interactions (Figure 8). The native ligand DRO 

exhibits diverse interactions, including π–π 

stacking, π–anion, and hydrophobic (alkyl and π–

alkyl) contacts with key residues such as Phe63, 

Tyr67, and Arg105, which contribute to stable 

binding of the ligand. Compounds 1 and 2 show 

similar interaction patterns, forming π–π and π–

alkyl interactions with aromatic residues (e.g., 

Phe63 and Tyr67), along with hydrophobic contacts 

 

 

 
Figure 8. 2D-Intermolecular interactions of (a) DRO, as well as (b) compounds 1, (c) 2, and (d) 5 in the 

active site of Bcl-2 protein.  
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and limited electrostatic contributions. Hydrogen 

bonds were also observed between Asn102 and 

Arg105. In contrast, compound 5 exhibited a more 

diverse interaction profile, including hydrogen 

bonds with Arg105 and Asn102, which may 

enhance the binding stability within the active site. 

These interaction patterns are consistent with in 

vitro results, where compound 5 demonstrated 

stronger cytotoxic activity against HeLa cells than 

compounds 1 and 2.  

The docking results against tyrosinase showed 

that compounds 1–5 exhibited binding energies 

ranging from −6.08 to −7.07 kcal/mol, which were 

more favorable than those of the native ligand 

tropolone (−4.63 kcal/mol). Compound 2 displayed 

the lowest binding energy (−7.07 kcal/mol), 

followed by compounds 4 and 1, respectively. The 

2D interaction analysis indicated that the ligands 

bind within the tyrosinase active site through a 

combination of hydrogen bonding, hydrophobic, 

and π-related interactions (Figure 9). The native 

ligand, tropolone, forms key hydrogen bonds and 

hydrophobic interactions with residues such as 

Met280 and Ser282, which are important for 

stabilizing the binding within the active site. 

Another study found that tropolone forms hydrogen 

bonds with the Asn260 residue [40]. Compound 5 

exhibited a more extensive interaction profile, 

including multiple hydrogen bonds with residues 

such as His244, Asn260, and Ser282, which may 

enhance binding stability. In addition, compound 5 

formed π–sigma and π–alkyl interactions with 

residues such as His263 and Val283, along with van 

der Waals contacts that supported its 

accommodation within the binding pocket. 

Compounds 1 and 3 also demonstrate hydrogen 

bonding and hydrophobic interactions; however, 

their interaction networks are less extensive 

compared to compound 5, particularly in terms of π

-related interactions and the number of hydrogen 

bonds. This is consistent with the stronger cytotoxic 

activity against B16-F10 cells, although the 

correlation remains limited because docking 

primarily reflects binding affinity and does not fully 

account for biological factors such as cell 

permeability and intracellular mechanisms. 

 

3.4. Physicochemical and ADMET Properties 

The pharmacokinetic properties of compound 5 

were obtained from the pkCSM website. The 

physicochemical properties of drug candidates 

should have the following characteristics: logarithm 

 

 

 
Figure 9. 2D-Intermolecular interactions of (a) tropolone, as well as (b) compounds 1, (c) 2, and (d) 5 in 

the active site of tyrosinase protein.  
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of the octanol-water partition coefficient (log P) <5, 

molecular weight <500 Da, polar surface area 

(PSA) <140 Å, hydrogen bond acceptor (HBA) 

<10, hydrogen bond donor (HBD) <5, and rotatable 

bonds (ROTB) <10, according to Lipinski's rule of 

five [41]. As shown in Table 4, compound 5 did not 

fulfil the molecular weight or polar surface area 

parameters for the predicted pKa. ADMET 

properties are important for drug development, 

particularly for determining the ability of small-

molecule medications to metabolize, distribute, 

absorb, excrete, and be toxicologically. The Caco-2 

model is a common in vitro tool for estimating 

human intestinal absorption and predicting oral 

drug uptake in humans. A compound is considered 

highly permeable when its Caco-2 value is 0.90 

[42]. Compound 5 exceeded this threshold value. 

IA reflects the amount of drug absorbed by the 

human intestine. An absorption rate of 80% is 

regarded as good, and a rate lower than 30% is 

considered unfavourable [43]. The IA value of 

compound 5 was 79.027%, implying that compound 

5 was easily absorbed by the human intestine.  

The distribution of compound 5 was determined 

using the volume distribution (VDss). The VDss 

parameter represents the overall amount of the 

substance in the body and has a low value (log 

VDss < -0.15) [44]. The VDss value of compound 5 

was less than -0.15, indicating a lower distribution 

in the tissue than in the plasma. Subsequently, BBB 

permeability describes how drugs pass through the 

blood-brain barrier. A drug candidate with a logBB 

of more than 0.3 is easily absorbed into the brain 

[45]. Assessment of central nervous system (CNS) 

 

 

  Properties Compound 5 

Physicochemical Molecular weight 540.653 

log P 4.634 

Rotatable bond 4 

H-bond acceptor 7 

H-bond donor 1 

Surface area 229.371 

Absorption Caco-2 permeability 1.416 

Intestinal absorption 79.027 

Skin permeability -2.946 

Distribution VDss -0.338 

BBB permeability -0.846 

CNS permeability -3.007 

Metabolism CYP2D6 substrate No 

CYP3A4 substrate Yes 

CYP2D6 inhibitor No 

CYP3A4 inhibitor No 

Excretion Total clearance -0.048 

Renal OCT2 substrate No 

Toxicity AMES Toxicity No 

Max. Tolerated dose -0.865 

hERG I inhibitor No 

hERG II inhibitor No 

Hepatoxicity No 

Skin sensitization No 

 

Table 4. Physicochemical and ADMET properties of compound 5.  
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permeability is another approach for evaluating 

blood-brain barrier penetration. A LogPS value 

greater than –2 indicates potential absorption into 

the CNS, whereas a value below –3 suggests an 

inability to reach the CNS. Based on BBB and CNS 

metrics, compound 5 exhibited moderate capacity 

to permeate the blood-brain barrier but was not 

absorbed into the CNS.  

Compound 5 was more likely to serve as a 

CYP3A4 substrate than as a CYP2D6 substrate and 

did not exhibit any inhibitory activity towards these 

substrates. Cytochrome P450 (CYP) metabolism is 

highly dependent on these enzymes and is an 

essential detoxifying enzyme found mainly in the 

human liver. Furthermore, the excretion parameters 

showed that compound 5 had a total clearance value 

of -0.048 and did not comply with Renal Organic 

Cation Transporter 2 (OCT2), and the OCT2 

parameter indicates the removal and clearance of 

drugs. Toxicity parameters suggested that 

compound 5 had no mutagenic potential, according 

to the AMES toxicity test. The maximum tolerated 

dose (MTD) is defined as the upper limit of safe 

exposure to a substance in humans. The MRTD 

values indicated low toxicity for compound 5, 

which showed no inhibitory activity against hERG I 

or II. hERG-induced potassium channel blockage 

can trigger long-QT syndrome, causing fatal 

ventricular arrhythmia. The final toxicity 

parameters were determined based on 

hepatotoxicity and skin sensitization. The results 

showed that compound 5 did not affect the liver or 

skin.   

 

4. CONCLUSIONS 

 

In conclusion, dysobinin (1) was successfully 

treated with Selectfluor to form 22α-carboxyacid-

dysobinin (5) in 56% yield. Cytotoxicity assays 

revealed that compound 5 exhibited the most potent 

anticancer activity, with IC50 values of 18.30 and 

23.84 µg/mL against HeLa and B16-F10 cancer 

cells, respectively. Subsequently, a docking study 

showed that compound 5 had binding energies of -

9.61, -7.81, and -6.08 kcal/mol for EGFR, Bcl-2, 

and tyrosinase, respectively. ADMET prediction 

indicated that compound 5 possesses several 

favorable pharmacokinetic and toxicity-related 

properties; however, it did not fully comply with 

conventional drug-likeness criteria. Therefore, 

compound 5 may be considered a promising lead 

compound for anticancer development, warranting 

further optimization and validation. 
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