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ABSTRACT

Medicinal plants are vital in global healthcare, especially in developing countries where Medicinal plants play a crucial role in
global healthcare, particularly in developing countries where traditional medicine remains widely practiced. Acalypha indica
Linn. (Indian nettle) is a medicinal herb recognized for its extensive ethnomedicinal applications and diverse phytochemical
composition. Traditionally, it has been used in the management of respiratory disorders, skin infections, inflammatory
conditions, and gastrointestinal ailments. Phytochemical investigations have identified several bioactive constituents, including
flavonoids, alkaloids, terpenoids, tannins, and phenolic compounds, which contribute to its therapeutic potential. Studies have
demonstrated significant antioxidant and broad-spectrum antimicrobial activities, attributed to its free radical scavenging
capacity and inhibitory effects against various bacterial and fungal pathogens. Furthermore, Acalypha indica exhibits promising
anti-inflammatory, hepatoprotective, wound-healing, antidiabetic, anticancer, antiparasitic, and immunomodulatory properties,
likely resulting from synergistic interactions among its phytoconstituents. Growing concerns regarding antimicrobial resistance
and the increasing demand for plant-based therapeutics emphasize the need for further scientific investigation and clinical
validation of Acalypha indica to facilitate its integration into modern healthcare systems. This review emphasizes the
phytochemical richness and pharmacological significance of Acalypha indica leaves and discusses future prospects for drug

discovery, phytopharmaceutical development, and evidence-based integration into modern healthcare systems.

KEYWORDS: Acalypha indica, phytochemical profiling, antioxidant activity, antimicrobial activity, flavonoids, phenolic

compounds, therapeutic potential.
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1. INTRODUCTION

Nature has served as humanity’s earliest pharmacy. Long before the emergence of synthetic pharmaceuticals,
communities across Asia, Africa, and other regions relied on medicinal plants for treating diseases and maintaining
health. Even today, the World Health Organization estimates that a significant proportion of the global population
depends on traditional herbal medicines for primary healthcare needs. The increasing scientific validation of
traditional remedies has intensified research efforts aimed at identifying bioactive compounds from medicinal plants
Among numerous medicinal herbs investigated in recent decades, Acalypha indica Linn. Occupies a unique position
because of its widespread traditional use and remarkable pharmacological diversity. The plant belongs to the family
Euphorbiaceae and is commonly distributed throughout tropical and subtropical regions, particularly in India, Sri
Lanka, Malaysia, Bangladesh, and several African countries.!” Traditionally, various parts of the plant have been used
for the treatment of bronchitis, asthma, pneumonia, wounds, skin diseases, intestinal worms, rheumatism, and
inflammatory conditions.®! The growing Interest in A. indica is closely associated with its rich phytochemical
composition. Phytochemicals are naturally occurring bioactive compounds synthesized by plants for defense,
adaptation, and survival. These compounds frequently exhibit therapeutic activities in humans, including antioxidant,
antimicrobial, anti-inflammatory, anticancer, and immunomodulatory effects.” The advancement of chromatographic
and spectroscopic techniques has facilitated the identification of numerous phytoconstituents present in A. indica,
revealing its potential as a source of novel therapeutic agents.One of the most significant health concerns of the modern
era is oxidative stress. Excessive generation of reactive oxygen species (ROS) contributes to the development of
cardiovascular diseases, neurodegenerative disorders, diabetes mellitus, aging, and cancer.® Plant-derived antioxidants
have emerged as promising alternatives to synthetic antioxidants due to their safety profile and biological efficacy.
Phenolic compounds and flavonoids present in A. indica have demonstrated considerable antioxidant potential through
multiple mechanisms.Simultaneously, the rise of antimicrobial resistance poses a major challenge to contemporary
medicine. Increasing resistance among bacterial and fungal pathogens has reduced the effectiveness of conventional
antimicrobial agents.!! Medicinal plants rich in antimicrobial phytochemicals are therefore receiving considerable
attention as potential sources of new anti-infective compounds. Various studies have reported notable antibacterial and
antifungal activities of A. indica extracts against clinically significant pathogens.Given the growing scientific evidence
supporting its medicinal value, a comprehensive evaluation of the phytochemical composition and biological activities
of A. indica is warranted. This review aims to critically examine current knowledge regarding phytochemical profiling,

antioxidant properties, antimicrobial activities, and broader therapeutic applications of Acalypha indica leaf extracts.
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1. Botanical Description and Taxonomy

Acalypha indica Linn. Is an erect annual herb that generally reaches a height of 30—70 cm. The plant possesses simple,

ovate leaves with serrated margins and characteristic green inflorescences. It thrives in moist environments and

commonly grows as a weed in cultivated fields, roadsides, gardens, and wastelands.

Taxonomic Classification

Taxonomic Rank

Classification

Kingdom Plantae

Division Magnoliophyta
Class Magnoliopsida

7 e

Order Malpighiales
Family Euphorbiaceae
Genus Acalypha
Species Acalypha indica Linn.

The plant is popularly known as Indian nettle, Kuppaimeni, Haritamanjari, and Indian copperleaf in various regions.”

Ethnomedicinal Significance

Traditional medicine systems have recognized A. indica for centuries. In Ayurvedic and folk medicinal practices, leaf

paste is applied externally to wounds, burns, eczema, and skin infections. Fresh leaf juice has traditionally been

administered for respiratory ailments such as asthma and bronchitis.®® In rural communities, decoctions prepared from

leaves are used to alleviate digestive disorders, intestinal parasites, fever, and urinary tract infections. Some traditional

healers also employ the plant in managing inflammatory conditions and joint pain.”” The persistence of these traditional

applications across different cultures suggests the presence of pharmacologically active constituents that justify

scientific investigation.

Advanced Phytochemical Profiling

Phytochemical profiling provides insight into the chemical constituents responsible for biological activities. Various

extraction techniques including maceration, Soxhlet extraction, ultrasound-assisted extraction, and solvent partitioning

have been employed to isolate phytochemicals from A. indica leaves.

Primary Phytochemical Constituents

Preliminary screening studies consistently report the presence of:

Result in

S.No | Phytochemical Constituent | Test Used Observation -
Acalypha indica

1 Alkaloids Dragendorff’s Test Orange precipitate formed | Positive (+)

2 Flavonoids Shinoda Test Pink  to red  coloration Positive (+)
developed

3 Phenolic compounds Ferric Chloride Test Blue-green coloration Positive (+)
observed

4 Tannins Lead Acetate Test White precipitate formed Positive (+)
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5 Terpenoids Salkowski Test Reddish-brown  interface Positive (+)

formed
. Liebermann-— Green coloration .

6 Steroids Burchard Test developed Positive (+)

7 Glycosides Keller—Killiani Test Brown ring formed Positive (+)

8 Saponins Foam Test Persistent froth formed Positive (+)

9 Proteins Biuret Test Violet coloration observed | Positive (+)

10 Carbohydrates Molisch’s Test Violet ring formed Positive (+)

11 Fixed oils Spot Test Permanent  oily  stain Positive (+)
observed

These phytochemicals contribute significantly to the plant’s pharmacological profile.'"!

Phenolic Compounds
Phenolic compounds constitute one of the most important groups of bioactive molecules in A. indica. These

compounds possess strong reducing capabilities and effectively neutralize free radicals.

Their antioxidant action primarily involves:

e  Electron donation

e  Hydrogen atom transfer

e  Metal ion chelation

e Inhibition of lipid peroxidation

e  Phenolic compounds have been associated with protection against cardiovascular diseases, neurodegeneration, and

carcinogenesis.!"!

Flavonoids
Flavonoids are abundant in leaf extracts and represent a major contributor to antioxidant activity. These compounds

stabilize reactive oxygen species and protect cellular structures from oxidative damage.

Reported biological effects include:
e Antioxidant activity

e Anti-inflammatory activity

e Antimicrobial action

e Cardioprotective effects

e Anticancer potential

The synergistic interaction between flavonoids and phenolic acids significantly enhances overall therapeutic
[12]

efficacy.
Alkaloids
Alkaloids are nitrogen-containing compounds known for diverse pharmacological actions. Several alkaloids identified

in A. indica have demonstrated antimicrobial and anti-inflammatory properties.

These compounds may interfere with microbial metabolism, inhibit nucleic acid synthesis, and disrupt cell membrane

integrity.[*!
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Terpenoids and Steroids
Terpenoids and steroids contribute substantially to anti-inflammatory and antimicrobial effects. Many terpenoids

exhibit membrane-disrupting properties that facilitate antimicrobial action.

Steroidal constituents may modulate inflammatory pathways through interactions with cellular signaling

mechanisms.*

Extraction and Analytical Characterization

Fresh leaves of Acalypha indica were collected, washed thoroughly with distilled water to remove dirt and debris, and
shade-dried at room temperature for 10-14 days. The dried plant material was pulverized into a coarse powder using a
mechanical grinder and stored in airtight containers until further use.

Approximately 100 g of the powdered plant material was subjected to successive solvent extraction using solvents of
increasing polarity, namely petroleum ether, chloroform, acetone, ethanol, methanol, and distilled water. The extraction
was carried out using a Soxhlet apparatus for 6-8 hours with each solvent until the siphon tube solution became
colorless.

The obtained extracts were filtered through Whatman No. 1 filter paper and concentrated under reduced pressure using
a rotary evaporator at temperatures below 45°C. Aqueous extracts were concentrated by evaporation on a water bath.
The concentrated extracts were further dried to constant weight, and the percentage yield of each extract was
calculated.

The dried extracts were transferred to sterile airtight containers and stored at 4°C until subjected to phytochemical
screening and analytical characterization. Methanolic and ethanolic extracts were primarily selected for further studies

due to their superior extraction efficiency for phenolic and flavonoid constituents.

. _ Weight of Dried Extract
Percentage Yield (%) = Weight of Plant Material < 100

Percentage Yield Calculation
Solvent Extraction

Commonly employed solvents include:
e  Water

e  Methanol

e  Ethanol

e  Acetone

e  Chloroform

e  Petroleum ether

Methanolic and ethanolic extracts generally yield higher concentrations of phenolic and flavonoid compounds due to

their polarity characteristics.™*®
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Chromatographic Analysis
Advanced analytical techniques used for phytochemical characterization include:

e HPLC

e HPTLC

o GC-MS

e LC-MS/MS

e  FTIR spectroscopy
e NMR spectroscopy

These methods facilitate identification, quantification, and structural elucidation of phytoconstituents.®!

HPLC Applications
High-performance liquid chromatography is particularly valuable for:

e  Quantitative analysis of phenolics
e  Flavonoid profiling
e  Fingerprint standardization

e  Quality control
HPLC-based phytochemical fingerprinting has become an essential component of herbal drug standardization.!*”)

Antioxidant Potential
Oxidative stress results from an imbalance between reactive oxygen species production and antioxidant defense

mechanisms.

ROS>Antioxidant\ Defense

Excessive oxidative stress contributes to aging and numerous chronic diseases.

DPPH Radical Scavenging Activity
DPPH assay remains one of the most widely used methods for evaluating antioxidant activity. Studies consistently

report strong radical scavenging effects for methanolic and ethanolic leaf extracts.

The antioxidant effect is primarily attributed to phenolic hydroxyl groups capable of donating hydrogen atoms to
[18]

neutralize free radicals.
ABTS Assay
ABTS radical scavenging assays further confirm antioxidant potential. Leaf extracts exhibit concentration-dependent

inhibition of ABTS radicals, indicating efficient electron transfer capabilities.™!

Ferric Reducing Antioxidant Power
FRAP studies demonstrate substantial reducing power of A. indica extracts. Increased reducing capacity correlates

strongly with total phenolic and flavonoid content.*”!
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Biological Significance

Antioxidants derived from A. indica may contribute to:
e Prevention of cellular damage

e Protection against lipid peroxidation

e Reduction of inflammatory responses

e Delay of aging processes

e Prevention of chronic diseases

Such properties support the potential application of A. indica as a natural antioxidant source in pharmaceutical and
nutraceutical formulations.

Antimicrobial Activity
Microbial resistance has emerged as one of the most pressing healthcare challenges worldwide. Plant-derived

antimicrobial agents provide promising alternatives to conventional therapies.

Antibacterial Activity
Leaf extracts demonstrate inhibitory effects against:

e  Staphylococcus aureus

e Bacillus subtilis

e Escherichia coli

e Pseudomonas aeruginosa

e Kilebsiella pneumoniae

Several studies have reported significant zones of inhibition and favorable minimum inhibitory concentration values.!
Proposed Mechanisms

Antibacterial activity may involve

e  Cell wall disruption

e Membrane permeability alteration
e Protein synthesis inhibition

e Enzyme inhibition

e DNA replication interference
The combined action of multiple phytochemicals likely enhances antimicrobial effectiveness.

Antifungal Activity

Fungal infections continue to pose challenges, particularly among immunocompromised patients.
A. Indica extracts have shown activity against

e Candida albicans

e  Aspergillus niger

e  Aspergillus flavus
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Observed effects include suppression of fungal growth and interference with spore germination.??

Synergistic Antimicrobial Effects
Unlike single-compound antibiotics, medicinal plant extracts contain numerous bioactive molecules acting through
multiple targets simultaneously.

This multi-target approach may reduce the likelihood of resistance development and enhance therapeutic effectiveness.

Anti-Inflammatory Properties
Inflammation represents a fundamental biological response to injury and infection. Chronic inflammation contributes to

cardiovascular disease, arthritis, diabetes, and cancer.

Research suggests that A. indica leaf extracts inhibit inflammatory mediators such as:
e Prostaglandins

e Nitric oxide

e Cytokines

e Reactive oxygen species
Flavonoids and phenolic compounds appear to play major roles in regulating inflammatory pathways.!

Wound-Healing Potential
Traditional use of A. indica for wound management has gained scientific support through experimental investigations.

Reported wound-healing effects include
e Accelerated epithelialization

e Enhanced collagen synthesis

e Reduced microbial contamination

e Improved tissue regeneration

e Increased wound contraction rates

The combination of antioxidant, antimicrobial, and anti-inflammatory properties contributes significantly to wound

repair processes.**!

Antidiabetic Activity
Diabetes mellitus continues to affect millions worldwide. Oxidative stress and chronic inflammation contribute
substantially to diabetic complications.

Experimental studies suggest that A. indica extracts may
e Improve glucose utilization

e Reduce oxidative stress

e Enhance antioxidant enzyme activity

e  Protect pancreatic tissues
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Such findings indicate potential utility as an adjunctive therapeutic agent in diabetes management.?*!

Hepatoprotective Effects
The liver plays a critical role in metabolism and detoxification. Hepatic injury may result from drugs, toxins, infections,

and oxidative stress.

Studies indicate that A. indica extracts can:
e Reduce liver enzyme elevation
e Prevent oxidative damage
e Preserve hepatic architecture

e Improve antioxidant defenses
These findings suggest hepatoprotective potential worthy of further clinical investigation.?®

Anticancer Prospects
Cancer remains one of the leading causes of mortality globally. Natural products continue to provide important leads

for anticancer drug discovery.

Phytochemicals present in A. indica have demonstrated:
e Cytotoxic effects

e  Apoptosis induction

e Cell cycle regulation

e Antioxidant protection

e Anti-inflammatory action

Although preliminary findings are promising, extensive preclinical and clinical studies remain necessary before

therapeutic applications can be established."!

1. Safety and Toxicological Considerations
Despite extensive traditional use, safety evaluation remains essential for medicinal plant development.

Available studies generally indicate favorable safety profiles at therapeutic doses. However, factors influencing toxicity
include:

e  Extraction method

e Dosage

e  Duration of use

e  Plant source

e  Preparation technique

Comprehensive toxicological studies remain necessary to establish standardized safety guidelines.®
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Future Perspectives
The growing global demand for plant-based therapeutics presents significant opportunities for the development of

Acalypha indica-derived products.

Future research priorities include: Isolation of novel bioactive compounds:
Molecular mechanism studies.

Standardized extraction protocols.

Clinical validation studies.

Herbal formulation development.

Pharmacokinetic investigations.

Nanoformulation approaches.

N o g kM w e

Regulatory standardization.

Integration of modern analytical technologies with traditional medicinal knowledge may facilitate the discovery of

innovative phytopharmaceuticals.

CONCLUSION

Acalypha indica Linn. Represents a remarkable medicinal plant with extensive ethnopharmacological significance and
substantial therapeutic promise. Advanced phytochemical investigations have revealed a rich repertoire of bioactive
constituents, including flavonoids, phenolics, alkaloids, terpenoids, tannins, and glycosides. These phytochemicals
collectively contribute to significant antioxidant, antimicrobial, anti-inflammatory, wound-healing, antidiabetic,

hepatoprotective, and anticancer activities.

The evidence reviewed in this article highlights the potential of A. indica as a valuable source of natural therapeutic
agents capable of addressing contemporary healthcare challenges such as oxidative stress, microbial resistance, chronic
inflammation, and metabolic disorders. While current findings are encouraging, further standardization, mechanistic
studies, toxicological assessments, and clinical investigations are required to facilitate its transition from traditional

medicine to evidence-based phytopharmaceutical applications.

The continued exploration of Acalypha Indica may ultimately contribute to the development of safer, more effective,

and economically accessible therapeutic interventions for global healthcare needs.
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