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Abstract

Mikania micrantha Kunth, a fast-growing invasive weed, has gained considerable scientific interest because of its diverse pharmacological properties.
It is also referred to as Chinese creeper, American rope, bitter vine and climbing hemp vine and has traditionally been used in folk medicine across
South America and Asia for treating wounds, fever, inflammation, skin infections and respiratory ailments. Phytochemical studies have identified a
diverse range of bioactive compounds in plant, including flavonoids, phenolic acids, sesquiterpenes, alkaloids and essential oils. Recent studies have
demonstrated that extracts from various parts of Mikania micrantha exhibit significant antimicrobial, antioxidant, anti-inflammatory, anticancer,
wound healing, anti-fungal, cardioprotective, anti-depression, anti-helmintic and thrombolytic activities both invitro and in vivo models. This review
aimed to comprehensively evaluate the phytochemical constituents and therapeutic potential of Mikania micrantha, with a special focus on its
bioactive compounds and their mechanisms of action. However, further studies are necessary to assess its toxicity, isolate active compounds and
determine their clinical importance for therapeutic use. A comprehensive review was conducted using academic databases including PubMed,
Google Scholar, ScienceDirect, Web of Science and Research Gate. Future investigations should emphasize comprehensive safety profiling and,
formulation development to establish Mikania micrantha as a potential phytotherapeutic agent for therapeutic use.
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Introduction significant gaps in the detailed characterization of its bioactive

. . . compounds, their mechanisms of action and toxicity (18).
Natural products have played a crucial role in the discovery and

development of pharmaceuticals and therapeutics for centuries. This review aimed to present a comprehensive and critical

They have served as a vital source of medicinal compounds, with ~ ©verview of the phytochemistry and  pharmacological activities
traditional herbal medicine using a diverse array of plant of M. micrantha, with particular emphasis on its mechanisms of

materials for both preventive health and treatment (1). action, reported toxicities and the identification of knowledge
gaps. By integrating traditional knowledge with modern scientific
findings, this review supports the ethnomedicinal claims and
examines the therapeutic potential of M. micrantha in drug
discovery. Considering current health challenges such as
antimicrobial resistance, chronic inflammation and the demand
for natural wound healing agents, M. micrantha has been identified
as a promising source of new therapeutic leads.

Mikania micrantha Kunth, commonly known as "mile-a-
minute" weed, is a fast-spreading perennial vine native to
tropical America (2-4). Recent studies have shown growing
scientific interest in the genus Mikania, as several of its species
exhibit diverse and significant biological activities (5). Mikania
grows prostrate in low vegetation and climbs in places with tall,
woody plants. Its opposite leaves are 4-3 cm long, heart-shaped
at the base, pointed at the tip and usually serrated. It produces
clusters of tiny, fragrant, 4.5-6.0 mm long white or greenish  Methodology
flowers (6). The leaves of M. micrantha contain alkaloids,
terpenoids and steroids and have traditionally been used to
reduce inflammation and promote faster wound healing (7).
Recent pharmacological research has identified a traditional
claim, demonstrating that the plant exhibits antimicrobial (8),
antioxidant (9), anti-inflammatory (10), anti-cancer (11, 12),
wound healing (13) anti-fungal, cardioprotective (14) and other
biological activities (15-17). These result supports its traditional ~ Search strategy
uses and also provide a scientific basis for its therapeutic  The search focused on identifying viable therapeutic approaches
significance. The current literature provides limited insights, with  using Boolean operators such as ("Mikania" OR "Mikania

An extensive literature review was conducted to gather relevant
information on M. micrantha from various peer-reviewed
sources. The search was carried out across multiple academic
databases, including PubMed, Google Scholar, Science Direct
and Research Gate, covering publications from January 2013 to
August 2025.
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micrantha") OR("ethnobotany" and Mikania micrantha ),
(traditional uses and Mikania micrantha) OR ("geographical
distribution" and Mikania micrantha”) OR ("phytoconstituent”
and Mikania micrantha”) OR ("pharmacology" and “Mikania
micrantha”) OR ("Taxicological evaluation and “Mikania
micrantha”) OR (modern biotechnology" and Mikania micrantha)
and similar combinations of keywords like ‘Mikania micrantha;,
‘ethnobotany’, ‘traditional uses, ‘geographical distribution,
‘phytoconstituent; ‘pharmacology’, taxicological evaluation and
modern biotechnology were applied across all databases. A total
350 articles were screened, of which 100 were finally included as
review articles.

Inclusion criteria

The inclusion criteria for this review encompassed studies
published in the English language. Selected articles need to focus
on M.micrantha concerning the following aspect:

— Traditional uses and ethnobotanical applications
Geographical distribution and habitat specifics

Phytochemical constituents and pharmacological activities

R

The types of studies considered include in vitro experiments,
in vivo investigations and comprehensive review articles.

Exclusion criteria
— Studies not related to Mikania micrantha
— Non-English Publication

— Duplicate or inaccessible full-text articles
Geographical distribution

M. micrantha is a perennial climbing vine from family Asteraceae,
tribe Eupatorieae. The genus Mikania has about 430 species that
grow mainly as twining vines, herbaceous plant and small shrubs
in tropical and subtropical regions (19). M. mikania is native to
Central and South America, including the Caribbean, from
northern Argentina to Mexico (20-22, 17). It has subsequently
spread as an invasive weed to tropical Asia, parts of Papua New
Guinea, regions in the Indian Ocean, Pacific Ocean islands and
Florida in the US (23-26) is illustrated in Fig. 1.

Ethanobotany

M. micrantha has been widely used in traditional medicine for
different therapeutic properties. The leaves are commonly
applied to reduce inflalmmation, relieve pain and accelerate
wound healing (27, 28). They are also used to manage skin
bleeding, treat ulcers and promote the healing of sores (29). Due
to its antimicrobial activity, the plant is often used to manage
skin infections (30, 31).

In Bangladesh, the plant is known as "Libujilota" or
"Germany lota," and is used in folk medicine for various health
conditions (32-34). It is frequently used to reduce fever, treat
rheumatism, alleviate colds and respiratory problems and as a
dressing for wounds. The plant is also used as an antidote for
snakebites (35, 36). In Malaysia, the plant serves as a cover crop in
rubber plantations, but it also has medicinal uses in some
communities (37, 38).

Among the Mizoram ethnic groups in India, the plant’s
juice is used as first aid to cuts and wounds to stop bleeding. Leaf
decoctions are used as a hemostatic in cases of diarrhea (39, 40).
Additionally, the leaves are traditionally used as an antidote,
diuretic and cholagogue to treat heavy menstruation and fever
(41). In African traditional medicine, M. micrantha is also used as
a folk remedy, mainly for treating ulcers and promoting wound
healing (42, 43). The diverse ethnomedicinal uses of the plant are
summarized in Table 1.

Phytochemistry

The phytochemical profile of M. micrantha reveals several
bioactive compounds. This compound is found in various parts of
the plant, such as leaves, stems, roots, flowers and whole plant
extracts (44). A summary of these constituents are presented in
Table 2. The major Phytochemical classes include polyphenols
(tannins, flavonoids), steroidal compounds (triterpenoids, saponins),
sesquiterpene lactones, diterpenes, phenolic acids and volatile oils
(45). The aerial parts are rich in sesquiterpene lactones (e.g,
deoxymikanolide, mikanolide and their hydroxylated derivatives)
and diterpenoid glycosides such as 3-D-glucopyranosyl esters of ent-
kaurenoic acid (5).

Fig. 1. Geographical Distribution of Mikania micrantha across selected region . The Map has been illustrate the known locations where the
species has been located, highlighting its presence in tropical and subtropical zones (18).
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Tablel. Ethnobotany uses of M. micrantha

Country/State Plant part Local name Ethnomedicinal uses Route of Administration References
- - antidote for insect bites, and, also - A
India/Assam Leaves Japani lota to control minor external bleeding Topical application (18)
India/Mizoram Leaves Japan Hlo Use a topical wound for its Topical application (40)
antiseptic properties
India/Odisha Whole plant Bahaman Lata Antibacterial activity Oral and topical application (15)
Antifungal, use juice from Mikania
India /Kerala Arial part  Dhritarashtra Pacha leaf as an antidote for skin Topical application (17)
diseases
Traditionally, it is used to manage
Chhagalbati conditions such as fever, jaundice,
India/West Bengal Leaves Ja fnilata ’ dysentery, rheumatism and colds, Oral and tropical application (32)
P and is also effective as a
Hemostatic agent.
Leaves and Anti-microbial and anti- - -
Nepal stems Lahare Banmara inflammatory activities Oral and topical application (8)
. Antibacterial activity and, R
China Leaves Guangzhou cytotoxic activity. Oral application (13)
Papua New Guinea/ ) Apply as a medicinal herb to - s
Oceania) Leaves wounds and cuts. Topical application (27)
Philippines/Mandaue S Anti-microbial, it is used to reduce .
city, Basak Leaves Mile- a -minute weed inflammation Oral and topical (25)
Libujilota/G treating fever, rheumatism, colds,
Bangladesh Leaves toujt olgtaermany respiratory illnesses, and Oral and tropical application (34)
Gastric ulcer
. . . Itis traditionally used for
Africa Leaves Mile- a -minute weed treatment of various skin diseases. Oral (43)
South America/ skin diseases, wound dressings, . N
Guyana Patanoma Leaves chickenpox Topical application (29)
Itis also used to reduce
Malaysia/Selangor Leaves, stem Selaput tunggu cholesterol, high blood pressure, Topical and oral (37
and glucose levels.
Insect bites or scorpion stings,
skin diseases such as rashes and,
Indonesia /North skin itch. . .
Sumatera Leaves Sembung Rambat Skin bleeding, wound healing, Topical application (23)
sores, antimicrobial, skin
infection, and ulcers.
Use to accelerate the healing of
Fiji /Oceania Leaves Wa- Masei cuts and minimize minor blood  Topical application (poultice) (12)
loss.
Wound dressing and healing of
. . sores, traditionally used to treat . -
Jamaica/Caribbean  Leaves Stem Guaco cough, cold, and asthma, skin itch, Oral and topical application (11)
and athlete’s foot.
Mexico Leaves Bitter vine Skin diseases, Scorpion stings. Topical Application (30)
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Table 2. Isolated/ identified phytochemical constituents of M. micrantha

Compound No. Plant Part Phytoconstituents Compound Type

Reported activity/

associated bioactive Reference

23-hydroxyl-113,13-dihydrodeoxymikanolide,
3B-hydroxyl-113,13-dihydrodeoxymikanolide

1a,3B-dihydroxy-4,9-germacradiene-12,8:15,6-
diolide,
(118,13-dihydrodeoxymikanolide-13-yl)-adenine
2[3,3B-dihydroxy-113,13-
dihydroxydeoxymikanolide,
3a-hydroxy-1183,13-dihydroxydeoxymikanolide
deoxymikanolide
3B-hydroxy-deoxymikanolide
Mikanolide

Sesquiterpene

Aerial Part lactose

(1-9)

-d-glucopyranosyl-15a-(3-hydroxy-3-
methylbutanoyloxy)-93-hydroxy-ent-16-kauren-19-
oate,
B-D-glucopyranosyl-15a-(3-hydroxy-3-
methylbutanoyloxy)-9B-hydroxy-ent-16-kauren-19-
oate,
B-d-glucopyranosyl-15a-(2-methylbutanoyloxy)-93
-hydroxy-ent-16-kauren-19-oate,
B-d-glucopyranosyl-15a-(3-methyl-2-butenoyloxy)-
9B-hydroxy-ent-16-kauren-19-oate
-d-glucopyranosyl-15a-(3-hydroxy-3-
methylbutanoyloxy)-ent-16-kauren-19-oate

Deterpines

(10-14) Aerial part

benzyl5-0-B-d-glucopyranosyl-2,5-
dihydroxybenzoate and (7S,8R)-threo-
dihydroxydehydrodiconiferyl alcohol 9-acetate ,
benzyl 2-0-B-d-glucopyranosyl-2,6-
dihydroxybenzoate, 4-allyl-2,6-dimethoxyphenol
glucoside, (+)-isolariciresinol, icariol A;, 9,10-
dihydroxythymol, 8,9,10-trihydroxythymol, caffeic
acid, p-coumaric acid, ethyl protocatechuate,
procatechuic aldehyde, 4-hydroxybenzoic acid, and

(15-28) Aerial Part Phenolic Compound

Anti-inflammatory,
Antidiabetic,
Anticancer.

(50)

Antibacterial,
Cytotoxic (59)

Antioxidant

hydroquinone.
Isoledene,
O&-cadinene,
caryophyllene,
germacrene-D,
zingiberene

Flowers, leaves

Essential oils and, stems

Antimicrobial,
Antioxidant

Sesquiterpene

hydrocarbons (54), (56)

Phenolic glycosides and lignan derivatives, including
benzyl glucosides, caffeic acid and p-coumaric acid, have also
been reported (46). To enhance clarity, the corresponding
chemical structures of these compounds are illustrated in (Fig. 2-
5), grouped according to their classes sesquiterpene lactones
(Fig. 2), diterpenes (Fig. 3), phenolic compounds (Fig. 4) and
essential oil constituents (Fig. 5).

Sesquiterpene lactone

Sesquiterpene lactones are predominantly found in the aerial parts
and are known for their antibacterial, anticancer and cytotoxic
activities.These compounds likely act by disrupting bacterial
membranes, increasing ROS and MDA levels and inhibiting
antioxidant enzymes, leading to cell death (47).The major active
constituents of M.micrantha are sesquiterpene lactones, which
contribute significantly to its antibacterial activity as well as other
biological effects(48). The main sesquiterpene lactones identified
include (49) 2 B - hydroxyl - 11 3,13 - dihydrodeoxymikanolide (1), 3
B- hydroxyl - 11 S, 13 -dihydrodeoxy-mikanolide (2), 1 a,33-
dihydroxy - 4,9 - germacradiene - 12, 8:15, 6 - diolide (3) and (11 3, 13
- dihydrodeoxymikanolide - 13 - yl) - adenine (4), 2 3, 3 8- dihydroxy
- 11 3, 13- dihydroxyd-eoxymikanolide (5) 3a- hydroxy - 11 8,13 -
dihydroxydeoxy-mikanolide (6) deoxymikanolide (7) 3B-hydroxy-
deoxymikanolide (8) and mikanolide (9). These compounds are
considered the primary bioactive constituents responsible for the
antimicrobial and anti-inflammatory effects (50).

Diterpenes

A phytochemical investigation of the aerial parts of M. micrantha
collected in China resulted in the isolation of four new ent-kaurene
diterpene glucosides, one of which was identified as B - D-
glucopyranosyl - 15 a- (3 - hydroxy - 3 - methylbutanoyloxy) - 9
B - hydroxyent - 16 - kauren - 19 - oate (10), B - d - glucopyranosyl-
150 - (3 - methylbutanoyloxy) - 9 B - hydroxy-ent-16-kauren - 19
oate (11) , B-d - glucopyranosyl-150-(2-methylbutanoyloxy)- 9
B-hydroxyent - 16 - kauren - 19 - oate (12), B - d- glucopyranosyl - 15
a-(3-methyl - 2 - butenoyloxy) - 9 3 - hydroxy - ent- 16 - kauren -
19 - oate (13), along with a known one, 3 - d -glucopyranosyl-15 a -
(3-hydroxy - 3 - methylbutanoyloxy) - ent-16-kauren-19-oate (14)
(51). These four new diterpeneent-kaurene glucosides have no
significant antibacterial or cytotoxic activities in the vitro models
tested, which indicates a limited activity in these pharmacological
area (51).

Phenolic compound

Two novel phenolic compounds, benzyl 5 - O- {3 - d-glucopyranosyl
- 2, 5 - dihydroxybenzoate (15) and (7S, 8R ) - threo-
dihydroxydehydrodiconiferyl alcohol 9 - acetate (16), together with
12 known compounds, benzyl 2-Of-d-glucopyranosyl-2,6-
dihydroxybenzoate (17), 4-allyl-2,6-dimethoxyphenolglucoside(18),
(+) - isolariciresinol(19), icariol A (20), 9,10-dihydroxythymol
(21),8,9,10-trihydroxythymol(22),caffeic acid(23), p- coumaricacid
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7.R=H
8,R=0H

Fig. 2. Structural representation of germacrane-type sesquiterpene dilactones isolated from the aerial parts of the plant (53).

11,R1=R2=0H
12,R1=0H, R2=0H
13,R3=H, RI=0H

(14}

Fig. 3. Chemical structures of newly identified ent-kaurene diterpene glucosides derived from aerial plant parts (54).
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Fig. 4. Structure of a phenolic compound isolated from the aerial parts (55).
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Fig. 5. Chemical structure of essential oil isolated from the flower, leaves and stem (58).

(24), ethyl protocatechuate (25), procatechuic aldehyde (26), 4-
hydroxybenzoic acid (27) and hydroquinone (28) (52, 53) were
isolated from the aqueous and ethanol extracts of M.
micrantha roots (6). Certain phenolic compounds showing greater
antioxidant capacity than L-ascorbic acid, M. micrantha emerges asa
promising reservoir of potent natural antioxidants (53).

Essential oil

The analysis of flower essential oils often begins with identifying
their chemical composition, typically using gas chromatography-
mass spectrometry (GC/MS) (54). This essential oil of M.
micrantha is abundant in sesquiterpene hydrocarbons and
oxygenated  sesquiterpenes. Gas  chromatography-mass
spectrometry analysis identified 66 compounds in the flower
essential oilThe major components included isoledine (14.2 %),
O-cadinene (12.8 %), trans-caryophyllene (10.5 %), B-bisabolene
(9.7 %), germacrene-D (8.4 %) and zingiberene (7.9 %) were the
dominant constituent, which are observed the antimicrobial and
cytotoxic activities(55). Leaf essential oil is rich in B-cubebene,
germacrene-D and a-zingiberene, whereas the stem oil contains
has high qualities of D-limonene and B-pinene (56) as illustrated
in Fig. 5. The constituents of essential oils play a significant role in
contributing to their antagonistic effects on various cell lines and
pathogenic microorganisms. The essential oil extract from M.
micrantha flower contains abundant sesquiterpene hydro-
carbons and oxygenated sesquiterpenes and the combined
action of these components plays a vital role in reducing the
viability of both microbial pathogens and cancer cell lines (57).
The essential oil derived from M. micrantha flowers has been
demonstrated significant antioxidant activity, anticancer
effectively scavenging free radicals and indicating potential as a
natural antioxidant source (58-61).

Chemical characterization
GC-MS spectroscopy

GC-MS is an analytical technique used to identify and quantify
compounds in a sample, especially volatile and semi-volatile
organic compounds (62). This research aimed to identify the
phytochemicals in M. micrantha and explore their potential
medicinal applications. Methanolic and petroleum ether extracts
from the plant's leaves and stems were analyzed using gas

chromatography-mass spectrometry to determine their
biochemical constituents. The GC-MS analysis of the M.
micrantha extracts revealed the presence of various compounds,
including phenols, fatty acids, sesquiterpenes, diterpenes,
alkane hydrocarbons and others, each with a range of potential
uses. In this method, the column used was a Perkin Elmer Elite-5
capillary column measuring 30 m x 0.25 mm with a film thickness
of 0.25 mm, composed of 95 %. Dimethyl polysiloxane is used as
a stationary phase and helium is the carrier gas. The initial
temperature of 110 °C for 4 min was then increased to 240 °C.
Furthermore then programmed to increase to 280 °C at a rate of
20°C, ending with a 5 min (63).

GC-MS analysis revealed 10 volatile compounds in the
leaves and flowers of M. micrantha. The chromatographic
separation was performed on an HP-5 MS column (30 m x
250 pm x 0.25 um) and the carrier gas was helium and its flow
rate was adjusted to 1 mL min™. The column's starting
temperature was set at 50 °C and maintained for three minutes.
It was then raised by 5 °C min? to 100 °C and kept at that
temperature for five minutes. Next, it was raised to 160 °C at a
rate of 2 °C min* and finally, it reached 250 °C by 10 °C min*(64).

FTIR (Fourier transform infrared spectrophotometer)

FTIR is the most powerful tool used to identify the types of
chemical bonds (functional groups) present in the substance. All
different extracts of the M. micrantha leaf were used for FTIR
analysis. The sample of each extract was recorded in an FTIR
spectrophotometer (Shimadzu Prestige 21). The spectrum was
recorded in the frequency range between 500 and 4000 cm™(65).

The FT-IR analysis represents the functional groups
involved in the synthesis and stabilization of AgNPs using the
M. micrantha leaf extract was recorded using a Fourier transform
infrared spectrometer (Perkin-Elmer Spectrum). The frequency
range covered in the FT-IR spectrum analysis is approximately
from 516 cm? to 3175 cm? (66). The FTIR spectra of the
M. micrantha aqueous extract were recorded using an FTIR
spectrophotometer (Perkin Elmer Spectrum II) within the wave
number range of 4000 to 450 cm (67).

UV-visible spectroscopy
The UV-Visible spectrophotometric method for the synthesis of
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silver nanoparticles (AgNPs) using M. micrantha leaf extract
determination was carried out using the UV-Vis spectrum
(Shimadzu UV-19001). The absorbance measurements were
recorded within the wavelength range of 300-600nm. A
characteristic surface plasmon resonance (SPR) peak was
observed at 459 nm, confirming the formation of AgNPs (68).

The aqueous extract of M. micrantha was analyzed using a
double-beam spectrophotometer (UV-1800, Shimadzu, Japan)
within a detection range of 400-800 nm. The synthesis of gold
nanoparticles (AuNPs) was confirmed through UV-visible
spectrophotometry, which exhibited a surface plasmon resonance
(SPR) peak at 534 nm, indicating the successful formation of
AuNPs (69).

UV-Vis spectroscopy was employed to analyze and
confirm the formation of zinc oxide nanoparticles (ZnONPs) from
M. micrantha leaf extracts. The UV-Vis spectroscopic analysis
revealed a distinctive surface plasmon resonance (SPR) band at
373 nm, indicating the successful formation of ZnONPs (70).

LC/MS (liquid chromatography and mass spectrometry)

The ethyl acetate extract of M. micrantha was analyzed using
Liquid Chromatography-Mass Spectrometry (LC-MS). The results
identified key bioactive compounds, including flavonoids such as
quercetin and kaempferol, as well as phenolic acids such as caffeic
acid and chlorogenic acid. The analysis was conducted with a gas
flow rate of 5 L/min at 325 °C. The spectrum analysis was
performed using Agilent Mass Hunter Qualitative Analysis
software, followed by PEAKS Studio X software (71). The findings
revealed that flavonoids and phenolic acids were the key
differential metabolites contributing to flower bud differentiation.

Pharmacological activities

The various pharmacological activities are summarized in Table
3 and the various corresponding mechanisms/pathways are
illustrated in Fig. 6. While searching the pharmacological
activities of Mikania micrantha, we found only a limited number
of studies are available on thisimportant medicinal plant.

Antimicrobial activities

The antimicrobial properties were evaluated using the ethanol
extract of M. micrantha which showed a significant zone of
inhibition against  Staphylococcus aureus. The finding
demonstrates that the extract showed impressive zones of
inhibition at concentrations of 100 and 200 mg/mL, indicating its
potential as an effective antimicrobial agent (72). The addition of
M. micrantha leaf extracts to cotton textiles significantly reduced
the antibacterial activity of S. aureus and Propionibacterium
acnes, suggesting potential applications in antimicrobial textiles
and wound management products (73).

M. micrantha flowers' essential oil showed antibacterial
effectiveness against a greater range of pathogens, such as
Mycobacterium smegmatis, Pseudomonas aeruginosa, S. aureus
and Candida albicans. Furthermore, this essential oil had
inhibitory effects on human cancer cell lines, including cervical,
pancreatic and ovarian cancer, indicating potential both
antibacterial and cytotoxic properties (74, 75).The antimicrobial
efficacy of M. micrantha is attributed primarily to the presence of
various bioactive compounds, particularly sesquiterpene
lactones such as mikanolide and deoxymikanolide, which play a
central role by the action of flavonoids and phenolic

compounds (76). Previous studies have shown that methanolic
and ethyl acetate leaf extracts of M. micrantha showed
antibacterial activity against Methicillin-Resistant Staphylococcus
aureus (MRSA). The extracts produced inhibition zones of 12-20
mm at doses of 50-200 pg/mL. These results suggest that
M. micrantha has dose-dependent efficacy and may serve as a
potential natural antimicrobial agent (77).

Antioxidant activities

Previous researchers reported that the ethyl acetate extract of
M. micrantha had strong antioxidant activity in various assays,
including DPPH radical scavenging. The extract exhibited
significant radical scavenging potential, with an IC50 value of 35
pg/mL, showing its effectiveness in neutralizing free radicals. The
ABTS radical scavenging assay further confirmed this activity,
showing a dose-dependent response with an IC50 of 40 pg/mL
(78). These effects are attributed to the high phenolic content,
free radical scavenging and reducing power, suggesting potential
in  managing oxidative stress and in nutraceutical/
pharmaceutical applications (79, 80). The leaves of M. micrantha
were extracted using methanol and the extract was evaluated for
its antioxidant activity. The extract showed strong antioxidant
activity in the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, with
an ICs, value of 41.8 pug/mL. This indicates that M. micrantha
leaves are a potent natural source of antioxidants (81, 82).

Anti-inflammatory

In former studies the leaves of M. micrantha using 70 % aqueous
ethanol extract, which showed the strongest effect, with an 1Cy,
value of 89.27 + 0.01 pg/mL. These findings scientifically support
their traditional use against inflammation and suggest their
potential as valuable natural sources for the development of anti
-inflammatory therapeutics (83). The ethyl acetate extract and it
significantly suppressed RAGE expression in a dose-dependent
manner, with up to 65-70 % inhibition at higher concentrations
(p < 0.01) by inhibiting the (NF-B) signaling in RAW 264.7 cells
was reported earlier. The extracts also showed significant
inhibitory effects on enzymes linked to inflammation, such as
cyclooxygenase (COX), lipoxygenase (LOX), nitric oxide synthase
(NOS), myeloperoxidase (MPO) and protease, indicating strong
anti-inflammatory potential (84, 85).

Anticancer/Cytotoxic activities

The flower essential oil of M. micrantha significantly reduced
cancer cell growth in a dose-dependent manner when tested at
concentrations of 10-200 pg/mL using the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. The ICs,
values were 5.44 + 1.33 pg/mL for Hela cervical cancer cells and
10.57 + 1.44 pg/mL for PAL ovarian cancer cells, both falling
within the biologically active range. These findings confirm the
strong cytotoxic potential of the oil and suggest its promise as a
natural source of anticancer compounds (58). The anticancer
activities of silver nanoparticles (AgNPs) made with M. micrantha
aqueous leaf extract and the synthesized silver nanoparticles
have shown, respectively, dose-dependent reduction in viability
of lung adenocarcinoma cells (86). Previous researchers have
studied that the ethanol extract has demonstrated cytotoxic
effects against multiple human tumor cell lines. Their IC5, values
ranged from 8.97 to 27.39 pM. The study confirmed that
germacrane sesquiterpene dilactone from M. micrantha has
dose-dependent cytotoxic activities (50, 87, 88)
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Table 3. Pharmacological activities of M. micrantha with extract type, experimental model, and outcome

Pharmacological

e Extract Type Dose Outcomes Model use Reference
Activities
- Essential oil, Flower ICs values ranged from It reduced colonies, caspase- :
Anticancer extract 508.97 t0 27.39 uM. mediated apoptosis. Invitro (86)
Leave extract, It exhibits dose-dependent
Anti-bacterial methanolicand ethyl At doses of 50-200 pg/mL antimicrobial activity and may be a In vivo (77)
acetate. potential natural antimicrobial agent
Antibacterial Leave part, ethanol concenltnrgit?;trics”:)faioo and The antibacterial effect was In vitro (70)
extract. 200 mg/mL moderately strong.
Wound healing Le;";ﬁ::&ﬁgld Enhanced proliferation, angiogenesis In vitro (35)
: Leaf part Methanolic ~ Atadose of 2mg/kg body It accelerates wound closure and :
Wound healing extract weight improves tensile strength Invivo (35)
L P, IC50 value of 35 pg/mL and DPPH radical scavenging and, ABTS .
Antioxidant activities Ethyl acetate IC50 of 40 ug/mL radical scavenging. In vitro (79)
Anti-oxidant activities Leavese;))(;;g,clithanol An ICsq value of 41.8 pg/ML. DPPH radical scavenging. In vitro (81)
- Leaves part, ICso value of 89.27 £ 0.01 Its suggest their potential as valuable .
Anti-inflammatory aqueous extract pg/mL. natural sources for the development Invivo (83)
With up to 65-70% Itindicates the (NF-kB) signaling in ;
Anti-inflammatory Leave part, Ethyl acetate inhibition at higher RAW 264.7 colls In vitro (84)
: It showed significant anthelmintic
Anthelmintic Leave pae;tt,rr:cetthanollc - activity, dose-dependently paralysis In vitro (81)
and death of earthworms
Dose-dependent increase in mobility
: : Leave Part, methanol At doses of 200 mg/kgand ~ and also significantly reduced .
Antidepression extract 400 mg/kg body weight immobility times. In vivo (99)
S Leave part, methanol At 400 mg/kg body weight, MEMM :
Anti-antidiarrheal Extract significantly reduced diarrhea. Invivo (99)
. P Leave Part, methanol At doses of 200 and 400 At 400 mg/kg, achieved ~43.76% clot L
thrombolytic activities Extract mg/kg body weight.  lysis, promising thrombolytic activity. Bxvivo (99)
It indicates clear inhibition zones
: ) around the actinomycete colony, and :
Antifungal Culture filtrate (aqueous) At 2.0 mg/mL also shows showing strong In vitro (95)
antagonism
Improved lipid profile Significant
reduction cholesterol.
Anti- Enzyme inhibition,
hypercholesterolemic) Stem part, ethyl acetate At doseé%gfnfO}kloo, and Highest inhibition of HMG-CoA and In vivo (97)
activity g/ke ACAT2 activities,
Reducing cholesterol biosynthesis
and esterification.
Mikania micrantha Extract
(Sesquiter peme lnctones, Flavonoils, Phenolics, Exseatial oil)
Dual Actions on Cells/Malecular Targets
& & % "
Anti-inflammatory  Wound healing pathway  Antioxidant pathway Cvtotoxic / Anticancer Cardi - )
. ardioprotective
Pathway } n Pathway P
! | Flavencids neutralize I }
[Inhibits RAGA [Activates Focal Adhesion ROS) [ ROS preduction in cancer [Inhibits HMG-Col
Receptor] Kinase (FAK)] } cells) Reductase and
} [Activates Nrf2 ACAT2 enzymes
[Suppresses NF-kB  [FAK — Akt Activation — mTOR transcription] [Mitochondrial membrane 3
Translocation] signaling] n permeabilization] [, Cholesterol
} [ Antioxidant Enzymes biosynthesis and
TNF—l » TNF-a, IL-B, |'T' CD”EEEH Eynthes.is, [SL'J 0, CAT, GPI” [Cytn;hrgme crelease = poterfica tmn]
IL-1B, COX-2, INOS] Angiogenesis VEGF)] } Caspase-9/-3) ']
$ [Reduces Oxidative [l LDL, -
Fibroblast proliferation Stress] [Induces Apoptasis]  Triglycerides,
HOL)

Fig. 6. Schematic representa

tion of the mechanisms of action of M. micrantha extract (35).
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Wound healing activities

The nanogel developed with M. micrantha leaf extract was
evaluated in a hyperglycemic rat wound model, where diabetic
wound rats were anesthetized through the intraperitoneal
administration of ketamine at a dose of 2 mg/kg body weight. The
treating wound closure was 93-95 % for 14 days, demonstrating
strong diabetic wound healing potential (89). The wound- healing
properties of the crude extract of M. micrantha were investigated,
revealing a significant acceleration of wound healing even at lower
doses (90). The mechanism involves the stimulation of collagen
production, angiogenesis and modulation of the wound
microenvironment. For instance, a self-adaptive hydrogel
incorporating M. micrantha improved healing in chronic diabetic
wounds by enhancing collagen synthesis and new blood vessel
formation (91).

A study showed that the M. micrantha leaf juice extract
indicates promising blood coagulation and good wound healing
properties (92). According to a recent study, the focal adhesion
kinase (FAK)/Akt/mTOR signaling pathway is activated by the
cold methanolic extract of M. micrantha extract (MME), which
improves cutaneous wound healing (35).

Antifungal activities

The atmosphere and surfaces always contain biological particles
as well as inorganic gaseous and particulate contaminants.
Among these particles are fungal species that inhabit nearly all
ecosystems, including the human body (93).

In previous studies, the aerial parts of M. micrantha
extract at 0.5-2.0 mg/mL and showed strong antifungal activity.
At 2.0 mg/mL it completely inhibits the growth of E. floccosum, M.
canis, M. gypseum and T. rubrum (15). The ethanolic extract of M.
micrantha has been shown to exhibit antifungal activity, such as
against Candida albicans and Aspergillus niger. Studies suggest
that effective concentrations are generally higher, ranging
between 100 pg/mL and 500 pg/mL. A minimum inhibitory
concentration of around 250 pg/mL is frequently reported for
fungal growth suppression (94, 95).

Mikania micrantha shows strong antifungal activity
through its organic solvent extracts, especially the chloroform
extract, which yielded active sesquiterpenes like mikanolide and
deoxymikanolide, which inhibit the growth of pathogenic fungi
such as Fusarium, Rhizoctonia, Phytophthora and Pythium while
promoting beneficial biocontrol bacteria (Pseudomonas,
Catenulispora, Candidatus Entotheonella) (6).

Cardioprotective (Hypercholesterolemia)

The primary symptom of hypercholesterolemia, a metabolic
disease, is an increase in plasma- low density lipoprotein (LDL)
cholesterol levels (96). Previous researchers studied that the
ethyl acetate extract of Mikania micrantha stems (EAMMS) was
administered to high-cholesterol-fed rats at doses of 50, 100 and
200 mg/kg. The extract significantly reduces cholesterol
metabolism by inhibiting ACAT2 and HMGCR, resulting in
decreased triglycerides (TG), total cholesterol (TC) and low-
density lipoprotein cholesterol (LDL-C), along with an increase in
high-density lipoprotein cholesterol (HDL-C). These effects are
mediated through the inhibition of cholesterol biosynthesis,
esterification and the antioxidant pathway (97).

Neurological (Anti-depression)

Depression can be defined as alterations of mood that might
range from mild symptoms to severe mood disorders that can be
expressed as delusions or hallucinations (98). The methanol
extract of M. micrantha leaves significantly reduced the
immobility time in the forced swim test (FST) and tail suspension
test (TST). The extract was administered orally at doses of 200
mg/kg and 400 mg/kg body weight. The results demonstrated a
dose-dependent reduction in immobility time, indicating
significant antidepressant effects (99, 100). The underlying
mechanisms may involve linalool, which can modulate the
gamma-aminobutyric acid system (GABA) and quercetin, which
may inhibit monoamine oxidase. Together, these effects may
enhance serotonin, dopamine and noradrenaline signaling (101).

Anti-helminthic

Helminth infections are among the most prevalent in humans,
impacting a significant portion of the global population. These
parasitic diseases result in severe morbidity, particularly affecting
individuals in endemic regions (102). The leaves of M. micrantha
were extracted using methanol. The leaf decoction of M. micrantha
exhibited significant anthelmintic effects against Indian
earthworms (Pheretima posthuma), likely due to the presence of
bioactive compounds such as flavonoids, tannins, alkaloids and
glycosides. The time taken for the worms to become paralyzed
and subsequently die was monitored (103, 81).

Thrombolytic activity

The methanolic leaf extract of M. micrantha exhibited significant
ex vivo thrombolytic activity, effectively dissolving blood clotsin a
dose-dependent manner. The extract was administered orally to
mice at doses of 200 mg/kg and 400 mg/kg body weight. It
indicates that the thrombolytic potential was found to be
comparable with that of streptokinase, suggesting that the
extract may serve as a promising natural source for developing
thrombolytic agents (99).

Toxicological evaluation

A study revealed that the acute oral toxicity study of the ethyl
acetate fraction of M. micrantha was conducted in Swiss albino
mice (Mus musculus). Based on the observations, the LD5, was
estimated to be approximately 2000 mg/kg. These findings
suggest that the extract exhibits low acute toxicity and may
cause mild to moderate adverse effects at higher doses (104).
The toxicity test of the ethyl acetate fraction and volatile oil of M.
micrantha was conducted on mouse skin to evaluate their safety
for topical use. The results of the acute dermal toxicity study
indicated that B-caryophyllene, a major constituent, did not
exhibit any signs of acute toxicity, thereby supporting the
potential safety of these compounds for external applications
(105). The ethanol extract of M. micrantha leaves was orally
administered to Swiss-Webster mice at doses of 250 mg/kg and
500 mg/kg body weight. The results showed no signs of acute
toxicity at either dose, indicating the extract's safety at these
tested levels (106). No signs of toxicity or mortality were observed
in animals during the chronic toxicity study. The ethanolic extract
of Mikania micrantha leaves is safe for long-term use. No signs of
toxicity or mortality were observed in animals during the chronic
toxicity study (101).
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Genetic diversity and modern biotechnology advancement

Previous studies using different genetic markers have shown that
M. micrantha has a lot of genetic variation in southern China (28).
More recent findings reveal that transposable elements (TEs) and
epigenetic modifications, such as DNA methylation, play key
roles in regulating gene activity and driving its rapid adaptation
and invasiveness. These mechanisms highlight transposable
elements and epigenetics as major contributors to the weed’s
adaptability and potential targets for biotechnological control
(107). Modern biotechnology plays a significant role in
understanding and mitigating the effects of M. micrantha on soil
microbial communities (108). Functional genomics reveals how
microbes adapt to the presence of M. micrantha, offering
strategies to restore soil ecosystems (109). Genetic modification
techniques hold promise for developing M. micrantha-resistant
crops or for directly manipulating the weed's growth and
reproduction (110).

More recent findings reveal that transposable elements
(TEs) and epigenetic modifications, such as DNA methylation,
play key roles in regulating gene activity and driving its rapid
adaptation and invasiveness. These mechanisms highlight TEs
and epigenetics as major contributors to the weed'’s adaptability
and potential targets for biotechnological control (107).

Conclusion

In the present study, we have reviewed and analyzed the
ethnopharmacological applications, phytochemical composi-
tion and pharmacological properties of M. micrantha. Extensive
pharmacological investigation and  traditional medicinal
practices have revealed the presence of bioactive constituents
such as flavonoids, phenolics, sesquiterpenoids and essential
oils, which contribute to its wide range of therapeutic effects.
However, clinical validation is required to translate laboratory
findings into pharmacotherapeutic. Future research should
focus on standardizing extracts, mechanisms of action and
conducting in-depth toxicity and clinical trials. Clinical validation
is urgently needed to translate in vitro potential into
pharmacotherapeutics. Exploring developing novel formulations
and investigating sustainable use strategies.
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