


Medicinal and Ecological Significance of Dysoxylum malabaricum Bedd. ex C.DC.




                                                                  Abstract

Medicinal properties are important characteristics of tree species. It leads for health care of the human beings. Medicinal plants have long been integral to traditional healthcare systems and continue to play a crucial role in modern drug discovery. A large proportion of the global population, particularly in developing countries, relies on plant-based medicines for primary healthcare. India, recognized as a mega-biodiversity region, harbors a rich diversity of medicinal plant species, many of which are endemic and therapeutically significant. Among these, members of the family Meliaceae are notable for their diverse bioactive compounds and pharmacological properties. Dysoxylum malabaricum (Bedd.), an endemic tree species of the Western Ghats, represents an important medicinal resource with significant ecological and pharmaceutical value. This evergreen to semi-evergreen species thrives in moist deciduous and evergreen forests and contributes to forest structure and biodiversity. Traditionally, various parts of the plant, including bark, leaves, and seeds, have been used in indigenous medicine for treating inflammation, infections, fever, and other ailments. Phytochemical studies of the genus Dysoxylum reveal the presence of biologically active compounds such as alkaloids, flavonoids, terpenoids, and limonoids, which exhibit antimicrobial, antioxidant, anti-inflammatory, and anticancer properties. However, natural populations of D. malabaricum are declining due to habitat loss, overexploitation, and poor regeneration, raising concerns about its conservation. Environmental factors, particularly heavy metal contamination, can influence plant growth and the production of secondary metabolites, thereby affecting medicinal quality. Understanding the interaction between environmental stress and phytochemical composition is therefore essential. This study highlights the medicinal importance, ecological role, and conservation needs of D. malabaricum, emphasizing the necessity for integrated research to ensure its sustainable utilization and preservation.
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INTRODUCTION

Medicinal plants have been an integral component of traditional healthcare systems since ancient times and continue to play a vital role in modern drug discovery (Balick1996, Pan2013). A significant proportion of the global population still relies on plant-based medicines for primary healthcare, particularly in developing countries (Balick1996). India, being one of the world’s mega-biodiversity regions, possesses an immense wealth of medicinal plant species, many of which are endemic and therapeutically valuable (Nair1990). Among these, forest tree species belonging to the family Meliaceae are of special interest due to their wide range of bioactive compounds and pharmacological properties (Gupta2010).
 Medicinal plants have been used by humans for thousands of years to treat diseases, main- tain health, and prevent illness. Historical evidence from ancient civilizations such as the Indus Valley, Egypt, China, and Mesopotamia shows that plants were the primary source of medicine long before synthetic drugs were discovered (Pan2013). In India, the use of medicinal plants is deeply rooted in traditional systems of medicine like Ayurveda, Siddha, and Unani, which rely heavily on plant-based remedies. Ancient texts such as the Charaka Samhita and Sushruta Samhita describe hundreds of plant species with specific medicinal properties, providing detailed instructions on their collection, preparation, and administration (Balick1996).
Globally, medicinal plants have also played a vital role in the development of modern phar- maceuticals. Many important drugs, such as quinine, morphine, and aspirin, were originally derived from plants. The discovery of active plant compounds has led to advancements in pharmacology, toxicology, and natural product chemistry (Balick1996). The growing interest in medicinal plants today is driven by several factors: cultural and traditional
Dysoxylum malabaricum (Bedd.) is an important medicinal tree species belonging to the family Meliaceae. The genus Dysoxylum comprises more than 80 species distributed mainly in the tropical regions of Asia, Australia, and the Pacific islands (Gupta 2010). Several species of this genus are well known for their medicinal, insecticidal, and timber value. Dysoxylum malabaricum is endemic to the Western Ghats of India, a global biodiversity hotspot, and is recognized for both its ecological importance and therapeutic potential (Nair1990, KFRI).

                                  Taxonomy and Nomenclature
Table 1- Taxonomic classification of Dysoxylum malabaricum Bedd. ex C.DC.

	Rank
	Classification

	Kingdom
	Plantae

	Division
	Angiosperms

	Class
	Eudicots

	Order
	Sapindales

	Family
	Meliaceae

	Genus
	Dysoxylum

	Species
	Dysoxylum malabaricum Bedd. ex C.DC.
















The species was first described by Beddome and is sometimes referred to by local vernacular names in different regions of the Western Ghats. Members of the family Meliaceae are widely known for producing biologically active compounds such as limonoids, triterpenoids, and alkaloids, which contribute to their medicinal relevance (Gupta Kaur, 2010).


Botanical Description
D. malabaricum is a large tree, reaching up to 35 m in height, with bark 5–8 mm thick, greyish-yellow, rough, and verrucose on the surface, bearing warty and fissured lenticels. The outer bark is dead and corky, while the inner bark is creamy yellow and aromatic; when cut, the bark exudes a faintly aromatic sap. The wood is hard, durable, and fine-grained, pale yellow to light brown in color, with a decay-resistant heartwood and a comparatively lighter sapwood, making it valued for timber and construction purposes (Sasidharan, 2004; Neginhal, 2014; eFlora of India, 2024).
The leaves are imparipinnate and alternate, carried on a stout, angular, pubescent rachis measuring 17–28 cm in length and slightly swollen at the base. Each leaf bears 7–11 leaflets, arranged oppositely, suboppositely, or alternately, and supported on short, stout, pubescent petiolules of 5–9 mm. The leaflets are 9–23 × 3–5 cm in size, elliptic-oblong, ovate-oblong, or lanceolate in shape, with an oblique or acute base and a long acuminate apex; the margin is entire, the surface puberulous when young and glabrous at maturity, and the texture firmly coriaceous. Lateral nerves number 6–20 pairs, running parallel and ascending, with reticulate and obscure intercostae and prominent secondary laterals (Gamble, 1935; Sasidharan, 2004; Neginhal, 2014; eFlora of India,2024).The flowers are bisexual, greenish-yellow, and fragrant, measuring 5–6 mm in length, and are borne in axillary or terminal panicles. The calyx is deeply 4-lobed with more or less obtuse lobes, and the 4 petals are linear-oblong, subacute, pubescent on the outside, and imbricate in arrangement. The staminal tube is urceolate and more or less 4-angled, bearing 8 deep emarginate crenatures with 8 included anthers. The disc is cup-shaped and entire, just enclosing the superior ovary, which is densely pubescent, 4-celled, and contains 2 ovules per cell; it tapers into a style terminating in a capitate, 4-lobed stigma (Gamble, 1935; Sasidharan, 2004; Neginhal, 2014; eFlora of India, 2024).
The fruit is a pyriform capsule, 5–7.5 cm long, verrucose, and bright yellow at maturity, marked by 4 longitudinal furrows and enclosing 3–4 reddish-brown, bluntly trigonous seeds. The tree develops a deep taproot system with extensive lateral roots that stabilize it in moist forest soils and support mycorrhizal associations, contributing to soil nutrient cycling in its native habitat. The species flowers and fruits between February and June (Gamble, 1935; Sasidharan, 2004; Neginhal, 2014; eFlora of India, 2024).
Phenology: Leaf flush occurs during the early monsoon, flowering takes place from the late monsoon to early winter, and fruiting happens from winter to early spring.
Ethnobotanical significance: Locally, the wood is used for construction, furniture, and tool making, while seeds and bark are occasionally used in traditional medicine due to their antimicrobial and cytotoxic properties.
Wood properties 
	S.No.
	Properties 
	Description 

	1. 
	Anatomical 
	Gross structure-Diffuse-porous wood, Growth rings distinct
Vessels- Small, moderately numerous, solitary or in radial multiples of 2 or 3; usually filled with yellowish-brown deposits. Tangential diameter of vessel lumina 100 to 150 micras (small).
Parenchyma- Paratracheal - vasicentric, forming a thin sheath around vessels and in bands delimiting growth rings
Rays- Fine, numerous and closely spaced. Occasionally rays more than 10 per mm (abundant)

	0. 
	Physical 
	Colour- Sapwood whitish or greyish-yellow, heartwood yellow to golden yellow or yellowish- brown
Density- 720 kg/m3 at 12% moisture content
Grain- Straight to somewhat interlocked
Texture –Fine

	0. 
	Mechanical 
	MOR - 661.2 kg/cm2 at green & 1,81.6 kg/cm2 at air dry
MOE- 109,200 kg/cm2 at green & 141,300 kg/cm2 at air dry
Impact-104 cm at green & 107 kg/cm2 at air dry
Max. crushing stress 31 8.8 kg/cm2 at green & 620.5 kg/cm2 at air dry
Properties at 12% moisture content
· Bending Strength (MOR), -1182 kgf/cm²
· Stiffness (MOE) - 141300 kgf/cm²
· Compression parallel to fiber- 620 kgf/cm²

	0. 
	Seasoning 
	Drying- Easy to season. Green conversion and quick stacking recommended
Total shrinkage saturated to 0%MC (%): Tangential - 8.1, Radial- 4.7
Dimensional stability ratio-1.7

	0. 
	Durability
	Very durable (Natural durability index is 2, where 1 account for Very high durability and 7 for Very low durability)

	0. 
	Workability
	Easy for machining operations

	0. 
	Major uses
	Building construction; furniture and cabinet; decorative panelling; plywood and veneer; furniture and cabinets; tool handles; containers; artificial limbs and rehabilitation aids; textile mill accessories; musical instruments; coorperage; chess pieces; molding; mathematical and engineering instruments


Source: Nazma et al., (1981), Sreekumar et al. (2024), Anonymous (2026)
Distribution and Ecology
Dysoxylum malabaricum Bedd. ex C.DC. is a tropical, evergreen to semi-evergreen tree that is endemic to the Western Ghats of India, with its natural occurrence primarily restricted to Kerala, Karnataka, and the western parts of Tamil Nadu (Nair, 1990; Gupta & Kaur, 2010). The Western Ghats, a UNESCO World Heritage Site and one of the eight “hottest” biodiversity hotspots of the world, is characterized by steep gradients in altitude, rainfall, and soil types, which have led to high levels of plant endemism and ecological specialization. D. malabaricum is largely confined to mid- to low-elevation forests, typically between 100 and 1200 meters above sea level, where the climate is humid and annual rainfall ranges from 2000 to 4000 mm.
The species thrives in moist deciduous and semi-evergreen forest ecosystems, often forming part of the canopy or sub-canopy layer. It prefers undisturbed forest tracts with well-drained, loamy soils rich in organic matter, and its distribution is strongly influenced by microclimatic conditions, including soil moisture, temperature stability, and light availability. In these habitats, D. malabaricum often coexists with other dominant tree species such as Terminalia paniculata, Pterocarpus marsupium, and Mesua ferrea, contributing to the structural complexity and stratification of the forest.
Ecologically, D. malabaricum plays several critical roles in the forest ecosystem:
1. Canopy formation and microclimate regulation:  As a medium- to large-sized tree, it forms part of the upper forest strata, regulating light penetration, temperature, and humidity in the understory, which is essential for the survival of shade-tolerant species.

2.  Soil nutrient cycling:  The tree produces abundant leaf litter and small woody debris, which decompose to enrich forest soils with organic carbon and essential nutrients, maintaining soil fertility and microbial activity.
3. Biodiversity support:  Flowers and fruits of D. malabaricum provide food for insects, birds, and small mammals, while its dense canopy offers shelter and nesting sites, thereby sustaining local faunal diversity.
4.  Seed dispersal and regeneration ecology:  Its fruits are primarily capsule-type with winged seeds, which are dispersed by wind and occasionally by frugivorous animals. However, seed germination in natural conditions is low, and seedlings are often vulnerable to light limitation, herbivory, and competition, which restricts natural regeneration and population expansion.
5.  Hydrological and ecological connectivity:  By anchoring the soil with an extensive root system and forming part of the canopy, D. malabaricum helps in soil stabilization and water regulation, reducing erosion and contributing to the overall stability of riparian and slope ecosystems.
The restricted distribution of D. malabaricum in the Western Ghats makes it highly sensitive to anthropogenic disturbances, including deforestation, habitat fragmentation, and selective logging. Its occurrence is often limited to forest patches that have remained relatively undisturbed, reflecting the species’ high habitat specificity. Such ecological constraints, combined with poor natural regeneration, have resulted in fragmented populations, which may impact genetic diversity and long-term survival.
In summary, Dysoxylum malabaricum Bedd. ex C.DC. is not only an endemic and structurally significant tree in the Western Ghats, but it is also a keystone species that supports forest biodiversity, contributes to ecosystem functioning, and maintains microclimatic and soil stability. Understanding its distributional patterns and ecological interactions is critical for the conservation and sustainable management of this vulnerable species.
[bookmark: _heading=h.w3zy4fxg5t0i]Ethnomedicinal and Pharmacological Relevance of Dysoxylum malabaricum Bedd. ex C.DC.
Dysoxylum malabaricum has a long history of use in indigenous and traditional medicine systems across its native range in the Western Ghats of India (Balick & Cox, 1996; Gupta & Kaur, 2010). Various plant parts — including bark, leaves, seeds, and occasionally roots — are employed to treat a range of ailments, reflecting the species’ diverse therapeutic applications.
Bark: The bark of D. malabaricum is traditionally used for its anti-inflammatory, antimicrobial, and wound-healing properties. Decoctions and pastes prepared from the bark are applied topically to treat skin infections, cuts, and swelling, and are sometimes administered orally to manage fever and digestive disorders. Phytochemical studies have revealed that the bark contains alkaloids, flavonoids, and limonoids, which may contribute to its observed pharmacological activities.
Leaves: Leaf extracts are reported to exhibit antioxidant, antimicrobial, and anti-inflammatory effects. In traditional preparations, leaves are used to treat fevers, inflammation, and minor infections, and are occasionally applied as poultices for skin ailments. The presence of phenolic compounds and flavonoids in the leaves has been correlated with their radical scavenging activity, supporting their ethnomedicinal applications.
Seeds: Seeds of D. malabaricum have been utilized in some local medicinal practices, often for digestive disorders and as an antimicrobial agent. Phytochemical screening indicates the presence of limonoids and diterpenoids, which have shown cytotoxic, antimicrobial, and anti-inflammatory properties in preliminary studies.
Roots and Other Parts: Although less commonly used, roots have occasionally been employed in decoctions for treating inflammatory conditions and general weakness. Other plant parts, such as young shoots or fruits, may be used in folk remedies for digestive or skin-related ailments.
Traditional Applications: Across local communities, preparations of D. malabaricum are used to manage fever, inflammation, digestive disorders, skin diseases, and microbial infections. These traditional practices, passed down through generations, provide valuable ethnopharmacological knowledge and serve as a foundation for scientific investigations into bioactive compounds and therapeutic potential.
Pharmacological Significance: Modern research has begun to validate some of the traditional uses of D. malabaricum. Several studies indicate that extracts from the bark, leaves, and seeds exhibit antimicrobial, antioxidant, anti-inflammatory, and cytotoxic activities, highlighting their potential in drug discovery and development. For example:
Limonoids and diterpenoids isolated from the bark and seeds have shown antimicrobial activity by inhibiting pathogenic bacteria and fungi. Leaf phenolics and flavonoids demonstrate antioxidant activity through radical scavenging properties, supporting their traditional use in inflammatory and oxidative stress-related conditions. Additionally, certain compounds from the seeds and bark exhibit cytotoxic and anticancer potential, showing selective cytotoxicity against cancer cell lines in preliminary in vitro studies.
Overall, the ethnomedicinal relevance of Dysoxylum malabaricum Bedd. ex C.DC.  underscores the need for systematic phytochemical, pharmacological, and toxicological studies. Scientific validation of traditional knowledge not only supports conservation priorities but also facilitates the sustainable utilization of bioactive compounds from this endemic species.
[bookmark: _heading=h.j1poudz3hkad]Phytochemical and Pharmacological Significance of Dysoxylum malabaricum      Bedd. ex C.DC.
Dysoxylum malabaricum Bedd. ex C.DC., like other species of the genus Dysoxylum, is a rich source of secondary metabolites that confer diverse biological activities. Phytochemical investigations have identified several major classes of compounds in different plant parts, including:
Alkaloids are found primarily in the bark and seeds, where they exhibit antimicrobial, cytotoxic, and anti-inflammatory properties. Some alkaloids isolated from Dysoxylum species have been shown to interfere with microbial growth, making them promising for antibacterial and antifungal drug development. Flavonoids and phenolic compounds are concentrated in the leaves and young shoots, exhibiting strong antioxidant activity by scavenging free radicals and reducing oxidative stress. They also contribute to anti-inflammatory effects, supporting their traditional use in treating fevers, skin diseases, and inflammatory disorders. Terpenoids and limonoids are also significant constituents, with limonoids being particularly abundant in the seeds and bark and showing cytotoxic, anticancer, antimicrobial, and hepatoprotective effects, while terpenoids contribute to anti-inflammatory and anti-malarial activities in related species. Additionally, other compounds such as steroids, saponins, and tannins have been reported in different parts of the plant, contributing to wound healing, immunomodulatory effects, and digestive health, in line with their ethnomedicinal uses.
Pharmacological Activities Reported: Extracts from the bark, seeds, and leaves exhibit antimicrobial activity against Gram-positive and Gram-negative bacteria, as well as certain fungal pathogens. Phenolic and flavonoid-rich extracts show antioxidant properties by scavenging free radicals in vitro, suggesting potential in preventing oxidative stress-related diseases. Both in vitro and in vivo studies indicate anti-inflammatory effects through the reduction of inflammation markers using bark and leaf extracts. Limonoids from seeds and bark have demonstrated selective cytotoxicity against cancer cell lines, highlighting their potential in anticancer drug research. Additionally, certain bark extracts have shown hepatoprotective effects by protecting liver tissues from chemical-induced damage, aligning with traditional medicinal applications.
Conservation Concerns and Research Needs for Dysoxylum malabaricum Bedd. ex C.DC.
Dysoxylum malabaricum, an endemic species of the Western Ghats, is increasingly vulnerable due to anthropogenic pressures. Extensive habitat loss, caused by deforestation for agriculture, urbanization, and infrastructure development, has fragmented its natural populations. Illegal logging and unsustainable harvesting of valuable plant parts, particularly bark, seeds, and leaves for medicinal and timber purposes, further exacerbate population decline (Nair, 1990; Gupta & Kaur, 2010).
In addition to human-induced threats, environmental stressors significantly affect the survival and regenerative capacity of this species. Soil degradation, nutrient depletion, and heavy metal contamination from industrial effluents, mining, and agricultural runoff pose risks to plant physiology. Heavy metals such as lead, cadmium, and mercury can interfere with photosynthesis, enzymatic activity, nutrient uptake, and growth, potentially reducing biomass and reproductive success.
These environmental stress factors are particularly important for medicinal plants like D. malabaricum, as secondary metabolites, which confer therapeutic properties, are highly sensitive to stress conditions. Alterations in the quantity or quality of bioactive compounds due to pollution or heavy metal accumulation can compromise the pharmacological efficacy of plant-derived remedies. Therefore, understanding how D. malabaricum responds to environmental stress is crucial not only for its ecological resilience but also for maintaining the reliability of its medicinal use. 
Population and regeneration concerns: The species exhibits slow natural regeneration, with seedlings being vulnerable to light limitation, herbivory, and competition. Fragmented populations may suffer from reduced genetic diversity, which limits their adaptability to environmental changes and further threatens their long-term survival.
Need for research: Ecological studies are needed to assess habitat requirements, population dynamics, and responses to environmental stressors, including heavy metals. Phytochemical investigations are important to determine how environmental factors influence secondary metabolite production and medicinal quality. Conservation strategies should focus on the development of both in situ and ex situ programs, including seed banks, tissue culture propagation, and habitat restoration. Additionally, sustainable utilization requires establishing guidelines for harvesting and use to balance medicinal value with population sustainability.Overall, Dysoxylum malabaricum Bedd. ex C.DC. represents a species of both ecological and pharmacological significance, making it imperative to integrate conservation biology, ecological monitoring, and phytochemical research. Such integrated efforts will ensure long-term survival, sustainable use, and preservation of its therapeutic potential, while contributing to the conservation of Western Ghats biodiversity.
Relevance of the Present Study
Medicinal plants have long been recognized as a vital resource for human health, providing compounds with therapeutic potential for a variety of diseases. In recent years, there has been a growing global interest in exploring plant-based medicines, driven by the limitations of synthetic drugs, rising healthcare costs, and the increasing demand for natural remedies. Concurrently, environmental pollution and habitat degradation have emerged as major threats to biodiversity, particularly in ecologically sensitive regions like the Western Ghats. In this context, Dysoxylum malabaricum, an endemic and economically significant tree species, holds considerable importance for both medicinal and ecological research.
The study of D. malabaricum offers multiple avenues for scientific inquiry. From a phytochemical perspective, it is a source of bioactive compounds that may possess anticancer, antimicrobial, antioxidant, or other pharmacologically relevant properties. Investigating these compounds can contribute to drug discovery and the development of plant-based therapeutics. From an ecological and environmental standpoint, understanding how this species responds to environmental stressors—such as habitat fragmentation, climate variability, and pollution—can provide insights into its resilience, adaptability, and conservation needs. Such knowledge is crucial for devising strategies that ensure both species survival and sustainable utilization.
Furthermore, D. malabaricum serves as an excellent model for studying the intricate relationship between medicinal plant resources and environmental factors. By integrating studies on its biology, reproductive ecology, phytochemistry, and stress physiology, researchers can develop a holistic understanding of how environmental changes influence the production of secondary metabolites and overall plant health. This integrative approach not only enhances fundamental scientific knowledge but also informs practical applications, such as the sustainable harvesting of medicinal plants, ex situ and in situ conservation efforts, and habitat restoration initiatives.
In summary, research on Dysoxylum malabaricum is highly relevant for advancing multiple dimensions of science—pharmacology, ecology, and conservation biology. It bridges the gap between human health needs and ecosystem sustainability, providing a framework for leveraging medicinal plant resources responsibly while addressing the ecological challenges faced by endemic species in biodiversity hotspots like the Western Ghats. The outcomes of such studies have the potential to inform policy, guide conservation planning, and support the sustainable development of natural resources for future generations.
RECENT STUDIES

The use of Dysoxylum malabaricum Bedd. ex C.DC. in the Tharu community of Uttarakhand for traditional medicinal purposes has been documented for centuries. Its antibacterial and wound-healing properties suggest potential applications in the treatment of osteomyelitis and abscesses, which warrant further investigation through clinical trials. Additionally, preliminary studies indicate the presence of anticancer compounds, highlighting the need for research on the efficacy of whole-plant extracts, alone or in combination with other Ayurvedic formulations, in cancer management (Deepshikha Arya et.al, 2017).
Dysoxylum malabaricum      Bedd. ex C.DC., endemic to the Western Ghats of India, has traditionally been used in folk medicine for treating various ailments due to its rich phytochemical composition. Previous studies have highlighted the therapeutic potential of different plant parts, including bark, leaves, and seeds, which contain bioactive compounds such as alkaloids, flavonoids, and terpenoids. These compounds are known for their antioxidant, antimicrobial, and anti- inflammatory properties (Vidya P.R. and Jose P.A., 2023).

Cytotoxic Cycloartane-Type of Triterpenoids from Dysoxylum malabaricum Bedd. ex C.DC.

The genus Dysoxylum belongs to the family Meliaceae (mahogany family), comprising approximately 80 species distributed predominantly in Southeast Asia and Australia (Lakshmi et al., 2009). Dysoxylum malabaricum is an economically and medicinally important species endemic to the Western Ghats of Kerala and Karnataka, India (Singh et al., 1976). Various species of this genus have been investigated phytochemically, and numerous biologically active compounds have been isolated from different plant parts including stems, leaves, and bark. The Dictionary of Natural Products reports more than 350 secondary metabolites from the genus, of which nearly 200 are structurally diverse triterpenoids (Lakshmi et al., 2007).
In addition to triterpenoids, phytochemical studies have identified sesquiterpenoids, ditepenoids, glycosides, limonoids (tetranortriterpenoids), steroids, and alkaloids from Dysoxylum species (Wang et al., 2020). Among the notable alkaloids are rohitukine and camptothecin, both recognized for their medicinal importance (Hu et al., 2017). The structural scaffold of rohitukine has contributed to the development of synthetic derivatives such as flavopiridol and riviciclib, which act as cyclin-dependent kinase (CDK) inhibitors and have shown therapeutic potential in lymphocytic leukemia (Mohamad et al., 1999).
Extracts and isolated compounds from the genus have demonstrated a broad spectrum of pharmacological activities, including anti-inflammatory, antimalarial, cytotoxic, antitumor, an- timicrobial, antifeedant, and central nervous system depressant properties. Despite this chemi- cal diversity, relatively few investigations have focused specifically on D. malabaricum, partic- ularly its bark.

Recent studies employing bioassay-guided fractionation and LC–MS-based dereplication have led to the identification of two new cycloartane-type triterpenoids from the bark of D. malabaricum. Structural elucidation was achieved through advanced spectroscopic techniques. Biological evaluation revealed significant cytotoxic activity, especially against breast cancer cell lines. One compound exhibited notable potency and was found to induce autophagy and G0/G1 phase cell cycle arrest by modulating the expression of CDC20 and CDC25. Beyond its phytochemical and pharmacological significance, D. malabaricum is of consid- erable conservation concern. Forest fragmentation driven by anthropogenic land-use changes has been widely recognized as a major threat to genetic diversity in tropical forest trees (Aguilar et al., 2006; Abdullah and Nakagoshi, 2007). Fragmentation restricts pollen and seed disper- sal, disrupts gene flow, and increases the risk of inbreeding and genetic erosion (Murawski et al., 1994; Sork and Smouse, 2006). The Western Ghats, recognized as one of the world’s most important biodiversity hotspots (Myers et al., 2000), have experienced substantial habitat loss and fragmentation due to deforestation, plantation expansion, and developmental activities (Menon and Bawa, 1997; Raman and Mudappa, 2003; Raman, 2006). Although afforestation programs have increased overall forest cover, the ecological integrity of native forests continues to decline (Ravikanth et al., 2000; Rawat and Kishwan, 2008).
Beyond its phytochemical and pharmacological significance, D. malabaricum is of consid- erable conservation concern. Forest fragmentation driven by anthropogenic land-use changes has been widely recognized as a major threat to genetic diversity in tropical forest trees (Aguilar et al., 2006; Abdullah and Nakagoshi, 2007). Fragmentation restricts pollen and seed disper- sal, disrupts gene flow, and increases the risk of inbreeding and genetic erosion (Murawski et al., 1994; Sork and Smouse, 2006). The Western Ghats, recognized as one of the world’s most important biodiversity hotspots (Myers et al., 2000), have experienced substantial habitat loss and fragmentation due to deforestation, plantation expansion, and developmental activities (Menon and Bawa, 1997; Raman and Mudappa, 2003; Raman, 2006). Although afforestation programs have increased overall forest cover, the ecological integrity of native forests continues to decline (Ravikanth et al., 2000; Rawat and Kishwan, 2008).

Population genetic studies of D. malabaricum using nuclear and chloroplast simple se- quence repeats (SSRs) have provided important insights into its genetic structure and evolu- tionary history. While comparable levels of genetic diversity were observed among differ- ent age classes—suggesting effective long-distance seed dispersal and sustained reproductive success—higher inbreeding coefficients were reported in northern populations, potentially re- flecting greater ecosystem disturbance. Molecular analyses further revealed distinct northern and southern genetic groups, with divergence predating the Last Glacial Maximum, indicating deep historical genetic subdivision. These findings highlight the need to integrate both phyto- chemical potential and conservation genetics into management strategies, as the loss of unique genetic lineages is irreversible (Moritz, 2002; Frankel, 1974; Crandall et al., 2000).
Seed collection and germination are often impeded by pest infestations, yet studies indicate that optimized propagation techniques could enhance both conservation and sustainable uti- lization of this species (Rahul Pradhan et al.,2024). These findings highlight the importance of integrating ecological, genetic, and applied research to ensure the preservation and responsible use of D. malabaricum.
Recent analytical approaches, particularly gas chromatography–mass spectrometry (GC–MS), have been widely employed to profile phytochemicals in medicinal plants. Such studies enable the identification and quantification of biologically active molecules, providing insights into their potential health benefits (Vidya P.R. and Jose P.A., 2023). In the case of D. malabaricum, GC–MS analysis of seed extracts has revealed a diverse array of secondary metabolites, underscoring its pharmacological relevance.
In addition to phytochemical profiling, the antioxidant potential of plant extracts has been extensively studied using methanolic and chloroform solvents. These evaluations are critical for understanding the ability of plant compounds to scavenge free radicals and mitigate oxidative stress, which is linked to various chronic diseases. The seeds of D. malabaricum have demon- strated significant antioxidant activity in both methanolic and chloroform extracts, suggesting their potential as natural sources of antioxidants (Vidya P.R. and Jose P.A., 2023).
Given the growing interest from both national and international researchers in indigenous medicinal plants, urgent conservation measures are required to preserve this promising species and its associated traditional knowledge. Heavy metal pollution has become a major envi- ronmental concern due to rapid industrialization, urbanization, mining activities, and intensive agricultural practices. Heavy metals such as cadmium (Cd), lead (Pb), chromium (Cr), mer- cury (Hg), copper (Cu), and zinc (Zn) are persistent in nature and tend to accumulate in soil and water systems, posing serious threats to plant growth and ecosystem stability (Alloway, 2013). Unlike organic pollutants, heavy metals are non-biodegradable and remain in the environment for long periods.
 Plants absorb heavy metals mainly through their roots from contaminated soil and water. The extent of metal uptake and accumulation depends on factors such as metal concentration, soil pH, bioavailability, and plant species (Kabata-Pendias, 2011). Essential metals like cop- per and zinc play important physiological roles at low concentrations but become toxic when present in excess, whereas non-essential metals such as cadmium and lead are highly toxic even at low levels (Sharma et al., 2012).
 Heavy metal stress adversely affects plant growth and development. Several studies have reported inhibition of seed germination, reduction in root and shoot length, decreased biomass, and visible symptoms such as chlorosis and necrosis under heavy metal exposure (Singh et al., 2011). Heavy metals interfere with nutrient uptake and disrupt cellular metabolism, leading to impaired plant growth and productivity.
One of the primary effects of heavy metal toxicity in plants is the induction of oxidative stress. Excess accumulation of heavy metals leads to overproduction of reactive oxygen species (ROS), including superoxide radicals, hydrogen peroxide, and hydroxyl radicals (Gill Tuteja, 2010). These reactive molecules cause lipid peroxidation, protein oxidation, enzyme inhibition, and DNA damage, ultimately affecting cell viability and function.
 To counteract oxidative damage, plants possess an efficient antioxidant defense system. Enzymatic antioxidants such as superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD), along with non-enzymatic antioxidants like phenolics, flavonoids, glutathione, and ascorbic acid, play a crucial role in scavenging reactive oxygen species (Verbruggen et al., 2009). Several studies have demonstrated increased antioxidant enzyme activity in plants ex- posed to heavy metals as an adaptive stress response (Sharma et al., 2012).
Medicinal plants are of particular concern in heavy metal studies due to their extensive use in traditional and modern medicine. Heavy metal accumulation in medicinal plants not only affects plant growth but may also alter the synthesis of secondary metabolites responsible for therapeutic properties (WHO, 2007). Contamination of medicinal plants with toxic metals raises serious concerns regarding their safety, quality, and efficacy.
Forest tree species are capable of accumulating heavy metals over long periods due to their extended life span. However, compared to agricultural crops, forest trees have received rel- atively less attention in heavy metal stress research (Baker Brooks, 1989). Studies on for- est species indicate that heavy metal exposure affects physiological processes, antioxidant re- sponses, and overall plant health, emphasizing the need for more research on tree species in polluted environments.

Despite studies on its medicinal value and phytochemistry, information regarding the response of Dysoxylum malabaricum to heavy metal stress is extremely limited. There are no systematic reports on its metal uptake potential, physiological alterations, or antioxidant defense mechanisms under heavy metal exposure. This lack of information highlights a significant research gap.

Conclusion

In conclusion, Dysoxylum malabaricum and other medicinal plants of the Western Ghats are valuable both for their traditional therapeutic uses and their rich phytochemical composition. While extensive research has characterized bioactive compounds and antioxidant potential, sifnificant environmental pressures, particularly heavy metal contamination, pose a growing threat to the quality, safety, and efficacy of these plants. Heavy metals can alter secondary metabolite production, potentially reducing medicinal value and bioactivity. Despite this, studies system- atically investigating the impact of heavy metal stress on the phytochemistry and bioactivity of
     D. malabaricum remain scarce. Addressing this gap is critical not only for understanding the plant’s pharmacological potential under environmental stress but also for developing strategies to conserve and sustainably utilize this endemic species. The present study therefore focuses on evaluating how heavy metal exposure affects the phytochemical profile and antioxidant potential of      D.malabaricum seeds, providing insights into both environmental impact and medicinal quality.

Therefore, my present study aims to investigate the effects of selected heavy metals on the growth, physiological parameters, and antioxidant responses of D. malabaricum, thereby contributing to a better understanding of heavy metal stress in forest tree species and supporting conservation-oriented research.
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