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Introduction 
 

Medicinal plants have been used in healthcare since ancient 

times and continue to play a crucial role today1. For example, about 

10 % of all vascular plant species are estimated to have medicinal 

uses2. Many societies still rely on herbal remedies for primary care, 

and dozens of modern drugs (e.g. aspirin, artemisinin) were originally 

derived from traditional remedies3. This enduring importance of 

botanical medicines highlights the need to document and study 

individual species that are widely used or scientifically promising. M. 

minutum is one such species of growing interest. It is an evergreen tree 

native to tropical Asia and the Pacific-found throughout Southeast 

Asia (the Philippines, Malaysia, China, Indonesia, etc.) and on Pacific 

islands4. The species is common in its native range (not endangered). 

In many of these regions it is harvested from the wild as a medicinal 

plant. In fact, M. minutum appears as an ingredient in commercial 

herbal supplements (e.g. in Malaysia and the Middle East). 
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Locally it is known by various names (such as “Chemomar” or “Lunas 

kahoy” in parts of Southeast Asia), reflecting its long history in folk 

medicine5. M. minutum has a broad spectrum of traditional uses 

documented in ethnobotanical literature. It has been used to treat skin 

infections and irritations (for example, ringworm, scabies, sores) as 

well as respiratory problems (such as sore throat or cough)6. Leaf 

infusions are taken for toothache, bad breath or teething discomfort, 

and poultices made from leaves or bark are applied to soothe rashes 

and skin swellings. The bark and roots have been used as antipyretics 

(fever reducers) and to treat malaria (locally called ague)7. Other 

traditional applications include remedies for digestive upset and 

headache, a general tonic or menstrual stimulant, and even treatments 

for infant convulsions8. Together these reports show M. minutum was 

regarded as a multipurpose medicinal plant in many cultures. The 

interest in M. minutum is also reflected in its chemical profile. 

Phytochemical studies have isolated a variety of biologically active 

compounds from this species.  

In particular, M. minutum is rich in coumarins (a class of naturally 

occurring aromatic compounds) and also contains alkaloids9. For 

example, researchers have isolated numerous unique coumarin 

derivatives (often given names like micromarin A, B, etc.) from the 

stem and leaves10. One known alkaloid (furoquinoline flindersine) has 

also been identified11. Coumarins are common in the citrus family 

(Rutaceae) and are linked to many medicinal effects (e.g. anti-

inflammatory or anticancer activities). These diverse phytochemicals 

provide a scientific basis that may help explain many of the plant’s 

traditional uses12. Modern pharmacological tests have begun to probe 

the bioactivity of M. minutum extracts. Some early studies have 

focused on its potential anticancer properties. For instance, two 

coumarins from M. minutum (micromelin and microminutin) showed 

toxicity to leukemia cells in mouse models13,14. Leaf and stem extracts 

have also demonstrated inhibition of tumor growth in laboratory 
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assays. In broader terms, the plant’s isolated compounds have been 

associated with anticoagulant, anticancer and antibacterial effects. 

Other reports suggest possible antimicrobial or anti-inflammatory 

actions, but these remain less thoroughly documented7. Indeed, a 

recent review noted that most existing research has emphasized 

cytotoxic or antitumor activity15,16. 

In summary, the available pharmacological data hint at M. minutum’s 

therapeutic potential but are still incomplete and scattered across 

different studies. In the context of growing global interest in medicinal 

plants, a comprehensive review of M. minutum is timely. While many 

traditional uses and several novel compounds have been reported, the 

information is spread over ethnobotanical records and isolated 

laboratory studies. For example, one recent study pointed out that 

although M. minutum from some countries has been chemically 

characterized, Indonesian populations had not been studied 

pharmacologically, indicating knowledge gaps17. A review of this kind 

can help integrate what is known, highlight unanswered questions, and 

guide future research. Therefore, this article presents a systematic 

review of M. minutum, summarizing its documented traditional uses, 

identified chemical constituents, and reported pharmacological 

activities. By bringing these elements together, we aim to provide a 

clear and up-to-date picture of this medicinal species and suggest 

directions for further investigation. 

 
 

Materials and Methods  
 

This systematic review was conducted following the PRISMA 

(Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) guidelines to ensure methodological rigor and transparency 

in identifying, screening, and evaluating relevant literature18. The 

primary aim was to comprehensively summarize the traditional uses, 

chemical constituents, and pharmacological activities of M. minutum. 
 

Literature search strategy 

A systematic electronic search was performed using international 

databases, including PubMed, Scopus, Web of Science, ScienceDirect, 

Google Scholar, and relevant local and regional databases. The search 

was conducted using combinations of the following keywords: 

"Micromelum minutum", "traditional uses," "ethnomedicine," 

"phytochemistry," "chemical constituents," "bioactive compounds," 

"pharmacological activity," "biological activity," "antimicrobial," 

"anticancer," "anti-inflammatory," "antioxidant," and related terms. 

The search was limited to studies published in English-language 

journals and included articles up to May 2025. 
 

Eligibility criteria 

Studies eligible for inclusion were original research articles, reviews, 

book chapters, theses, and conference proceedings providing detailed 

information on traditional uses, phytochemical investigations, or 

pharmacological studies of M. minutum. Studies were excluded if they 

were not published in English, focused on unrelated plant species, 

provided insufficient methodological detail, or lacked relevant 

outcomes17,18. 
 

Study selection 

Iniially, the titles and abstracts of retrieved records were 

independently screened by two reviewers to identify potential articles 

meeting inclusion criteria. Full-text articles were then retrieved and 

independently assessed by the reviewers for eligibility. Disagreements 

were resolved through discussion or consultation with a third 

reviewer20. 
 

Data extraction and analysis 

Data extraction was independently conducted by two reviewers, 

capturing the following information: authors, publication year, 

geographical origin of the plant material, plant parts investigated, 

traditional uses documented, methodologies employed, chemical 

constituents isolated, and reported pharmacological activities. A 

standardized form was used to record and organize data, facilitating 

comparative analyses. The extracted data were systematically 

categorized into three sections: traditional uses, chemical constituents, 

and pharmacological activities19,20. 
 

 

PRISMA flow diagram 

The article selection process is illustrated in a PRISMA 2020 flow 

diagram, detailing the number of records identified, screened, 

excluded, and included in the final review (Figure 1). 
 

Quality assessment 

The methodological quality of included studies was evaluated using 

established criteria tailored for systematic reviews of ethnobotanical 

and pharmacological research. Particular attention was paid to the 

clarity of methods, validity of findings, reproducibility, and 

completeness of reported data. Studies were classified as high, 

moderate, or low quality based on these parameters19. 
 

Synthesis of results 

Data synthesis involved a descriptive and narrative approach due to 

anticipated heterogeneity in methodologies and outcomes across 

studies. Given the broad scope of the review encompassing traditional 

medicinal uses, phytochemical composition, and diverse 

pharmacological activities of M. minutum, a meta-analysis was 

deemed impractical. Consequently, findings were systematically 

categorized and summarized narratively. Structured tables were used 

extensively to present the detailed data clearly, facilitating comparison 

and interpretation across different studies and thematic areas, 

including ethnobotanical applications, chemical constituents, and 

pharmacological evaluations22. 

 
 

Results and Discussion 
 

Vernacular names 

M. minutum is known by diverse vernacular names across the various 

regions where it naturally occurs. In Australia, it is commonly referred 

to as "Lime berry" in English, "Dilminyin" among the Yolngu Matha-

speaking Aboriginal people of Arnhem Land, and "Kohiar margibur" 

in the Meriam Mir language of Murray Island. In Indonesia, different 

regions use distinct names: it is called "Sesi" by the Lampungese 

people in Lampung province, "Ki mangkok" by the Sundanese 

community in West Java, and "Mentanen" by the Javanese in Central 

and East Java. Similarly, in Malaysia, particularly in Peninsular 

Malaysia, the plant is widely recognized as "Chememar," "Cherek," or 

"Kematu"23. In the Philippines, numerous local names reflect its 

widespread use: the Tagalog-speaking populations commonly know it 

as "Piris" or "Tulibas tilos," the Bikol region refers to it as 

"Makabangon," while the Iloko communities of the Ilocos region 

name it "Basar basar." Among the Agusan Manobo of Mindanao, it is 

specifically called "Lunas kahoy," highlighting its medicinal 

significance. In Thailand, the plant is known by names such as 

"Samui" (southern regions), "Saam sok" (northern regions), and 

"Sabaek" (eastern regions), indicating regional linguistic variations. In 

Vietnam, the common local names are "Cam nui" and "Kim sung." 

Additionally, in Sri Lanka, two primary vernacular names are used: 

"Wal-karapincha" in Sinhala and "Kakaipalai" in Tamil24. These 

varied local names underscore the cultural significance and traditional 

utilization of M. minutum across its geographic distribution. 
 

Morphology 

M. minutum (G. Forst.) Wight & Arn., belonging to the Rutaceae 

family, is an evergreen shrub or small tree typically ranging from 1-10 

meters in height, though it can occasionally grow taller under optimal 

conditions. The plant exhibits smooth to slightly rough, pale gray to 

brown bark, sometimes becoming fissured with age25. Young branches 

are slender and often densely covered with fine hairs, becoming 

glabrous (hairless) as they mature. Leaves are alternate, pinnately 

compound, measuring approximately 10-30 cm in length, composed of 

5-13 leaflets arranged oppositely along the rachis with a single 

terminal leaflet. Each leaflet is ovate to elliptical in shape, usually 2-

10 cm long and 1-4 cm wide, with entire or slightly crenulate 

margins26. Leaflets possess a glossy dark-green upper surface, lighter 

green underneath, and are often aromatic when crushed. The base of 

each leaflet is cuneate or rounded, and the apex tapers into an acute to 

acuminate tip. Leaf veins are prominent, pinnately arranged, and 

clearly visible on both surfaces27. The plant produces small, fragrant, 
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bisexual flowers, typically arranged in dense terminal or axillary 

panicles. Individual flowers measure around 3-5 mm in diameter, 

characterized by a greenish-white to pale-yellow color. Each flower 

consists of five sepals, five petals, and ten stamens arranged in two 

distinct whorls. The petals are elliptic to oblong, spreading outward, 

contributing to the overall star-like appearance of the flower28. The 

ovary is superior, spherical, and usually has 2-5 locules. Fruits of M. 

minutum are fleshy berries, spherical to oval, measuring 

approximately 6-10 mm in diameter. Initially green, the fruits turn 

bright orange to red upon maturity and contain one to several seeds 

embedded within the pulpy interior29. Seeds are elliptical, slightly 

compressed, and glossy brown to black when fully mature. This 

morphological description provides key identification traits and 

supports accurate recognition and differentiation of M. minutum from 

similar species within the Rutaceae family30. 
 

Traditional uses 

M. minutum has a long-standing ethnomedicinal history across diverse 

cultures, especially in Asia and the Pacific regions. Traditionally, 

various plant parts, including leaves, bark, roots, and fruits, are 

utilized in local healthcare practices. Topically, fresh leaves or bark 

are frequently crushed and applied as poultices for treating skin 

disorders such as ringworm, scabies, fungal infections, insect bites, 

sores, wounds, boils, and general skin irritation31. In traditional 

Malaysian medicine, such leaf preparations have been commonly used 

to reduce swelling and promote wound healing. Additionally, leaf and 

bark infusions or decoctions are consumed orally to address 

respiratory ailments, including cough, bronchitis, asthma, and sore 

throat. In the southern Philippines, particularly among the Manobo 

tribe, leaf infusions are highly valued for relieving respiratory 

distress32. Oral health benefits of M. minutum are also traditionally 

recognized; chewing fresh leaves or rinsing the mouth with leaf 

infusions is practiced to alleviate toothache, gum pain, halitosis, and 

discomfort during teething in children, notably in Malaysia and 

Indonesia. The plant’s use extends to treating digestive disorders, 

where decoctions from bark and roots are administered orally to 

manage diarrhea, dysentery, stomach pain, indigestion, and flatulence, 

especially in rural areas across Southeast Asia5. Furthermore, extracts 

of the plant’s roots and bark have been traditionally used as 

antipyretics to reduce fever, as well as herbal remedies for malaria 

symptoms, illustrating its significance in local antimalarial practices. 

M. minutum preparations are also traditionally consumed as general 

health tonics, valued for their perceived benefits in enhancing vitality 

and well-being33. In addition, bark and leaf preparations have been 

reportedly utilized to regulate menstrual cycles and ease menstrual 

discomfort, reflecting their particular relevance in women’s traditional 

healthcare in Indonesia, Malaysia, and the Philippines34. Lastly, the 

plant is documented in folk practices for addressing neurological 

conditions, such as infantile convulsions, where roots or bark 

preparations are administered either orally or externally applied. 

Collectively, these traditional medicinal uses underscore the plant’s 

broad therapeutic potential, validating the importance of further 

scientific research into its pharmacological activities and potential 

biomedical applications35 (Table 1). 
 

 

Table 1: Ethno-Traditional Uses of Several M. Minutum 
 

Countries Plant part(s) used Preparation method Traditional medicinal use References 

Malaysia Leaves; roots Leaves pounded 

(poultice); roots 

boiled (poultice) 

Skin irritation; fever (ague); 

ringworm 

23 

Indonesia Roots Chewed with betel Cough 23 

Philippines Young shoots; leaves; 

roots 

Shoots heated in oil; 

leaves/roots decoction 

(infusion) 

Infantile convulsions; fever; 

children’s diarrhea; 

stomachache; headache; 

toothache 

23 

Vietnam Leaves Rubbed on skin Scabies (skin irritations) 23 

Fiji Leaves; inner bark Various (infusions, 

poultices) 

Headache; stomachache; 

cough; sore tongue; profuse 

menstruation; gonorrhea; 

thrush; general tonic 

23 

Thailand Leaves Infusion Tumors (cancer) 32 

 

 

Phytochemistry 

Phytochemical investigations of M. minutum have consistently shown 

that the plant is particularly rich in coumarins, along with smaller 

amounts of alkaloids, lignans and other phenolics11,23. The dominant 

class of metabolites is prenylated 7-methoxycoumarins. For example, 

acetone extracts of the bark have yielded at least a dozen coumarins, 

micromarin A-H, micromelin, murrangatin, murralonginol isovalerate, 

microminutinin, 6-methoxymicrominutinin and microminutin, isolated 

by silica gel chromatography15 (Figure 2). Other nonpolar bark 

extracts furnished the coumarin phebalosin35. Detailed phytochemical 

surveys of leaves, fruits and roots also report similar compounds. M. 

minutum leaves, for example, contain two unique monoterpenoid 

coumarins (minutin A and B) along with related capnoolide 

coumarins, isolated from methanol extracts by bioassay-guided 

fractionation on silica gel16. The fruit chemistry includes a novel 7-

oxygenated coumarin (7-demethylmurralonginol isovalerate) and a 

new product murralonginol, plus known coumarins (murralonginol 

isovalerate, murralongin, micromelin, scopoletin, microminutin, 

murrangatin and minumicrolin)15. Similarly, an alkaloid-rich root 

extract yielded a new coumarin (minutuminolate) along with eleven 

known coumarins14. All of these compounds were characterized by 

spectroscopic methods (NMR, MS) after extraction with solvents 

(acetone or methanol) and separation by chromatographic techniques 

(silica-gel columns, preparative TLC)17. In addition to coumarins, M. 

minutum contains a few other bioactive metabolite classes: notably, 

the carbazole alkaloid mahanine-a pyranocarbazole-is a major 

constituent of the edible parts of the plant, and a furoquinoline 

alkaloid (flindersine) has been reported from the bark11. Phenolic 

constituents include the lignan sesamin, which was isolated from 

methanol bark extract, as well as coumarin glycosides (e.g. a 

glycoside of the furanocoumarin marmesin). Polyoxygenated 

flavonoids have also been described from leaves, although these are 

minor compared to the coumarins17 (Table 2). The diverse 

phytochemicals of M. minutum have been associated with a range of 
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biological activities. Many of the isolated coumarins show cytotoxic 

effects: for instance, micromelin and microminutin produced in vivo 

antileukemic activity (P-388 assay) and the coumarin phebalosin 

exhibited brine shrimp toxicity (LC₅₀ ~47 ppm) and inhibited crown-

gall tumor growth. The newly discovered coumarins from fruits and  

 

Table 2: Phytocompounds isolated from multiple parts of M. minutum 

 

Classification Compound name Plant part 

/Source 

Extraction & isolation methods References 

Coumarin Minutin A Leaves Ethanol/EtOAc extract of leaves; silica gel 

chromatography; preparative HPLC; structure 

by NMR/MS. 

 

16,87,87 

Minutin B 

8,4″-Dihydroxy-3″,4″-dihydrocapnolactone-

2′,3′-diol 

8-Hydroxyisocapnolactone-2′,3′-diol 

8-Hydroxy-3″,4″-dihydrocapnolactone-2′,3′-diol 

Clauslactone E 

Alkaloid Mahanine (3,11-dihydro-3,5-dimethyl-3-(4-

methyl-3-pentenyl)pyrano[3,2-a]carbazol-9-ol) 

Leaves 70% EtOH extract of leaves; acid-base 

extraction; silica gel CC; preparative RP-

HPLC; NMR/MS. 

9,43,88,89 

Coumarin 8-Methoxycapnolactone Leaves MeOH extract of leaves; silica gel 

chromatography; structure by NMR/MS. 

16 

Sterol Stigmasterol Leaves MeOH extract; column chromatography; 

NMR/MS. 

90–92 

Coumarin Micromarin A Stem (bark) Acetone extract of stems; silica-gel CC 

(hexane–acetone gradients); preparative TLC; 

NMR/MS. 

 

5,93–95 

Micromarin B 

Micromarin C 

Micromarin F 

Micromarin G 

Micromarin H 

Coumarin Micromelin Stem (bark) (as above: acetone extract, silica gel CC/TLC) 

 

15,31,96,97 

Murralonginol isovalerate 

Microminutinin 

6-Methoxymicrominutinin 

Microminutin 

Murrangatin 

Coumarin Phebalosin Stem (bark) Hexane/Et₂O extract of bark; silica gel CC; 

NMR/MS. 

35,98–103 

Coumarin 7-Demethylmurralonginol isovalerate Fruit MeOH/EtOAc extract of fruits; silica gel CC; 

structure by NMR/MS. 

 

15,15,93,104–106 

Murralonginol 

Murralonginol isovalerate 

Murralongin 

Micromelin 

Scopoletin 

Microminutin 

Murrangatin 

Minumicrolin 

Coumarin Minutuminolate (7-methoxy-8-(3-methyl-2-O-

isovaleryl-1-oxo-butenyl)coumarin) 

Roots MeOH extract of roots; silica gel CC; HPLC; 

NMR. 

15,100,107–114 

Murralonginol isovalerate 

Osthol 
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Phebalosin 

Micromelin 

Murrangatin acetate 

Osthenon 

Murrangatin 

Minumicrolin 

Murralongin 

 

 

 

Table 3: Phytochemicals and bioactive compounds isolated from M. minutum 
 

No. Compound name Structure Pharmacological 

activity 

References 

1 Micromarin A 

 

Antileukemic (in vivo) 15 

2 Micromarin B 

 

Antileukemic (in vivo) 15 

3 Micromarin C 

 

Antileukemic (in vivo) 15 
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4 Micromarin F 

 

Antileukemic (in vivo) 15 

5 Micromarin G 

 

Antileukemic (in vivo) 15 

6 Micromarin H 

 

Antileukemic (in vivo) 15 

7 Micromelin 

 

Antileukemic (in vivo) 15 

8 Murrangatin 

 

Antitumor 

(preliminary) 

15 
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9 Microminutinin  Antileukemic, 

Cytotoxic 

15 

10 6-methoxymicrominutinin 

 

Cytotoxic 15 

11 Minutin A 

 

Antileishmanial, 

Cytotoxic 

16 

12 Minutin B 

 

Antileishmanial, 

Cytotoxic 

16 

13 Murralongin 

 

Antileishmanial, 

Cytotoxic 

15 



                 Trop J Nat Prod Res, September 2025; 9(9): 4066 - 4083                   ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
   

4073 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

14 Scopoletin 

 

Anti-inflammatory, 

Antioxidant 

117 

15 Minumicrolin 

 

Cytotoxic 15 

16 Flindersine 

 

Cytotoxic 118 

17 Phebalosin 

 

Cytotoxic, Antitumor 35 

18 Mahanine 

 

Apoptosis induction 

(leukemia cells) 

115 
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19 Sesamin 

 

Antioxidant, 

Antimicrobial 

116 

 

roots also displayed cytotoxicity against cancer cell lines14. The 

monoterpenoid coumarins from leaves (minutin A and B) showed 

significant activity against Leishmania major and various cancer cell  

lines16. Mahanine, the carbazole alkaloid from M. minutum, is notable 

for its pro-apoptotic effects: it induces mitochondrial-mediated 

apoptosis in leukemia cells11. Likewise, sesamin and the prenylated  

 

 

 

 

phenolics isolated from bark demonstrated strong antioxidant and 

antimicrobial activity in bioassay-guided studies17. These findings 

correlate with the plant’s traditional uses and suggest that the rich 

phytochemistry of M. minutum-encompassing prenylated coumarins, 

alkaloids, lignans and volatile terpenes-underlies its pharmacological 

potential (Table 3). 

 

 
 

 
 

Figure 1: Diagram of search strategy 
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Figure 2:  Overview of the principal bioactive constituents and their associated pharmacological effects identified in M. minutum 
 

Biological activities 
Antibacterial activity 

Several studies have evaluated the antibacterial properties of M. 

minutum, focusing primarily on leaf and stem extracts. Leaves and 

stem bark are the most frequently tested parts, although roots and 

seeds have also been investigated. Extracts have been prepared with 

various solvents: ethanol and methanol extracts of leaves, stem bark, 

and root  

 

 

 

bark have been studied, as have aqueous extracts and essential oils 

obtained by hydrodistillation. Standard microbiological assays are 

used, typically agar diffusion to measure inhibition zones and broth 

microdilution to determine minimum inhibitory concentrations 

(MICs). For example, Abeysinghe et al.6 tested ethanolic leaf extracts 

of M. minutum (as well as M. koenigii) and assessed antibacterial 

activity at concentrations up to 1.0 mg/mL. In other work, ethanolic 

extracts of M. minutum leaves, stem bark, and root bark were tested 

against  
 

 

 
 

Figure 3: Schematic diagram of M. minutum leaf extract-induced cell cycle arrest in U937 cell lines 
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Figure 4: Schematic diagram of M. minutum anti-inflammatory activity 
 

 

Staphylococcus aureus and Escherichia coli4. In all cases, gentamicin, 

tetracycline or ciprofloxacin were used as positive controls for 

comparison. These studies report that M. minutum exhibits modest 

activity against a range of bacterial pathogens. Gram-positive cocci 

tend to be more susceptible than Gram-negative rods. For instance, 

Abeysinghe et al.6 found that M. minutum leaf extract showed its 

strongest activity against E. coli at 1.0 mg/mL, whereas M. koenigii 

leaf extract was most active against S. aureus. In the Abeysinghe 

review, all three ethanolic extracts of M. minutum (leaf, stem, root) 

produced measurable zones of inhibition against S. aureus, with leaf 

extract showing the largest zone against both S. aureus and E. coli6. 

By contrast, stem bark and root bark extracts were only weakly active 

against S. aureus and showed no inhibition of E. coli in that study6. In 

another report, the pure carbazole alkaloid mahanine (isolated from M. 

minutum leaves) had very low MICs of 6.25-12.5 µg/mL against 

Bacillus cereus and S. aureus9. This suggests that highly active 

constituents are present, even if crude extracts are less potent. Other 

common test organisms include Salmonella spp., Bacillus subtilis, and 

Klebsiella pneumoniae, against which related coumarin-containing 

Rutaceae often show MICs in the 5-125 µg/mL range36. (M. minutum 

activity against Pseudomonas aeruginosa appears limited or 

unreported). In these assays, by comparison the antibiotic 

ciprofloxacin (100 µg/disc) typically produces much larger inhibition 

zones - e.g. ~29 mm for E. coli and ~18 mm for S. aureus6, 

underscoring that crude plant extracts are usually less active than 

standard drugs at the tested doses. In summary, M. minutum leaf and 

bark extracts show moderate antibacterial effects, generally more so 

against Gram-positive bacteria  

 

 

(e.g. S. aureus, B. cereus) than Gram-negatives (e.g. E. coli, 

Salmonella). Reported inhibition zones for crude extracts often range 

from 8-15 mm at 1000 µg/mL, and MICs (where measured) are in the 

hundreds of µg/mL. For example, Abeysinghe et al.6 observed 

significant growth inhibition of E. coli only at the highest test 

concentration (1 mg/mL). These activities are weaker than those of 

conventional antibiotics but indicate that M. minutum contains 

bioactive compounds. Indeed, isolated components such as the 

alkaloid mahanine are quite potent (single‐digit µg/mL MIC)9. The 

mechanisms of antibacterial action have not been directly studied in 

M. minutum, but insights can be inferred from known constituents. 

The plant is rich in coumarins (especially pyranocoumarins) and 

carbazole alkaloids, both classes with documented antimicrobial 

effects. For example, plant-derived coumarins can disrupt bacterial 

cell processes and inhibit quorum sensing and biofilm formation36. 

Subramoni et al.36 note that simple coumarins often interfere with 

bacterial signaling and biofilms, contributing to anti-infective effects. 

Carbazole alkaloids like mahanine may perturb bacterial membranes 

or DNA, as suggested by their broad- 

spectrum activity. It is also plausible that these phenolic compounds 

exert oxidative stress or enzyme inhibition in bacteria. In short, the 

antibacterial efficacy of M. minutum is attributed to its secondary 

metabolites (coumarins and alkaloids) acting through multiple targets 

(e.g. membrane integrity, signal pathways). Further mechanistic 

studies are needed, but the current evidence shows that M. minutum 

extracts can inhibit pathogens such as S. aureus, E. coli, B. cereus and 

others, albeit at relatively high doses6. 
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Figure 5: Antioxidant activity of M. minutum via its phenolic constituents and proposed mechanisms.

Antifungal activity 

Various parts of Micromelum minutum have been tested for antifungal 

activity. Studies have used leaves, stem bark, root bark, seeds, fruits 

and even roots, extracted with solvents ranging from polar (water, 

methanol, ethanol) to nonpolar (hexane, dichloromethane, petroleum 

ether) or as essential oils. For example, Abeysinghe et al.6 examined 

ethanolic extracts of M. minutum leaves, stem bark and root bark. 

Essential oils obtained by hydrodistillation of fresh leaves have also 

been analyzed, these oils are rich in sesquiterpenes such as 

germacrene-D, δ-elemene and β-caryophyllene. Common fungal 

targets include both yeasts and filamentous fungi. In vitro assays have 

tested Candida species (especially C. albicans), Aspergillus species 

(e.g. A. niger, A. fumigatus), Fusarium spp., Penicillium spp., and 

dermatophytes (e.g. Trichophyton and Microsporum spp.), as well as 

other phytopathogens. Standard laboratory methods have included 

agar diffusion (disc or well diffusion) and broth dilution assays to 

determine zones of inhibition and MIC values. For example, a 

screening of 19 medicinal plant extracts (on PDA plates) found that M. 

minutum showed “moderate to strong” antifungal activity (≥65% 

mycelial inhibition) against a panel of five rice pathogens. Similarly, 

essential oils of M. minutum were evaluated by broth dilution and 

showed broad-spectrum activity: a 1% (v/v) concentration of the leaf 

oil significantly inhibited all tested microbes (including fungi). Key 

findings of these studies indicate that M. minutum extracts do inhibit 

fungal growth, though detailed quantitative data are limited. In one 

study the dichloromethane extract of a related plant produced MICs of 

3.9-31.2 μg/mL against rice fungi (as a reference for potent plant 

extracts). In the case of M. minutum, reports typically describe 

“moderate” activity by crude extracts. For example, leaf ethanol 

extract showed the largest inhibition zones against Staphylococcus 

aureus in an antibacterial screen-by analogy, one might expect 

somewhat weaker zones against fungi. No published study has directly 

compared M. minutum extracts to standard antifungal drugs; however, 

extracts generally require much higher concentrations than clinical 

agents. (One can note that coumarin itself, a key class of compounds 

in M. minutum, has been shown to prolong survival in Candida 

infections in mice37, indicating in vivo efficacy.) The phytochemical 

basis of the antifungal effect likely involves the plant’s coumarins and 

alkaloids. M. minutum is rich in prenylated coumarins (such as osthol, 

murrangatin, and related C-7 oxygenated coumarins) and carbazole 

alkaloids (notably mahanine)11. Coumarins are well-known 

antimicrobial scaffolds, and coumarin (1,2-benzopyrone) itself has 

documented activity against C. albicans37. Mechanistic studies of pure 

coumarin show that it induces apoptosis in C. albicans by generating 

reactive oxygen species (ROS), disrupting mitochondrial membrane 

potential, releasing cytochrome c, and triggering calcium influx37. 

Similarly, the carbazole alkaloid mahanine (isolated from M. minutum 

leaves) has broad antimicrobial and cytotoxic effects through 

mitochondrial disruption: Roy et al.11 showed that mahanine causes 

loss of mitochondrial membrane permeability and caspase-mediated 

apoptosis in human cells, a mechanism that could also impair fungal 

cells. Other compounds (e.g. phenolic glucosides or volatile terpenes) 

may contribute by membrane disruption or metabolic inhibition, but 

specific fungal targets have not been fully mapped. In summary, M. 

minutum extracts show antifungal inhibition in vitro against a range of 

yeasts and molds. Leaf and bark extracts (especially in ethanol or 

methanol) tend to be most active, and the essential oil is broadly 

antimicrobial at high doses. The potency is moderate, generally lower 

than standard drugs (though no direct comparisons are reported), but 

the activity is consistent with the traditional use of M. minutum 

preparations for skin fungal infections (ringworm)32. The likely 

bioactive constituents are coumarin derivatives and carbazole 

alkaloids, which are known to disrupt fungal cells via oxidative stress 

and apoptosis pathways32. These findings support further investigation 

of M. minutum as a source of antifungal leads, with the goal of 

isolating and optimizing its active compounds against pathogens like 

Candida and Aspergillus. 
 

Cytotoxic activity 

M. minutum (Rutaceae) contains numerous prenylated coumarins and 

a carbazole alkaloid (mahanine) in various parts of the plant11. 

Investigations have used leaves, stem/bark, roots and fruits. For 

example, Susidarti et al.16 extracted M. minutum leaves and bark with 

nonpolar (petroleum ether/hexane, chloroform) solvents to yield 

coumarin-rich fractions. Similarly, an Indonesian study sequentially 

macerated dried leaves in n-hexane, ethyl acetate and methanol, 

followed by chromatographic purification38. These procedures 

typically yielded hexane (HEM), ethyl acetate (EEM) and methanol 

(MEM) extracts (e.g. 2.65%, 6.12%, 6.49% yield), as well as pure 

compounds. In summary, both lipophilic (hexane, chloroform) and 

polar (EtOAc, MeOH) extracts have been tested, and column 

chromatography was used to isolate individual constituents38. 

Cytotoxic effects of M. minutum have been evaluated in a range of 

human cancer cell models. Commonly tested lines include 

T-lymphoblastic leukemia (CEM-SS), promyelocytic leukemia (HL-

60), cervical (HeLa), hepatocellular (HepG2), breast carcinoma 

(MCF-7, 4T1), lung carcinoma (A549) and leukemia (K562, U937) 

cells39. In vitro assays typically measure cell viability and apoptosis. 

The MTT colorimetric assay has been widely used to determine IC50 

values40, while trypan-blue exclusion and nuclear staining (e.g. 

Hoechst 33258) have been used to count live/dead cells and identify 

condensed apoptotic nuclei41. Flow cytometry with annexin V-

FITC/propidium iodide staining is also employed to quantify apoptotic 

versus necrotic cells42. For example, Roy et al.11 treated U937 

leukemic cells with mahanine and used annexin V/PI FACS analysis 

to show ~35% apoptosis at 8 μM (6 h). In all cases, cell viability 

curves and IC50 values were derived from dose–response data. Many 

M. minutum constituents show low-micromolar (or low-µg/mL) IC50 

values. For example, the prenylated coumarin 8-

hydroxyisocapnolactone-2′,3′-diol was the most active in Susidarti et 

al.’s study, with IC50 = 2.9 μg/mL (CEM-SS), 2.5 μg/mL (HL-60), 6.9 

μg/mL (HeLa) and 5.9 μg/mL (HepG2). Another coumarin (2′,3′-

epoxyisocapnolactone) also showed strong activity, second only to the 

8-hydroxy diol39. In crude extracts, the hexane (petroleum ether) leaf 

fraction was notably potent (IC50 ≈ 4.2 μg/mL against CEM-SS)32. By 

contrast, polar extracts (EtOAc, MeOH) were less potent (IC50 ~150-

300 μg/mL against breast cancer lines). The flavonoid 5,7-dihydroxy-

3,4′,8-trimethoxyflavone inhibited MCF-7 and 4T1 cell viability by 

50% at ~369 μM and 227 μM, respectively. Mahanine’s IC50 has been 

reported in the single-digit micromolar range: for example, ~10 μM 

mahanine completely blocked HL-60 proliferation43, and ~8.7 μM 

induced ~50% apoptosis in U937 cells by 12 h32. M. minutum extracts 

and constituents induce cell death mainly through apoptosis. Treated 

leukemia and carcinoma cells exhibit nuclear condensation and DNA 

fragmentation (detected by Hoechst staining or DNA laddering)43. 

Mahanine, in particular, triggers the intrinsic (mitochondrial) 

apoptotic pathway. Roy et al.43 showed that mahanine causes 

mitochondrial membrane permeabilization, cytochrome c release, and 

activation of caspase-9 and caspase-3. It also induces poly (ADP-

ribose) polymerase (PARP) cleavage and generates reactive oxygen 

species. These pro-apoptotic effects were blocked by caspase 

inhibitors, confirming caspase dependence. Annexin-V/PI flow 

cytometry confirmed increased apoptotic fractions in treated cultures 

(e.g. annexin-positive cells rose dramatically with mahanine)11. Thus, 

both M. minutum coumarins and the alkaloid appear to kill cancer cells 

by activating caspase cascades, mitochondrial dysfunction and 

oxidative stress-mechanisms characteristic of cytotoxic anticancer 

agents. In summary, M. minutum yields bioactive coumarins and an 

alkaloid (mahanine) that are cytotoxic to a variety of cancer cell lines. 

Extraction methods (hexane, EtOAc, methanol maceration) have 

successfully isolated active fractions. The strongest effects have been 

seen in leukemia (CEM-SS, HL-60, U937) and carcinoma (HeLa, 

HepG2, A549, MCF-7) cell models. Reported IC50 values range from 

low µg/mL (for pure coumarins) to low µM (for mahanine), with 

apoptotic markers and caspase activation documenting their mode of 

action43. These in vitro results support the traditional use of M. 

minutum in medicine and highlight its potential as a source of 

anticancer compounds (Figure 3). 
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Anti-inflammatory activity 

Studies of M. minutum often use extracts of various plant parts, 

especially stems, leaves, roots and bark. For example, Ito et al.5 

prepared an acetone extract of M. minutum stems and isolated six new 

7-oxygenated coumarins. Similarly, methanolic extracts of bark 

yielded known and novel coumarins (including prenylated coumarins) 

and lignans17. In practice, extracts are made with organic solvents 

(methanol, ethanol or acetone) or water. These extracts (or isolated 

fractions) are then tested for bioactivity. In one report, a methanolic 

bark extract was used for antioxidant-guided fractionation17. In other 

work, pure coumarins were obtained and evaluated directly. In sum, 

M. minutum studies have employed multiple parts (stems, leaves, bark, 

fruits or seeds) and solvents (acetone, methanol, ethanol, etc.) to 

obtain coumarin-rich extracts4,16. In vitro models used to assess anti-

inflammatory effects include lipopolysaccharide (LPS)-stimulated 

macrophages44. For instance, Choo et al.45 treated RAW264.7 

macrophages with LPS in the presence of isolated M. minutum 

coumarins and measured tumor necrosis factor-α (TNF-α) production. 

Such assays quantify how much the extract or compound reduces 

cytokine release from activated immune cells. Another common in 

vitro assay (not yet reported specifically for M. minutum) is LPS+IFN-

γ stimulation of macrophages to induce nitric oxide (NO) via iNOS. In 

vivo, the classic test is carrageenan-induced paw edema in rodents, but 

published data on M. minutum in animal models are limited. One 

phytopharmacology report noted that an ethanolic seed extract of M. 

minutum inhibited carrageenan-induced rat paw swelling, implying 

anti-inflammatory activity (though detailed values were not given)46. 

In general, any reduction of edema or inflammatory markers in such 

models would indicate efficacy. Key outcomes from M. minutum 

studies involve inhibition of pro-inflammatory mediators. In the Choo 

et al. study, one coumarin (designated “coumarin 3” or muralatin I) 

showed a dose-dependent decrease in LPS-induced TNF-α production. 

In contrast, two related coumarins (minutuminolate and a 7-methoxy-

8-acylcoumarin) were inactive in this assay45. Thus, muralatin I 

significantly attenuated TNF-α release in vitro. Numerical IC₅₀ values 

were not reported for TNF-α inhibition. No data were given on other 

cytokines (e.g. IL-1β or IL-6) for these extracts. By analogy to related 

coumarins, we might expect suppression of inducible NO and COX-2. 

In fact, other reports show that natural coumarins can inhibit 

iNOS/NO and COX-2 in LPS-activated macrophages: for example, 

imperatorin (a P. notoginseng coumarin) markedly reduced NOS and 

COX-2 protein levels in RAW264.7 cells47. Thus, inhibition of NO 

production and cyclooxygenase activity is a plausible outcome for M. 

minutum compounds as well, although direct measurements (nitrite 

levels, iNOS/COX assays) have not yet been published for this 

species. Active anti-inflammatory constituents of M. minutum appear 

to be primarily coumarins. Ito et al.5 identified six new 6-substituted, 

7-oxygenated coumarins (micromarin A–H) from stem extracts. 

Kassim et al.17 isolated several prenylated coumarins and a lignan 

(sesamin) from methanol bark extract. In the Choo et al. work, the 

active “coumarin 3” was structurally characterized as a C7-methoxy, 

C8-acyloxycoumarin (muralatin I), while “coumarin 1” was 

minutuminolate45. No other classes of compounds (e.g. flavonoids or 

alkaloids) have been reported with anti-inflammatory tests in M. 

minutum, although the carbazole alkaloid mahanine is known from the 

leaves. (Mahanine has broad bioactivities, but its anti-inflammatory 

effect was not evaluated in these studies.) Thus, prenylated and 

oxygenated coumarins are the main anti-inflammatory candidates 

identified so far. The proposed mechanisms of action are inferred from 

the effects on inflammatory mediators. The TNF-α inhibition by 

muralatin I suggests blockade of NF-κB or MAPK signaling in 

macrophages48. In general, coumarins often act by suppressing NF-κB 

activation and downstream genes. For example, imperatorin in 

RAW264.7 cells inhibited expression of inducible NOS (iNOS) and 

COX-247, enzymes that drive NO and prostaglandin synthesis. By 

analogy, M. minutum coumarins may downregulate iNOS and COX-2 

as well, reducing NO and eicosanoid mediators. They may also 

activate antioxidant pathways (e.g. Nrf2/HO-1) that counter 

inflammation. While direct pathway studies in M. minutum are 

lacking, the observed cytokine suppression implies action at 

transcriptional level. Additional experiments (e.g. measuring 

phosphorylation of IκBα or MAPKs, or using reporter assays) would 

clarify whether these compounds prevent NF-κB nuclear translocation 

or alter kinase signaling. In summary, the limited data suggest that M. 

minutum extracts and coumarins mitigate inflammation by inhibiting 

pro-inflammatory cytokine production and possibly suppressing 

iNOS/COX-2, consistent with known mechanisms of coumarin 

phytochemicals42,44 (Figure 4). 
 

Antioxidant activity 

M. minutum possesses strong antioxidant potential due to its rich 

content of phenolic compounds, particularly coumarins, flavonoids, 

and lignans. Phytochemical studies have shown that its leaf extracts 

contain approximately 80 mg gallic acid equivalents of total phenolics 

and 9.2 mg quercetin equivalents of flavonoids per gram17. These 

bioactive compounds are known for their ability to neutralize free 

radicals and prevent oxidative damage50. Extraction using solvents 

such as methanol, ethanol, and acetone has been optimized to 

maximize antioxidant yield, with 60% acetone identified as the most 

effective in extracting phenolics and enhancing radical-scavenging 

activity6. This antioxidant capacity supports the plant’s traditional 

medicinal use and highlights its potential for further pharmacological 

development. Antioxidant capacity of M. minutum extracts has been 

evaluated by multiple in vitro assays. Common methods include 

DPPH and ABTS radical-scavenging assays (electron-transfer tests), 

ferric-reducing antioxidant power (FRAP), oxygen radical absorbance 

capacity (ORAC), and β-carotene bleaching assays51. For instance, 

Kassim et al.17,52 measured DPPH and ORAC of a methanol bark 

extract and its bioactive fractions. Likewise, Abeysinghe et al. 

determined DPPH IC50 for leaf extracts, and Krungkri & Areekul 

evaluated DPPH, ABTS and FRAP on leaf extracts across different 

pH and heat treatments17. In general, such assays have shown that M. 

minutum extracts can effectively quench free radicals. In the DPPH 

assay, for example, Sri Lankan M. minutum leaf extract had an IC50 

≈208 µg/mL (compared with 107 µg/mL for Murraya koenigii curry-

leaf)6. In ORAC (Trolox-equivalent) assays, the M. minutum methanol 

bark extract gave values on the order of 5000-5500 µmol TE/g, 

reflecting high peroxyl-radical scavenging. These values are 

comparable to potent natural antioxidants: for example, Kassim et al.17 

reported ORAC values of 5123, 5539 and 4031 µmol TE/g for the bark 

extract and two isolated compounds, respectively. By contrast, the 

corresponding β-carotene bleaching inhibition was moderate (≈55% 

for the crude extract), underscoring that different assays probe distinct 

aspects of antioxidant action. Chemical analysis has identified several 

classes of antioxidants in M. minutum. Notably, Kassim et al.17 used 

TLC-DPPH bioautography to isolate an antioxidant lignan (sesamin), 

two new prenylated coumarins and a glycosylated marmesin coumarin 

from the methanol bark extract. Sesamin is a well-known phenolic 

lignan (also found in sesame) with potent chain-breaking antioxidant 

activity53,54. Other studies have found a diversity of oxygenated 

coumarins and flavonoids in M. minutum leaves, roots and fruits15. For 

example, Thai M. minutum fruit yielded seven C-7 oxygenated 

coumarins (e.g. murralongin, scopoletin), many of which have been 

reported in other Rutaceae to scavenge radicals or inhibit lipid 

peroxidation55,56. In leaves, polyphenols such as kaempferol or 

quercetin glycosides (not yet fully characterized in this species) likely 

contribute to the measured total phenolics15. Overall, M. minutum 

appears rich in polyphenolic antioxidants, with coumarins and lignans 

being prominent representatives. The antioxidant mechanisms of these 

phytochemicals are typical of phenolic compounds57,58. In radical-

scavenging assays like DPPH or ABTS (SET-based tests), 

antioxidants donate an electron (or hydrogen) to the radical, 

neutralizing it. In ORAC-type (HAT-based) assays, the antioxidant 

directly transfers a hydrogen atom to peroxyl radicals, breaking chain 

propagation51. Thus, M. minutum phenolics quench reactive oxygen 

species by hydrogen/electron donation and can also chelate metal ions 

to inhibit Fenton reactions. These actions prevent oxidative damage to 

lipids, proteins and DNA. For instance, sesamin and related lignans 

are known to inhibit lipid peroxidation and stabilize biological 

membranes (as documented in other systems)59,60. The net effect is to 

reduce oxidative stress, which is mechanistically linked to anti-

inflammatory and cytoprotective outcomes 61. These antioxidant 
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properties are highly relevant to the plant’s pharmacology and 

traditional uses 62. By scavenging free radicals and inhibiting 

oxidation, M. minutum extracts may mitigate inflammation and 

microbial infection, consistent with its use as an herbal febrifuge or 

anti-inflammatory remedy63,64. Moreover, oxidative stress is 

implicated in chronic diseases such as diabetes; indeed M. minutum 

has been reported to exhibit antidiabetic and antihyperlipidemic 

effects (e.g. from seed extract in animal studies), likely supported by 

its polyphenols6. In summary, phytochemicals such as sesamin and 

diverse coumarins endow M. minutum with strong free-radical 

scavenging and reducing activity17. These in vitro antioxidant findings 

provide a scientific basis for the plant’s traditional roles in health, and 

suggest that M. minutum may be a valuable source of natural 

antioxidants for nutraceutical or pharmacological development (Figure 

5). 
 

Antidiabetic activity 

Several studies have explored M. minutum’s effects on glucose 

metabolism. Ethanolic extracts of the seeds (typically administered 

orally at ~100 mg/kg in rodent models) significantly lowered fasting 

blood glucose and corrected hyperlipidemia in alloxan or 

streptozotocin-induced diabetic rats4. For example, Koriem et al.48,49 

reported that 30-day treatment with seed extract (100 mg/kg) 

markedly reduced blood sugar and serum lipids in diabetic rats, 

accompanied by pancreatic islet regeneration (increased β-cell 

number) and modulation of apoptotic markers (upregulation of p53 

with downregulation of Bcl-2). These effects are attributed to the 

plant’s rich coumarin and flavonoid content. Identified compounds 

include coumarins such as microminutinin and related 

pyranocoumarins, which exhibit strong antioxidant activity. In vitro 

assays show that M. minutum extracts scavenge DPPH radicals and 

increase antioxidant enzymes (SOD, GSH), protecting β-cells from 

oxidative stress. This antioxidant protection likely underlies part of its 

antihyperglycemic action. In addition, some M. minutum coumarins 

may inhibit carbohydrate-digesting enzymes (α-glucosidase/α-

amylase), delaying glucose absorption (a mechanism seen with other 

Rutaceae polyphenols). Overall, M. minutum exerts multi-factorial 

antidiabetic effects-enhancing insulin levels, preserving pancreatic 

tissue, and reducing oxidative stress4. 
 

Hepatoprotective activity 

Direct hepatoprotective studies of M. minutum are scarce. However, 

the plant’s phytochemical profile suggests potential liver-protective 

effects. The leaves and seeds contain potent antioxidants (coumarins, 

flavonoids and phenolics) known to quench free radicals4,67. In related 

Rutaceae (e.g. Murraya koenigii), such antioxidants have attenuated 

CCl4 or acetaminophen-induced liver injury by reducing lipid 

peroxidation and inflammation68. By analogy, M. minutum extracts 

could normalize elevated liver enzymes (ALT/AST) and preserve 

hepatocyte integrity in toxin models, though formal studies are 

needed. Any hepatoprotection would likely stem from oxidative stress 

mitigation (increased SOD, catalase, GSH; reduced MDA) and anti-

inflammatory cytokine modulation 69. For example, quercetin (a 

common plant flavonoid) pretreatment is known to protect rat liver 

from ischemia–reperfusion damage32,69; M. minutum’s own flavonoids 

might act similarly. Until in vivo data are reported, the proposed 

hepatoprotective mechanism for M. minutum remains enhancement of 

intrinsic antioxidant defense and inhibition of inflammatory pathways 

in the liver. 
 

Analgesic and antipyretic activities 

M. minutum is used traditionally as a febrifuge and for pain relief. 

Pharmacological evidence, although limited, supports an anti-

inflammatory basis for these effects. A key finding is that 8-

hydroxyisocapnolactone-2′,3′-diol (a coumarin isolated from M. 

minutum) strongly inhibited mast‐cell degranulation in vitro. At 

concentrations of 10-100 µM, this compound reduced compound-

48/80-induced histamine release by 25-50% (relative to control)71. 

Inhibiting mast cell histamine release suggests potent anti-

inflammatory activity, which typically translates to analgesic and 

antipyretic effects72,73. Moreover, this coumarin has been reported to 

antagonize histamine H1 receptors (reducing vasodilation and edema) 

and stabilize mast cells71,74. These actions would decrease 

prostaglandin synthesis and lower fever and pain75,76. In animal 

models, such anti-inflammatory plant coumarins generally produce 

positive results in standard tests (e.g. reduced paw edema and acetic 

acid induced writhing)77. Although M. minutum itself has not been 

formally tested in analgesic assays, its H1-blocking, mast-cell-

stabilizing activity and high antioxidant content suggest it can relieve 

fever and nociception by limiting inflammation71. 
 
 

 

Antimalarial activity 

M. minutum has a history of use against malaria (“ague”) in folk 

medicine32. Modern studies of related Rutaceae support this use. For 

instance, phytochemical investigation of Clausena excavata (a related 

genus) isolated an M. minutum-type coumarin (8-hydroxy-3″,4″-

dihydrocapnolactone-2′,3′-diol) along with other pyranocoumarins78,79. 

Two of those compounds showed potent antiplasmodial activity 

against chloroquine-resistant Plasmodium falciparum (EC₅₀ ≈0.6-1.1 

μM)78. By extension, M. minutum’s own coumarins (e.g. 8-hydroxy-

3″,4″-dihydrocapnolactone-2′,3′-diol) likely inhibit Plasmodium in 

vitro. The proposed mechanism is interference with the parasite’s 

redox metabolism and DNA synthesis: many plant phenolics reduce 

parasitic superoxide dismutase (SOD) activity and block hemozoin 

formation80. In vivo, M. minutum crude extracts might be expected to 

decrease parasitemia in P. berghei-infected mice, although specific 

animal studies are not yet published. One study on a related coumarin 

did report lower parasite loads in cultured parasites81. In summary, M. 

minutum exhibits antiplasmodial action via its coumarins (as 

evidenced by related plant studies)78, supporting its traditional 

antimalarial use. 
 

Anticoagulant activity 

M. minutum contains multiple coumarins, a class famously associated 

with anticoagulant effects (e.g. warfarin-like vitamin K antagonism)32. 

In fact, a review notes that M. minutum “has revealed a range of 

physiologically active compounds including anticoagulants”32. 

Although no direct clotting assays have been reported for M. minutum, 

its coumarins (such as microminutin and related phenolics) could 

plausibly prolong prothrombin time by inhibiting vitamin K epoxide 

reductase82,83. Additionally, the plant’s polyphenols might inhibit 

platelet aggregation84–86. In practice, an ethanolic extract given to 

animals would be expected to increase clotting time or bleeding time 

if active anticoagulants are present. Without published in vivo data, 

this remains speculative. Nonetheless, the presence of naturally 

occurring coumarins and warfarin-like compounds in M. minutum 

suggests potential anticoagulant action via the classic mechanism of 

vitamin K cycle inhibition and reduction of coagulation factor 

synthesis32. Future studies measuring PT, aPTT, and platelet function 

after extract administration would clarify this effect. 
 

Conclusion  
This comprehensive review underscores the significant 

pharmacological potential of Micromelum minutum, reflecting its 

diverse traditional uses across Southeast Asia and the Pacific regions. 

Scientific validation has revealed numerous bioactivities associated 

with different plant parts and extracts, particularly highlighting 

antioxidant, antibacterial, antifungal, cytotoxic (anticancer), anti-

inflammatory, antidiabetic, hepatoprotective, analgesic, antipyretic, 

antimalarial, and anticoagulant activities. These effects are primarily 

attributed to its rich phytochemical profile, notably prenylated 

coumarins, flavonoids, lignans, and carbazole alkaloids such as 

mahanine. The plant's potent antioxidant properties, stemming from its 

high phenolic content, provide a foundation for its broad therapeutic 

efficacy, helping mitigate oxidative stress-related pathologies. 

Cytotoxic coumarins and alkaloids identified from M. minutum show 

promising anticancer activities, warranting further exploration as 

potential natural anticancer agents. Additionally, the observed anti-

inflammatory and antimicrobial properties validate traditional 

medicinal claims for treating infections, inflammatory conditions, and 

skin ailments. The antidiabetic potential of M. minutum extracts, 

demonstrated by their ability to reduce blood glucose and enhance 

pancreatic function, offers valuable prospects for natural diabetes 
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management. While studies on hepatoprotective, analgesic, 

antipyretic, antimalarial, and anticoagulant activities are encouraging, 

further rigorous preclinical and clinical investigations are necessary to 

fully establish therapeutic safety, efficacy, and underlying 

mechanisms of action. Overall, Micromelum minutum presents a 

promising yet underutilized medicinal plant with diverse 

pharmacological applications, meriting continued scientific attention 

for the development of novel phytopharmaceuticals and nutraceuticals. 

Future research should focus on detailed mechanistic studies, isolation 

and standardization of active compounds, and clinical evaluations to 

translate traditional uses into evidence-based therapeutic solutions. 
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