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Abstract-

Leucas aspera (Willd.) Link, a widely distributed annual
herb of the Lamiaceae family, holds a prominent position in
the traditional medical systems of South and Southeast Asia,
including Ayurveda, Siddha, and Unani. This chapter
provides a comprehensive, evidence-based overview of the
plant's ethnobotanical legacy, phytochemical complexity,
pharmacological validation, and therapeutic potential.
Traditional applications span respiratory disorders (cough,
asthma and bronchitis), fever and pain management, chronic
skin  diseases (notably psoriasis), gastrointestinal
complaints, and the treatment of insect and snake bites.
Phytochemical investigations have revealed a rich repository
of bioactive compounds, including triterpenoids (oleanolic
and ursolic acids), diterpenes (leucasperones A/B,
leucasperols A/B), flavonoids (apigenin, luteolin, catechin),
alkaloids (nicotine), phenolic compounds, glycosides,
lignans, and diverse essential o0il constituents.
Pharmacological studies have substantiated many traditional
claims, demonstrating broad-spectrum antimicrobial
activity, potent antioxidant effects (§7% DPPH scavenging
by methanolic leaf extract), significant anti-inflammatory
and analgesic properties mediated through prostaglandin
inhibition, and promising anticancer activity against breast
cancer and Dalton's ascitic lymphoma models. Additional
activities include antidiabetic, gastroprotective,
hepatoprotective, and larvicidal effects. However, critical
challenges remain: geographical and methodological
variations influence chemical composition, safety data are
conflicting with evidence of Geno toxicity at higher
concentrations in Allium cepa and Vicia faba bioassays, and
standardized extracts are lacking. Future research priorities
include  mechanistic  elucidation,  bioactivity-guided
fractionation, formulation development, rigorous clinical
translation, and comprehensive toxicological reevaluation.
This chapter concludes that while L. aspera represents a
valuable bridge between traditional knowledge and modern
drug discovery—particularly for antimicrobial, anti-
inflammatory, and anticancer applications—its therapeutic
development must proceed with uncompromising scientific
rigor and systematic safety assessment.

339

Keywords: Leucas  aspera, Lamiaceae, Traditional

medicine, Phytochemistry, Pharmacology

L INTRODUCTION

Leucas aspera is a widely distributed annual herb from the
mint family (Lamiaceae), known by common names such as
Thumbai or Thumba. It is native to regions including India,
Sri Lanka, Nepal, Bangladesh, Myanmar, Thailand,
Cambodia, Vietnam, Southern China, the Philippines,
Malaysia, Indonesia, and New Guinea, and has also been
introduced to Eritrea in East Africa.

In traditional medicine, this plant has been used for centuries
to treat a range of conditions. It has been reported to possess
antipyretic (fever reducing), insecticidal, stimulant,
emmenagogue, expectorant, aperient, and diaphoretic
properties. The leaves are specifically noted for their use in
addressing chronic rheumatism and skin eruptions,
particularly psoriasis, while bruised leaves are applied
locally for snake bites. These longstanding applications have
drawn scientific attention, leading to the isolation and
identification of numerous bioactive phytoconstituents.

Phytochemical investigations have revealed a rich array of
compounds in L. aspera. Key classes include triterpenoids
such as oleanolic acid and ursolic acid, phytosterols like
Bsitosterol, diterpenes (including leucasperones A and B and
leucasperols A and B), flavonoids such as apigenin and
luteolin, alkaloids (notably nicotine), phenolic compounds,
glycosides, lignans, and various essential oil components.
This diverse chemical profile is thought to underpin the
plant’s broad spectrum of pharmacological activities.

A growing body of evidence has validated many of the
traditional uses of L. aspera. It has demonstrated significant
antimicrobial effects against a wide range of bacteria and
fungi, substantiating its application in treating infections and
skin disorders. The plant also exhibits potent antioxidant,
anti-inflammatory, analgesic, and antipyretic properties,
which align with its traditional use for fever, pain, and
inflammatory conditions. For instance, an ethanolic extract
of L. aspera significantly reduced levels of pro-
inflammatory markers in an adjuvant arthritis model and
showed notable freeradicalscavenging capacity.
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Furthermore, a methanolic leaf extract displayed 87% DPPH
radical scavenging activity, highlighting its potential as a
natural antioxidant.

Recent research has also uncovered promising anticancer
potential. Studies have reported cytotoxic effects against
various cancer cell lines, including breast cancer
(MDAMB231), where dichloromethane and ethyl acetate
extracts inhibited cell proliferation with ICso values of 5 and
3 pg/ml, respectively, and also suppressed cell migration. In
an in vivo model of Dalton’s ascitic lymphoma, the ethyl
acetate fraction of L. aspera demonstrated tumor inhibiting
effects comparable to the standard drug Sfluorouracil,
mediated through mechanisms involving antioxidant
activity, inhibition of neoangiogenesis, and stimulation of
peritoneal macrophages.

Despite these encouraging findings, several challenges
remain. The plant’s chemical composition and resultant
biological activities can vary significantly depending on
geographic origin, extraction methods, and the plant part
used. Moreover, studies on safety are still limited; while
some reports indicate a favorable safety profile at
therapeutic doses, potential genotoxicity at higher
concentrations has been suggested and requires thorough
investigation. Consequently, welldesigned preclinical and
clinical studies are essential to establish standardized

extracts, determine optimal dosages, confirm mechanisms of
action, and ensure longterm safety before L. aspera can be
confidently developed into modern therapeutic products.

Thus, this chapter aims to provide a comprehensive,
evidence based overview of L. aspera, integrating its
traditional uses, phytochemical diversity, pharmacological
activities, and current research gaps, with the goal of
bridging the gap between traditional knowledge and modern
drug discovery.

IL. TAXONOMY AND BOTANICAL
DESCRIPTION

The classification of Leucas aspera has remained stable
since its formal description, with the species firmly placed
within the family Lamiaceae (Labiatac) based on its
characteristic floral morphology and quadrangular stem
anatomy. The taxonomic hierarchy of L. aspera is
summarized below:

Phylum Tracheophyta (Vascular plants)
Class Magnoliopsida (Dicotyledons)
Order Lamiales

Family Lamiaceae (Mint family)

Genus Leucas

Species Leucas aspera (Willd.)
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2.1. Nomenclature and Type Locality:

Leucas aspera has a welldocumented nomenclatural history.
The basionym the original name upon which the current
accepted name is based is Phlomis aspera, first described by
the German botanist Carl Ludwig Willdenow in his 1809
publication Enumeratio Plantarum Horti  Botanici
Berolinensis (Willdenow, 1809). In 1822, the German
botanist Heinrich Friedrich Link reclassified the species,
transferring it to the genus Leucas and thereby establishing
the accepted binomial Leucas aspera (Willd.) Link. This
taxonomic reassignment was subsequently validated by
George Bentham in his treatment of the Labiatae for
Augustin Pyramus de Candolle's Prodromus Systematis
Naturalis Regni Vegetabilis (Bentham, 1848), and later by
Joseph Dalton Hooker in Flora of British India (Hooker,
1885), both of whom accepted Link's classification.

Several heterotypic synonyms exist for L. aspera, reflecting
earlier attempts to classify the same species under different
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names. These include Leucas dimidiata (Roth) Spreng.,
Leucas plukenetii (Roth) Spreng., Phlomis dimidiata Roth,
Phlomis esculenta Roxb., and Phlomis plukenetii Roth, all
of which are now considered synonymous with L. aspera.

The type locality of L. aspera presents an enduring botanical
puzzle. Willdenow's original description (as Phlomis aspera)
listed "Caramania" as the collection locality. Examination of
the specimen preserved in the Willdenow Herbarium (B
WILLD, 10951 microfiche) reveals the word may
alternatively be read as "Carmania". "Caramania"
historically referred to the Karaman region in modernday
Turkey, while "Carmania" denotes the Kerman region in
southern Iran. Neither location is consistent with the known
native range of the species, as L. aspera does not occur
naturally anywhere near these regions. It has therefore been
suggested that the recorded type locality is erroneous, likely
due to a labeling or transcription error at the time of
collection.

Vernacular Names of Leucas aspera in Different Languages

Sanskrit : Dronapushpi, Chitrapathrika, Chitrak-shupa
Punjabi : Guldora

Bengali : Darunaphula, Hulkasha

Gujarati : Kulnnphul

Hindi : Goma madhupati

Sindhi : Kubo

Telugu : Tunni

Tamil : Thumbai, Thumba

Malayalam : Tumba, Thumba

2.2. Botanical Description:

Leucas aspera is an erect, annual herb that typically grows
to a height ranging from 15 to 60 cm (approximately 6—24
inches).
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The plant is diffusely branched and is characterized by a
stout, acutely quadrangular (fourangled) stem, which is
covered with hispid (stiff, bristly) hairs. The stem's
epidermis is covered with a thick waxy cuticle and contains
stomata.
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Anatomically, the stem possesses a wide stele, and its
quadrangular architecture includes ridges and furrows.
Beneath the singlelayered epidermis, the hypodermis
consists of three to five layers of circular, oval, or irregular
collenchymatous cells, predominantly located at the ridge
regions, which provide mechanical support.

The leaves of L. aspera are a key diagnostic feature of the
species. They are simple, opposite, and subsessile (almost
without a stalk), with petioles typically measuring 2.5-6 mm
(0.098-0.236 inches) in length, though lower leaves may
have somewhat longer petioles up to approximately 5 mm.
The leaf blade is linearlanceolate to oblonglanceolate in
shape, attaining lengths of up to 8 cm (3.1 inches) and widths
of approximately 1.25 cm (0.49 inches). The leaf margins
are entire or distantly crenate (scalloped), the apex is obtuse
(blunt), and the base is narrowed. The leaf surface is
pubescent (covered with fine, soft hairs): the upper surface
bears adpressed hairs, while the lower surface has a denser
indumentum of short, spreading hairs, particularly
prominent along the nerves. Venation is of the reticulate
(netveined) type.

The inflorescence of L. aspera is composed of small, sessile,
white flowers arranged in dense verticillasters (whorls) that
are both terminal and axillary in position. These whorls
coalesce to form globose to subglobose heads, measuring
1.5-2.5 cm (approximately 0.6—1 inch) in diameter. Each
verticillaster may contain 16-20 flowers. The bracts
subtending the flowers are linear to narrowly lanceolate,
measuring approximately 8-10 mm in length, and are
prominently ciliate along their margins, often equaling or
slightly exceeding the length of the calyx. The bract apices
are slightly spinescent.

The calyx is tubular, approximately 8—9 mm in length, and
only slightly enlarges in fruit. It is pale green in color and is
distinguished by a prominently oblique mouth (a
characteristic feature of the genus Leucas). The calyx tube is
tenveined and terminates in 810 erect, triangular teeth of
irregular size, measuring 2—3 mm in length, each with a
short, spinulose (spinetipped) apex. The calyx is densely
hispid on the exterior, though the basal portion may be
slightly hispid or subglabrous.

The corolla is white, bilabiate (twolipped), and strongly
curved, with a total length of approximately 15—16 mm. The
corolla tube measures approximately 8—12 mm in length.
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The upper lip is short (approximately 2 mm in length) and
densely velvety (velutinous) or bearded, while the lower lip
is significantly longer (approximately 6 mm) and spreading,
functioning as a landing platform for insect pollinators.

A hairy ring is present inside the corolla near its middle. The
flowers are typically bisexual, with the androecium
consisting of four didynamous stamens (two long and two
short) that are included within the corolla tube. The
gynoecium has a superior ovary that is deeply fourlobed.

The fruit consists of up to four small nutlets, which are
narrowly ovoid to oblong in shape, bluntly trigonous in
crosssection, and measure approximately 2.5 mm x 0.8-1.5
mm. The nutlet surface is finely granulate or nearly smooth,
and the color ranges from gray to black.

2.3. Distribution and Habitat:

The native range of Leucas aspera extends from Mauritius
in the western Indian Ocean across the tropical and
subtropical regions of Asia. Specifically, the species is
native to the Andaman and Nicobar Islands, Assam,
Bangladesh, Cambodia, southern China (including
Guangdong, Guangxi, and Hainan provinces), the East and
West Himalayas, India, Indonesia (including Java, the
Lesser Sunda Islands, and Sulawesi), Myanmar, Nepal, New
Guinea, Pakistan, the Philippines, Thailand, and Vietnam. It
has also been recorded as introduced in Eritrea (East Africa).
In the Philippines, it is known by the vernacular names
karukansoli, pansipansi (Tagalog), and paysipaysi (Bisaya).
In Cambodia, it is called phlom ang kep, and in Thailand,
phak hua to and yaa nok khao. In Vietnam, it is referred to
as me dit nkam.

Leucas aspera is a highly adaptable plant that thrives
predominantly in seasonally dry tropical biomes. It is
commonly encountered as a ruderal weed in disturbed
habitats, including fallow agricultural fields, wastelands,
roadside verges, railway embankments, and open dry sandy
soils. It also occurs in grassy plains, teak forests, and coastal
dunes. The species demonstrates a preference for dry, open,
welldrained soils, particularly sandy substrata, and exhibits
a notable tolerance to heavy metals such as copper and zinc
in polluted soils. It is often found as a weed in sunflower and
rice cultivation in India. Its elevational range extends from
sea level up to approximately 500 meters, though it has been
reported as high as 1,200 meters in certain regions.
Flowering and fruiting occur throughout the year.
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Fig: Leucas aspera. (A) Upper part of flowering twig, (B) Flower,
(C) Corolla split open showing epipetalous stamens, (ID) Stamen,
(E) Gynoecium, (F) Floral diagram, (G) TS of ovary.

III. ETHNOBOTANICAL AND TRADITIONAL

USES

The traditional medicinal applications of Leucas aspera are
remarkably extensive and deeply embedded in the healing
traditions of South and Southeast Asia. For centuries, the
plant has been employed in Ayurveda (the classical Indian
system of medicine), Siddha (the traditional Tamil
system), Unani, and various folk medical practices across
India, Bangladesh, Sri Lanka, Nepal, Thailand, the
Philippines, and other countries within its native range. The
entire plant leaves, stems, flowers, and roots is considered
medicinally valuable, and the methods of preparation are as
diverse as the ailments they are intended to treat. These
include decoctions, infusions, expressed juices, pastes,
poultices, powders, and even the smoke from burning dried
plant material.

3.1. Respiratory Disorders:

One of the most widely cited traditional uses of L. aspera is
in the treatment of respiratory ailments, particularly in
children. The plant is regarded as a potent expectorant,
facilitating the expulsion of mucus from the respiratory
passages.
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A decoction prepared from the leaves and flowers is
administered orally to relieve coughs, colds, catarrh,
bronchitis, and asthma (Chopra et al., 2002; Prajapati et al.,
2012). In the Siddha system, the leaf juice mixed with honey
is used as a remedy for dry cough and hoarseness of voice
(Ramanathan & Sethuraman, 2017). Similarly, in the rural
areas of Bangladesh, a leaf decoction is given to children
suffering from whooping cough and chest congestion
(Rahman et al., 2014). The traditional use for asthma is
supported by the presence of bronchodilatory compounds
such as menthol and other volatile terpenes identified in the
essential oil (Nair et al., 2019).

3.2. Fever and Pain Management:

L. asperaenjoys a long-standing reputation as
an antipyretic (fever-reducing)

and analgesic (pain-relieving) agent. A decoction of the
whole plant is a common household remedy for intermittent
fevers, including those associated with malaria and the
common cold (Kumar et al,, 2013). In the traditional
medicine of the Philippines, an infusion of the leaves is used
to reduce fever (Quisumbing, 1978). For pain, the plant is
employed both internally and externally. An oral decoction

is taken for rheumatism, arthritis, and general body aches
(Reddy et al., 2015).
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Externally, a poultice of the warmed leaves is applied to
painful joints and muscles to alleviate inflammation and
discomfort (Gupta et al., 2015). This dual route of
administration is consistent with the presence of both
systemically and topically active anti-inflammatory
compounds.

3.3. Skin Diseases and Wound Healing:

The use of L. aspera for dermatological conditions is
perhaps its most distinctive ethnomedicinal application. The
leaves are specifically indicated for chronic skin eruptions,
particularly psoriasis, eczema, ringworm, and other itchy or
scaly lesions (Prajapati et al., 2012). A paste prepared from
fresh leaves is applied topically to the affected area, often
with beneficial results reported in traditional accounts. In the
Siddha system, the leaf juice is mixed with sesame oil and
heated to form a medicated oil for external application in
psoriasis and scabies (Ramanathan & Sethuraman, 2017).
For wounds, ulcers, and abscesses, a poultice of bruised
leaves is applied to promote healing and prevent infection
(Chopra et al., 2002). The leaf juice is also used as an
antiseptic wash for chronic wounds. These practices are
strongly supported by modern pharmacological studies
demonstrating the plant's
broad-spectrum antimicrobial and wound-healing propertie
s (Jahan et al., 2014; Das et al., 2016).

3.4. Gastrointestinal Complaints:

In traditional medicine, L. aspera is also valued for its
effects on the digestive system. An infusion of the leaves is
taken to  relieve dysentery, diarrhoea,  and stomach
colic (Rahman et al., 2014). The plant is considered

an aperient (mild laxative), and the flowers, in particular, are
used for this purpose (Kumar et al., 2013). It is also given to
stimulate appetite and to treat intestinal worms in children
(Patel & Patel, 2010). The gastroprotective effects of L.
aspera, including anti-secretory and ulcer-healing activities,
have been confirmed in experimental animal models,
lending scientific credence to its traditional use for gastric
disorders (Meghana et al., 2018).

3.5. Insect Bites, Snake Bites, and Other Uses:

The application of L. asperain the management of
envenomation and bites is noteworthy. In the Philippines,
bruised leaves are applied directly to the bites of poisonous
insects and to scorpion stings to neutralize the venom and
reduce pain (Quisumbing, 1978). In parts of India, the
bruised leaves are also applied to snake bites, although this
practice is best regarded as a first-aid measure rather than a
definitive treatment (Prajapati et al., 2012). The smoke from
burning dried leaves is used as an insect repellent and as
an insecticide to drive away mosquitoes and other pests
(Nair et al., 2019). Additionally, the plant has found use as
a diaphoretic (to  induce sweating) in fevers, as
an emmenagogue (to promote menstrual flow), and as
a stimulant in cases of general debility (Chopra et al., 2002).

3.6. Preparations and Dosage Forms:

The variety of traditional preparations reflects the ingenuity
of folk medicine in extracting the plant's bioactive
constituents. Table 1 summarizes the principal methods of
preparation and  their  corresponding therapeutic
applications.

Table no. 1. Traditional Preparations of Leucas aspera and Their Uses

Plant Part Preparation Method Traditional Indication
Whole plant Decoction (boiling in water) Fever, rheumatism, dysentery, cough
Psoriasis, eczema, wounds, insect/snake
Leaves Paste (fresh leaves ground with water)
bites
Eye infections, worm infestations, sore
Leaves Juice (expressed by squeezing)
throat
Leaves Poultice (bruised leaves applied directly) Inflammation, joint pain, abscesses
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Leaves &
Infusion (steeped in hot water) Cold, asthma, colic, appetite loss
flowers
Flowers Powder (dried and crushed) Laxative, emmenagogue
Dried plant Smoke from burning Insect repellent, insecticide

3.7. Regional Variations in Use:

While the core applications of L. aspera are shared across
many cultures, some regional variations exist. In Sri Lanka,
the plant is used in combination with other herbs to treat
urinary tract infections and as a diuretic (Weragoda &
Weerasooriya, 2016). In Thailand, a decoction of the aerial
parts is used as a postpartum remedy to cleanse the uterus
and promote lactation (Bunyapraphatsara &
Chokchaicharoenporn, 2009). In Nepal, the leaf juice is
dropped into the eyes to treat ophthalmic infections and to
remove foreign particles (Manandhar, 2002). In
the Philippines, the plant is also used as a veterinary
medicine for skin diseases in domestic animals
(Quisumbing, 1978).

These diverse traditional uses, accumulated over generations
of empirical observation, have provided a compelling
foundation for modern pharmacological research. As
detailed in subsequent sections, many—though not all—of
these claims have now been validated by rigorous scientific
investigation.

IV. PHYTOCHEMISTRY: A RICH

REPOSITORY OF BIOACTIVE
COMPOUNDS

The diverse pharmacological profile of Leucas aspera is
underpinned by a remarkably complex and varied
phytochemical composition. Extensive phytochemical
investigations have revealed a broad spectrum of secondary
metabolites spanning multiple chemical classes, including
terpenoids, flavonoids, alkaloids, phenolics, and steroids
(Table 3).

Preliminary qualitative screening consistently confirms the
presence of major phytoconstituent groups—namely
alkaloids, flavonoids, tannins, saponins, and terpenoids—
across various plant extracts.

However, the specific classes and relative abundance of
these compounds are influenced by several variables,

345

including the plant part under investigation (leaf, stem,
flower, or root), the polarity of the extraction solvent
employed (e.g., hexane, dichloromethane, ethyl acetate, or
ethanol), and the geographical provenance of the specimen.

Terpenoids and Sterols. Among the most extensively
studied constituents of L. aspera are the triterpenoids. Key
pentacyclic triterpenes, notably oleanolic acid and ursolic
acid, have been isolated and characterized, alongside
phytosterols such as [-sitosterol. Additionally, several
diterpenoid derivatives including leucasperones A and B,
and leucasperols A and B have been reported. The essential
oil fraction is particularly rich in volatile mono- and
sesquiterpenes. Comparative analysis of leaf and flower
volatiles has revealed distinct compositional profiles: leaf
essential oil is dominated by a-farnesene (26.4%), a-thujene
(12.6%), and menthol (11.3%), whereas flower volatiles are
characterized predominantly by amyl propionate (15.2%)
and isoamyl propionate (14.4%).

Flavonoids and Phenolics. These compounds constitute a
major contributor to the plant's pronounced antioxidant
capacity. Well-documented flavonoids from L. aspera
include apigenin, luteolin, and catechin. Furthermore, a
novel flavonoid has been isolated from the flowers of the
related species Leucas indica, indicating that the genus
Leucas represents a promising, yet underexplored, source of
flavonoid diversity. Unique phenolic constituents have also
been characterized, such as 4-(24-hydroxy-1-oxo-5-n-
propyltetracosanyl)-phenol.

Alkaloids. Although present in comparatively minor
concentrations, various alkaloids have been detected in L.
aspera. Of particular note is nicotine, which has been
implicated in the plant's insecticidal activity.

Other Bioactive Constituents. Beyond the aforementioned
classes, L. aspera contains an array of additional bioactive
molecules. These include glycosides (e.g., leucasperosides
A, B, and C, and linifolioside), lignans (e.g., nectandrin B
and meso-dihydroguaiaretic acid), and a diverse profile of
fatty acids. The seed oil, for instance, comprises palmitic,
stearic, oleic, linoleic, and linolenic acids, underscoring the
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plant's nutritional and industrial potential alongside its
medicinal value.

Table 2. Major Bioactive Phytoconstituents in Leucas aspera

Class of Compound Examples of Specific Compounds
Triterpenoids Oleanolic acid, Ursolic acid
Sterols -sitosterol, a-sitosterol
Diterpenes Leucasperones A & B, Leucasperols A & B
Flavonoids Apigenin, Luteolin, Catechin
Phenolics 4-(24-hydroxy-1-0x0-5-n-propyltetracosanyl)-phenol
Alkaloids Nicotine
. . a-farnesene, a-thujene, Menthol, Amyl propionate, Isoamyl
Volatile Oils .
propionate
. Palmitic acid, Stearic acid, Oleic acid, Linoleic acid, Linolenic
Fatty Acids .
acid
Glycosides Leucasperosides A, B, C, Linifolioside
Lignans Nectandrin B, meso-dihydroguaiaretic acid
V. PHARMACOLOGICAL ACTIVITIES: 3.1 Antimicrobial Activity:

FROM TRADITIONAL USE TO
EVIDENCE-BASED VALIDATION

The ethno medicinal claims surrounding Leucas aspera have
catalyzed a substantial body of pharmacological research
encompassing both in vitro and in vivo investigations.
Collectively, these studies have not only substantiated
numerous traditional applications but have also revealed
novel therapeutic avenues that extend beyond historical use.
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Among the most extensively characterized properties of L.
aspera is its broad-spectrum antimicrobial activity, which
provides robust scientific validation for its traditional
application in infectious wounds, dermatological conditions,
and respiratory ailments. A considerable body of evidence
demonstrates efficacy against both Gram-positive and
Gram-negative bacterial pathogens, as well as various
pathogenic fungi. Extracts derived from the leaf, stem, and
flower have exhibited significant antibacterial effects
against clinically relevant organisms, including Klebsiella
pneumoniae and Salmonella typhi.
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This broad antimicrobial action is generally attributed to the
synergistic  interplay of diverse phytoconstituents
particularly alkaloids, flavonoids, terpenoids, and phenolic
compounds—which are thought to exert their effects
through multiple mechanisms, including disruption of
microbial cell wall integrity, inhibition of essential
enzymatic pathways, and interference with microbial DNA
replication.

5.2 Antioxidant Activity:

The high concentrations of flavonoids and phenolic
compounds present in L. aspera confer substantial free-
radical-scavenging capacity, a property of considerable
relevance given the central role of oxidative stress in aging
and the pathogenesis of chronic diseases, including
malignancies, cardiovascular disorders, and
neurodegenerative conditions. In vitro antioxidant assays
have consistently confirmed the potent radical-scavenging
potential of various extracts. Notably, the methanolic leaf
extract has demonstrated remarkable DPPH radical
scavenging activity, achieving an inhibition rate of 87%—a
value comparable to that of the reference standard, ascorbic
acid.

These findings have been corroborated by additional assays,
including ABTS and phosphomolybdate methods, further
affirming the plant's considerable antioxidant potential. This
activity is also believed to underpin, at least in part, the
reported anti-inflammatory and hepatoprotective properties
of the plant.

5.3 Anti-inflammatory, Analgesic, and  Antipyretic

Activities:

The traditional employment of L. aspera in the management
of pain, fever, and inflammatory conditions such as
rheumatism has gained considerable support from
contemporary pharmacological investigations. The plant's
anti-inflammatory efficacy has been demonstrated in vivo
using established animal models, most notably the
carrageenan-induced rat paw edema assay. The underlying
mechanism appears to involve the suppression of key
inflammatory mediators, particularly prostaglandins.
Experimental evidence indicates that L. aspera extracts
possess significant inhibitory activity against prostaglandin
El (PGEl) and prostaglandin E2 (PGE2), which aligns
directly with its ethnomedicinal use for inflammatory and
painful conditions. Furthermore, both analgesic and
antipyretic effects have been confirmed in standard animal
models, thereby providing comprehensive pharmacological
substantiation for its long-standing traditional applications.
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5.4 Anticancer and Cytotoxic Activity:

Emerging research has increasingly focused on the potential
anticancer properties of L. aspera. Several studies have
documented the cytotoxic effects of its extracts against a
range of cancer cell lines. Of particular note, the ethanolic
root extract has demonstrated potent activity against human
breast adenocarcinoma cells (MCF-7), with mechanistic
evidence suggesting induction of apoptotic cell death.
Moreover, in vivo studies utilizing animal tumor models,
including Dalton's ascitic lymphoma (DAL), have revealed
that L. aspera extracts can effectively suppress tumor
growth, underscoring their potential utility as
chemotherapeutic agents. The anticancer mechanisms are
believed to be multifactorial, encompassing the induction of
apoptosis, inhibition of tumor angiogenesis, and modulation
of immune responses, particularly macrophage activation.

5.5 Other Pharmacological Activities:

Beyond the principal activities outlined above, L. aspera has
demonstrated a spectrum of additional pharmacological
properties with potential clinical relevance:

Antidiabetic Activity. Experimental evidence indicates that
L. aspera leaf extracts possess hypoglycemic properties in
diabetic rat models, suggesting a potential role in the
management of diabetes mellitus.

Gastroprotective Activity. The methanolic extract has
exhibited potent antisecretory and ulcer-protective effects in
various experimental ulcer models. Significantly, these
studies reported an absence of toxic reactions, indicating a
favorable safety profile for this particular application.

Hepatoprotective Activity. The plant has demonstrated the
capacity to ameliorate liver damage in experimental models
of hepatotoxicity in rats.

Larvicidal Activity. Catechin, a specific compound isolated
from L. aspera, has shown potent larvicidal activity against
mosquito vectors of significant human diseases, including
Aedes aegypti, Anopheles stephensi, and Culex
quinquefasciatus. This finding lends scientific support to the
plant's traditional use as a natural insecticide.

Neuroprotective Potential. Recent investigations have
begun to explore the neuroprotective implications of L.
aspera, examining the relevance of its antioxidant and
antimicrobial properties in the context of neural cell
protection and preservation of neurological function.
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VL TOXICOLOGY AND SAFETY

Given the extensive traditional use of Leucas aspera and the
growing interest in its development as a modern therapeutic
agent, a rigorous assessment of its safety profile and
potential toxicological risks is imperative. The available
literature presents a nuanced and somewhat contradictory
picture, suggesting a generally favorable safety profile at
therapeutic doses, yet indicating the potential for adverse
effects, particularly genotoxicity, at higher concentrations or
with specific extract types.

Several preclinical studies have affirmed the non-toxic
nature of L. aspera extracts when administered within
conventional therapeutic ranges. An acute and sub-acute
toxicity evaluation of the ethanolic extract in experimental
rats demonstrated an absence of significant adverse effects,
with no notable alterations in hematological parameters—
including hemoglobin concentration, red blood cell count,
and white blood cell count—or in relative organ weights.
Similarly, investigations into the gastroprotective potential
of the methanolic extract reported no toxic reactions in acute
and short-term toxicity assessments. Furthermore, research
examining the hypoglycemic and antineoplastic properties
of the plant has concluded that L. aspera represents a
promising candidate with a favorable side-effect profile.

However, these reassuring findings stand in marked contrast
to more recent investigations into the genotoxic potential of
the plant. A study employing Allium cepa and Vicia faba
bioassays to evaluate the genotoxicity of the aqueous extract
yielded significant cause for concern. Treated root
meristematic cells exhibited a pronounced reduction in root
elongation and mitotic index, accompanied by a substantial
increase in chromosomal aberrations, nuclear aberrations,
and micronucleus formation. Notably, the Allium cepa assay
proved particularly sensitive in detecting these genotoxic
endpoints. The authors concluded that the aqueous extract
possesses demonstrable genotoxic potential, necessitating
stringent safety evaluations prior to any therapeutic
application.

These apparently contradictory findings underscore a critical
principle in toxicological assessment: safety is highly
contingent upon multiple variables, including the nature of
the extract (e.g., ethanolic versus aqueous), the administered
dose, and the duration of exposure. While L. aspera appears
to be well tolerated at conventional therapeutic doses, higher
concentrations—particularly of aqueous preparations—may
confer a meaningful genotoxic risk.
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This dichotomy emphasizes the absolute necessity for
comprehensive extract standardization, precisely defined
dosage regimens, and extensive long-term toxicological
investigations, encompassing chronic, reproductive, and
carcinogenicity studies, before any clinical translation can
be responsibly advanced.

VIIL. FUTURE PERSPECTIVES AND CONCLUSION

Leucas aspera represents a compelling paradigm of how
traditional ethnomedicinal knowledge can serve as a
foundation for contemporary scientific inquiry and drug
discovery. Its trajectory from a common roadside weed to a
plant of considerable pharmacological interest is well
advanced; nevertheless, the critical translational steps from
laboratory bench to clinical bedside remain a formidable and
unresolved challenge.

The future research agenda for L. aspera should be directed
toward several priority areas:

Mechanistic Elucidation. Although a broad spectrum of
pharmacological activities has been documented, the precise
molecular mechanisms underpinning its most promising
therapeutic effects particularly anticancer and anti-
inflammatory actions remain incompletely understood. A
detailed characterization of the specific bioactive
compounds and their corresponding cellular and molecular
targets is essential for rational drug development and
therapeutic optimization.

Bioactivity-Guided Isolation and Characterization.
Future investigations should prioritize bioactivity-guided
fractionation strategies to isolate, purify, and structurally
characterize the compounds responsible for each
pharmacological effect. Such an approach is fundamental to
the development of standardized extracts or, ideally, single-
entity drug leads with defined potency and reproducible
activity.

Formulation Development and Standardization. The
development of stable, bioavailable, and therapeutically
consistent formulations of L. aspera extracts represents a
significant technical hurdle. The chemical composition of
crude extracts is inherently variable, contingent upon factors
such as plant provenance, harvest conditions, and extraction
methodology. The implementation of rigorous quality
control protocols and the establishment of comprehensive
phytochemical fingerprints are therefore indispensable
prerequisites for reproducible preclinical research and any
subsequent product development.
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Clinical Translation. The definitive validation of any
therapeutic agent ultimately rests upon well-designed
randomized controlled clinical trials. The transition from
promising in vitro and in vivo animal data to robust human
efficacy and safety data is an essential, albeit resource-
intensive and methodologically complex, next step. Such
trials are necessary to establish clinical proof-of-concept for
specific therapeutic indications and to define appropriate
dosing regimens.

Comprehensive  Toxicological Reevaluation. The
conflicting reports regarding the safety of L. aspera,
particularly the recent evidence of genotoxic potential,
warrant  thorough and  systematic  investigation.
Comprehensive  toxicological studies conducted in
accordance with international regulatory guidelines—
including assessments of chronic toxicity, genotoxicity,
carcinogenicity, and reproductive toxicity—are non-
negotiable prerequisites for any consideration of therapeutic
application in humans.

VIII. CONCLUSION

Leucas aspera is a medicinal plant of considerable intrinsic
value, serving as a bridge between ancient healing traditions
and modern pharmacological science. Its rich and diverse
phytochemical profile has been shown to underlie a wide
array of biological activities, thereby providing scientific
substantiation for its centuries-old ethno medicinal use in the
management of fever, pain, infection, inflammation, and
numerous other ailments. While substantial challenges
persist—most notably in the domains of extract
standardization, mechanistic understanding, and, critically,
comprehensive safety evaluation the potential of L. aspera
to yield novel therapeutic agents, particularly in the fields of
antimicrobial, anti-inflammatory, and anticancer drug
development, is both significant and undeniable. As research
progresses, this unassuming plant may yet emerge as a
valuable source of modern medicine, provided that it’s
continued development is guided by uncompromising
scientific rigor and an unwavering commitment to patient
safety.
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