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Abstract  

Onoceranoids, a subgroup of triterpenoids, have demonstrated considerable potential in medical applications due to 

their diverse biological activities. They exhibit antioxidant, cytotoxic, antimutagenic, antibacterial and antifeedant 

properties. This study aimed to review the phytochemical composition and biological activities of onoceranoids found in 

the Lansium and Lycopodium genera. The chemical structures, biological activities, and plant species serving as sources 

of onoceranoids are analyzed, emphasizing their potential applications in medicine and implications for future research. 

Experimental approach: Relevant scientific literature on onoceranoids was collected from databases including SciFinder, 

Google Scholar, and PubMed, covering research from 1967 to 2025. Fifty onoceranoid compounds were identified and 

analyzed to determine their biological activities and distribution among plant species.  The analysis from this review that 

96% onoceranoid compounds were found in the Lansium genus, establishing these compounds as marker constituents of 

this genus. Onoceranoids demonstrate extensive biological potential due to their multifunctional bioactivities. These 

findings support further research on onoceranoid compounds, including their structural modification and potential 

therapeutic applications in medicine. 

 

Keywords: Lansium genus, Lycopodium genus, Natural product, Onoceranoid triterpenoid, Pharmacological properties, 

Phytochemistry, Secondary metabolites  

 

Introduction 

Onoceranoids represent a structurally diverse 

group of natural products, characterized by a common 

core structure based on the onocerane skeleton [1-3]. 

This unique framework is composed by cyclohexane 

rings, marked by an open B ring, giving rise to a plethora 

of structural variations through modifications such as 

functionalization and oxidation [4]. Due to their 

complex chemical structure and functional groups, 

onoceranoids exhibit a broad range of biological 

activities [5].  

Onoceranoids, as one of the groups of 

triterpenoids, have been widely studied due to their 

bioactive properties [6], such as antifeedant [8], 

antioxidant [9], antidiabetic [10], anticancer [11-12], 

antibacterial [13] and antimutagenic [14]. Triterpenoids 

are the largest group of terpenoid-derived secondary 

metabolites within the scope of natural products [15]. 

Various types of triterpenoid compounds serve function 

including defense against herbivores, pathogens, 

environmental stress, plant communication and 

interaction with other organisms [16-18].  

Triterpenoids are a diverse group of secondary 

metabolites found in various plant families [19]. Plants 

that contain many triterpenoids secondary metabolites 
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include those from Celastraceae [20], Fabaceae [21], 

Apocynaceae [21], Meliaceae [19, 22], Lycopodiaceae 

[23], and Schisandraceae family [24]. Onoceranoids are 

commonly found in the Meliaceae family [25].  

Based on reports from journals published between 

1967 until 2025, a total of 50 onoceranoid compounds 

have been identified and classified according to the 

number of cyclic structures present in each compound, 

namely bicyclic, tricyclic, tetracyclic onoceranoids, and 

onoceranoid glycosides. Of these 48 were found in the 

Lansium genus, specifically in the species L. 

Domesticum [26] and L. parasiticum [27]. The species 

Lycopodium abscurum was found to contain 2 other 

onoceranoid compounds [28].  

Onoceranoids are an interesting topic to study 

because they are the most common compounds found in 

the Lansium genus and make them reliable chemical 

markers for this genus. These compounds are 

biosynthesized through a complex series of enzymatic 

reactions, often starting with the cyclization of squalene, 

a ubiquitous precursor in the biosynthesis of various 

terpenes [29]. The intricate interplay of enzymes 

involved in this biosynthetic pathway results in the 

production of a diverse array of onoceranoid derivatives, 

each possessing unique structural features and, 

consequently, distinct biological properties [30]. This 

paper focuses on onoceranoids obtained from Lansium 

and Lycopodium genus, their biological activities, and 

how these compounds are formed through biogenesis.  

 

Methodology 

To ensure a comprehensive review, the study 

conducted a literature search from PubMed, Scopus, and 

Google Scholar, focusing on publications from 1967 to 

2025. The inclusion criteria involved selecting studies 

that reported on the structure, biosynthesis, and 

biological activities of onoceranoid. Specific search 

terms such as “onoceranoid”, “triterpenoid”, “Lansium 

genus”, and “Lycopodium genus” were used to retrieve 

relevant literature. Additionally, the collected data were 

analyzed and categorized based on structural 

characteristics, particularly the number of cyclic rings, 

as well as biosynthetic pathways and biological 

activities. These steps were taken to provide a clear and 

organized overview of the topic. 

 

 

 

 

Plant containing onoceranoids 

Onoceranoids from Lansium genus 

Several plant families, particularly Lycopodiaceae 

and Meliaceae, exhibit high concentrations of 

onoceranoids, reflecting their broad distribution within 

the plant kingdom. These compounds are often found in 

the roots, stems, fruit peel, leaves, and flowers of these 

plants, contributing to their diverse pharmacological 

activities [31]. Plant extracts rich in onoceranoids have 

been used for centuries in traditional medicine systems 

around the world, providing a valuable foundation for 

modern scientific investigations into their therapeutic 

potential.  

The Meliaceae family, commonly known as the 

mahogany family, is a diverse group of flowering plants 

consisting of more than 52 genera with more than 1400 

species with one of the genera being Lansium [32,33]. 

This family is widely distributed in tropical and 

subtropical regions and is recognized for its ecological 

and economic importance. Members of the Meliaceae 

family are well-known producers of secondary 

metabolites, including terpenoids, flavonoids, and 

alkaloids, which play critical roles in plant defense 

mechanisms and have been exploited for their 

pharmacological properties [34]. 

The Lansium genus, particularly the species 

Lansium domesticum and Lansium parasiticum, has 

been extensively utilized in traditional medicine and is 

a source of bioactive compounds with promising 

therapeutic potential [35]. Lansium domesticum is a 

fruit-bearing tree widely found in Suriname, Puerto 

Rico, Australia, and western Southeast Asia, ranging 

from the Thai Peninsula to Kalimantan, Indonesia [36-

38]. Lansium domesticum belongs to the Meliaceae 

family and can grow up to 30 m in height. The 

taxonomic classification of Lansium domesticum Corr. 

at the variety level by Hasskarl (1844) identified 3 

distinct cultivars: duku (L. domesticum Corr. var. duku 

Hassk.), kokosan (L. domesticum Corr. var. kokossan 

Hassk.), and pisitan (L. domesticum Corr. cv. piedjietan 

Hassk.)[39]. Botanically, Lansium domesticum is a 

medium-sized tree characterized by pinnate leaves, 

small hermaphroditic flowers, and globose to ellipsoid 

fruits. The fruits are rich in sugars, vitamin C, and 

essential nutrients, making them a staple in many 



Trends Sci. 2025; 22(10): 10509   3 of 22 

  

tropical regions. The seeds, leaves, and bark are 

traditionally used for medicinal purposes [40]. 

Research, shows that terpenoid compounds 

contained in Lansium include: 28% 

tetranortriterpenoids, 37% onoceranoids, 4% 

cycloartan, 14% terpenoid glycosides, 7% 

sesquiterpenoids and 10% steroid [41-45].  

 

Onoceranoids from Lycopodium genus 

Lycopodium, commonly known as clubmosses, is 

a genus of vascular plants within the family 

Lycopodiaceae [46]. These plants are characterized by 

their small, needle-like or scale-like leaves and creeping 

stems. They reproduce via spores produced in 

specialized structures called strobili [47]. Lycopodium 

obscurum, commonly known as “ground pine” or 

“princess pine,” is a one of species within the 

Lycopodium genus, a group of spore-bearing plants in 

the Lycopodiaceae family [48]. Native to temperate 

forests of North America, this species thrives in moist, 

sandy soils under shaded canopies. Secondary 

metabolites identified in L. obscurum include alkaloids 

[49] such as lycopodine, clavolonine [50], obscurine, 

and triterpenoids [51]. 

Many plants from the Lycopodium genus contain 

α-onocerin, leading to the conclusion that serratane-type 

triterpenoids originate from the single protonation of α-

onocerin. Serratane exhibits pharmacological 

properties, including cancer chemopreventive effects 

and inhibition of Candida albicans secreted aspartic 

proteases. In China, Lycopodium obscurum has 

traditionally been used as a folk medicine for treating 

contusions, dysmenorrhea, quadriplegia, and arthritic 

pain, and it has been noted as a source of serratenes 

 

Onoceranoids 

Onoceranoids are found in higher plants. 

According to this literature review, which focuses on 

studies published between 1967 to 2025, 96% of 

reported onoceranoids are found in the genus Lansium 

(L. domesticum and L. parasiticum), in various plant 

parts including leaves, stem bark, fruit peel, and twigs. 

Building on these findings, we classify onoceranoids in 

this review based on the number of their cyclic 

structures. 

Onoceranoid triterpenoids are a type of terpenoid 

reported to be predominantly found in the Lansium 

genus, characterized by an open-ring structure between 

C-8 and C-14. In the 13C-NMR spectrum, onoceranoids 

typically exhibit thirty signals [52], including those 

corresponding to carbonyl, hydroxyl, sp³-hybridized 

carbon, and sp²-hybridized carbon atoms, with 

oxygenated carbon atoms commonly observed at C-3, 

C-21, and C-14 [6]. These compounds exhibit diverse 

stereochemistry due to the presence of multiple chiral 

centers, which significantly influences their biological 

activity. The structure and numbering system of 

onoceranoid triterpenoids are shown in Figure 1 [6]. 

 

Bicyclic onoceranoids 

Bicyclic onoceranoids are a group of onoceranoid-

triterpenoids characterized by the presence of 2 cyclic 

structures in rings B and D or A and B in structure 12, 

seco structures in rings A, C, and E. The opening of ring 

C, indicated by the cleavage between C-8 and C-14, is a 

defining feature of onoceranoids. Additionally, ring E is 

opened between C-21 and C-22, and ring A is opened 

between C-3 and C-4. Another hallmark of this structure 

is the presence of 3 olefinic methylene groups, which is 

presumed to result from the opening of 3 major rings 

[53]. Furthermore, this structure is typically 

characterized by the presence of 2 sp³-hybridized 

quaternary carbon atoms. 

In 1967, the first onoceranoid, called lansic acid 

(1) was discovered, which has structural characteristics 

of 2 carboxyl groups, 3 olefinic methyl groups, 2 tertiary 

methyl groups and 3 terminal methylene groups. As a 

variant of the onocerin triterpene group, lansic acid 

features cleavage of both A and E rings, similar to the A 

ring cleavage in dammarenolic and nyctanthic acids. 

This distinctive structure, created by a double cleavage, 

is unprecedented in natural products. Bicyclic 

onoceranoids are mainly found in the fruit peel of 

Lansium domesticum. However, they have also been 

identified in the twigs and leaves, as summarized in 

Table 1. The chemical structures of these compounds 

are presented in Figure 2. 
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Figure 1 The structure and numbering system of onoceranoid triterpenoids:  characterized by an open- ring structure 

between C-8 and C-14. 

 

Table 1 Plant sources and extraction solvents used for the isolation of bicyclic onoceranoids. 

Compound Name Plant Plant Parts Extract Reference 

Lansic Acid (1) Lansium domesticum cv. duku Fruit Peel Light petroleum [9,54] 

Lansic Acid ester (2) Lansium domesticum cv. duku Fruit Peel Ethanol extract [9] 

Lansic acid-3-ethyl ester (3) Lansium domesticum Twigs, Leaves  Ethanol extract [6,14] 

Lansic Acid dimethyl ester (4) Lansium domesticum cv. duku Fruit Peel Light petroleum [54] 

Lansic Acid Diol (5) Lansium domesticum cv. duku Fruit Peel Light petroleum [54] 

Lansic Acid Diacetate (6) Lansium domesticum cv. duku Fruit Peel Light petroleum [54] 

Lansic Acid octahydrodiol (7) Lansium domesticum cv. duku Fruit Peel Light petroleum [54] 

Lansic Acid diacetate (8) Lansium domesticum cv. duku Fruit Peel Light petroleum [54] 

Lamesticumin A (9) Lansium domesticum Twigs, Leaves  Ethanol extract [6,14] 

Enolysis Lamesticumin A (10) Lansium domesticum Twigs, Leaves  Ethanol extract [6,14] 

Lansium Acid V (11) Lansium domesticum Leaves Methanol extract [14] 

Lamesticumin F (12) Lansium domesticum Twigs, Leaves  Ethanol extract [14] 

 

Table 2. Plant sources and extraction solvents used for the isolation of tricyclic onoceranoids. 

Compound Name Plant Plant Parts Extract Reference 

Lansionic acid (13) Lansium parasiticum Fruit Peel, Leaves  Methanol extract [14] 

Methyl Ester Lansiolate (14) Lansium domesticum cv. duku Fruit Peel Ethanol extract [9] 

Lansium Acid I (15) Lansium domesticum Leaves Methanol extract [14] 

Lamesticumin E (16) Lansium domesticum Twigs, Leaves  Ethanol extract [6,14] 

Lansium Acid X (17) Lansium domesticum Leaves Methanol extract [14] 

Lansium Acid II (18) Lansium domesticum Leaves Methanol extract [14] 

Lansium Acid III (19) Lansium domesticum Leaves Methanol extract [14] 

Lansium Acid IV (20) Lansium domesticum Leaves Methanol extract [14] 

Lansiolic Acid (21) Lansium parasiticum cv. duku Fruit Peel, Leaves  Methanol extract [9,14] 

Methyl lansiolate (22) Lansium parasiticum Fruit Peel, Leaves  Methanol extract [14,27] 

Ethyl lansiolate (23) Lansium domesticum Twigs, Leaves  Ethanol extract [6,14] 

Lamesticumin B (24) Lansium domesticum Twigs, Leaves  Ethanol extract [6,14] 
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Figure 2 Bicyclic onoceranoids: structure characterized by the presence of 2 cyclic structures in rings B and D (seco 

structures in rings A, C and E) or A and B (seco structures in rings C, D and E). 
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Tricyclic onoceranoids 

Tricyclic onoceranoids are a group of 

onoceranoid-triterpenoids characterized by the presence 

of 3 cyclic structures in rings A, B and D, seco structures 

in rings C, and E. Tricyclic onoceranoids are mainly 

found in the leaves of Lansium domesticum and Lansium 

parasiticum. However, they have also been identified in 

the fruit peel and twigs, as shown in Table 2. The 

chemical structures of these compounds are presented in 

Figure 3. 

  

 
Figure 3 Tricyclic onoceranoids structure: structure characterized by the presence of 3 cyclic structures in rings A, B and 

D (seco structures in rings C and E). 
  

 

 

 

 

 



Trends Sci. 2025; 22(10): 10509   7 of 22 

  

 

Tetracyclic onoceranoids 

Onoceranoids are also found in other genus than 

Lansium, which come from the Lycopodiaceae family 

(Lycopodium abscurum). The structures 36 and 37 is 

tetracyclic onoceranoid, with a double bond between C-

14 and C-15, and oxygenated carbons at C-3 and C-21 

[55]. Tetracyclic onoceranoids widely found in nature, 

are characterized by the presence of 4 cyclic structures 

in rings A, B, D and E, seco structures in rings C. 

Tetracyclic onoceranoids from plant can be seen in 

Table 3. The structures of these compounds are 

presented in Figure 4. 

 

Glycoside onoceranoids  

Glycoside onoceranoids are compound attached to 

a sugar moiety at the carbon-3 position. This unique 

structural feature results in their frequent occurrence in 

polar fractions due to the presence of the sugar group. 

Glycoside isolated for the first time by Nishizawa et al. 

[9] namely lansioside which was found from the fruit 

peel of Lansium domesticum cultivar duku. From polar 

fraction, lansioside A (39), methyl ester triacetate (43), 

as well as other onoceranoids compounds 1, 2, 22, and 

14 were obtained. Plant sources and extraction solvents 

used for the isolation of glycoside onoceranoids can be 

seen in Table 4, and the structure can be seen in Figure 

5. 

 

Biological activity 

Although interest in onoceranoids has grown in 

recent decades, much attention has been directed toward 

their diverse biological activities. Several studies have 

demonstrated their antimutagenic, anti-inflammatory, 

and anticancer properties, which are likely attributed to 

the configuration of functional groups and the 

stereochemical orientation of the molecules. According 

to the literature, of the 50 compounds identified, 77% 

have been evaluated for their biological activity, 

whereas the remaining 23% have yet to be investigated, 

as shown in Figure 6. 

 

Table 3 Plant sources and extraction solvents used for the isolation of tetracyclic onoceranoids. 

Compound Name Plant Plant Parts Extract Reference 

Lamesticum G (25) Lansium parasiticum Fruit Peel 
Ethyl acetate 

extract 
[27] 

Lamesticumin D (26) Lansium domesticum Twigs, Leaves  Ethanol extract [6,14] 

α, γ-onoceradienedion (27) Lansium domesticum Fruit Peel Hexane extract [56] 

α-onoceradienedione (28)    [54] 

8,14-secogammacera-7,14-diene-3,21-

dione (29) 

Lansium domesticum cv. 

kokossan 
Leaves  Methanol extract [14,57] 

8,14-secogammacera-7,14(27)-diene-

3,21-dione (30) 
Lansium domesticum  Bark Methanol extract [57] 

Kokosanolide B (31) 
Lansium domesticum cv. 

kokossan 
Seed Methanol extract [58] 

21α-hydroxyonocera-8(26),14-dien-3-

one (32) 
Lansium domesticum Peel Methanol extract [53] 

3β-hydroxyonocera-8(26), 14-diene-21-

one (33) 
Lansium parasiticum Fruit Peel 

Ethyl acetate 

extract 
[27] 

3-Hydroxy-8,14-secogammacera-7,14-

dien-21-one (34) 

Lansium domesticum cv. 

kokossan 
Fruit Peel Hexane extract [59] 

Lamesticumin C (35) Lansium domesticum Twigs, Leaves  Ethanol extract [6,14] 

(3α,8 β,14 α,21β)-26,27-

dinoronocerane-3,8,14,21-tetrol (36) 
Lycopodium abscurum Whole Plant 

Methanol extract 
[28] 

26-nor-8 β -hydroxy- α -onocerin (37) Lycopodium abscurum Whole Plant Methanol extract [28] 

Iso-onoceratriene (38) Lansium domesticum cv. duku Fruit Peel Petroleum extract [54] 
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Figure 4 Tetracyclic onoceranoids: structure characterized by the presence of 4 cyclic structures in rings A, B, D and E 

(seco structures in rings C). 
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Table 4 Plant sources and extraction solvents used for the isolation of glycoside onoceranoids. 

Compound Name Plant Plant Parts Extract Reference 

Lansioside A (39) Lansium domesticum cv. duku Fruit Peel Ethanol extract [9] 

Lansioside B (40) Lansium parasiticum Fruit Peel, Leaves  Polar fraction [10,14] 

Lansioside C (41) Lansium parasiticum Fruit Peel, Leaves  Polar fraction [10,14] 

Methyl lansioside C (42) Lansium parasiticum Fruit Peel Polar fraction [10] 

Methyl ester triacetate (43) Lansium domesticum cv. duku Fruit Peel Ethanol extract [9] 

Lansium Acid VI (44) Lansium domesticum Leaves Methanol extract [14] 

Lansium Acid VII (45) Lansium domesticum Leaves Methanol extract [14] 

Lansium Acid VIII (46) Lansium domesticum Leaves Methanol extract [14] 

Lansium Acid IX (47) Lansium domesticum Leaves Methanol extract [14] 

Lansium Acid XI (48) Lansium domesticum Leaves Methanol extract [14] 

Lansium Acid XII (49) Lansium domesticum Leaves Methanol extract [14] 

Lansioside E (50) Lansium domesticum cv. kokossan Fruit Peel Hexane extract [60] 

 

 

Antifeedant 

Antifeedants are substances (natural or synthetic 

compounds) that deter or prevent pests especially 

insects from feeding [61]. They play a crucial role in 

pest management by deterring herbivores from 

consuming plant material, thus protecting crops from 

damage. Many antifeedants are unpalatable or toxic to 

insects, leading them to avoid the treated plants [62]. For 

example, certain triterpenes have been shown to 

completely prevent feeding in larvae within a short time 

frame, leading to starvation if they remain on the plant 

[63]. Some antifeedants may distort the normal function 

of neurons that perceive feeding stimuli, effectively 

reducing the insect's desire to feed [64]. This can occur 

through the stimulation of specialized receptors that 

detect deterrent compounds [65,66]. Onoceranoids from 

seed and bark Lansium domesticum cultivar Kokossan 

have antifeedant activity against Epilachna 

vigintioctipunctata larvae and the methanol extract of 

this plant also has a potent antifeedant activity as shown 

in Table 5 [8]. 

Table 5 summarizes the reported antifeedant 

activity of onoceranoids 29-31, which were tested at a 

concentration of 1% in antifeedant assays using 

Solanum nigrum leaves against fourth instars larvae of 

Epilachna vigintioctopunctata [8]. Among these, 

compound 31 has been noted to exhibit the highest 

activity with 99%, followed by compound 29 with 85%, 

and compound 30 with 56%. The presence of a hydroxyl 

(-OH) group in compound 31 is suggested to contribute 

to its enhanced antifeedant effect, possibly by 

facilitating stronger interactions with larval target 

receptors. These observations indicate that onoceranoids 

isolated from Lansium domesticum cultivar kokossan 

may serve as promising natural antifeedant agents. The 

reported activities align with previous findings on the 

efficacy of plant-derived compounds in insect pest 

control [8]. 

Besides that, onoceranoid compounds isolated 

from Lansium domesticum exhibited significant 

antifeedant activity against the rice weevil (Sitophilus 

oryzae) [7], a major pest of stored grain products. These 

compounds significantly reduced feeding consumption 

at concentrations of approximately 0.5% weight/weight 

(w/w). The antifeedant activity was evaluated using a 

flour disk bioassay, in which hard red spring wheat flour 

disks were uniformly treated with aqueous solutions of 

the test compounds at varying concentrations and 

subsequently exposed to S. oryzae. Negative controls 

consisted of flour disks treated with water only, 

establishing baseline consumption levels standardized 

to 100%. Multiple range test using Tukey’s test (p < 

0.05), the same letters denote treatments not 

significantly different from each other. The antifeedant 

activity against Sitophilus oryzae can be seen in Table 

6 [7]. 
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Figure 5 Glycosides onoceranoid structure: onoceranoids that are attached to a sugar moiety at the carbon-3 position. 
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Figure 6 Biological activity of onoceranoids. 

 

 

Table 5 Antifeedant activity of onoceranoids compound 29-31 against Epilachna vigintioctipunctata larvae. 

Compound (conc. 1%) Antifeedant activity% 

29 85 

30 56 

31 99 

 

 

Table 6 Antifeedant activity of onoceranoids compound against Sitophilus oryzae. 

Compound  

(conc. 0.5% w/w) 

Consumption of diet  

(% control ± SEM) 

p-value 

*Negative control 100.0 ±10.2a  

18 56.1 ± 4.5b < 0.01 

21 63.2 ± 3.8b   < 0.01 

27 40.1 ± 6.2b < 0.001 

38 64.7 ± 7.5b < 0.05 

*flour disks treated with water only 

 

Table 7 Free radical scavanging activities effect. 

Compound Scavenging Capacity /SC50 (mM) 

40 13.7 

41 23.6 

42 14.5 

Ascorbic acid 2.45 

 

32.50%

7.50%

17.50%

22.50%

7.50%

12.50%

Biological Activity Onoceranoids

Antimutagenic Antioxidant Cytotoxic Antibacterial Antifeedant Inhibition Against Alpha-Glucosidase
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Table 6 summarizes the reported antifeedant 

activity of onoceranoids against Sitophilus oryzae. 

Compared to the controls, disks treated with 

onoceranoid compounds showed a significant decrease 

in consumption, demonstrating potent feeding deterrent 

effects. Structural variations among the onoceranoid 

compounds influenced their efficacy. For instance, the 

presence of two keto groups in onoceradienedione (27) 

enhanced antifeedant activity relative to iso-

onoceratriene (38), suggesting that specific keto 

substitutions may improve interactions with insect 

chemoreceptors. In contrast, the addition of a keto group 

at the 3-position in lansiolic acid (21) reduced 

antifeedant activity, highlighting the importance of 

substituent position in modulating biological effects. 

These findings contribute to a better understanding of 

the structure-activity relationships of onoceranoids and 

their potential application as natural antifeedant [7]. 

 

Antioxidant 

Antioxidants are important for defending 

biological systems from oxidative stress, resulting from 

an imbalance between reactive oxygen species (ROS) 

and the body's detoxification mechanisms [67]. The 

mechanisms of antioxidant action include direct 

scavenging of free radicals, metal ion chelation, and 

modulation of antioxidant enzyme activity. Specifically, 

antioxidants can counteract free radicals by either 

transferring a hydrogen atom (HAT) or facilitating a 

single electron transfer (SET), thereby effectively 

preventing oxidative reactions that can damage cells 

[68]. Additionally, they can inhibit the activity of 

enzymes that generate free radicals or increase the levels 

of endogenous antioxidant enzymes like catalase (CAT) 

and superoxide dismutase (SOD) [69-71]. 

Onoceranoids exhibit promising antioxidant 

properties that align with these mechanisms. Their 

chemical structure allows them to scavenge ROS 

effectively and chelate transition metals, thereby 

reducing oxidative damage. Studies suggest that 

onoceranoids can modulate redox signalling pathways, 

enhancing the body’s intrinsic defences against 

oxidative stress [72]. This dual action direct scavenging 

and indirect modulation positions onoceranoids as 

potentially beneficial compounds in therapeutic 

contexts aimed at mitigating oxidative stress-related 

diseases. Onoceranoids belonging to the triterpene 

xyloside type from fruit peel Lansium parasiticum have 

been isolated from the polar fraction. Interestingly, 

triterpene glycosides contain a rarely found sugar, N-

acetylglucosamide. Compounds 42 and 40 demonstrated 

moderate radical scavenging activity, while compounds 

41 exhibited weak radical scavenging activity as shown 

in Table 7 [10]. 

Compounds 40 and 42 have been reported to 

exhibit moderate antioxidant activity by effectively 

scavenging free radicals, as demonstrated in the DPPH 

assay with ascorbic acid as a reference compound [10]. 

Structurally, compound 40 prossesses additional 

hydroxyl groups, which may contribute to its slightly 

higher activity compared to compound 42. Conversely, 

the relatively lower free radical scavanging activities 

effect in compound 41 has been attributed to structural 

differences, including the absence of methyl esters and 

fewer hydroxyl groups, potentially reducing its capacity 

to donate electrons and neutralize free radicals. These 

observations highliht the potential of onoceranoids as 

natural antioxidants for mitigating oxidative stress-

related conditions. These findings are consistent with 

previous studies that have shown plant-derived 

triterpenes in scavenging free radicals [73]. Further 

investigations into the structure-activity relationships of 

these compounds are suggested to better understand the 

molecular mechanisms behind their antioxidant effects. 

 

Inhibition against alpha-glucosidase 

Inhibition of α-glucosidase is a key mechanism by 

which certain compounds can help manage 

hyperglycemia and type 2 diabetes [74]. α-glucosidase 

is an enzyme that is responsible for the conversion of 

carbohydrates into glucose, which is absorbed into the 

bloodstream. Inhibiting this enzyme slows glucose 

absorption, leading to decreased blood glucose levels 

after meals [75]. 

Onoceranoids have shown promising α-

glucosidase inhibitory activity [76]. The α-glucosidase 

inhibition assays mentioned in these studies were 

performed in vitro, involving the enzymatic breakdown 

of sucrase and maltase to produce glucose residues [77]. 

Compounds 40, 41 and 42 were also tested for inhibitory 

against α-glucosidase, but did not show to inhibit α-

glucosidase [78]. 
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Postprandial hyperglycemia (PH) is an early 

indicator of type 2 diabetes (T2D) and serves as a 

significant target for antidiabetic therapies [79]. 

Managing PH can be accomplished by inhibiting the 

enzyme α-glucosidase in the intestines, which plays a 

critical role in the breakdown of oligosaccharides [80]. 

This inhibition results in a reduction of glucose released 

from oligosaccharides and slows down glucose 

absorption into the bloodstream, thus assisting in the 

management of T2D [81]. Fruit peel extract from 

Lansium parasiticum has potential promising inhibition 

(IC50 2.5 – 4.3 mg/mL) and there is a compound isolated 

from that extract, which is lamesticumin G, showeing 

weak inhibition against α-glucosidase with an IC50 of 

2.27 mM [27]. 

 

Cytotoxic activity 

Cytotoxic activity is a complex process that 

encompasses several mechanisms, such as the triggering 

of apoptosis, the generation of oxidative stress, cell 

cycle arrest, and damage to DNA [82]. Cytotoxic 

activity refers to the ability of certain compounds to 

induce the death of cells, particularly in cancer cells. 

This activity is a crucial aspect of cancer therapy, aiming 

to eliminate malignant cells while sparing normal cells. 

Natural products are known for their cytotoxic effects, 

with onoceranoids being one of them [83-86]. 

There are onoceranoids from the methanol extract 

of fruit peel of L. domesticum including compounds 13, 

33, 32 and 1. The methanol extract was tested on brine 

shrimp (Artemia salina) at 100 µg/mL and had a 

moderate cytotoxic activity [53].  Besides that, hexane 

extract from fruit peel of L. domesticum Corr. contains 

onoceranoid; compound 34 and 50 and has cytotoxic 

activity against MCF-7 with IC50 value of 717.5 µM and 

39.83 µg/mL respectively [59,60].  

Compound 30 which is included in the 

onoserandiendion isolated from fruit methanolic extract 

of Lansium domesticum Corr. (Langsat) and tested 

against HeLa (cervical), T47D (breast) and A549 (lung) 

cell lines using MTT and XTT assay. Compound 30 

demonstrated weak activity against A549 (IC50 13.71 

µg/mL), HeLa (32.39 µg/mL) and T47D (30.69 µg/mL) 

cell lines [87]. Compound 29 from Lansium domesticum 

demonstrated notable inhibition activity against MCF-7 

cells, with an IC50 of 29.73 µg/mL while tamoxifen 

exhibited an IC50 of 20.5 µg/mL [57]. 

In silico tests were also carried out on several types 

of onoceranoid compounds using molecular docking, 

Lipinski’s rule of 5, in silico ADMET (Absorption, 

Distribution, Metabolism, Excretion, dan Toxicity), and 

molecular dynamics simulations [88]. Compound 29 has 

a potential inhibitor of Erα. This observation suggests a 

hypothesis that these compounds could function as 

antagonist ligands, similar to 4OHT (4-

hydroxytamoxifen). Collectively, these findings provide 

valuable insights into the potential therapeutic 

significance of these triterpenes in targeting ERα-

associated breast cancer [89].  

 

Antibacterial activity 

Antibacterial agents, commonly referred to as 

antibiotics, have transformed modern medicine by 

offering effective treatments for bacterial infections. 

The discovery and advancement of antibiotics have 

saved innumerable lives and remain an essential part of 

global healthcare [90,91]. However, the overuse and 

misuse of antibiotics have led to the alarming rise of 

antibiotic-resistant bacteria, posing a significant threat 

to public health [91]. In recent years, there has been a 

growing interest in exploring alternative antibacterial 

agents from natural sources, such as medicinal plants 

and marine organisms [92]. Nine compounds isolated by 

Dong et al. [6] from the twigs of Lansium domesticum 

Corr. have activity against Gram-positive bacteria 

Table 8.  

Minimum inhibitory concentration (MIC) values 

have been reported as the lowest concentrations required 

to inhibit visible bacterial growth. Each test was 

performed in triplicate, and compounds with MIC 

values exceeding 50 µg/mL were considered inactive, 

with magnolol serving as the positive control. Structural 

characterization of the compounds was conducted using 

comprehensive spectroscopic analysis, and the absolute 

configuration of C-21 in compound 12 was determined 

by Snatzke's method. Compound 12 has demonstrated 

potent antibacterial effects, with MIC values ranging 

from 6.25 to 12.5 µg/mL against various bacterial strains 

[93,94]. The presence of a conjugated ketone group in 

the A-ring and a hydroxyl (-OH) group at C-21 has been 

suggested to play a critical role in its biological activity. 

The hydroxyl group at C-21 may enhance interactions 

with bacterial cell membranes or enzymes, potentially 

disrupting key processes essential for bacterial survival. 
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Furthermore, the extended aliphatic chain with double 

bonds is thought to increase hydrophobicity, facilitating 

interactions with lipid membranes of Gram-positive 

bacteria [93,94]. 

 

 

Table 8 Antibacterial activity onoceranoids compound. 

Bacteria 
MIC (µg/mL) 

A 3 9 10 12 16 23 24 26 35 

S. aureus 25 50 6.25 > 50 > 50 > 50 6.25 6.25 > 50 6.25 

S. epidermis 12.5 12.5 12.5 12.5 > 50 > 50 12.5 12.5 > 50 12.5 

M. luteus 12.5 > 50 6.25 > 50 > 50 > 50 6.25 3.12 > 50 6.25 

B. subtilis 12.5 12.5 3.12 12.5 12.5 12.5 3.12 3.12 6.25 3.12 

M. pyogenes 25 12.5 3.12 50 > 50 6.25 3.12 3.12 > 50 3.12 

B. cereus 12.5 3.12 3.12 3.12 3.12 3.12 3.12 3.12 3.12 3.12 

*A: representing magnolol, was applied as a positive control. 

 

 

Antimutagenic activity 

Antimutagenic compounds play a crucial role in 

cancer prevention by inhibiting the mutagenic effects of 

various environmental agents [95]. Among these 

compounds, onoceranoids, a class of triterpenoids 

derived from several plant species, have garnered 

attention for their potential health benefits. These 

compounds are characterized by their unique structural 

features, which contribute to their biological activities, 

including antimutagenic properties [96]. Recent studies 

have demonstrated that certain onoceranoids triterpenes 

exhibited significant antimutagenic effects against well-

known mutagens such as Trp-P-1 and PhIP, which are 

heterocyclic amines commonly found in cooked meats 

[97]. For instance, lansiolic acid (21) and lansionic acid 

(13) have shown remarkable inhibition rates of 73.8% 

and 79.9%, respectively, against Trp-P-1 at specific 

concentrations, comparable to established 

antimutagenic agents like nobiletin [89,98]. 

Onoceranoids from leaves of Lansium domesticum 

showed antimutagenic effect against 3-amino-1,4-

dimethyl-5H-pyrido[4,3-b]indole (Trp-P-1) and 2-

amino-1-methyl-6-phenylimidazo [4,5-bI]pyridine 

(PhIP) using the Ames assay. Moreover, oral intake of a 

major constituent, lansionic acid (13), showed 

antimutagenic effects against PhIP in an in vivo 

micronucleus test. The mechanisms underlying the 

antimutagenic effects of onoceranoids may involve the 

modulation of metabolic pathways that activate or 

detoxify mutagens, thus preventing DNA damage. 

Furthermore, structure-activity relationship studies 

indicate that the presence of specific functional groups, 

such as carboxylic acid moieties, enhances the 

antimutagenic efficacy of these compounds [99]. 

 

Onoceranoids biogenesis 

Onoceranoids are secondary metabolites that are 

often found in the genus Lansium and Lycopodium, 

which are included in the triterpenoid group. 

Triterpenoids are composed of 6 isoprene units to 

produce squalene [100,101]. Based on the biosynthetic 

pathway, triterpenoids are formed from 2 main 

pathways, namely the mevalonic acid (MVA) pathway 

which occurs in the cytosol with the initial precursor 

acetyl-CoA and the methylerythritol phosphate (MEP) 

pathway which occurs in the plastid with the precursors 

pyruvate and glyceraldehyde-3-phosphate/G3P [102] as 

shown in Figure 8. 

Onoceranoid triterpenoids have a unique 

characteristic ring structure that opens at C-8 and C-14 

by oxidosqualene cyclase enzyme. The onoceranoids 

derivatives can be synthesized through a skeleton that 

alters the position of the double bond untilizing 1,3-

hydride shift, oxygenation, dehydrogenation, and 

hydroxylation. The biosynthesis of each compound is 

fascinating because many of them differ only slightly, 

such as in the functional groups at C-3 and C-21 or the 

position of the double bond at C-7/C-8, C-8/C -26, C-

14/C-15, and C-14/C-27 [19]. The biogenesis of 

onoceranoids has been proposed to involve 

tetrahymanol, an onoceranoid precursor, through 

rearrangement of the A and E rings via photolysis. UV 
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light irradiation induces the photolysis of 3-oxo-type 

triterpenoids, leading to the formation of 3,4-seco free 

acids, which causes the opening of the A and E rings in 

onoceranoids. Another ring-opening reaction can occur 

via Baeyer–Villiger oxidation [100,103,104]. The 

formation of onoceranoids from squalene is thought to 

use the enzyme tetrahymanol cyclase to form 

tetrahymanol, which is an onoceranoid precursor as 

shown in Figure 9. 

 

 

 

 

Figure 8 Triterpenoid biosynthesis. 
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Figure 9 Biogenesis onoceranoids from (3S)-2,3-oxidosqualene: The pathway involves a series of enzymatic 

transformations catalyzed by specific enzymes, including squalene epoxidase, tetrahydromanol cyclase, oxidosqualene 

cyclase, monooxygenase, dehydrogenase, and glycosidase. These enzymes facilitate the conversion of squalene through 

intermediate structures such as (3S)-2,3-oxidosqualene and tetrahydromanol, ultimately leading to the formation of 

various onoceranoid derivatives. This pathway represents the proposed mechanism by which onoceranoid compounds are 

biosynthesized in nature. 
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Conclusions and future perspectives 

We give a summary of onoceranoids, a group of 

triterpenoids, highlighting their diverse and promising 

biological activities. Highly oxygenated onoceranoid 

glycosides, such as compounds 40 and 42 exhibited 

potent antioxidant effects. Regarding cytotoxicity, 

bicyclic compounds 1 and 13, tetracyclic compounds 30 

– 34, and glycoside onoceranoid (50) isolated from 

Lansium domesticum showed moderate to weak activity 

against various cancer cell lines, with compound 29 

notably inhibiting MCF-7 breast cancer cells and 

displaying potential as an ERα inhibitor in silico. The 

bicyclic onoceranoid compound 12, featuring 2 

hydroxyl groups, demonstrated strong antibacterial 

activity with low MIC values. Additionally, the 

tetracyclic compound 31, with 2 ketone groups and 1 

hydroxyl group, showed the highest antifeedant activity, 

achieving 99% inhibition against Epilachna 

vigintioctopunctata larvae. While some compounds, 

like lamesticumin G, exhibited weak α-glucosidase 

inhibition, no onoceranoids with strong activity against 

this enzyme have been reported. This information can 

be used as reference for isolating onoceranoids from 

plants or as a reference for exploring their biological 

activity in various fields. These findings suggest that 

onoceranoids, abundant in the Lansium genus and 

present in Lycopodium, hold significant potential for 

medical and agricultural applications. Further toxicity 

and in vivo studies are needed to confirm their efficacy 

and safety. Future work should focus on elucidating 

molecular mechanisms, optimizing synthetic, and 

clinical validation, alongside biotechnological and 

industrial development for anticancer, pest control, and 

antibiotic alternative applications. 

 

Acknowledgements 

This research was funded by Universitas 

Padjadjaran in the form of BUPP, Number:  

993/UN6.3.1/PT.00/2025 and Kemendiksaintek PDD 

Number: 1692/UN6.3.1/PT.00/2025. 

 

CRediT Author Statement  

T Mayanti: Conceptualization, methodology, 

review, supervision, and funding acquisition. R 

Septiyanti: Resources, investigation, writing original 

draft, data curation, editing and visualization. R 

Maharani: review, supervision and editing. M A 

Nafiah: review and supervision.  

 

Declaration of Generative AI in Scientific Writing 

During the writing of this manuscript, the authors 

used generative AI technologies to assist with language 

refinement, grammar correction, and the improvement 

of scientific clarity. The AI tools were employed solely 

for linguistic; all intellectual content, data interpretation, 

analysis, and conclusions were developed and critically 

reviewed independently by the authors. The authors take 

full responsibility for the integrity and originality of the 

content presented in this article. 

 

References 

[1] PM Dewick. Medicinal natural products: a 

biosynthetic approach. John Wiley & Sons 2002. 

[2] Sandeep and S Ghosh. Triterpenoids: Structural 

diversity, biosynthetic pathway, and bioactivity. 

Studies in Natural Products Chemistry 2020; 67, 

411-461.   

[3] J Tang and Y Matsuda. Discovery of fungal 

onoceroid triterpenoids through domainless 

enzyme-targeted global genome mining. Nature 

Communications 2024; 15(1), 4312.     

[4] S Yang and J Yue. Discovery of structurally 

diverse and bioactive compounds from plant 

resources in China. Acta Pharmacologica Sinica 

2012; 33(9), 1147-1158.   

[5] Y Chen, Q Yang and Y Zhang. Lycopodium 

japonicum: A comprehensive review on its 

phytochemicals and biological activities. Arabian 

Journal of Chemistry 2020; 13(5), 5438-5450.    

[6] S Dong, C Zhang, L Dong, Y Wu and J Yue. 

Onoceranoid-type triterpenoids from Lansium 

domesticum. Journal of Natural Products 2011; 

74(5), 1042-1048.    

[7] S Omar, M Marcotte, P Fields, PE Sanchez, L 

Poveda, R Mata, A Jimenez, T Durst, J Zhang, S 

MacKinnon, D Leaman, JT Arnason and BJR 

Philogene. Antifeedant activities of terpenoids 

isolated from tropical Rutales. Journal of Stored 

Products Research 2007; 43(1), 92-96.    

[8] T Mayanti, R Tjokronegoro, U Supratman, MR 

Mukhtar, K Awang and AHA Hadi. Antifeedant 

triterpenoids from the seeds and bark of Lansium 



Trends Sci. 2025; 22(10): 10509   18 of 22 

  

domesticum cv kokossan (Meliaceae). Molecules 

2011; 16(4), 2785-2795.    

[9] M Nishizawa, H Nishide and Y Hayashi. The 

structure of lansioside: a novel triterpene 

glycoside with amino-sugar from Lansium 

domesticum. Tetrahedron Letters 1982; 23(13), 

1349-1350. 

[10] R Ramadhan, W Worawalai and P 

Phuwapraisirisan. New onoceranoid xyloside 

from lansium parasiticum. Natural Product 

Research 2019; 33(20), 2917-2924.    

[11] T Mayanti, L Abdillah, D Darwati, TP Wikayani, 

N Qomarilla and DI Dinata. Senyawa triterpenoid 

3β-hidroksi-tirukal-7-en dari ekstrak daun kapi 

nango (Dysoxylum arborescens) dan aktivitas 

sitotoksiknya terhadap sel kanker payudara MCF-

7. Chemica et Natura Acta 2016; 4(3), 138-141.   

[12] R Onuki, H Kawasaki, T Baba and K Taira. 

Analysis of a mitochondrial apoptotic pathway 

using bid-targeted ribozymes in human MCF-7 

cells in the absence of a caspase-3-dependent 

pathway. Antisense and Nucleic Acid Drug 

Development 2003; 13(2), 75-82. 

[13] HM Abdallah, GA Mohamed and SRM Ibrahim. 

Lansium domesticum—a fruit with multi-benefits: 

traditional uses, phytochemicals, nutritional value, 

and bioactivities. Nutrients 2022; 14(7), 1531.   

[14] T Matsumoto, T Kitagawa, S Teo, Y Anai, R 

Ikeda, D Imahori, HSB Ahmad and T Watanabe. 

Structures and antimutagenic effects of 

onoceranoid-type triterpenoids from the leaves of 

Lansium domesticum. Journal of Natural Products 

2018; 81(10), 2187-2194.   

[15] M Fellermeier, M Raschke, S Sagner, J 

Wungsintaweekul, CA Schuhr, S Hecht, K Kis, T 

Radykewicz, P Adam, F Rohdich, W Eisenreich, 

A Bacher, D Arigoni and MH Zenk. Studies on the 

nonmevalonate pathway of terpene biosynthesis. 

European Journal of Biochemistry 2001; 268(23), 

6302-6310.   

[16] J Gershenzon and N Dudareva. The function of 

terpene natural products in the natural world. 

Nature Chemical Biology 2007; 3(7), 408-414.   

[17] CE Vickers, J Gershenzon, MT Lerdau and F 

Loreto. A unified mechanism of action for volatile 

isoprenoids in plant abiotic stress. Nature 

Chemical Biology 2009; 5(5), 283-291.   

[18] D Tholl. Biosynthesis and biological functions of 

terpenoids in plants. Springer Nature, Cham, 

Switzerland, 2015.     

[19] T Mayanti, SE Sinaga and U Supratman. 

Phytochemistry and biological activity of Lansium 

domesticum Corr. species: A review. Journal of 

Pharmacy and Pharmacology 2022; 74(11), 1568-

1587. 

[20] KC Camargo, MGD Aguilar, ARA Moraes, RGD 

Castro, D Szczerbowski, ELM Migue, LR 

Oliveira, GF Sousa, DM Vidal and LP Duarte. 

Pentacyclic triterpenoids isolated from 

Celastraceae: a focus in the 13C-NMR Data. 

Molecules 2022; 27(3), 959.   

[21] Harizon, B Pujiastuti, D Kurnia, D Sumiarsa and 

Y Shiono. Triterpenoid lupan dari kulit batang 

Sonneratia Alba (Lythraceae). Jurnal Ilmu-Ilmu 

Hayati dan Fisik 2014; 16(1), 25-29. 

[22] AA Naini, T Mayanti and U Supratman. 

Triterpenoids from Dysoxylum genus and their 

biological activities. Archives of Pharmacal 

Research 2022; 45(2), 63-89.  

[23] S Boonya-udtayan, N Thasana, N Jarussophon and 

S Ruchirawat. Serratene triterpenoids and their 

biological activities from Lycopodiaceae plants. 

Fitoterapia 2019; 136, 104181. 

[24] YP Yang, Tasneem, Shumailaa, D Muhammada, 

Z Liua, J Yan-Zhea, J Yu-Qinga, L Bina and W 

Weia. Lanostane tetracyclic triterpenoids as 

important sources for anti-inflammatory drug 

discovery. World Journal of Traditional Chinese 

Medicine 2020; 6(3), 229-238.   

[25] M Lin, X Liu, J Chen, J Huang and L Zhou. 

Insecticidal triterpenes in Meliaceae III: Plant 

species, molecules, and activities in Munronia–

Xylocarpus. International Journal of Molecular 

Sciences 2024; 25(14), 7818.   

[26] AK Kiang, EL Tan, FY Lim, K Habaguchi, K 

Nakanishi, L Fachan and G Ourisson. Lansic acid 

a bicyclic triterpene. Tetrahedron Lett 1967; 

8(37), 3571-3574.    

[27] T Potipiranun, W Worawalai and P 

Phuwapraisirisan. Lamesticumin G, a new α-

glucosidase inhibitor from the fruit peels of 

Lansium parasiticum. Natural Product Research 

2018; 32(16), 1881-1886.   



Trends Sci. 2025; 22(10): 10509   19 of 22 

  

[28] Y Zhao, T Deng, Y Chen, X Liu and GZ Yang. 

Two new triterpenoids from Lycopodium 

obscurum L. Journal of Asian Natural Products 

Research 2010; 12(8), 666-671.   

[29] HA Noushahi, HA Noushahi, AH Khan, UF 

Noushahi, M Hussain, T Javed, M Zafar, M 

Batool, U Ahmed, K Liu, MT Harrison, S Saud, S 

Fahad and S Shu. Biosynthetic pathways of 

triterpenoids and strategies to improve their 

biosynthetic efficiency. Plant Growth Regulation 

2022; 97(3), 439-454.   

[30] J Liu, X Yin, C Kou, R Thimmappa, X Hua and Z 

Xue. Classification, biosynthesis, and biological 

functions of triterpene esters in plants. Plant 

Communications 2024; 5(4), 100845.   

[31] D Cox-Georgian, N Ramadoss, C Dona and C 

Basu. Therapeutic and medicinal uses of terpenes. 

Springer Nature, Cham, Switzerland, 2019.   

[32] MO Oyedeji-Amusa, NJ Sadgrove and BEV Wyk. 

The ethnobotany and chemistry of south african 

meliaceae: A review. Plants 2021; 10(9), 1796.   

[33] AN Muellner, H Schaefer and R Lahaye. 

Evaluation of candidate DNA barcoding loci for 

economically important timber species of the 

mahogany family (Meliaceae). Molecular Ecology 

Resources 2011; 11(3), 450-460.   

[34] J Gershenzon and TJ Mabry. Secondary 

metabolites and the higher classification of 

angiosperms. Nordic Journal of Botany 1983; 

3(1), 5-34.   

[35] DJ Mabberley. Florae malesianae praecursores 

LXVII. meliaceae (divers genera). Blumea: 

Biodiversity, Evolution and Biogeography of 

Plants 1985; 31(1), 129-152. 

[36] C Techavuthiporn. Langsat lansium domesticum. 

Elsevier Science, Amsterdam, Netherlands, 2018.   

[37] N Saewan, JD Sutherland and K Chantrapromma. 

Antimalarial tetranortriterpenoids from the seeds 

of Lansium domesticum Corr. Phytochemistry 

2006; 67(20), 2288-2293.   

[38] A Ludwiczuk, K Skalicka-Wozniak and MI 

Georgiev. Terpenoids. Elsevier Science, 

Amsterdam, Netherlands, 2017.   

[39] S Sunarti. Anatomi daun dan taksonomi duku 

kokosan dan pisitan. Floribunda 1997; 1,1-15. 

[40] DTT Yapp and SY Yap. Lansium domesticum: 

Skin and leaf extracts of this fruit tree interrupt the 

lifecycle of Plasmodium falciparum, and are 

active towards a chloroquine-resistant strain of the 

parasite (T9) in vitro. Journal of 

Ethnopharmacology 2003; 85(1), 145-150.   

[41] FM Fawwaz, SR Meilanie, Zulfikar, K Farabi, T 

Herlina, JA Anshori and T Mayanti. Kokosanolide 

D: A new tetranortriterpenoid from fruit peels of 

Lansium domesticum Corr. cv kokossan. Molbank 

2021; 2021(2), M1232.  

[42] H Fun, S Chantrapromma, N Boonnak, K 

Chaiyadej, K Chantrapromma and X Yu. 

Dukunolide F: A new tetranortriterpenoid from 

Lansium domesticum Corr. Acta 

Crystallographica Section E: Structure Reports 

Online 2006; 62(9), o3725-o3727.   

[43] M Nishizawa, Y Nademoto, S Sastrapradja, M 

Shiro and Y Hayashi. Structure of dukunolide A: 

A tetranortriterpenoid with a new carbon skeleton 

from Lansium domesticum. Journal of the 

Chemical Society, Chemical Communications 

1985; 7, 395-396.   

[44] SE Sinaga, T Mayanti, AA Naini, D Harneti, N 

Nurlelasari, R Maharani, K Farabi, U Supratman, 

S Fajriah and MN Azmi. Sesquiterpenoids from 

the stem bark of Lansium domesticum corr. cv. 

kokossan and their cytotoxic activity against 

MCF-7 breast cancer cell lines. Indonesian 

Journal of Chemistry 2022; 22(4), 1035-1042. 

[45] SE Sinaga, FF Abdullah, U Supratman, T Mayanti 

and R Maharani. Isolation and structure 

determination of stigmaterol from the stem bark of 

Lansium domesticum Corr. Cv. Kokossan. 

Chimica et Natura Acta 2022; 10(3), 106-111. 

[46] JP Benca. Cultivation techniques for terrestrial 

clubmosses (Lycopodiaceae): Conservation, 

research, and horticultural opportunities for an 

early-diverging plant lineage. American Fern 

Journal 2014; 104(2), 25-48.   

[47] RB Primack. Growth patterns of five species of 

Lycopodium. American Fern Journal 1973; 63(1), 

3-7.   

[48] RJ Hickey. The lycopodium obscurum complex in 

North America. American Fern Journal 1977; 

67(2), 45-48.  

[49] X Ma and D R Gang. The lycopodium alkaloids. 

Natural Product Reports 2004; 21(6), 752-772.   



Trends Sci. 2025; 22(10): 10509   20 of 22 

  

[50] KM Laemmerhold and B Breit. Total synthesis of 

(+)‐clavolonine, (−)‐deacetylfawcettiine, and (+)‐

acetylfawcettiine. Angewandte Chemie 

International Edition 2010; 49(13), 2367-2370.   

[51] S Wittayalai, S Sathalalai, S Thorroad, P 

Worawittayanon, S Ruchirawat and N Thasana. 

Lycophlegmariols A–D: Cytotoxic serratene 

triterpenoids from the club moss Lycopodium 

phlegmaria L. Phytochemistry 2012; 76, 117-123.  

[52] T Mayanti, Zulfikar, S Fawziah, AA Naini, R 

Maharani, K Farabi, Nurlelasari, M Yusuf, D 

Harneti, D Kurnia and U Supratman. New 

triterpenoids from Lansium domesticum Corr. cv 

kokossan and their cytotoxic activity. Molecules 

2023; 28(5), 2144.  

[53] T Tanaka, M Ishibashi, H Fujimoto, E Okuyama, 

T Koyano, T Kowithayakorn, M Hayashi and K 

Komiyama. New onoceranoid triterpene 

constituents from Lansium domesticum. Journal of 

Natural Products 2002; 65(11), 1709-1711.  

[54] AK Kiang, EL Tan, FY Lim, K Habaguchi, K 

Nakanishi, L Fachan and G Ourisson. Lansic acid, 

a bicyclic triterpene. Tetrahedron Letters 1967; 

8(37), 3571-3574. 

[55] B Wang, C Guan and Q Fu. The traditional uses, 

secondary metabolites, and pharmacology of 

Lycopodium species. Phytochemistry Reviews 

2002; 21, 1-79.  

[56] M Nishizawa, H Nishide, K Kuriyama and Y 

Hayashi. Regioselective reduction α, γ-

onoceradienedione: Synthesis of lansiolic acid. 

Chemical and Pharmaceutical Bulletin 1986; 

34(10), 4443-4446.  

[57] R Tjokronegero, T Mayanti, U Supratman, MR 

Mukhtar and SW Ng. 8,14-Secogammacera-

7,14(27)-diene-3,21-dione–8,14-secogammacera-

7,14-diene-3,21-dione (1.5/0.5) from the bark of 

Lansium domesticum Corr. Acta 

Crystallographica 2009; 65(6), o1448.  

[58] T Mayanti, U Supratman, MR Mukhtar, K Awang 

and SW Ng. Kokosanolide from the seed of 

Lansium domesticum Corr. Acta 

Crystallographica 2009; 65(4), o750. 

[59] Zulfikar, NK Putri, S Fajriah, M Yusuf, R 

Maharani, JA Anshori, U Supratman and T 

Mayanti. 3-Hydroxy-8, 14-secogammacera-7, 14-

dien-21-one: a new onoceranoid triterpenes from 

Lansium domesticum Corr. cv kokossan. Molbank 

2020; 2020(4), M1157.  

[60] T Mayanti, LD Ramadhanti, W Safriansyah, 

Darwati, Nurlelasari, D Harneti, SE Sinaga, E 

Bachtiar, S Hartati, S Fajriah and U Supratman. 

Lansioside E, an onoceranoid-type triterpenoid 

isolated from the fruit peel of Lansium domesticum 

Corr. cv. kokossan and its cytotoxic activity 

against MCF-7 breast cancer cells. Elsevier 

Science, Amsterdam, Netherlands, 2025 

[61] A Jeyasankar, S Premalatha and K Elumalai. 

Antifeedant and insecticidal activities of selected 

plant extracts against Epilachna beetle, 

Henosepilachna vigintioctopunctata (Coleoptera: 

Coccinellidae). Advances in Entomology 2014; 

2(1), 14-19.  

[62] LM Schoonven. Biological aspect of antifeedants. 

Entomologia Experimentalis et Applicata 1982; 

31(1), 57-69.  

[63] K Munakata. Insect antifeeding substances in 

plant leaves. Elsevier Science, Amsterdam, 

Netherlands, 1975. 

[64] O Koul. Insect Antifeedants. CRC Press, Florida, 

2004.  

[65] AF Sandoval‐Mojica and JL Capinera. 

Antifeedant effect of commercial chemicals and 

plant extracts against Schistocerca americana 

(Orthoptera: Acrididae) and Diaprepes 

abbreviatus (Coleoptera: Curculionidae). Pest 

Management Science 2011; 67(7), 860-868.  

[66] O Koul. Phytochemicals and insect control: An 

antifeedant approach. Critical Reviews in Plant 

Sciences 2008; 27(1), 1-24.  

[67] M Hasanuzzaman, MHMB Bhuyan, F Zulfiqar, A 

Raza, SM Mohsin, JA Mahmud, M Fujita and V 

Fotopoulos. Reactive oxygen species and 

antioxidant defense in plants under abiotic stress: 

Revisiting the crucial role of a universal defense 

regulator. Antioxidants 2020; 9(8), 681.   

[68] R Apak, M Ozyurek, K Guclu and E Capanoglu. 

antioxidant activity/capacity measurement. 2. 

hydrogen atom transfer (HAT)-based, mixed-

mode (Electron Transfer (ET)/HAT), and lipid 

peroxidation assays. Journal of Agricultural and 

Food Chemistry 2016; 64(5), 1028-1045.   

[69] A Hunyadi. The mechanism(s) of action of 

antioxidants: from scavenging reactive 



Trends Sci. 2025; 22(10): 10509   21 of 22 

  

oxygen/nitrogen species to redox signaling and the 

generation of bioactive secondary metabolites. 

Medicinal Research Reviews 2019; 39(6), 2505-

2533,   

[70] S Losada-Barreiro, Z Sezgin-Bayindir, F Paiva-

Martins and C Bravo-Diaz. Biochemistry of 

antioxidants: Mechanisms and pharmaceutical 

applications. Biomedicines 2022; 10(12), 3051.   

[71] P Chaudhary, P Janmeda, AO Docea, B 

Yeskaliyeva, AFA Razis, B Modu, D Calina and J 

Sharifi-Rad. Oxidative stress, free radicals and 

antioxidants: potential crosstalk in the 

pathophysiology of human diseases. Frontiers in 

Chemistry 2023; 11, 1158198.  

[72] N Francenia Santos-Sanchez, R Salas-Coronado, 

C Villanueva-Canongo and B Hernandez-Carlos. 

Antioxidant compounds and their antioxidant 

mechanism. IntechOpen Limited, London, 2019.   

[73] R Carpenter, YC O’Callaghan, MN O’Grady, JP 

Kerry and NM O’Brien. Modulatory effects of 

resveratrol, citroflavan-3-ol, and plant-derived 

extracts on oxidative stress in U937 cells. Journal 

of Medicinal Food 2006; 9(2), 187-195.   

[74] AM Dirir, M Daou, AF Yousef and LF Yousef. A 

review of alpha-glucosidase inhibitors from plants 

as potential candidates for the treatment of type-2 

diabetes. Phytochemistry Reviews 200; 21, 1049-

1079..   

[75] Y Feng, H Nan, H Zhou, P Xi and B Li. 

Mechanism of inhibition of α-glucosidase activity 

by bavachalcone. Food Science and Technology 

2022; 42, e123421. 

[76] NR Perron and JL Brumaghim. A review of the 

antioxidant mechanisms of polyphenol 

compounds related to iron binding. Cell 

Biochemistry and Biophysics 2009; 53(2), 75-100.   

[77] W Worawalai, S Wacharasindhu and P 

Phuwapraisirisan. N-arylmethylaminoquercitols, 

a new series of effective antidiabetic agents having 

α-glucosidase inhibition and antioxidant activity. 

Bioorganic & Medicinal Chemistry Letters 2015; 

25(12), 2570-2573.   

[78] R Ramadhan and P Phuwapraisirisan. New 

arylalkanones from Horsfieldia macrobotrys, 

effective antidiabetic agents concomitantly 

inhibiting α-glucosidase and free radicals. 

Bioorganic & Medicinal Chemistry Letters 2015; 

25(20), 4529-4533.    

[79] B Sottero, S Gargiulo, I Russo, C Barale, G Poli 

and F Cavalot. Postprandial dysmetabolism and 

oxidative stress in type 2 diabetes: pathogenetic 

mechanisms and therapeutic strategies. Medicinal 

Research Reviews 2015; 35(5), 968-1031.   

[80] AHM Lin, BH Lee and WJ Chang. Small intestine 

mucosal α-glucosidase: A missing feature of 

in vitro starch digestibility. Food Hydrocolloids 

2016; 53, 163-171.   

[81] P Osadebe, E Odoh and P Uzor. Oral anti-diabetic 

agents-review and updates. Journal of Advances in 

Medicine and Medical Research 2015; 5(2), 134-

159.   

[82] CM Payne, C Bernstein and H Bernstein. 

Apoptosis overview emphasizing the role of 

oxidative stress, DNA damage and signal 

transduction pathways. Leukemia & Lymphoma 

1995. 19(1-2), 43-93.   

[83] S Rajabi, A Ramazani, M Hamidi and T Naji. 

Artemia salina as a model organism in toxicity 

assessment of nanoparticles. DARU Journal of 

Pharmaceutical Sciences 2015; 23(1), 20.   

[84] T Efferth, PCH Li, VSB Konkimalla and B Kaina. 

From traditional Chinese medicine to rational 

cancer therapy. Trends in Molecular Medicine 

2007; 13(8), 353-361.   

[85] MJ Ramirez-Exposito, MP Carrera-Gonzalez, MD 

Mayas and JM Martinez-Martos. Gender 

differences in the antioxidant response of oral 

administration of hydroxytyrosol and oleuropein 

against N-ethyl-N-nitrosourea (ENU)-induced 

glioma. Food Research International 2021; 140, 

110023.   

[86] A Allegra, G Pioggia, A Tonacci, M Casciaro, C 

Musolino and S Gangemi. Synergic crosstalk 

between inflammation, oxidative stress, and 

genomic alterations in BCR–ABL-negative 

myeloproliferative neoplasm. Antioxidants 2020; 

9(11), 1037.   

[87] Q Labibah, KNW Tun, NS Aminah, AN Kristanti, 

R Ramadhan, Y Takaya, CAC Abdullah and MJ 

Masarudin. Cytotoxic constituent in the fruit peel 

of Lansium domesticum. Rasayan Journal of 

Chemistry 2021; 14(2), 1336-1340.   



Trends Sci. 2025; 22(10): 10509   22 of 22 

  

[88] NEH Daoud, P Borah, PK Deb, KN Venugopala, 

W Hourani, M Alzweiri, SK Bardaweel, and V 

Tiwari. ADMET profiling in drug discovery and 

development: perspectives of in silico, in vitro and 

integrated approaches. Current Drug Metabolism 

2021; 22(7), 503-522.   

[89] A Hardianto, SS Mardetia, W Destiarani, YP 

Budiman, D Kurnia and T Mayanti. Unveiling the 

anti-cancer potential of onoceranoid triterpenes 

from Lansium domesticum Corr. cv. kokosan: An 

in-silico study against estrogen receptor alpha. 

International Journal of Molecular Sciences 2023; 

24(19), 15033.   

[90] AI Arshad, P Ahmad, MI Karobari, JA Asif, MK 

Alam, Z Mahmood, NA Rahman, N Mamat and 

MA Kamal. Antibiotics: A bibliometric analysis 

of top 100 classics. Antibiotics 2020; 9(5), 219.    

[91] MI Hutchings, AW Truman and B Wilkinson. 

Antibiotics: Past, present and future. Current 

Opinion in Microbiology 2019; 51, 72-80.   

[92] E Setiawan, ME Hermanto, N Abdulgani, EN 

Prasetyo, C Riani, D Wulandari and A Budiharjo. 

A mini review on analysis of potential 

antibacterial activity of symbiotic bacteria from 

indonesian freshwater sponge: An unexplored and 

a hidden potency. Journal of Tropical Biodiversity 

and Biotechnology 2024; 9(1), 1-17.   

[93] J Sikkema, JA de-Bont and B Poolman. 

Mechanisms of membrane toxicity of 

hydrocarbons. Microbiology and Molecular 

Biology Reviews 1995; 59(2), 201-222.   

[94] EJ Prenner, RNAH Lewis and RN McElhaney. 

The interaction of the antimicrobial peptide 

gramicidin S with lipid bilayer model and 

biological membranes. Biochimica et Biophysica 

Acta (BBA) – Biomembranes 1999; 1462(1-2), 

201-221.   

[95] JH Weisburger. Antimutagenesis and 

anticarcinogenesis, from the past to the future. 

Mutation Research/Fundamental and Molecular 

Mechanisms of Mutagenesis 2001; 480-481, 23-

35.    

[96] LA Mitscher, H Telikepalli, E McGhee and DM 

Shankel. Natural antimutagenic agents. Mutation 

Research/Fundamental and Molecular 

Mechanisms of Mutagenesis 1996, 350(1), 143-

152.   

[97] S Gautam, S Saxena, and S Kumar. Fruits and 

vegetables as dietary sources of antimutagens. 

Journal of Food Chemistry and Nanotechnology 

2016. 2(3), 97-114.   

[98] T Matsumoto and T Watanabe. Isolation and 

structure elucidation of constituents of citrus 

limon, Isodon japonicus, and Lansium domesticum 

as the cancer prevention agents. Genes and 

Environment 2020; 42(1), 17.   

[99] B Godlewska-Zylkiewicz, R Swislocka, M 

Kalinowska, A Golonko, G Swiderski, Z 

Arciszewska, E Nalewajko-Sieliwoniuk, M 

Naumowicz and W Lewandowski. Biologically 

active compounds of plants: structure-related 

antioxidant, microbiological and cytotoxic activity 

of selected carboxylic acids. Materials 2020; 

13(19), 4454.   

[100] SG Hillier and R Lathe. Terpenes, hormones and 

life: Isoprene rule revisited. Journal of 

Endocrinology 2019; 242(2), R9-R22.  

[101] LH Reddy and P Couvreur. Squalene: A natural 

triterpene for use in disease management and 

therapy. Advanced Drug Delivery Reviews 2009; 

61(15), 1412-1426.   

[102] K Vavitsas, M Fabris and C Vickers. Terpenoid 

metabolic engineering in photosynthetic 

microorganisms. Genes 2018; 9(11), 520.   

[103] S Fatima, AF Zahoor, SG Khan, SAR Naqvi, SM 

Hussain, U Nazeer, A Mansha, H Ahmad, AR 

Chaudhry and A Irfan. Baeyer–Villiger oxidation: 

A promising tool for the synthesis of natural 

products: A review. RSC Advances 2024. 14(32), 

23423-23458.   

[104] P Weyerstahl, H Marschall-Weyerstahl, J 

Penninger and L Walther. Terpenes and terpene 

derivatives. Tetrahedron 1987; 43(22), 5287-

5298.   

 

 

 

 


