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Purpose: The Poikilospermum genus, which belongs to the Urticaceae family, has historically been used for medicinal purposes in
Southeast Asia. However, its phytochemical potential and pharmacological mechanisms have not yet been adequately investigated.
This review consolidates current data on the bioactive chemicals and therapeutic potential of Poikilospermum spp. with an emphasis
on Poikilospermum suaveolens (Blume) Merr.

Methodology: A comprehensive search was performed using the PubMed, Scopus, Google Scholar, and Web of Science databases.
This study examined publications from 2015 to 2025 that explored the phytochemical composition and pharmacological properties of
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Poikilospermum species. Terms such as “Poikilospermum”, “inflammatory”, “phytochemicals”, “anticancer”, “ethnobotany”, “phy-
tochemistry”, “pharmacological”, “antimicrobial”, and “antioxidant”.

Results: The investigation revealed various bioactive components such as flavonoids, tannins, alkaloids, and terpenoids, which
contribute to the antibacterial, anti-inflammatory, and antioxidant capabilities of Poikilospermum. Initial data indicated possible
anticancer properties of P. suaveolens; however, additional research is required to validate these effects and elucidate the underlying
pathways.

Conclusion: Poikilospermum species, particularly P. suaveolens, is a promising source of bioactives; priority next steps include
standardized in vivo studies, toxicity assessment, and targeted mechanistic work. Subsequent studies should focus on clinical trials and
more in-depth inquiries into the mechanisms of action of identified substances.
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Introduction
The Poikilospermum genus, belonging to the Urticaceae family,' is primarily located in tropical areas of Southeast Asia,”
especially Malaysia and Indonesia.> > Numerous species of this genus have been used in traditional medicine for the past
several decades. Ethnobotanical records indicate that various components of these plants, including the leaves, roots,
bark, and flowers, are utilized to treat ailments such as gastrointestinal disorders, inflammation, fever, and dermatological
illnesses.®® Despite its extensive application in traditional medicine, the pharmacological characteristics and phyto-
chemical makeup of Poikilospermum have not been adequately investigated, particularly the potential for therapeutic
advancement.

Phytochemical studies have indicated that Poikilospermum species possess many bioactive chemicals including

9,10

flavonoids, tannins, alkaloids, and terpenoids, which are associated with notable pharmacological effects. These

3,12

chemicals exhibit antibacterial,® anti-inflammatory,'' antioxidant, and analgesic activities, indicating that species
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within this genus have significant potential for medicinal use. Nevertheless, extensive evaluations of these discoveries are
scarce, and most investigations thus far have concentrated on discrete pharmacological effects without integrating
overarching conclusions regarding the genus in its entirety.

In this review, we focus on Poikilospermum suaveolens (Blume) Merr. the most extensively studied species within the
genus, and emphasize its bioactive components and medicinal qualities.

P. suaveolens, a climbing shrub belonging to the family Urticaceae, is widely distributed across the tropical forests of
Southeast Asia, particularly Malaysia, Indonesia, Thailand, and Vietnam. This species thrives in humid, shaded
environments and is commonly found in secondary forests, riverbanks, and lowland areas. Traditionally, P. suaveolens
has been used for various ethnomedicinal applications. In Indonesian and Malaysian folk medicine, its leaves and roots
are employed in traditional medicine for gastrointestinal ailments such as diarrhea and dysentery, as well as inflammatory
conditions, skin infections, and fever. The decoction of its bark or leaf is also consumed as a general health tonic and has
been reported to have wound-healing and analgesic properties in certain tribal communities. Pharmacological investiga-
tions have identified that P. suaveolens contains a diverse array of phytoconstituents, including flavonoids, alkaloids,
tannins, and terpenoids, many of which exhibit promising biological activities such as antibacterial, anti-inflammatory,
antioxidant, and cytotoxic effects. This pharmacodynamic richness underscores its potential as a source of therapeutic
agents, positioning P. suaveolens as a compelling candidate for the further development of herbal-based drug
formulations.

Although several studies have documented the phytochemical profile and pharmacological activities of P. suaveolens,
these findings are scattered across individual studies, with a limited scope. To date, there are no comprehensive review
articles that systematically compile, analyze, and synthesize current knowledge on P. suaveolens. The absence of such an
integrative review limits the scientific community’s ability to assess its full pharmacotherapeutic potential. This study
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sought to fill this gap by offering a cohesive and critical evaluation of the phytochemistry, pharmacology, and therapeutic
relevance of P. suaveolens, drawing connections between its traditional uses and modern pharmacological findings. By
doing so, this review not only consolidates existing knowledge but also highlights key areas for future research and drug
development.

This review aimed to provide a comprehensive synthesis of the current scientific literature on the genus
Poikilospermum, with a particular focus on P. suaveolens. The primary objectives were to (1) document the distribution
and ethnomedicinal uses of P. suaveolens, (2) analyze the phytochemical constituents and their structural characteristics,
(3) evaluate its pharmacological activities with an emphasis on antibacterial, anti-inflammatory, antioxidant, and antic-
ancer mechanisms, and (4) discuss the molecular pathways influenced by its bioactive compounds. This review
emphasizes the therapeutic potential of P. suaveolens as a natural drug candidate, by integrating ethnobotanical knowl-
edge with pharmacological evidence. Using this approach, we aimed to establish a scientific foundation for future
preclinical and clinical investigations, formulation development, and potential integration into modern phytopharmaceu-
ticals. Ethnomedicinal records are treated as hypothesis-generating context rather than confirmatory evidence, any
pharmacological inference is based strictly on experimental data.

This review consolidates fragmented evidence on P. suaveolens by bridging ethnobotany, phytochemistry, and
pharmacology within a single, hypothesis-generating framework. We synthesize reports from 2015-2025, map recurrent
chemical classes to reported bioactivities using cautious evidence qualifiers, and situate P. suaveolens within the broader
Urticaceae context. By outlining a focused research agenda (standardized chemistry, in vivo validation, safety, and
delivery optimization). We believe this review will serve as a foundational scaffold for future discovery and translational
research, inspiring the next generation of studies aimed at advancing the rational design and clinical development of anti-
lung cancer therapeutics.

Methodology

This review used a structured search method to collect pertinent information on Poikilospermum and its pharmaceutical
applications. The investigation was performed using various databases, including PubMed, Scopus, Google Scholar, and
Web of Science, encompassing studies published between 2015 and 2025. The keywords utilized include
“Poikilospermum”, “inflammatory”, “phytochemicals”, “anticancer”, “ethnobotany”, “phytochemistry”, “pharmacologi-
cal”, “antimicrobial”, and “antioxidant”. The inclusion criteria were peer-reviewed original research articles or reviews
published in English (or with an English abstract), studies reporting the phytochemical composition, traditional uses,
pharmacological activities, or safety/toxicity data of Poikilospermum species, experimental investigations (in vitro,
in vivo, or clinical), and ethnobotanical documentation. Exclusion criteria included non-peer-reviewed sources; con-
ference abstracts, editorials, commentaries, or book chapters lacking original data; articles without relevant data on
pharmacological activity, phytochemistry, or traditional use; and studies published outside the designated year range. The
initial search retrieved 314 records, of which 287 remained after duplicates were removed. Following title and abstract
screening, 57 articles were selected for full-text review and 26 met all eligibility criteria for inclusion in the final
synthesis. Reports limited to ethnobotanical description were summarized qualitatively and not weighed as efficacy data.
Pharmacological conclusions were drawn only from experimental studies that reported methods, controls, and outcomes.
This article is a narrative literature review, not a full systematic review; therefore, PRISMA 2020 was not applied in full.
To enhance transparency, we adapted PRISMA 2020 principles for the identification, screening, eligibility, and inclusion
steps (PRISMA 2020), no protocol registration, formal risk-of-bias assessment, or meta-analysis was performed. Figure 1
presents the PRISMA 2020 adapted flow diagram of the study selection process.'® Data extraction focused on the
Poikilospermum species and plant parts investigated, extraction methods, identified metabolites, reported pharmacologi-
cal activities (including experimental model, concentration, and outcomes), safety or toxicity findings, and ethnobotanical
context of traditional medicinal uses. As this is a narrative review, a formal risk-of-bias assessment and meta-analysis
were not undertaken; accordingly, PRISMA 2020 was applied in an adapted manner limited to the study identification
and selection steps. All figures in this manuscript, including mechanistic diagrams, were created using BioRender and
chemical structures were drawn using ChemDraw Professional (Version 16.0.1.4; licensed to Supriatno Salam,
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Figure | PRISMA 2020 adapted flow diagram of the study selection process (2015-2025).

Universitas Padjadjaran, License ID: 112-920429-8380) based on data from the PubChem database, ensuring accuracy
and clarity in the representation of the studied compounds.

To situate Poikilospermum within its family, we extended the search beyond Southeast Asia to include global
Urticaceae genera (eg, Urtica, Boehmeria, Debregeasia, Girardinia, Laportea, Pilea). We combined genus/species
names with pharmacology terms (eg, anti-inflammatory, antioxidant, antimicrobial, cytotoxicity) and screened records
(2015-2025) for comparative value to the present review. Ethnobotanical only reports were summarized qualitatively and
not weighed as efficacy evidence. Given heterogeneity across study designs and outcomes, we used a narrative
comparative synthesis and explicitly indicate the primary evidence level (in vitro, in vivo, clinical) in the Discussion.

Botanical Overview of Poikilospermum Genus

The genus Poikilospermum Zipp. ex Miq. (1864) from the family Urticaceae, Juss. (1789) comprises approximately 33
recognized species that are predominantly distributed in tropical Southeast Asia, especially in Borneo and the Malay
Peninsula. Although several species occur regionally, P. suaveolens stands out because of its broad ethnomedicinal use,
unique morphological characteristics, and the highest number of pharmacological and phytochemical studies in recent
literature. Therefore, this review focuses on P. suaveolens as a model species, with other congeners included only in the
comparative chemotaxonomic context.>'*

While several species, such as P. borneense, P. acuminatum, and P. lanceolatum have been documented in regional floras,
most studies on their pharmacological activity and phytochemistry have concentrated on P. suaveolens. Table 1 summarizes the
main recognized species within the genus along with their taxonomic status and key distribution. Comparative evaluation with
P, suaveolens aids in understanding the chemotaxonomic patterns and unique secondary metabolite profiles across the genus.'”
P, suaveolens is among the most extensively documented species in ethnobotanical and pharmacological research. This species
thrives at elevations between 500 and 600 meters'® and is distributed across India, southern China, Myanmar, Vietnam, the
Philippines, Malaysia, Singapore, and Indonesia.’ Its broad geographical presence and traditional applications in various local
medicinal systems make P. suaveolens a compelling candidate for phytochemical and pharmacological investigations, specifi-
cally as a model species within the genus.
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Table | Phylogenetic and Taxonomy of Poikilospermum

General Aim of Study | Key Result/Outcome Chemotaxonomic Relevance Ref
DNA metabarcoding of Identified significant consumption of Poikilospermum spp.; Supports link between plant occurrence [17]
fecal samples from insight into ecological interactions and potential secondary metabolite
primates transfer via food webs
Phylogenetic analysis using | The study revealed new insights into evolutionary divergence Refined taxonomy supports grouping [18-
rbcL, chloroplast, and and relationships among genera within the family, supporting species with shared chemotypes/ 20]
nuclear DNA reclassification based on genetic data for more refined metabolite patterns

taxonomic relationships.
Phylogenetic studies of The study clarified relationships within the Urticaceae family, Establishes evolutionary context for [20]
Urticalean rosids contributing to understanding Poikilospermum taxonomy and secondary metabolite comparisons

its phylogenetic position.
Phylogenomics of the The study improved generic delimitation, clarified distinctions | Accurate classification aids prediction of [21]
Urera clade with Sanger/ among genera, and refined evolutionary relationships, phytochemical diversity
target-enrichment correcting previous ambiguities in classification.
Comparative carpology The study revealed significant differences and similarities Seed/fruit traits often linked with unique [22]
(seed and fruit among species, refining taxonomic classification and metabolite profiles (eg, triterpenoids)
morphology) understanding of evolutionary relationships within the genus.
Phylogenetic framework The study provided a revised classification, addressing species Comparative model for taxonomic and [19,23]
for genus Pilea diversity and relationships within the genus, and offering chemotaxonomic approaches
(comparison) a clearer taxonomic structure.
Next-generation The study highlighted previously unrecognized clades and Plastid genome variation correlates with [24]
sequencing (NGS) and relationships, refining the overall phylogenetic tree and diversity in biosynthetic pathways
plastome data improving understanding of species diversification within the

family.

Phylogenetic and Taxonomic Insights

Phylogenetic and taxonomic investigations of Poikilospermum and related species within the family Urticaceae have
provided significant insights into evolutionary relationships and genetic diversity. This study used a range of molecular
methods, including sequencing of the rbcL gene and chloroplast DNA, to resolve infrafamilial and tribal-level
phylogenies.'®'? The application of next-generation sequencing (NGS) technologies, combined with analyses of nuclear
and plastid DNA, has revealed previously unrecognized clades and novel character states, prompting the reclassification
of several genera within the family.”

Focused phylogenomic research on Poikilospermum such as comprehensive chloroplast genome sequencing of
P lanceolatum has generated critical genomic data for comparative analyses, improving our understanding of the
placement of this genus within the Urticeae tribe.”® Additionally, Sanger sequencing and target enrichment markers
have enhanced taxonomic clarity within the Urera clade by addressing inconsistencies in earlier classifications.'®*'
Morphological analyses, particularly carpological research on seed and fruit structures, have complemented molecular
evidence and contributed to refining the genus classification.*?

The integration of genetic, genomic, and morphological datasets has significantly advanced phylogenetic interpreta-
tions and taxonomic revisions of Poikilospermum. These results redefine generic boundaries within Urticaceae and lay
a foundation for future analyses exploring species diversity, adaptive evolution, and the potential pharmacological
relevance of the genus.”® Table 1 summarizes key phylogenetic and taxonomic studies on Poikilospermum and related
Urticaceae, emphasizing advances that have clarified evolutionary relationships, supported chemotaxonomic differentia-
tion, and underpinned the study of secondary metabolite diversity across the genus. Chemotaxonomic analysis within the
genus Poikilospermum has revealed both conserved and distinct secondary metabolite patterns that correlate with
taxonomic relationships and ecological adaptation. Notably, P. suaveolens exhibits a unique phytochemical profile rich
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in flavonoids, triterpenoids, and saponins, differentiating it from other closely related species that may be dominated by
other phenolic compounds or alkaloids.”®*° These chemotaxonomic traits not only support phylogenetic classification
but also underpin the pharmacological potential highlighted in this review.

Phytochemical Composition of Poikilospermum Genus

Poikilospermum genus is characterized by a diverse phytochemical profile, with bioactive compounds distributed across
various plant parts. The leaves contain high concentrations of flavonoids, including quercetin and kaempferol, which are
primarily responsible for their antioxidant and anti-inflammatory properties (Jumania et al, 2020). Additionally, tannins,
such as catechin and ellagic acid, along with saponins, including oleanolic acid, contribute to the astringent and
antimicrobial activities of the leaves. Phenolic compounds (gallic acid and caffeic acid) and glycosides (beta-sitosterol
glycoside) further enrich the therapeutic potential of the leaves. Moreover, essential oils such as lupan-3-yl acetate,
phytol, and vitamin E (tocopherol) have been identified and show significant antimicrobial and anti-inflammatory
activities.'!

The stems of Poikilospermum species contain alkaloids and glycosides that are associated with analgesic, antispas-
modic, cardiovascular, and antidiabetic effects.'” High concentrations of tannins and saponins have been observed in the
roots, contributing to their anti-inflammatory, antimicrobial, immune-enhancing, and antidiabetic properties.'”*' The
essential oils and alkaloids present in the roots further augment their therapeutic potential and offer analgesic and
antimicrobial benefits.*'

Similarly, bark is rich in flavonoids and tannins, which have antioxidant, anti-inflammatory, antidiabetic, and wound-
healing activities.** Essential oils extracted from the bark have been reported to have additional antimicrobial and anti-
inflammatory effects.***> Poikilospermum flowers contain flavonoids and phenolic compounds that are known for
antioxidant potential*® In addition to these compounds, Poikilospermum species contain phenolic acids and steroids
such as beta-sitosterol.!” The broad spectrum of phytoconstituents, including flavonoids, tannins, saponins, alkaloids, and
essential oils, demonstrates the significance of this genus in traditional medicinal systems and promising prospects for
pharmaceutical development.>'**! The major bioactive compounds identified in P. suaveolens extracts, including
triterpenoids, phytosterols, fatty acids, chromones, and vitamins, are shown in Figure 2. These components contribute
to the broad spectrum of pharmacological activities observed in this species.

Ethnobotanical Applications of Poikilospermum Species

Historically, local cultures in Borneo and broader Southeast Asia have used various Poikilospermum species for a wide
range of medicinal and cultural purposes. In indigenous communities, leaves are traditionally used to manage skin
diseases, wounds, and insect stings, often prepared as decoctions or applied directly to affected areas.>” The bark and
roots are also widely used in traditional remedies to alleviate fever, gastrointestinal disturbances, and respiratory
ailments, particularly in remote villages where access to modern healthcare is limited.*” These preparations are
commonly administered as herbal infusions or ground pastes for oral or topical application.

Beyond medicinal uses, Poikilospermum has significant cultural and ritual value. In the Dayak communities of
Kalimantan, the plant is incorporated into healing rituals, symbolizing purification and recovery, and is used during
spiritual ceremonies, specifically postpartum practices, to reduce maternal fatigue and prevent excessive hemorrhage.*”-**
Leaves are frequently included in traditional bathing mixtures for mothers and newborns, reflecting the plant’s central
role in maternal health care practices. The stems also contribute economically and culturally by providing fibers for
weaving handicrafts, such as baskets and mats, used in ceremonial contexts. In certain regions, the plant serves as
a source of natural dye for textiles, emphasizing its broader role in sustaining cultural identity and traditional
livelihoods.*” Owing to its documented ethnobotanical significance, broad geographical distribution, and extensive
pharmacological evidence, P. suaveolens is the focus of this review. Other species have been primarily discussed to
provide chemotaxonomic comparisons and evolutionary contexts.

P. suaveolens is classified within angiosperms, the order Rosales, and the family Urticaceae.”**° This perennial
climbing plant has woody stems that ascend trees or rocks but is not classified as a tree. Morphologically, the plant is
suggested to possess simple leaves with pinnate venation, acuminate apices, rounded bases, and small purplish flowers
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Figure 2 Components of P. suaveolens extract identified in this review: (1) Lupan-3-yl acetate, (2) 1,3,4,5-tetrahydroxy-cyclohexanecarboxylic acid, (3) DL-threitol, (4) beta-
sitosterol, (5) sitostenone, (6) gamma-sitosterol, (7) 6-octadecenoic acid (Z)-, (8) L-(+)-ascorbic acid 2,6-dihexadecanoate, (9) 5-hydroxy-7-methoxy-2-pentylchromone, (10)
vitamin E, (I 1) 3-methoxy-5-methylphenol, (12) 4,6-Dioxatricyclo[3.3.1.02.7] Nonane, 1,3,3-Trimethyl-, (IS)-, (13) Tetraethylammonium Chloride, (14) lupeol, (15) 10,12-
hexadecadien-I-ol, and (16) 4,4,5,8-tetramethylchroman-2-ol.

Notes: Compound occurrence varies with extraction analytical platform reported in the cited studies; structures are illustrative.

near the petiole. Ethnobotanical and ethnopharmacological research have recorded traditional use of P. suaveolens for
managing menstrual discomfort, numbness, pregnancy complications, and postnatal care to reduce fatigue and prevent
postpartum hemorrhages.’>%4® These results demonstrate a significant role for the reproductive and maternal health
systems.

Various parts of P. suaveolens are widely used in traditional therapies, as stated in the ethnobotanical surveys
(Tables 2 and 3). The leaves are extensively used for their analgesic effect’'? and are used topically for dermatological
conditions such as eczema and psoriasis. In addition to medicinal applications, the leaves are also incorporated into local
diets and brewed into herbal teas, which are believed to promote general health and well-being. Root extracts and

decoctions are traditionally prepared to treat digestive diseases, fever, and infections, providing a broad therapeutic
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Table 2 Part of Plant, Ethnobotanical Uses, Secondary Metabolites, Potential Activity of Genus Poikilospermum

Antimicrobial

Species Part of Plant Ethnobotanical Uses Secondary Main Ref
Used Metabolites Pharmacological
Activities
P. suaveolens Leaves, Bark, Fever reduction, wound healing, Flavonoids, Tannins, Anticancer, [3,16,41]
Roots digestive issues Terpenoids, Alkaloids Antioxidant, Anti-
inflammatory
P. amboniense Leaves, Stem Treatment of skin disorders, Tannins, Flavonoids, Antimicrobial, Anti- [9,10]
respiratory ailments Terpenoids inflammatory, Wound
healing
P. lanceolatum Bark, Roots Antimicrobial agent, gastrointestinal | Alkaloids, Tannins Analgesic, [42,43]
disorders Antimicrobial
P. cordifolium Leaves, Roots Treatment of fever, anti- Alkaloids, Saponins, Anticancer, Anti- [44,45]
inflammatory Terpenoids inflammatory
P. scaberrimum Leaves, Bark Skin conditions, fever relief Saponins, Flavonoids, Antioxidant, Anti- [3]
Terpenoids inflammatory
P. macracanthum | Leaves, Bark Antimicrobial, digestive health Alkaloids, Flavonoids, Antimicrobial, [46,47]
Phenolics Antidiabetic
P. giganteum Leaves, Bark Wound healing, fever relief Flavonoids, Alkaloids Antimicrobial, [10,48,49]
Antipyretic
P. mollissimum Leaves, Bark, Root | Respiratory health, anti- Tannins, Terpenoids, Anti-inflammatory, [9,44]
inflammatory, Gastrointestinal Saponins, Alkaloids, Antimicrobial,
disorders, skin ailments Phenolic acids Antioxidant
P. grandiflorum Leaves, Stem Digestive issues, anti-inflammatory Flavonoids, Alkaloids, Antioxidant, [43]
Terpenoids Antidiabetic
P. japonicum Leaves, Bark Antimicrobial agent, anti- Saponins, Alkaloids, Antimicrobial, Anti- [10,46]
inflammatory Tannins inflammatory
P. pubescens Leaves, Stem Traditional medicine for skin Flavonoids, Saponins, Antimicrobial, [9,50,51]
infections Terpenoids Antioxidant
P. curvigoni Leaves, Bark, Digestive health Tannins, Flavonoids, Antioxidant, [46]
Roots Alkaloids Antimicrobial
P. merrillii Bark, Roots Antimicrobial agent, fever relief Saponins, Tannins, Antimicrobial, Anti- [12,47]
Alkaloids inflammatory
P. kurzii Leaves, Bark, Roots | Fever reduction, gastrointestinal Flavonoids, Saponins Antipyretic, [31,46]
disorders Antimicrobial
P. borneense Roots, Leaves Skin ailments, anti-inflammatory Terpenoids, Phenolics Antimicrobial, Anti- [9,52,53]
inflammatory
P. verrucosum Bark, Leaves Digestive issues, wound healing Alkaloids, Flavonoids Antimicrobial, Anti- [12,31,46,54]
inflammatory
P. macrophyllum | Leaves, Roots Respiratory ailments, wound healing | Flavonoids, Saponins Antioxidant, [43,55,56]
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Table 3 Native Source, Part of Plant, and Traditional Uses of P. suaveolens

Native Plant Part Used Use Preparation/Mode of Use | Ref
Batu kapur, Maros, Indonesia Leaves Antimicrobial, Topical application, decoction | [I1]
Lore Lindu National Park, Sigi Regency, Stem (Bark and Wood) | Antioxidant, Topical application, decoction | [46]

Central Sulawesi

Salenrang Village, Bontoa District, Maros Stem Wound Healing Topical, paste or decoction [57]

Regency, South Sulawesi.

Gala and Guimad villages in Ozamis City Leaves Breast tumor and cancer, Herbal drink/decoction [58]
Kidney,
Local communities, Borneo/Kalimantan Leaves, roots Fever reduction, maternal/ | Bath soak, oral decoction [37,38]

postnatal care

Mandailing, Sumatra Leaves Skin disease, fatigue Decoction, topical [5]

spectrum and deep-rooted integration into indigenous knowledge systems.*'' Collectively, the cultural practices and
formulations demonstrated the multifaceted role of P. suaveolens as a medicinal and cultural resource. The profound
association between traditional healing, maternal care, and craftsmanship affirms the relevance of ethnobotanical heritage
to contemporary scientific exploration. These uses indicate cultural/empirical relevance but do not constitute evidence of
efficacy; alignment with pharmacology is discussed only where experimental data exist.

P. suaveolens: A Pharmacologically Promising Species

P. suaveolens was the most extensively observed species within Poikilospermum genus, with 186 recorded field
observations.'> Commonly known as “Mentawan” in Indonesia, P. suaveolens is a climbing or epiphytic plant
belonging to the Urticaceae family. The plant predominantly inhabits humid tropical rainforest ecosystems, favoring
low to mid altitude limestone regions in Maros, South Sulawesi, Indonesia. Morphologically, P. suaveolens is
characterized by broad, rough-textured, hairy leaves, small greenish flowers, and clustered, dark-colored, berry-like
fruits. These stems are woody and have been traditionally incorporated into herbal remedies. Local communities
extensively use leaves to treat wounds, ulcers, skin infections, and inflammation because of their antimicrobial and
anti-inflammatory properties.' Ethnopharmacological research has further reported the application of various plant
parts, including leaves, stems, and fruits, for managing conditions such as eye infections, fever, malaria, diarrhea,
postpartum recovery, and certain cancer types.''

Phytochemical investigations support these traditional uses, showing the presence of diverse bioactive compounds,
including flavonoids, alkaloids, triterpenoids, tannins, and cardiac glycosides across different plant parts. Its widespread
medicinal use is consistent with its rich phytochemical composition, which reinforces its value as a promising candidate
for drug discovery and pharmaceutical development. P. suaveolens primarily thrives in humid lowland regions near
riverbanks and forest edges and is distributed across southern China, Myanmar, Vietnam, and the Philippines.*°
Pharmacological relevance, particularly antimicrobial, anti-inflammatory, and wound healing properties, is significant
in traditional medicine and modern pharmacological research.'!

Gas chromatography-mass spectrometry (GC-MS) analysis of P. suaveolens extracts identified over 50 compounds,
including lupan-3-yl acetate and beta-sitosterol, that exhibit anti-inflammatory and anticancer activities.>' These results
demonstrate the considerable therapeutic potential of P. suaveolens in contemporary medicine and emphasize the
importance of further research on its bioactive constituents (Table 4). Collectively, these varied pharmacological effects
affirm the significance of traditional healing systems and their promising role as novel therapeutic agents.
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Table 4 Active Compound, Bioactivity and Pharmacological Properties of P. suaveolens

Active Compound Concentration (%) | Bioactivity Ref
Lupan-3-Y| Acetate 12.77 Anticancer, Anti-inflammatory [31]
1,3,4,5-Tetrahydroxy-Cyclohexanecarboxylic Acid 825 Antioxidant [31]
DI-Threitol 7.88 Metabolic regulation [31]
Beta-sitosterol nd Cholesterol-lowering, Anticancer | [3]
Sitostenone nd Cytotoxic activity [3]
Gamma-sitosterol nd Anti-inflammatory, Anticancer [1,3,31]
6-Octadecenoic Acid, (Z)- 6.16 Antioxidant, Anti-inflammatory [60,61]
L-(+)-Ascorbic Acid 2,6-Dihexadecanoate 55 Antioxidant [62,63]
5-Hydroxy-7-Methoxy-2-Pentylchromone 549 Antioxidant, Anticancer [31]
Vitamin E 5.21 Antioxidant, Anti-inflammatory [64]
3-Methoxy-5-Methylphenol 4.74 Antioxidant [65]
4,6-Dioxatricyclo [3.3.1.02.7] Nonane, 1,3,3- Trimethyl-, (Is)- | 4.11 Anti-inflammatory [31]
Tetraethylammonium chloride 4.08 Antimicrobial [31]
Lupeol 2.71 Anticancer, Antioxidant [66,67]
10,12-Hexadecadien-1-Ol 2.28 Antioxidant, Anti-inflammatory [31]
4,4,5,8-Tetramethylchroman-2-Ol 2.21 Antioxidant [68]

Bioactivities and Mechanistic Insights of P. suaveolens in the Context of

Ethnomedicine

The pharmacological attributes of Poikilospermum have been increasingly explored in recent years, with a broad
spectrum of biological activities, including antibacterial, anti-inflammatory, antioxidant, and anticancer effects. These
therapeutic benefits are largely attributed to the phytochemical diversity of the genus, particularly the presence of
flavonoids, tannins, alkaloids, and saponins in the various plant parts. The convergence between traditional ethnobota-
nical uses and contemporary pharmacological evidence strongly supports the medicinal relevance of Poikilospermum
species. The traditional use of leaves for pain relief and inflammation management has been corroborated by pharma-
cological research that has reported substantial analgesic and anti-inflammatory effects. These outcomes are primarily
associated with flavonoids and tannins, which are known to modulate inflammatory pathways and nociceptive
responses.®” This concordance between ancestral practices and scientific validation enhances the credibility of ethno-
pharmacological knowledge and reports the therapeutic potential of Poikilospermum for pain and inflammation control.

The use of Poikilospermum roots in the treatment of gastrointestinal diseases and diarrhea is consistent with the
results showing that the roots possess anti-diarrheal and digestive supportive activities. These effects are associated with
the presence of tannins and saponins, which have gastrointestinal protective and regulatory properties.’® The traditional
application of bark for wound healing and dermatological conditions is supported by pharmacological data showing
significant antimicrobial and wound-healing effects.'®”!"* These effects are largely attributed to flavonoids and essential
oils in the bark, which exhibit antibacterial and regenerative activities.'""'? In ethnomedical practice, Poikilospermum
stems of Poikilospermum have been traditionally used to manage respiratory ailments. This is supported by pharmaco-
logical research reporting expectorant and anti-inflammatory properties traced to the presence of bioactive metabolites
with bronchodilatory and anti-inflammatory effects. These results reinforce the scientific basis for the use of
Poikilospermum in respiratory care.

Comprehensive pharmacological analyses of different plant parts have revealed multiple therapeutic properties in
preclinical models, including strong anti-inflammatory, antioxidant, and antimicrobial activities.”*"’* These observations
substantiate long-standing ethnobotanical practices across indigenous communities and show the clinical potential of
Poikilospermum as a multifunctional medicinal resource. Further investigations of this genus have reported additional
pharmacological effects. Poikilospermum species exhibit anthelmintic properties, suggesting their potential use in
managing parasitic infections with antimicrobial effects that inhibit microbial proliferation. Its anti-inflammatory and

analgesic properties support its use in the treatment of inflammation-related diseases and relieving pain.”> Moreover,

11872 ‘e Drug Design, Development and Therapy 2025:19



Milanda et al

immunomodulatory activities show potential for immune regulation, whereas hepatoprotective effects suggest liver-
protecting capabilities.”® In general, the integration of ethnobotanical traditions with modern pharmacological results
contributes to a more comprehensive understanding of their therapeutic relevance. Interdisciplinary research, including
drug development initiatives based on diverse bioactivities, is essential to fully unlock the potential of modern medicine
(Table 2).

Antimicrobial Activity

Indonesia’s rich biodiversity presents an array of plant species that have potential as alternative therapeutic agents.
P suaveolens contains a variety of phytochemicals, including flavonoids, steroids, terpenoids, alkaloids, saponins,
tannins, and essential oils, with antibacterial and antimicrobial properties.”” Antimicrobial agents function by inhibiting
or eliminating the growth of pathogenic microorganisms, such as bacteria, fungi, viruses, and protozoa. These agents are
widely used in clinical medicine, public health, sanitation, and agriculture to prevent and control infections. Research on
P. suaveolens has shown that extracts from its outer shell possess potent antimicrobial activity against Staphylococcus
aureus (S. aureus), Escherichia coli (E. coli), and Candida albicans (C. albicans). The efficacy of the extracts was
confirmed by agar diffusion assays. Distinct zones of inhibition were observed around the treatment wells in contrast to
the DMSO-treated negative control without inhibitory activity. The extract produced inhibition zones measuring between
16.17 and 18.17 mm against S. aureus, showing strong antibacterial potency.'®’' Statistical analyses confirmed
a concentration-dependent response, and the activity was attributed to bioactive constituents such as alkaloids, tannins,
saponins, and steroids.

Similar inhibitory effects were observed against E. coli, with the suppression of bacterial proliferation recorded at
increasing concentrations of 25%, 50%, 75%, and 100%.>" Furthermore, the extract exhibited strong antifungal activity
against C. albicans, thereby emphasizing its broad-spectrum antimicrobial potential. GC-MS analysis of P. suaveolens
reported over 50 phytochemical constituents, including lupan-3-yl acetate, 1,3,4,5-tetrahydroxycyclohexanecarboxylic
acid, DL-threitol, and vitamin E, which are known for their antimicrobial activity by disrupting microbial growth and
metabolism.*® These compounds are summarized in Table 4, which supports their potential use as natural antimicrobial
agents. The antimicrobial activity of P. suaveolens is mediated by a complex array of bioactive compounds. These
constituents act synergistically to disrupt the bacterial membrane integrity, increase membrane permeability, and induce
cell lysis. Additionally, many compounds interfere with bacterial protein biosynthesis. For example, flavonoids can bind
to bacterial enzymes and structural proteins, impairing critical cellular functions, and inhibiting proliferation. Alkaloids
exert their effects by targeting ribosomal subunits and inhibiting translation of essential proteins. The dual-action
membrane disruption and inhibition of protein synthesis are shown in Figure 3 and collectively show the pharmacolo-
gical relevance of P. suaveolens as an antimicrobial agent. These results reinforce the traditional use of P. suaveolens in
treating infections, and suggest a strong potential for the development of natural antimicrobial therapy in the management
of bacterial and fungal diseases.

From a molecular perspective, flavonoids, such as quercetin, disrupt bacterial cell membranes and inhibit essential
enzymes, such as DNA gyrase and topoisomerase IV, thereby impeding DNA replication and bacterial proliferation.”®”’
Quercetin and kaempferol are known to inhibit bacterial ribosomal functions and interfere with protein synthesis.
Alkaloids act via DNA intercalation or ribosomal subunit disruption, leading to translational arrest and microbial cell
death.®*®? These mechanisms corroborate the experimental results where P suaveolens extracts showed substantial
inhibitory activity against S. aureus, E. coli, and C. albicans, confirming their use in traditional infection control.

Anti-Inflammatory Activity

Inflammation is an essential biological response to injury or irritation that serves to protect and initiate the healing of
damaged tissues. This process involves a complex interaction between blood cells, signaling proteins, and inflammatory
mediators. These responses can be categorized as acute or chronic. Acute inflammation is immediate, localized, and
typically resolves during tissue repair. Chronic inflammation is a prolonged condition that leads to tissue degradation and

contributes to the progression of various diseases when left unmanaged.® ¢
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Figure 3 Proposed antibacterial mechanisms associated with bioactive constituents reported for P. suaveolens: disruption of microbial membranes, inhibition of key enzymes/
proteins, interference with nucleic acids and quorum sensing, oxidative-stress modulation, and biofilm attenuation. Conceptual schematic; not to scale. Created in
BioRender. Mrdiana, L. (2025) https://BioRender.com/pyaé7rr.

The anti-inflammatory activity of P. suaveolens has been reported in preclinical models, who used excisional wound
models in Wistar albino rats to evaluate wound-healing efficacy.'""'® Topical ointments formulated with ethyl acetate
(EA) and ethanol (ET) extracts at concentrations of 10 and 15% significantly enhanced the wound healing process.
Complete wound closure was achieved by day 15 in the group treated with 10% EA extract, outperforming the positive
(5% povidone-iodine) and base ointment negative controls. These results are consistent with previous reports emphasiz-
ing the potential of plant-derived bioactive compounds to accelerate tissue regeneration and promote inflammation
resolution.®” At the molecular level, the anti-inflammatory effects of P. suaveolens are mediated through the inhibition of

8889 as reported in (Figure 4). NF-kB is a transcription factor that

the nuclear factor kappa B (NF-kB) signaling pathway,
regulates the expression of inflammatory cytokines and immune-related genes.”””' Under inflammatory stimuli, NF-xB
is activated through the toll-like receptor (TLR) pathways, leading to the phosphorylation and degradation of the inhibitor
IkB. This process enables the NF-kB complex (p50/p65) to translocate into the nucleus and promote the transcription of
pro-inflammatory genes such as TNF-a, IL-1pB, and IL-6."*"°

Bioactive compounds in P. suaveolens, particularly flavonoids, have been shown to suppress this pathway by
preventing the phosphorylation and degradation of IkB, inhibiting the nuclear translocation of NF-kB, and reducing
the expression of downstream inflammatory mediators (Figure 4).°“°” This mechanism leads to a reduction in cytokine
production and attenuation of inflammatory responses.”® This combined biochemical and physiological evidence
reinforces the role of P. suaveolens as a natural anti-inflammatory agent, capable of mitigating excessive inflammation
and promoting tissue repair.

The anti-inflammatory effects of P. suaveolens are primarily driven by the suppression of the NF-kB signaling

99,100

pathway. Quercetin impedes the phosphorylation and proteasomal degradation of IkBa, retaining the NF-xB

complex in the cytoplasm and suppressing its nuclear translocation. This results in the downregulation of pro-
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Figure 4 Anti-inflammatory actions linked to flavonoids reported in P. suaveolens and related literature: attenuation of NF-kB activation (via lxBa stabilization), down-
regulation of COX-2/iNOS and pro-inflammatory cytokines (TNF-a, IL-1B, IL-6), and modulation of MAPK signaling, alongside activation of the Nrf2/ARE antioxidant
response. Conceptual schematic. Created in BioRender. Mrdiana, L. (2025) https://BioRender.com/pya67rr.

inflammatory cytokines, including TNF-a, IL-1p, and IL-6. Additionally, terpenoids downregulate COX-2 and PGE2,
providing complementary anti-inflammatory modulation.'®""'* This mechanistic balance supports the traditional appli-
cations of the plant in wound healing, fever reduction, and the treatment of inflammatory skin conditions.

Antioxidant Activity

Among the three known species, P. suaveolens has been reported to exhibit potential antioxidant activity, primarily
because of its high concentration of flavonoids and tannins.'®**'°* These polyphenolic compounds function as free radical
scavengers, directly neutralizing reactive oxygen species (ROS) and protecting cells from oxidative damage. Figure 5
shows that the antioxidant system plays a central role in the prevention of oxidative stress-related diseases, including
cardiovascular diseases, neurodegenerative conditions, and certain cancers. The antioxidant action of P. suaveolens
operates through two primary mechanisms: (1) direct scavenging of free radicals, and (2) enhancement of endogenous
antioxidant defense systems.'®>'°” The enzymatic antioxidant mechanism includes superoxide dismutase (SOD), which
catalyzes the dismutation of superoxide radicals (O, *) into hydrogen peroxide (H,O,) and molecular oxygen (O,),
thereby reducing the cellular oxidative burden.

0, e +2H" — [SOD] — H,0, + O, (1)

Flavonoids play a central role in non-enzymatic antioxidant defenses by donating hydrogen atoms to neutralize reactive
free radicals (Re). This reaction stabilizes the radicals and prevents the propagation of the oxidative chain reactions.
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Figure 5 Antioxidant and cytotoxic/antiproliferative mechanisms reported preclinically for P. suaveolens constituents: ROS scavenging and redox homeostasis support;
mitochondrial pathway involvement (Bax1/Bcl-2], caspase-9/-7 activation); and cell-cycle modulation (eg, Cyclin DI/CDKI). Created in BioRender. Mrdiana, L. (2025)
https://BioRender.com/pyaé7rr.

Flavonoid(OH) + Re — Flavonoid(Oe) + RH @)

The underlying molecular mechanism includes the formation of resonance-stabilized flavonoid radicals. The resulting
flavonoid radical obtained from the donation of hydrogen atoms is delocalized across the aromatic ring system,
minimizing the reactivity and stabilizing compound.lo&109 This antioxidant buffering prevents the further propagation
of oxidative reactions in biological membranes and cellular components. In addition to direct radical scavenging,
P. suaveolens has been shown to modulate the activities of endogenous antioxidant enzymes. The extracts enhanced
the expression and activity of SOD and catalase (CAT) enzymes, which are responsible for converting superoxide
radicals to hydrogen peroxide, water, and oxygen.''®!"! This enzymatic defense mechanism reduces the ROS burden and
preserves cellular redox homeostasis. Moreover, the tannins present in P. suaveolens may chelate transition metals such
as Fe’+ and Cu®+, reducing the Fenton reaction and producing highly reactive hydroxyl radicals from hydrogen peroxide.
Tannins contribute an additional layer of antioxidant protection owing to metal-catalyzed radical formation. Collectively,
these biochemical and molecular processes support the strong antioxidant capacity of P. suaveolens and substantiate its
traditional use in the prevention and treatment of oxidative stress-related ailments. The dual function of scavenging free
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radicals and enhancing enzymatic defenses positions P. suaveolens as a promising natural antioxidant candidate in
phytopharmaceutical development.

P. suaveolens exhibits potent antioxidant effects through direct radical scavenging and enhancement of endogenous
defence systems. Polyphenolic compounds, such as flavonoids and tannins, donate hydrogen atoms to neutralize ROS
such as superoxide anions (O, *) and hydroxyl radicals.'®'°”-!1? These actions are potentiated by the upregulation of
antioxidant enzymes such as SOD, CAT, and glutathione peroxidase. Quercetin activates the Nrf2 pathway and stimulates
the transcription of antioxidant response elements (ARE).''*!''* This dual mechanism of action reinforces the role of
P. suaveolens in combating oxidative stress due to associated conditions such as cardiovascular disease, neurodegenera-
tion, and carcinogenesis.

Anticancer Activity

Research on P. suaveolens shown promising anticancer activity, which is attributed to its rich phytochemical profile,
including flavonoids (quercetin and kaempferol), terpenoids, and alkaloids. These compounds synergistically enhanced
the antioxidant, anti-inflammatory, and cytotoxic capacities of, making P. suaveolens them viable candidates for
advanced anticancer interventions. The methanol fraction reported strong cytotoxic potential in the brine shrimp lethality
test (BSLT), with LCs values ranging from 4.87 to 85.54 ug/mL, showing potent bioactivity.' Fetalvero et al reported an
ICso of 26.58 pg/mL against A549 non-small cell lung carcinoma cells, confirming dose-dependent cytotoxicity
accompanied by morphological signs of apoptosis.''> Mechanistically, P. suaveolens induced cancer cell death through
multiple pathways. Flavonoids neutralize ROS, minimize DNA damage, and halt tumor progression.''®'"” This is
achieved through direct radical scavenging and upregulation of endogenous antioxidant enzymes such as SOD.
Additionally, flavonoids donate electrons to stabilize free radicals (Re), forming less-reactive compounds. In parallel,
bioactive compounds from P. suaveolens inhibit the NF-xB signaling cascade, a critical regulator of inflammation and
cell survival.''®!'"® This suppression decreases the transcription of anti-apoptotic genes, promoting apoptosis and
arresting the cell cycle at the Go/G; phase.'?*'?! ROS neutralization, NF-xB inhibition, and apoptosis induction
P. suaveolens show substantial anticancer potential through these mechanisms.

Despite these results, the safety profile of this compound must be assessed. BSLT-based toxicity evaluations of the
methanol stem extract obtained LCsy values between 4.87 and 114.49 ug/mL, with fractions A, B, D, E, and
G considered highly toxic (LCso < 100 pg/mL)." These results necessitate cautious interpretation, because high
in vitro cytotoxicity does not inherently imply selectivity for malignant cells. To ensure safe therapeutic application,
further research must include in vivo toxicity profiling in mammalian systems, including histopathological and organ-
specific evaluations as well as determination of the therapeutic index. These integrated pharmacological and toxicological
assessments are important for translating the anticancer potential of P. suaveolens into clinically viable phytomedicine.

Comparisons Within Urticaceae
Beyond Southeast Asia, several Urticaceaec genera show pharmacological themes that mirror those reported for
Poikilospermum. Urtica spp. are widely associated with anti-inflammatory and antioxidant effects; Boehmeria and
Debregeasia contribute antimicrobial and wound-care evidence; Girardinia, Laportea, and Pilea add reports of cytotoxi-
city in cell models. Across these taxa, flavonoids (eg, flavonols, flavones) and phenolic acids (eg, caffeic/ferulic
derivatives) recur as dominant classes, with triterpenoids and lignans appearing in several species. This chemotaxonomic
pattern is broadly consistent with redox-modulatory and inflammation-linked pathways often discussed for P. suaveolens.
However, evidence levels and study quality vary markedly. Much of the cross-genus literature remains in vitro, with
limited in vivo corroboration and sparse clinical data. Direct cross-species efficacy inference is therefore unwarranted.
Where overlaps exist (eg, antioxidant and anti-inflammatory activities), extract standardization, dose-response character-
ization, appropriate positive controls, and selectivity against non-target cells are inconsistently reported, limiting
translational interpretation.

Notably, regional studies indicate that P. suaveolens may present distinct chemoprofiles—for instance a flavonoid/
triterpenoid-leaning signature-aligned with antibacterial and wound-care ethnomedicine. Whether these profiles confer
functional advantages over better-studied genera (eg, Urtica dioica) remains an open question that warrants head-to-head
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comparisons under harmonized analytical (LC-HRMS/MS) and bioassay conditions. Standardized cross-genus panels
(same extraction protocol, matched dosing, identical readouts) would allow quantitative ranking of effect sizes and
reproducibility, thereby clarifying the position of P. suaveolens within the broader Urticaceae pharmacology landscape.

Synergistic Interactions and Polypharmacology

The co-occurrence of multiple bioactive compounds within P. suaveolens enhances its therapeutic efficacy through
synergistic interactions. Flavonoid-mediated ROS scavenging can reduce oxidative stress—induced NF-«xB activation and
potentiate anti-inflammatory activity. Tannins can stabilize epithelial barriers, inhibit microbial adherence, and comple-
ment the bactericidal effects of alkaloids and flavonoids. This integrative pharmacological behavior supports reduced
dosing, enhanced safety profiles, and efficacy in complex pathologies such as cancer, chronic inflammation, and
polymicrobial infections. Collectively, the multi-target pharmacological framework of P. suaveolens shows potential as
a source of therapeutic agents for diseases that require holistic intervention. Understanding the interaction networks and
mechanistic underpinnings of the constituent compounds is important for the rational development of standardized
phytopharmaceutical formulations and future clinical translation.

Research Gaps

The traditional knowledge of the ethnobotanical applications of Poikilospermum has significantly influenced modern
scientific research. Insights from different generations regarding the therapeutic properties of plants have established
a basis for substantiating and investigating their applications in a scientific context. The amalgamation of historical
methodologies and contemporary research has fostered comprehensive drug development strategies in natural medicine.
Recognizing the cultural importance of medicinal plants, researchers can substantiate conventional assertions while
discovering novel therapeutic potentials. This methodology facilitates the advancement of herbal medicines, nutritional
supplements, and pharmaceutical formulations that correspond to contemporary healthcare requirements, while safe-
guarding cultural heritage. Poikilospermum demonstrates significant pharmacological properties, including antibacterial,
anti-inflammatory, and antioxidant activities, indicating its potential for use in the treatment of infections, inflammation,
and illnesses associated with oxidative stress. Subsequent investigations could examine its bioactive components for
applications in pharmaceutical formulations aimed at treating particular diseases. Translating these insights into practical
applications requires stringent clinical studies and standardized preparation procedures to guarantee safety, efficacy, and
consistency.

Notwithstanding the promising outcomes, the constraints in the existing research require attention. Research char-
acterized by limited sample sizes, insufficient controls, and methodological discrepancies, such as differences in
extraction techniques and dosing, impedes the comparability of results. Moreover, variations in pharmacological action
among plant sections, shaped by the phytochemical composition and environmental conditions, further hinder reprodu-
cibility. Future research should implement standardized methodologies and sourcing practices to minimize variability and
enhance reliability.

The pharmacological potential of P. suaveolens is considerable, particularly in terms of its bioactive components and
modes of action, which show promise in the fight against cancer and other chronic diseases. The expansive genus
Poikilospermum has not been sufficiently studied, and presents prospects for the identification of novel bioactive
chemicals. Enhancing research via interdisciplinary cooperation in ethnobotany, pharmacology, and biotechnology is
essential for realizing the complete therapeutic potential of this genus. As natural compounds continue to influence drug
discovery, P. suaveolens and its relatives may provide a sustainable supply of novel therapeutics.

Conclusion

In summary, this review provides a comprehensive synthesis of the phytochemical diversity and pharmacological
potential of P. suaveolens, with emphasis on its traditional uses, bioactive constituents, and therapeutic activities. As
one of the most prominent species within the genus Poikilospermum, P. suaveolens exhibits a broad spectrum of
biological effects, including antibacterial, anti-inflammatory, antioxidant, and anticancer properties, largely attributed
to its rich content of flavonoids, alkaloids, tannins, and terpenoids. These bioactive compounds have been shown to
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interact with key molecular targets such as bacterial ribosomes and the NF-kB signaling pathways, suggesting their
potential roles in managing infections, inflammation, and cancer. The traditional ethnomedicinal applications of
P suaveolens, supported by emerging pharmacological evidence, highlight its value as a prospective candidate for
natural product-based drug development. By bridging ethnobotanical knowledge with scientific validation, this review
highlights the significance of P. suaveolens in modern pharmaceutical research and lays the groundwork for future
translational research. In the broader Urticaceae context, P. suaveolens shares the core antioxidant/anti-inflammatory
themes seen in genera such as Urtica and Boehmeria, yet emerging chemoprofiles suggest potentially distinct leads.
Standardized cross-genus LC-HRMS/MS and head-to-head bioassays, including selectivity and in vivo confirmation, are
needed to quantify any advantage and to prioritize candidates for translation.

Future Perspectives

Several critical and practical research directions must be pursued to realize the full therapeutic potential of P. suaveolens.
First, comprehensive in vivo studies using disease-specific animal models, including antibacterial, anti-inflammatory,
antioxidant, and anticancer studies, should be conducted to validate the pharmacological effects observed in vitro. These
studies should evaluate the appropriate dosage ranges, therapeutic indices, and potential toxicological profiles of specific
bioactive compounds such as quercetin, kaempferol, and key alkaloids. Second, clinical trials, starting with Phase I safety
assessments, are urgently needed to determine human pharmacokinetics, tolerability, and efficacy, particularly in wound
healing, infectious diseases, or inflammation-related disorders where P. suaveolens has traditional applications.

Third, isolation and characterization of individual bioactive compounds should be prioritized through advanced
techniques such as HPLC-MS/MS, NMR, and LC-QTOF to support structure—activity relationship (SAR) studies.
These investigations will enable the development of standardized phytopharmaceutical preparations with predictable
therapeutic outcomes. Fourth, addressing formulation challenges is crucial given the potential solubility and stability
limitations of polyphenols and terpenoids. The application of modern drug delivery platforms, such as phytosomes,
nanoemulsions, solid lipid nanoparticles, and amorphous solid dispersions (ASDs), can significantly improve the
bioavailability and controlled release of these compounds, enabling better clinical translation.

Moreover, future studies should explore the synergistic effects of multiple phytochemicals in plants through
combination index analysis and network pharmacology, thereby validating its holistic therapeutic potential, as seen in
traditional use. Finally, expanding research to include other lesser-studied Poikilospermum species, particularly
P acuminatum and P. lanceolatum, through comparative phytochemical and pharmacological studies may yield new
therapeutic candidates and contribute to a broader understanding of the genus. Taken together, these multidisciplinary
strategies will establish a stronger evidence base and pave the way for transforming P. suaveolens into a scientifically
validated, clinically effective, and pharmaceutically optimized herbal medicine.

Acknowledgments
We express our gratitude to the Rector of the University of Padjadjaran for the APC. Chemical structures were redrawn
using ChemDraw Professional (Version 16.0.1.4), licensed to Supriatno Salam at Universitas Padjadjaran.

Funding
This study was supported by grants-in-aid from Universitas Padjadjaran Internal Number Grant 2257/UN6.3.1/PT.00/
2024.

Disclosure
Prof. Dr. Tiana Milanda reports research funding from Universitas Padjadjaran during the conduct of the study. All other
authors declare no competing interests.

References

1. Salempa P, Pratiwi DE, Ramdani. Toxicity test of mathanol fraction of Mentawan (Poikilospermum suaveolens Blume Merr) stem which has
potential as anticancer. J Phys Conf Ser. 2021;1899(1):012037. doi:10.1088/1742-6596/1899/1/012037

Drug Design, Development and Therapy 2025:19 hetps: 11879


https://doi.org/10.1088/1742-6596/1899/1/012037

Milanda et al

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

. Nparks.gov.sg. Flora and Fauna; 2023. Available from: https://www.nparks.gov.sg/florafaunaweb/who-we-are. Accessed January 1, 2023.
. Jumania J, Sukmawaty E, Muthiadin C, Rahmah Sari S. Phytochemical screening of tambalepen plant extract and its inhibitory effect on

Salmonella Thypi Bacteria. Proc Natl Biot Semin. 2020;347-354.

. Raduan SZB, Wahab RBA, Kassim DHBA, Chelum AA, Morni AABM, Abdul Aziz MWHB. Preliminary phytochemical screening of the

potential medicinal plants of the melanau in Pulau Bruit, Sarawak, Malaysia. Malaysian Appl Biol. 2018;47(1):195-202.

. Nasution A, Chikmawati T, Walujo EB, Zuhud EAM. Ethnobotany of Mandailing Tribe in Batang Gadis National Park. J Trop Life Sci. 2018;8

(1):48-54. doi:10.11594/jt15.08.01.09

. Wahyudi A, Syamswisna S, Yuniarti A. Konservasi Hayati. J /lim. 2023;19(1):43-57.
. Narmadha M, Surendar M, Kumar SS. Tannin loaded nanoparticles and its therapeutic applications — a comprehensive review. Asian J Pharm.

2021;15(3):325-334. doi:10.1190/1.9781560802662.ch1

. Ali A, Passitta M, Rante H, et al. Antibiotic production by an endophytic Streptomyces isolated from the medicinal plant Poikilospermum

suaveolens. Biodiversitas. 2024;25(5):2221-2229. doi:10.13057/biodiv/d250540

. Mastuti R, Rosyidah M. Diversity of bioactive secondary metabolites produced by medicinal plants of Physalis angulata L. (Ciplukan). /OP

Conf Ser Earth Environ Sci. 2021;743(1):12081. doi:10.1088/1755-1315/743/1/012081

. Wibisono KA, Aisyah SI, Suhesti S, Nurcholis W. Optimization of total flavonoids extraction and A-Glucosidase inhibitory activity from

Plectranthus amboinicus (Lour.) Spreng. Leaves using the simplex-centroid design. Mol J Ilm Kim. 2019;14(2):84. doi:10.20884/1.
jm.2019.14.2.497

. Ahmad MH, Ali A, Pagarra H, Salempa P, Salleh LM, Passitta M. Evaluation of antioxidant, antimicrobial and wound healing activity of

Poikilospermum suaveolens. J Teknol. 2022;84(1):41-48. doi:10.11113/jurnalteknologi.v84.16858

Wright CH. Hanopol; 2018. Accessed February 23, 2023. http://www.stuartxchange.org/Hanopol.html.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ.
2021:372:n71. doi:10.1136/bmj.n71

POWO. Poikilospermum Zipp. Plants of the world online; 2021. Available from: http://www.plantsoftheworldonline.org/. Accessed February
12, 2024.

iNaturalist. Poikilospermum suaveolens; 2024. Available from: https://www.inaturalist.org/taxa/425761-Poikilospermum-suaveolens. Accessed
June 20, 2024.

Hartati H, Habil M, Suryani Al. Analisis Fitokimia Ekstrak Tumbuhan Poikilospermum suaveolens Phytochemical analysis of the plant extract
of Poikilospermum suaveolens. Seminar Nasional Biologi. 2020;365-370.

Afni Bandy N, Hapid A, Erniwati E, Muthmainnah M, Ariyanti A, Asniati A. Phytochemical analysis of Bajakah Leaf extract (Poikilospermum
suaveolens (Blume) Merr) from Kapiroe Village, Palolo District, Sigi Regency, Central Sulawesi Province. Jungle News J. 2021;9(1).

Kim C, Deng T, Chase M, Zhang DG, Nie ZL, Sun H. Generic phylogeny and character evolution in Urticeae (Urticaceae) inferred from nuclear
and plastid DNA regions. Taxon. 2015;64(1):65-78. doi:10.12705/641.20

Hadiah JT, Conn BJ, Quinn CJ. Infra-familial phylogeny of Urticaceae, using chloroplast sequence data. Aust Syst Bot. 2008;21(5):375-385.
doi:10.1071/SB08041

Sytsma KJ, Morawetz J, Chris Pires J, et al. Urticalean rosids: circumscription, rosid ancestry, and phylogenetics based on rbc L, trn L- F, and
ndh F sequences. Am J Bot. 2002;89(9):1531-1546. doi:10.3732/ajb.89.9.1531

Ogoma CA, Liu J, Stull GW, et al. Deep insights into the plastome evolution and phylogenetic relationships of the tribe Urticeae (Family
Urticaceae). Front Plant Sci. 2022:13. doi:10.3389/1pls.2022.870949

Kravtsova TI, Moore A, Wilmot-Dear CM, Zhinkina NA. Comparative carpological study of Poikilospermum (Urticaceae) in relation to
taxonomy. Kew Bull. 2020;75:1-34. doi:10.1007/s12225-019-9857-7

Monro AK. The revision of species-rich genera: a phylogenetic framework for the strategic revision of Pilea (Urticaceae) based on cpDNA,
nrDNA, and morphology. Am J Bot. 2006;93(3):426—441. doi:10.3732/2jb.93.3.426

Saini P, Saini P, Kaur JJ, et al. Molecular approaches for harvesting natural diversity for crop improvement BT. In: Salgotra RK, Zargar SM,
editors. Rediscovery of Genetic and Genomic Resources for Future Food Security. Springer Singapore; 2020:67-169. doi:10.1007/978-981-15-
0156-2_3

Huang X, Deng T, Lin N, et al. Complete chloroplast genome sequences of Poikilospermum lanceolatum (Urticeae). Mitochondrial DNA Part
B Resour. 2019;4(2):2131-2132. doi:10.1080/23802359.2019.1623117

Sun K, Sun Q, Xu W, Chen C, Wang B, Wang Y. The complete chloroplast genome of Laportea bulbifera (Sieb. et Zucc.) Wedd. and its
phylogenetic analysis. Mitochondrial DNA Part B Resour. 2022;7(4). doi:10.1080/23802359.2022.2062265

Wells T, Maurin O, Dodsworth S, et al. Combination of Sanger and target-enrichment markers supports revised generic delimitation in the
problematic ‘Urera clade’ of the nettle family (Urticaceae). Mol Phylogenet Evol. 2021:158. doi:10.1016/j.ympev.2020.107008

Nesic MD, Nesic MS, Raca IL, Bukleski M, Radulovi¢ NS. Unmasking the Aliphatic Repertoire: new polyunsaturated metabolites in
Bupleurum falcatum sensu lato provide chemotaxonomic insights. Plants. 2025;14(10):1432. doi:10.3390/plants14101432

Wang C, Qiu L, He F, Liu X, Li D, Gao P. Phytochemical investigation of Rosa laevigata leaves and their chemotaxonomic significance.
Biochem Syst Ecol. 2025;122:105053. doi:10.1016/j.bse.2025.105053

Marne PA, Pawar AT, Tagalpallewar AA, Baheti AM. Comparative phytochemistry and chemotaxonomy. Pharmacogn Phytochem Princ Tech
Clin Appl. 2025;333-346.

Hapid A, Napitupulu M, Zubair MS. Phytochemical screening, GC-MS analysis, toxicity and antimicrobial properties of extracts outer shell
Poikilospermum suaveolens (Blume) Merr. Int J Res Innov Appl Sci. 2021;06(09):111-117. doi:10.51584/ijrias.2021.6903

Sirait TS, Arianto A, Dalimunthe A. Phytochemical screening of Cinnamon Bark (Cinnamomum burmanii) (C. Ness & T. Ness) C. Ness ex
Blume ethanol extract and antioxidant activity test with DPPH (2,2-diphenyl-1-picrylhydrazyl) method. Int J Sci Technol Manag. 20234
(1):254-259. doi:10.46729/ijstm.v4i1.739

Subekti S. Potency of the Indonesian medicinal plants as antimalarial drugs. J Teknol dan Ind Has Pertan Vol. 2008;13(1).

Banik B, Das S, Das MK. Medicinal plants with potent anti-inflammatory and anti-arthritic properties found in Eastern parts of the Himalaya:
an ethnomedicinal review. Pharmacogn Rev. 2020;14(28):121-137. doi:10.5530/phrev.2020.14.16

11880 ‘= Drug Design, Development and Therapy 2025:19


https://www.nparks.gov.sg/florafaunaweb/who-we-are
https://doi.org/10.11594/jtls.08.01.09
https://doi.org/10.1190/1.9781560802662.ch1
https://doi.org/10.13057/biodiv/d250540
https://doi.org/10.1088/1755-1315/743/1/012081
https://doi.org/10.20884/1.jm.2019.14.2.497
https://doi.org/10.20884/1.jm.2019.14.2.497
https://doi.org/10.11113/jurnalteknologi.v84.16858
http://www.stuartxchange.org/Hanopol.html
https://doi.org/10.1136/bmj.n71
http://www.plantsoftheworldonline.org/
https://www.inaturalist.org/taxa/425761-Poikilospermum-suaveolens
https://doi.org/10.12705/641.20
https://doi.org/10.1071/SB08041
https://doi.org/10.3732/ajb.89.9.1531
https://doi.org/10.3389/fpls.2022.870949
https://doi.org/10.1007/s12225-019-9857-7
https://doi.org/10.3732/ajb.93.3.426
https://doi.org/10.1007/978-981-15-0156-2_3
https://doi.org/10.1007/978-981-15-0156-2_3
https://doi.org/10.1080/23802359.2019.1623117
https://doi.org/10.1080/23802359.2022.2062265
https://doi.org/10.1016/j.ympev.2020.107008
https://doi.org/10.3390/plants14101432
https://doi.org/10.1016/j.bse.2025.105053
https://doi.org/10.51584/ijrias.2021.6903
https://doi.org/10.46729/ijstm.v4i1.739
https://doi.org/10.5530/phrev.2020.14.16

Milanda et al

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Moghimipour E, Handali S. Saponin: properties, methods of evaluation and applications. Ann Res Rev Biol. 2015;5(3):207-220. doi:10.9734/
arrb/2015/11674

Francisco GJV, Pajarito DF. Comparative determination of total phenolic content and flavonoid content of Hanopol (Poikilospermum
suaveolens) Using water and aqueous ethanol as extracting solvents. Abstr Proc Int Sch Conf. 2018;6(1):150.

Ahmad KI, Maulana M, Magiman ZR, Seemab A, Faridah-hanum I. Diversity and utilization of ethnomedicinal plants in Sarawak, Borneo.
Malaysian For. 2023;86(1):125-152.

Cita KD, Waluyo P. Ethnobotany of medicinal plant used by Sundanese Ethnic at Nyangkewok Hamlet, Kalaparea Village, Sukabumi District.
10P Conf Ser Earth Environ Sci. 2021;733(1):12032. doi:10.1088/1755-1315/733/1/012032

Panyaphu K, Van On T, Sirisa-Ard P, Srisa-Nga P, Chansakaow S, Nathakarnkitkul S. Medicinal plants of the Mien (Yao) in Northern Thailand
and their potential value in the primary healthcare of postpartum women. J Ethnopharmacol. 2011;135(2):226-237. doi:10.1016/].
jep.2011.03.050

Laksemi DAAS. Biological activity of Spondias pinnata: a review. Indones J Biomed Sci IJBS. 2019;13(2). doi:10.15562/ijbs.v13i2.218
Bandy NA, Erniwati E, Muthmainnah M, Ariyanti A, Hapid A, Asniati A. Analisis Fitokimia Ekstrak Daun Bajakah (Poikilospermum
suaveolens (Blume) Merr) Dari Desa Kapiroe Kecamatan Palolo Kabupaten Sigi Provinsi Sulawesi Tengah. J War Rimba. 2021;9(2006).
Nazli A, Khan MZ, Ahmed M, et al. HPLC-DAD based polyphenolic profiling and evaluation of pharmacological attributes of Putranjiva
roxburghii wall. Molecules. 2021;27(1):68. doi:10.3390/molecules27010068

Salempa P, Pratiwi DE. Toxicity test of Mathanol fraction of Mentawan (Poikilospermum suaveolens Blume Merr) stem which has potential as
anticancer. J Phys. 2021;1899:1-6. doi:10.1088/1742-6596/1899/1/012037

Nasir HM, Aziz ZAA, Peng WL, Mohd-Setapar SH. Comparative study on bioactive constituents and extraction procedure of malaysian
medicinal plants: a review. In: Third International Conference on Separation Technology 2020. doi:10.2991/aer.k.201229.003

Kiranmai B, Sandhyarani M, Tiwari AK. Water Lily (Nymphaea nouchali Burm. f): an ancient treasure of food and medicine. Pharmacogn Res.
2023;15(2):226-234. doi:10.5530/pres.15.2.024

Hapid A, Napitupulu M, Zubair MS. Ethnopharmacology and antioxidant activity studies of Woody Liana Original Wallacea. Int J Des Nat
Ecodynamics. 2021;16(5):495-503. doi:10.18280/ijdne.160503

Nazemoroaya Z, Saratbidabad M, Mahdieh A, Zeini D, Nystrom B. Use of Saponinosomes from Ziziphus spina-christi as anticancer drug
carriers. ACS Omega. 2022;7(32):28421-28433. doi:10.1021/acsomega.2c03109

Badavenkatappa Gari S, Nelson VK, Peraman R. Tinospora sinensis (Lour.) Merr alkaloid rich extract induces colon cancer cell death via ROS
mediated, mTOR dependent apoptosis pathway: “an in-vitro study. BMC Complement Med Ther. 2023;23(1):1-14. doi:10.1186/512906-023-
03849-5

Ramakrishna W, Kumari A, Rahman N, Mandave P. Anticancer activities of plant secondary metabolites: rice callus suspension culture as a new
paradigm. Rice Sci. 2021;28(1):13-30. doi:10.1016/j.rsci.2020.11.004

He M. Total flavonoids in Artemisia absinthium L. and evaluation of its anticancer activity aim of the study; 2023.

Awang-Kanak F, Bakar MFA. Traditional vegetable salad (ulam) of Borneo as source of functional food. Food Res. 2019;4(1):1-12.
doi:10.26656/1r.2017.4(1).138

Millaty INK, Wijayanti N, Hidayati L, Nuringtyas TR. Identification of anticancer compounds in leaves extracts of agarwood (Aquilaria
malaccensis (Lamk.)). IOP Conf Ser Earth Environ Sci. 2020;457(1):012036. doi:10.1088/1755-1315/457/1/012036

Guerriero G, Berni R, Mufioz-Sanchez JA, et al. Production of plant secondary metabolites: examples, tips and suggestions for biotechnologists.
Genes. 2018;9(6):309. doi:10.3390/genes9060309

Mazumder A, Dwivedi A, Du Preez JL, Du Plessis J. In vitro wound healing and cytotoxic effects of sinigrin-phytosome complex. Int J Pharm.
2016;498(1-2):283-293. doi:10.1016/j.ijpharm.2015.12.027

Naive MAK, Binag SDA, Alejandro GJD. Plants with benefits: ethnomedicinal plants used by the talaandig tribe in portulin, pangantucan,
bukidnon, Philippines. Indian J Tradit Knowl. 2021;20(3):754-766. doi:10.56042/ijtk.v20i3.26584

Karo-Karo SU, Arianto A, Salim E. Antibacterial activity and determination of total phenol and flavonoid of Carica papaya L. ethanol extract.
Int J Sci Technol Manag. 2023;4(1):233-238. doi:10.46729/ijstm.v4i1.738

Salempa P, Pratiwi DE, Ramdhani. Toxicity Test of Mathanol Fraction of Mentawan (Poikilospermum suaveolens Blume Merr) stem which has
potential as anticancer. J Phys. 2021;1899:1-5. doi:10.1088/1742-6596/1899/1/012037

Gema UA, Cesar GD. Pharmacophore ethnomedicinal plants used by the Subanen tribe in two villages in Ozamis City, Mindanao, Philippines.
Pharmacophore. 2019;10(4):28-42.

Salleh N, Azeman S, Kiew R, Kamin I, Cheng Kong RC. Plant checklist of the Bukit Nanas forest reserve, Kuala Lumpur, Malaysia. One
Ecosyst. 2017;2. doi:10.3897/oneeco.2.e13708

Babarinde SO, Anyim G, Morakinyo AE, Nzekwe SC, Adegbola MV. Bioassay-guided fractionation and identification of anti-inflammatory and
xanthine oxidase inhibitory compounds of zanthoxylum tessmannii roots. Niger J Biochem Mol Biol. 2024;39(4):225-233.

Ogbuagu AS, Nwali IU, Ezem SN, Onyema CT, Okonkwo CP. Chromatographic, infrared spectral and anti-inflammatory studies of etthyl
acetate and methanol extract of the seed of D. edulis. J Chem Soc Niger. 2021;46(3).

Younes KM, Romeilah RM, El-Beltagi HS, et al. In-vitro evaluation of antioxidant and antiradical potential of successive extracts, semi-purified
fractions and biosynthesized silver nanoparticles of Rumex vesicarius. Not Bot Horti Agrobot Cluj-Napoca. 2021;49(1):12293. doi:10.15835/
nbha49112293

Kouomou PFD, Guiadem EG, Tagatsing MF, et al. Antimicrobial, antioxidant activity of ethyl acetate extract of Streptomyces sp. PERM2, its
potential modes of action and bioactive compounds. Arch Res Artic. 2024;8(3):134—145.

Manosso LM, Camargo A, Dafre AL, Rodrigues ALS. Vitamin E for the management of major depressive disorder: possible role of the
anti-inflammatory and antioxidant systems. Nutr Neurosci. 2022;25(6):1310-1324. doi:10.1080/1028415X.2020.1853417

Thomas R, Singha S, Bharadwaj D, Kumar A, Gupta VK. In silico evaluation of phytochemicals present in Bambusa polymorpha and Citrus
limon extracts against Salmonella enteric Typhimurium combined with in vitro antimicrobial and acidic stress responsive studies. J Food Saf-
2023;43(5):e13074. doi:10.1111/jfs.13074

Yue G-L, Chang Y-H, Yu L, et al. Extraction and separation characteristic stilbene compounds from pigeon pea leaves using V-type
thymol-based natural deep eutectic solvent systems. Chem Eng Res Des. 2023;193:600—612. doi:10.1016/j.cherd.2023.04.004

Drug Design, Development and Therapy 2025:19 hetps: 11881


https://doi.org/10.9734/arrb/2015/11674
https://doi.org/10.9734/arrb/2015/11674
https://doi.org/10.1088/1755-1315/733/1/012032
https://doi.org/10.1016/j.jep.2011.03.050
https://doi.org/10.1016/j.jep.2011.03.050
https://doi.org/10.15562/ijbs.v13i2.218
https://doi.org/10.3390/molecules27010068
https://doi.org/10.1088/1742-6596/1899/1/012037
https://doi.org/10.2991/aer.k.201229.003
https://doi.org/10.5530/pres.15.2.024
https://doi.org/10.18280/ijdne.160503
https://doi.org/10.1021/acsomega.2c03109
https://doi.org/10.1186/s12906-023-03849-5
https://doi.org/10.1186/s12906-023-03849-5
https://doi.org/10.1016/j.rsci.2020.11.004
https://doi.org/10.26656/fr.2017.4(1).138
https://doi.org/10.1088/1755-1315/457/1/012036
https://doi.org/10.3390/genes9060309
https://doi.org/10.1016/j.ijpharm.2015.12.027
https://doi.org/10.56042/ijtk.v20i3.26584
https://doi.org/10.46729/ijstm.v4i1.738
https://doi.org/10.1088/1742-6596/1899/1/012037
https://doi.org/10.3897/oneeco.2.e13708
https://doi.org/10.15835/nbha49112293
https://doi.org/10.15835/nbha49112293
https://doi.org/10.1080/1028415X.2020.1853417
https://doi.org/10.1111/jfs.13074
https://doi.org/10.1016/j.cherd.2023.04.004

Milanda et al

67

68.

69.

70.

71.

72.
73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

. Arnold WA, Blum A, Branyan J, et al. Quaternary ammonium compounds: a chemical class of emerging concern. Environ Sci Technol. 2023;57
(20):7645-7665. doi:10.1021/acs.est.2c08244

Mainasara MM, Abu Bakar MF, Md Akim A, Linatoc AC, Abu Bakar FI, Ranneh YKH. Secondary metabolites, antioxidant, and antiproli-
ferative activities of Dioscorea bulbifera leaf collected from Endau Rompin, Johor, Malaysia. Evidence-Based Complement Altern Med.
2021;2021(1):8826986. doi:10.1155/2021/8826986

Kang DL, Pan QH, Yi ZL, Jiang JX. Study on phylogenetic relationships of urticaceae based on rbcL sequence. Fen Zi Xi Bao Sheng Wu Xue
Bao. 2008;41(4):255-264.

Tingga RCT, Liam J, Deli B, Anuar ML, Ampeng A, Md-Zain BM. First DNA metabarcoding diet assessment on the critically endangered
Tricolour Langur, Presbytis chrysomelas cruciger. Biodivers Data J. 2024;12. doi:10.3897/BDJ.12.E124990

Lv J, Ren J, Zheng J, Zhang F, Han M. Prognosis of tumor microenvironment in luminal B-type breast cancer. Dis Markers. 2022;2022:1-21.
doi:10.1155/2022/5621441

Dehnoee A. Anticancer potential of furanocoumarins and flavonoids of Heracleum persicum fruit. 2023:1-14.

Pasaribu G, Waluyo TK. Ethnomedicine, phytochemical, and toxicity activity of several alleged medicinal plants from Sebangau National Park,
Central Borneo. IOP Conf Ser Earth Environ Sci. 2020;415(1):12007. doi:10.1088/1755-1315/415/1/012007

Dapar MLG, Meve U, Liede-Schumann S, Alejandro GJD. Ethnomedicinal appraisal and conservation status of medicinal plants among the
manobo tribe of bayugan city, Philippines. Biodiversitas. 2020;21(8):3843-3855. doi:10.13057/biodiv/d210854

Chen G, Carcea M. Editorial: advances and trends in nutraceutical and functional plant-based food. Fromt Nutr. 2023;10. doi:10.3389/
fnut.2023.1168826

Jadid N, Kurniawan E, Himayani CES, et al. An ethnobotanical study of medicinal plants used by the Tengger tribe in Ngadisari village,
Indonesia. PLoS One. 2020;15(7):¢0235886—¢0235886. doi:10.1371/journal.pone.0235886

Djekic L, Krajisnik D. Rheological behavior study and its significance in the assessment of application properties and physical stability of
phytosome loaded hydrogels. Arh Farm. 2021;71(2):120-140. doi:10.5937/arhfarm71-30708

Nguyen TLA, Bhattacharya D. Antimicrobial activity of quercetin: an approach to its mechanistic principle. Molecules. 2022;27(8):2494.
doi:10.3390/molecules27082494

Memariani H, Memariani M, Ghasemian A. An overview on anti-biofilm properties of quercetin against bacterial pathogens. World J Microbiol
Biotechnol. 2019;35(9):143. doi:10.1007/s11274-019-2719-5

Thawabteh A, Juma S, Bader M, et al. The biological activity of natural alkaloids against herbivores, cancerous cells and pathogens. Toxins.
2019;11(11):656. doi:10.3390/toxins11110656

Qin R, You F-M, Zhao Q, et al. Naturally derived indole alkaloids targeting regulated cell death (RCD) for cancer therapy: from molecular
mechanisms to potential therapeutic targets. J Hematol Oncol. 2022;15(1):133. doi:10.1186/s13045-022-01350-z

Wink M. Potential of DNA intercalating alkaloids and other plant secondary metabolites against SARS-CoV-2 causing COVID-19. Diversity.
2020;12(5):175. doi:10.3390/d12050175

Garcia-Escobar A, Vera-Vera S, Tébar-Marquez D, et al. Neutrophil-to-lymphocyte ratio an inflammatory biomarker, and prognostic marker in
heart failure, cardiovascular disease and chronic inflammatory diseases: new insights for a potential predictor of anti-cytokine therapy
responsiveness. Microvasc Res. 2023;150(August):104598. doi:10.1016/j.mvr.2023.104598

Nigam M, Mishra AP, Deb VK, et al. Evaluation of the association of chronic inflammation and cancer: insights and implications. Biomed
Pharmacother. 2023;164(June):115015. doi:10.1016/j.biopha.2023.115015

Ma H, Zhang X, Liu L, et al. Bioactive NIR-II gold clusters for three-dimensional imaging and acute inflammation inhibition. Sci Adv. 2023;9
(31):1-17. doi:10.1126/sciadv.adh7828

Abdolmohammadi K, Mahmoudi T, Alimohammadi M, Tahmasebi S, Zavvar M, Hashemi SM. Mesenchymal stem cell-based therapy as a new
therapeutic approach for acute inflammation. Life Sci. 2023;312(November 2022):121206. doi:10.1016/j.1f5.2022.121206

Firdous SM, Sautya D. Medicinal plants with wound healing potential. Bangladesh J Pharmacol. 2018;13(1):41-52. doi:10.3329/bjp.
v13i1.32646

Mohanta O, Ray A, Gadnayak A, et al. Anisomeles indica (L.) Kuntze leaf essential oil ameliorates LPS-induced inflammation in RAW 264.7
cells: an integrated approach of network pharmacology and experimental validation. South Afrr J Bot. 2024;169:435-451. doi:10.1016/].
sajb.2024.04.050

Chatterjee A, Sarkar B. Polyphenols and Terpenoids Derived From Ocimum Species as Prospective Hepatoprotective Drug Leads:
A Comprehensive Mechanistic Review. Vol. 2. Springer Netherlands;2024. doi:10.1007/s11101-024-09992-2

Roghani SA, Lotfi R, Soleymani B, et al. Investigating the correlation of the NF-kB and FoxP3 gene expression with the plasma levels of pro-
and anti-inflammatory cytokines in rheumatoid arthritis patients. Clin Rheumatol. 2023;42(5):1443-1450. doi:10.1007/s10067-023-06521-y
Guo Q, Jin Y, Chen X, et al. NF-«B in biology and targeted therapy: new insights and translational implications. Signal Transduct Target Ther.
2024;9(1). doi:10.1038/s41392-024-01757-9

Choi YH, Kim BS, Kang SS. Genomic DNA extracted from Lactiplantibacillus plantarum attenuates porphyromonas gingivalis lipopolysac-
charide (LPS)-induced inflammatory responses via suppression of Toll-Like Receptor (TLR)-Mediated Mitogen-Activated Protein Kinase
(MAPK) and Nuclear F. Food Sci Anim Resour. 2023;43(5):938-947. doi:10.5851/kosfa.2023.e43

Mostafizar M, Cortes-Pérez C, Snow W, Djordjevic J, Adlimoghaddam A, Albensi BC. Challenges with methods for detecting and studying the
transcription factor nuclear factor kappa b (Nf-kb) in the central nervous system. Cells. 2021;10(6):1335. doi:10.3390/cells10061335

Qian C, Xu D, Wang J, et al. Toll-like receptor 2 deficiency ameliorates obesity-induced cardiomyopathy via inhibiting NF-kB signaling
pathway. Int Immunopharmacol. 2024;128(November 2023):111551. doi:10.1016/j.intimp.2024.111551

Singh AP, Sharma AK, Singh TG. Unlocking the therapeutic potential: exploring Nf-Kb As a viable target for diverse pharmacological
approaches. Int J Pharm Pharm Sci. 2024;16(6):1-9. doi:10.22159/ijpps.2024v1616.49530

Moretti IF, Lerario AM, Trombetta-Lima M, et al. Late p65 nuclear translocation in glioblastoma cells indicates non-canonical TLR4 signaling
and activation of DNA repair genes. Sci Rep. 2021;11(1):1-12. doi:10.1038/s41598-020-79356-1

Casper E. The crosstalk between Nrf2 and NF-xB pathways in coronary artery disease: can it be regulated by SIRT6? Life Sci. 2023;330
(June):122007. doi:10.1016/j.1f5.2023.122007

11882 ‘e Drug Design, Development and Therapy 2025:19


https://doi.org/10.1021/acs.est.2c08244
https://doi.org/10.1155/2021/8826986
https://doi.org/10.3897/BDJ.12.E124990
https://doi.org/10.1155/2022/5621441
https://doi.org/10.1088/1755-1315/415/1/012007
https://doi.org/10.13057/biodiv/d210854
https://doi.org/10.3389/fnut.2023.1168826
https://doi.org/10.3389/fnut.2023.1168826
https://doi.org/10.1371/journal.pone.0235886
https://doi.org/10.5937/arhfarm71-30708
https://doi.org/10.3390/molecules27082494
https://doi.org/10.1007/s11274-019-2719-5
https://doi.org/10.3390/toxins11110656
https://doi.org/10.1186/s13045-022-01350-z
https://doi.org/10.3390/d12050175
https://doi.org/10.1016/j.mvr.2023.104598
https://doi.org/10.1016/j.biopha.2023.115015
https://doi.org/10.1126/sciadv.adh7828
https://doi.org/10.1016/j.lfs.2022.121206
https://doi.org/10.3329/bjp.v13i1.32646
https://doi.org/10.3329/bjp.v13i1.32646
https://doi.org/10.1016/j.sajb.2024.04.050
https://doi.org/10.1016/j.sajb.2024.04.050
https://doi.org/10.1007/s11101-024-09992-2
https://doi.org/10.1007/s10067-023-06521-y
https://doi.org/10.1038/s41392-024-01757-9
https://doi.org/10.5851/kosfa.2023.e43
https://doi.org/10.3390/cells10061335
https://doi.org/10.1016/j.intimp.2024.111551
https://doi.org/10.22159/ijpps.2024v16i6.49530
https://doi.org/10.1038/s41598-020-79356-1
https://doi.org/10.1016/j.lfs.2023.122007

Milanda et al

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Wu Z, Song Y, Wang Y, et al. Biological role of mitochondrial TLR4-mediated NF-xB signaling pathway in central nervous system injury. Cell
Biochem Funct. 2024;42(4). doi:10.1002/cbf.4056

Qureshi AA, Zuvanich EG, Khan DA, Mushtaq S, Silswal N, Qureshi N. Proteasome inhibitors modulate anticancer and anti-proliferative
properties via NF-kB signaling, and ubiquitin-proteasome pathways in cancer cell lines of different organs. Lipids Health Dis. 2018;17:1-26.
doi:10.1186/s12944-018-0697-5

Gu W, Wu G, Chen G, Meng X, Xie Z, Cai S. Polyphenols alleviate metabolic disorders: the role of ubiquitin-proteasome system. Front Nutr.
2024;11:1445080. doi:10.3389/fnut.2024.1445080

Ghanem MTM, Tawfik WA, Mahdy E-SM, et al. A new terpenoid from Olea europaea L. leaves and potential aptitude of different leaf extracts
as anti-inflammatory agents. Egypt Pharm J. 2023;22(1):87-93. doi:10.4103/epj.epj_131 22

Igbal U, Malik A, Sial NT, Uttra AM, Rehman MF, Mehmood MH. Molecular insights of Eucalyptol (1, 8-Cineole) as an anti-arthritic agent: in vivo and
in silico analysis of IL-17, IL-10, NF-kB, 5-LOX and COX-2. Inflammopharmacology. 2024;32(3):1941-1959. doi:10.1007/s10787-024-01465-4
Hossain MA, Ahmad NU, Alam M, Hossain MM, Sarkar A. Screening of different extraction methods for maximum production of total
flavonoids, tannins, and antioxidants from Centella asiatica. Food Res. 2024;8(1):44-51. doi:10.26656/11.2017.8(1).057

Alkowni R, Jaradat N, Fares S. Total phenol, flavonoids, and tannin contents, antimicrobial, antioxidant, vital digestion enzymes inhibitory and
cytotoxic activities of Verbascum fruticulosum. Eur J Integr Med. 2023;60(November 2022):102256. doi:10.1016/j.eujim.2023.102256

Nam Y, Kim HJ, Kwon O. Acute and prolonged effects of Bacillus amyloliquefaciens GF424-derived SOD on antioxidant defense in healthy
individuals challenged with intense aerobic exercise. Free Radic Biol Med. 2024;224(September):484-493. doi:10.1016/].
freeradbiomed.2024.09.015

Chaudhary P, Janmeda P, Docea AO, et al. Oxidative stress, free radicals and antioxidants: potential crosstalk in the pathophysiology of human
diseases. Front Chem. 2023;11(May):1-24. doi:10.3389/fchem.2023.1158198

Danta CC, Piplani P. The discovery and development of new potential antioxidant agents for the treatment of neurodegenerative diseases.
Expert Opin Drug Discov. 2014;9(10):1205-1222. doi:10.1517/17460441.2014.942218

Zheng Y-Z, Deng G, Zhang Y-C. Multiple free radical scavenging reactions of flavonoids. Dye Pigment. 2022;198:109877. doi:10.1016/j.
dyepig.2021.109877

Lu L, Luan Y, Wang H, Gao Y, Wu S, Zhao X. Flavonoid as a potent antioxidant: quantitative structure—activity relationship analysis,
mechanism study, and molecular design by synergizing molecular simulation and machine learning. J Phys Chem A. 2024;128(30):6216-6228.
doi:10.1021/acs.jpca.4c03241

Urena-Vacas I, Gonzalez-Burgos E, Divakar PK, Gomez-Serranillos MP. Lichen extracts from Cetrarioid clade provide neuroprotection against
hydrogen peroxide-induced oxidative stress. Molecules. 2022;27(19):6520. doi:10.3390/molecules27196520

Grudniak A, Folcik J, Szmytke J, Sentkowska A. Mechanism of antioxidant activity of selenium nanoparticles obtained by green and chemical
synthesis. Int J Nanomed. 2025;20:2797-2811. doi:10.2147/1JN.S507712

Rudrapal M, Khairnar SJ, Khan J, et al. Dietary polyphenols and their role in oxidative stress-induced human diseases: insights into protective
effects, antioxidant potentials and mechanism (s) of action. Front Pharmacol. 2022;13:806470. doi:10.3389/fphar.2022.806470

Srivastava A, Kumari A, Jagdale P, Ayanur A, Pant AB, Khanna VK. Potential of quercetin to protect cadmium induced cognitive deficits in rats
by modulating NMDA-R mediated downstream signaling and PI3K/AKT—Nrf2/ARE signaling pathways in hippocampus. NeuroMolecular
Med. 2023;25(3):426-440. doi:10.1007/s12017-023-08747-0

Zamanian MY, Soltani A, Khodarahmi Z, et al. Targeting Nrf2 signaling pathway by quercetin in the prevention and treatment of neurological
disorders: an overview and update on new developments. Fundam Clin Pharmacol. 2023;37(6):1050—-1064. doi:10.1111/fcp.12926

Fetalvero AA, Aclan JDM, Canoy GG, et al. Effect of Poikilospermum suaveolens (Hanopol) leaf extract on non-small cell lung cancer cell
lines. Rinted Philipp. 2021;112.

Singh S, Singh TG. Role of nuclear factor Kappa B (NF-«xB) signalling in neurodegenerative diseases: an mechanistic approach. Curr
Neuropharmacol. 2020;18(10):918-935. doi:10.2174/1570159x18666200207120949

Zhang GZ, Liu MQ, Chen HW, et al. NF-kB signalling pathways in nucleus pulposus cell function and intervertebral disc degeneration. Cell
Prolif. 2021;54(7):1-15. doi:10.1111/cpr.13057

Jembrek MJ, Orfoli¢ N, Mandi¢ L, Sadzak A, Segota S. Anti-oxidative, anti-inflammatory and anti-apoptotic effects of flavonols: targeting nrf2,
nf-kb and p53 pathways in neurodegeneration. Antioxidants. 2021;10(10). doi:10.3390/antiox10101628

Khan MZ, Li L, Wang T, et al. Bioactive compounds and probiotics mitigate mastitis by targeting NF-«kB signaling pathway. Biomolecules.
2024;14(8):1011. doi:10.3390/biom14081011

Prasad S, Kumar V, Singh C, Singh A. Crosstalk Between Phytochemicals and Inflammatory Signaling Pathways. Vol. 31. Springer
International Publishing;2023. doi:10.1007/s10787-023-01206-z

Yang G, Yin X, Ma D, Su Z. Anticancer activity of Phloretin against the human oral cancer cells is due to G0O/G1 cell cycle arrest and ROS
mediated cell death. J BUON. 2020;25(1):344-349.

Drug Design, Development and Therapy Dovepress

Taylor & Francis Group

Publish your work in this journal

Drug Design, Development and Therapy is an international, peer-reviewed open-access journal that spans the spectrum of drug design and development
through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines
are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

Drug Design, Development and Therapy 2025:19 [ £] X in a 11883


https://doi.org/10.1002/cbf.4056
https://doi.org/10.1186/s12944-018-0697-5
https://doi.org/10.3389/fnut.2024.1445080
https://doi.org/10.4103/epj.epj_131_22
https://doi.org/10.1007/s10787-024-01465-4
https://doi.org/10.26656/fr.2017.8(1).057
https://doi.org/10.1016/j.eujim.2023.102256
https://doi.org/10.1016/j.freeradbiomed.2024.09.015
https://doi.org/10.1016/j.freeradbiomed.2024.09.015
https://doi.org/10.3389/fchem.2023.1158198
https://doi.org/10.1517/17460441.2014.942218
https://doi.org/10.1016/j.dyepig.2021.109877
https://doi.org/10.1016/j.dyepig.2021.109877
https://doi.org/10.1021/acs.jpca.4c03241
https://doi.org/10.3390/molecules27196520
https://doi.org/10.2147/IJN.S507712
https://doi.org/10.3389/fphar.2022.806470
https://doi.org/10.1007/s12017-023-08747-0
https://doi.org/10.1111/fcp.12926
https://doi.org/10.2174/1570159x18666200207120949
https://doi.org/10.1111/cpr.13057
https://doi.org/10.3390/antiox10101628
https://doi.org/10.3390/biom14081011
https://doi.org/10.1007/s10787-023-01206-z
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methodology
	Botanical Overview of Poikilospermum Genus
	Phylogenetic and Taxonomic Insights
	Phytochemical Composition of Poikilospermum Genus
	Ethnobotanical Applications of Poikilospermum Species
	P.suaveolens: APharmacologically Promising Species
	Bioactivities and Mechanistic Insights of P.suaveolens in the Context of Ethnomedicine
	Antimicrobial Activity
	Anti-Inflammatory Activity
	Antioxidant Activity
	Anticancer Activity

	Comparisons Within Urticaceae
	Synergistic Interactions and Polypharmacology
	Research Gaps
	Conclusion
	Future Perspectives
	Acknowledgments
	Funding
	Disclosure

