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Abstract
Eleven known compounds, including four triterpenoids (1–4), four sterols (5–8), two phenolic
compounds (9–10), and a dipeptide (11), were isolated from Excoecaria cochinchinensis. Their
structures were confirmed through spectroscopic analysis and compared with the existing literature.
Eight compounds (1, 2, 5–8, 10–11) have been identified in this species for the first time. The
cytotoxicity of isolated compounds against MCF-7, A549, and HeLa cancer cell lines, antioxidant, α-
glucosidase, and tyrosinase inhibitory activities were evaluated. The results revealed moderate cytotoxic
effects against MCF-7 cells (2–4), A549 cells (1–4), and HeLa cells (1–5), while compounds 6–8, 10, and
11 showed no activity in any of the cell lines tested. Compound 1 exhibited more potent antioxidant
activity and tyrosinase inhibitory properties than the positive control. Meanwhile, compound 4 showed a
significant inhibitory effect on the α-glucosidase. In silico study, the molecular docking simulation of
compound 1 to antioxidant (3RP8) and tyrosinase proteins (2Y9X), and of compound 4 to MCF-7 (1H7K),
A549 cells (4ZXT), and α-glucosidase proteins (MAL32) were performed to calculate their binding
affinities and to identify the ligand-binding sites.

Introduction
The Euphorbiaceae family is a large group of higher plants that contains around 300 genera and 7,500
species. This family is primarily found in tropical regions (Vasas and Hohmann 2014). One notable
genus within this family is Excoecaria, which comprises about 40 species in tropical Africa, Asia, and the
Western Pacific (Karamsetty and Aluri 2018).

In recent years, natural products derived from medicinal plants have attracted increasing attention as
promising sources of therapeutic agents, particularly for cancer treatment and metabolic disorders
(Rojas-Castano et al. 2024; Manjia et al. 2024). Excoecaria cochinchinensis Lour., belonging to the
Euphorbiaceae family, is prevalent across Vietnam and was recognized as a traditional medicine plant to
treat furuncles, pruritus, prolonged diarrhoea, urethrorrhagia, and dysentery (Giang et al. 2005; Hieu et al.
2020). The phytochemical studies on E. cochinchinensis have confirmed the presence of diverse
secondary metabolites such as megastigmanes (Giang et al. 2005), diterpenoids (Yang et al. 2005),
triterpenoids (Chen and Wang 2015), lignans (Hieu et al. 2020; Le et al. 2025), flavonoids (Li 2006), and
steroids (Wang et al. 2009).

Researchers have focused on the biological activities of extracts from this plant. In particular, ethanol
extract from the leaves of E. cochinchinensis has been shown to inhibit the growth of MKN45 gastric
cancer cells (Hung 2021), while the methanol extract has demonstrated potential antibacterial activity
(Nurhasana et al. 2023). Additionally, water and ethanol extracts exhibited notable anti-inflammatory
properties (Jiangcun et al. 2020). Our previous studies reported a series of enzyme inhibitions of lignans
and flavonoids from the ethyl acetate extract of this plant (Le et al. 2025). The current work reports the
isolation and biological activities of eleven known compounds (1–11) from E. cochinchinensis. Their
structures were determined through comprehensive spectroscopic analysis and comparison with
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structures reported in the previous data. All the compounds were identified as triterpenoids, sterols,
phenolic compounds, and dipeptides.

Materials and Methods
The aerial parts of E. cochinchinensis were collected and identified as detailed in our previous report (Le
et al. 2025). The aerial parts of E. cochinchinensis (20.0 kg) were air-dried and ground into powder, which
was then extracted with methanol (50 L, three times) at room temperature. After evaporating the solvent
under vacuum, the residues were combined and suspended in water. The mixture was then sequentially
partitioned with n-hexane, a mixture of n-hexane and ethyl acetate (1:1), and ethyl acetate. This
extraction process resulted in three fractions: H (70.0 g), HE (255.0 g), and EA (217.0 g). The HE extract
(255.0 g) underwent silica gel column chromatography, eluted with the gradient solvent system of n-
hexane:EtOAc (from 10:1 to 1:1), to afford six fractions (HE1–HE6). Fraction HE2 (14.2 g) was further
fractionated through silica gel column chromatography, using a solvent mixture of n-
hexane:CH2Cl2:acetone (5:1:0.5), resulting in five subfractions (HE2.1–HE2.5). Subfraction HE2.2 (8.9 g)
was subsequently fractionated by a Sephadex LH-20 gel column with a solvent mixture of CH2Cl2 and
MeOH (1:1), yielding three subfractions (HE2.2.1–HE2.2.3). Compounds 1 (7.0 mg), 2 (6.0 mg), 3 (14.0
mg), and 7 (7.5 mg) were isolated from HE2.2.2 (1.2 g) by employing silica gel chromatography with n-
hexane:CH2Cl2:acetone (2:1:0.2). Subfraction HE3 (3.7 g) yielded compounds 4 (4.5 mg), 5 (10.5 mg), 6
(2.0 mg), and 8 (9.0 mg) via successive silica gel separations using n-hexane:EtOAc (4:1) and n-
hexane:CH2Cl2:acetone (2:1:0.5). From HE5 (4.1 g), compounds 9 (2.0 mg), 10 (10.0 mg), and 11 (6.5
mg) were obtained using CH2Cl2:MeOH (4:0.1), followed by RP-C18 CC (MeOH:H2O 1:1, 2:1 and 4:1).

The cytotoxic properties of the isolated compounds were assessed against MCF-7 and HeLa cancer cell
lines utilizing the sulforhodamine B (SRB) assay (Monks et al. 1991) by established protocols (Tran et al.
2021). The DPPH radical scavenging activity was evaluated to identify antioxidants among the isolated
compounds, in alignment with the methodology presented by Kim et al. (Kim, Son, and Lee 2017). The
inhibitory effect of the isolated compounds on α-glucosidase activity was assessed following the
procedure outlined by Duong et al. (Duong et al. 2024). The inhibition of tyrosinase activity was
conducted according to the method of Chatatikun et al. (Chatatikun et al. 2023), using kojic acid as the
positive control.

Molecular Docking

Molecular docking was utilized to assess protein-ligand binding affinities and determine ligand-binding
sites (Nguyen et al. 2019; Trott and Olson 2010), which provided an enhanced understanding of
biological characteristics. The docking simulations were conducted using AutoDock Vina (Trott and
Olson 2010). Since the crystallographic structure of α-glucosidase of Saccharomyces cerevisiae was
unavailable, the 3D model designated AF-P38158-F1 (MAL32), was retrieved from AlphaFold Protein
Structure Database (https://alphafold.ebi.ac.uk/entry/P38158). This model was validated as the best
representation of S. cerevisiae-derived α-glucosidase prior to the availability of its crystal structure (Tian
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et al. 2023). Crystal structures of other target proteins were retrieved from the RCSB Protein Data Bank
(https://www.rcsb.org/pdb/). For cytotoxicity assessments, isolated compounds were evaluated against
multiple cancer cell lines with associated protein structures: A549 (PDB ID: 4ZXT) (Shin et al. 2016) and
MCF-7 (PDB ID: 1H7K) (Andreoletti et al. 2001). The crystal structure of Klebsiella pneumoniae R204Q
HpxO complexed with FAD (PDB ID: 3RP8) (Hicks et al. 2013) and mushroom tyrosinase structure (PDB
ID: 2Y9X) (Ismaya et al. 2011) were also selected. Prior to molecular docking, each protein crystal
structure was refined by removing water molecules, heteroatoms, and cofactors. The docking grid box
was set to 23 Å × 23 Å × 23 Å for PDB IDs 2Y9X and 3RP8, and 26 Å × 26 Å × 26 Å for PDB IDs 1H7K,
4ZXT, and MAL32 (AlphaFold ID: AF-P38158-F1). The molecular docking outcomes were visualized using
Biovia Discovery Studio Visualizer 2021 (Systèmes 2021).

Results and Discussion
The chemical examination of the methanol extract from E. cochinchinensis led to the isolation of eleven
compounds. Their structures were established through NMR analysis and comparing with previous
references, identified as cycloart-25-ene-3 ,24-diol (1) (Paula et al. 2002), euphorfistrine A (2) (Wei et
al. 2021), lupeol (3) (Shwe et al. 2019), baccatin (4) (Wang, Zhang, and Pan 2003), ergosterol peroxide
(5) (Nowak et al. 2016), 7 -hydroxysitosterol (6) (Li, Wang, and Li 2005), 7 -hydroxysitosterol (7) (Li,
Wang, and Li 2005), 7-oxo- -sitosterol (8) (Pettit et al. 2000), gallic acid (9) (Hernández-García et al.
2019), emodin (10) (Chu, Sun, and Liu 2005), and aurantiamide acetate (11) (Zhou et al. 2017), as shown
in Fig. 1. Notably, all compounds, except for 3, 4, and 9, were isolated from E. cochinchinensis for the
first time.

Among these isolated compounds, 1–8, and 10–11, including triterpenoids (1–4), steroids (5–8),
anthraquinone (10), and dipeptide (11) were selected for biological activity investigation on cytotoxicity
against human cancer cell lines MCF-7, A549, and HeLa, antioxidant, and enzyme inhibition against α-
glucosidase and tyrosinase which were presented in Table 1.

β

β α

β
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Table 1
The cytotoxicity against MCF-7, A549, and HeLa cancer cell lines, antioxidant, and enzyme inhibition

against α-glucosidase and tyrosinase of the tested compounds.
Compounds IC50 (µM)

Cancer cell lines Antioxidant Enzyme inhibition

MCF-7 A549 Hela DPPH α-
glucosidase

Tyrosinase

1 > 100 95.39 ± 
3.06

61.08 ± 
3.31

69.34 > 200 182.26

2 67.72 ± 
3.28

59.80 ± 
3.34

41.29 ± 
1.26

> 200 > 200 > 300

3 92.01 ± 
4.35

89.31 ± 
3.68

67.32 ± 
1.76

> 200 > 200 > 300

4 31.88 ± 
2.68

45.17 ± 
3.05

60.68 ± 
3.73

163.66 155.08 > 300

5 > 100 > 100 54.50 ± 
2.89

> 200 > 200 > 300

6 > 100 > 100 > 100 > 200 > 200 293.18

7 > 100 > 100 > 100 > 200 194.65 > 300

8 > 100 > 100 > 100 178.63 > 200 > 300

10 > 100 > 100 > 100 > 200 > 200 > 300

11 > 100 > 100 > 100 > 200 > 200 195.75

Ellipticine 0.33 ± 
0.02

0.37 ± 
0.03

0.30 ± 
0.03

     

Ascorbic
acid

      82.33    

Acarbose         168.0  

Kojic acid           251.28

The cytotoxicity was evaluated using the sulforhodamine B assay, with ellipticine as the positive control.
Compounds 1–5 displayed moderate cytotoxic activity against these cell lines. Notably, compound 4
exhibited the strongest cytotoxicity against the MCF-7 and A549 cell lines, with IC50 values of 31.88 ± 
2.68 µM and 45.17 ± 3.05 µM, respectively, followed by compounds 2 and 3. Compound 2 showed the
most significant effect for the HeLa cell line, with an IC50 value of 41.29 ± 1.26 µM. In contrast,

compounds 6–8, 10, and 11 showed no inhibitory effects on all cancer cell lines. Regarding the
antioxidants, compounds 1, 4, and 8 displayed effectiveness in the DPPH assay with IC50 values in the
range of 69–179 µM. Among them, 1 revealed the most potent activity with an IC50 value of 69.34 µM in
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comparison with the positive control (ascorbic acid, IC50 82.33 µM). Moreover, in the enzyme inhibition,
compounds 4 and 7 (IC50 value of 155.08 and 194.65 µM, respectively) showed good α-glucosidase
inhibition, while 1 and 11 (IC50 value of 182.26 and 195.75 µM, respectively) revealed good tyrosinase

inhibitory activity, in comparison with those of acarbose (IC50 value of 168.0 µM) and kojic acid (IC50

value of 251.28 µM), respectively. Furthermore, the above results also indicated that the triterpenoids
(1–4) displayed the most potent activities compared to those of steroids (5–8) and anthraquinone (10).
Among the isolated triterpenoids, the cycloartane-type triterpenoid (1) showed more potential activity in
the DPPH and tyrosinase assay, while nor-triterpene peroxide (4) revealed more potential activity in the
cytotoxicity against MCF-7 and A549 cancer cell lines and α-glucosidase inhibition.

To further understand the conformation of the most active compound for each bioassay in the target
binding site of their proteins, the binding interactions of 1 with the tyrosinase (2Y9X) and DPPH (3RP8)
proteins and of 4 with MCF-7 (1H7K), A549 (4ZXT), and α-glucosidase (MAL32) proteins were studied
using molecular docking simulation via vina-docking.

In the tyrosinase inhibition and antioxidant activities, compound 1 exhibited one H-bonding to each
protein as an H-donor from 3-OH to 2Y9X (with Asn B:81, 2.9 Å) and 3RP8 proteins (with Ser A:156, 2.2
Å) (Fig. 2, Table S1), indicating the importance of the 3-OH moiety in the cycloartane triterpenoids to the
respective activities. Moreover, the presence of carbon-carbon double bond moiety at C-25-C-26 led to
the formation of H-α (H-24 and H3-27), due to the hyper-conjugation effect, which can form the carbon-
hydrogen bond (H-24 with Asn 260 of 2Y9X and with Tyr 216 of 3RP8) or pi-sigma bond (H3-27-His 263)
and pi-alkyl bonds (H3-27-His 259 and H3-27-Val 283) of tyrosinase protein (2Y9X). Therefore, the
presence of the C-25–C-26 double bond in the cycloartane structure may significantly contribute to its
tyrosinase inhibitory and antioxidant activities compared to those of a related 3-hydroxycycloartane (2),
lacking this feature.

As to the cytotoxicity, compound 4 interacted with the active site of the MCF-7 (1H7K) and A549 (4ZXT)
proteins with affinity values of − 9.0 kcal/mol for each protein (Table S1), explaining why this compound
was the most active on the cytotoxicity against these cancer cell lines. The data was further supported
by the formation of two hydrogen bonds of 4 with Asp 339 (2.4 Å) and Ser 336 (3.1 Å), for 1H7K, and two
with Ser 153 (2.5 Å) and Lys 114 (2.7 Å), for 4ZXT (Fig. 3). In two hydrogen bonds of 4 with 1H7K or
4ZXT, one of these is H-donor (4-Asp 339 or 4-Ser 153, respectively), and another is H-acceptor (4-Ser
336 or 4-Lys 114, respectively), indicating that the highly oxygenated function could display more
potential activity on the cytotoxicity. In addition, compound 4 formed one hydrogen bond (with Phe 157,
2.7 Å) with MAL32 as an H-donor, indicating the significant role of the hydroxyl moiety on the A-ring of
nor-triterpene peroxide in inhibiting the enzyme α-glucosidase activity.

Conclusion
The phytochemical analysis of the aerial parts of E. cochinchinensis resulted in the isolation and
identification of eleven compounds comprising triterpenoids, sterols, phenolic compounds, and a
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dipeptide. Notably, eight of these compounds were reported for the first time in this species. Their
structures were determined through extensive spectroscopic analysis. Biological evaluations showed
that the triterpenoids (compounds 1–4) exhibited moderate cytotoxicity against MCF-7 and HeLa cancer
cell lines, with compound 4 presenting the most potent cytotoxic activity. Additionally, compound 1
displayed significant antioxidant and tyrosinase inhibitory activities, surpassing standard controls.
Compounds 4 and 7 also illustrated considerable α-glucosidase inhibition. Molecular docking studies
confirmed these findings by highlighting the important interactions that contribute to the observed
bioactivities.
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Figure 1

Structures of isolated compounds 1–11 from E. cochinchinensis
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Figure 2

Corresponding amino acid residues of tyrosinase (2Y9X) and DPPH (3RP8) proteins interacted with 1.

Figure 3
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Corresponding amino acid residues of MCF-7 (1H7K), A549 (4ZXT), and α-glucosidase (MAL 32)
proteins interacted with 4.
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