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ABSTRACT
Medicinal plants, usually viewed as safer, more cost-effective, and more accessible than synthetic drugs, have historically been valuable therapeutic agents for treating a variety of ailments. This review aims to explore the published literature concerning the phytochemical, ethnomedicinal, and pharmacological aspects and highlight the therapeutic potential of Phyllanthus debilis J.G.Klein ex Willd. This species, part of the Euphorbiaceae family, is among the therapeutically significant plants that are widely found across the globe. Phytochemical analysis of these species has identified several important phytochemicals, including alkaloids, tannins, lignans, keto compounds, flavonoids, saponins, and terpenoids, which contribute to their medicinal properties. Other key phytoconstituents that enhance these therapeutic properties include ellagitannins like corilagin, furosin, geraniin, isocorilagin, glochidon, phytol, β-sitosterol, sterol glucoside-β-sitosterol glucoside, 2,4-bis(1,1)-dimethylethyl, gallic acid, and polyphenol-coralgin. The pharmacological actions demonstrated by Phyllanthus debilis include antimicrobial, antioxidant, anticancer, analgesic, anti-inflammatory, antiviral properties, in addition to hepatoprotective and antidiabetic effects, which can be attributed to its valuable bioactive phytoconstituents. Research available indicates that P. debilis may have numerous health benefits. However, there is a lack of human-based data, making the conduction of clinical trials essential to establish more implications for public health. These findings could serve as indications for the future development of innovative pharmaceutical formulations derived from P. debilis.


Key words - Phyllanthus debilis, Phytochemical, Ethnomedicinal, Pharmacological








1. INTRODUCTION
[bookmark: _Hlk211332588]Throughout history, plants have been utilized for various purposes such as medicine, food, insecticides, pesticides, and dyes by numerous communities in isolated regions. People have cultivated their own traditional knowledge regarding medicinal plants, which has become a valuable resource and cultural heritage for our country. Therefore, it is crucial to safeguard and maintain this traditional knowledge as well as to create a comprehensive database of traditional medicines (1). The earliest documentation of medicinal plant usage dates to 2400 B.C., found on clay tablets in Mesopotamia (2). With the advancements in chemistry in the early 19th century, plants were systematically studied to explore their therapeutic potential (3). Recently, the World Health Organization (WHO) reported that more than 80% of the global population depends on traditional medicine as a source of safe and effective healthcare. Ancient civilizations employed plants as purgatives, sedatives, and treatments for fever, mental illness, and a wide range of health issues, primarily utilizing plant-based remedies to address healthcare needs (4) (1). Plants serve as the primary sources of compounds that hold medicinal significance. Our understanding of secondary metabolites and their benefits has heightened the industrial demand for therapeutically valuable bioactive compounds. To satisfy this demand, an efficient system is essential for large-scale production of secondary metabolites. At present, traditional methods of harvesting plant materials are not cost-effective as they require extensive cultivation areas, which can be susceptible to natural disasters (5). Phyllanthus debilis has been part of Ayurvedic medicine for over 200 years and is associated with a variety of traditional applications (6). The Phyllanthus genus contains over 1,000 species, many of which are utilized as traditional medicines (7). The extracts from this plant have been employed for various treatments since ancient times. The constituents of P. debilis have been assessed for antihyperglycemic and hypoglycemic activities (8). Additionally, this plant has been recorded to demonstrate antibacterial (9), antifungal (10), anticancer (11), analgesic and anti-inflammatory (12), anti-virus (13) and antioxidant (14) properties, along with hepatoprotective (15) effects.
1.1 Taxonomical Classification (16)
Domain: Eukariyota
Kingdom: Plantae
Subkingdom: Viridaeplantae
Phylum: Tracheophyta
Subphylum: Euphyllophytina
Superdivision: Spermatophyta
Division: Magnoliophyta
Class: Magnoliopsida
Subclass: Rosidae
Order: Euphobiales
Family: Euphorbiaceae
Subfamily: Phyllanthoideae
Genus: Phyllanthus
Species: debilis

1.2 Vernacular Names (17)
Sinhala Name- Ela- Pitawakka/ Bim nelli
Tamil Name- Keezha Nelli, Kila Nelli
Sanskrut Name- Thaamalaki, Drdhapadia
English name- Niruri, Stonebreaker, Seed-under-leaf
1.3 Geographic Distribution 
Phyllanthus deblis is found across India, Sri Lanka, Burma, Indonesia, the Pacific Islands, and the West Indies. It typically thrives as a weed in rice paddies, moist areas, and muddy grounds among grasses, primarily along coastal zones (15). This species has also been identified in the Maldives extending to West Malesia, including Andaman Islands, India, Java, Malaya, Maldives, Nicobar Islands, Sri Lanka, and Sumatra. It has been introduced to several regions, such as Bangladesh, southeast Brazil, the Caroline Islands, the Eastern Himalayas, Fiji, Florida, Hawaii, Kazan-retto, the Leeward Islands, the Line Islands, the Marianas, Myanmar, Nansei-shoto, New Guinea, Niue, the Northern Territory, Ogasawara-shoto, Puerto Rico, Queensland, Samoa, the Society Islands, Taiwan, Thailand, Tokelau-Manihiki, Tonga, Trinidad and Tobago, Tuamotu, and Tubuai (18). This plant has been newly documented in North America (19).

1.4 Botanical Description: Leaves, Inflorescence, Flowers, Root
Phyllanthus debilis is a Monoecious erect annual herb showing in fig 1 (16).
Stem
[bookmark: _Hlk214634926]The stem is angular and has a smooth surface, while the cataphylls stay green. The leaves are narrow, lance-shaped, and pointed. Branchlets are present, and there are no hairs on the stem. The plant can grow up to 60 cm tall; as it ages, the stems tend to branch in a phyllanthoid manner. The branches are angular and range from 3 to 8 cm in length, occasionally reaching up to 12 cm, typically featuring between 12 and 35 leaves (16) (20).
Leaves
The leaves are arranged alternately, have stipules, are lanceolate in shape, and are scarious. They measure between 8-20 mm in length and 2-5 mm in width, with an acute to acuminate tip and a cuneate to acute base, featuring an entire margin. The leaves are membranous, with 5-7 pairs of lateral nerves that are indistinct, appearing dark green on the upper side and paler with a greyish hue beneath. The petioles are short, measuring only 0.3-1 mm in length, and the petiole itself is 1.0-1.5 mm long (16) (20).
Flowers
[bookmark: _Hlk211252957]The flower displays bisexual characteristics, featuring a light-yellow color and an abundance of blooms located in the axils. The lower axils contain male flowers, while the upper axils hold female flowers. Male flowers are arranged in 3-4 racemose cymes that emerge first from the 2-4 nodes on the branches. These staminate flowers consist of three stamens, with filamentous structures and filaments that are fused at the base but free at the tip. Flowers are supported by pedicels measuring 0.4-0.5 mm in length and less than 0.5 mm in width. The plant has six sepals, measuring 0.5-0.7 mm long, with an obovate shape, rounded edges, and a yellowish green midrib. There are six lobulate disc glands present. The male anthers are positioned horizontally. Female flowers are found solitary in the nodes above the male flowers. These female flowers are also pedicellate, with pedicels ranging from 1-1.6 mm long. The sepals are number six, with an obovate to oblong shape, measuring 1.2-1.6 mm in length and 0.4-0.6 mm in width, displaying lobulation and six lobes at the margin, which are whitish and scarious. The nectary disk is thin and flat, deeply lobed into 6-10 bifid segments; the ovary is sub globose, measuring 0.8-1.1 mm in diameter and smooth in texture, containing six ovules. The placentation is axile, with three minute and free styles (16) (20).
[bookmark: _Hlk211003754]Fruit
The fruit is a capsule, shaped like a depressed globe, with a diameter of about 2-2.2 mm, featuring a smooth surface, which opens explosively and has three valves (16) (20).
Seeds
The seed measures 1 mm in length and 0.6 mm in width, featuring 6-7 longitudinal ribs and delicate transverse striations on its surface, with a pale yellowish-brown color (16).
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Fig.1: Morphology of the P. debilis plant
2. TRADITIONAL USES
Various parts of P. debilis have been traditionally utilized in Malaysia, Southern Africa, India, and South America for ailments such as cough, jaundice, gonorrhea, dysentery, diabetes mellitus, skin ulcers, headaches, stomach pain, eye washing, sore throat, dysentery, and wound dressings (9). In cases of krait-bite poisoning, the juice from the plant is consumed along with the juice of Clerodendrum infortunium and P. debilis leaves (6). The leaf juice of P. debilis is also taken orally for treating sickle-cell anemia (21). Additionally, different parts of P. debilis are employed to address wounds, inflammation, ringworm, gallstones, kidney stones, diarrhea, intestinal worms, rheumatism, and scabies. They are also used for treating fever, wounds, hypertension, sexually transmitted infections, respiratory illnesses, urinary tract infections, muscle pain, and gallbladder disorders (8) (22) (23) (24). 

3. PHYTOCHEMICAL COMPOSITION
The comprehensive results from the phytochemical analyses performed on the entire plant of P. debilis are summarized in Table 1. The qualitative examination of the leaf extract indicated the presence of steroids/sterols, cardiac glycosides, saponins, alkaloids, tannins, phenols, flavonoids, and terpenoids. The FTIR spectrum (Fourier Transform Infrared Spectroscopy) of a methanolic leaf extract of P. debilis shows the existence of various functional groups. Analysis of the GC-MS chromatogram (Gas Chromatography-Mass Spectrometry analysis) for the methanolic leaf extract identified the phytochemical components. According to these findings, this study can confirm the abundance of rich phytocompounds in P. debilis, suggesting that these bioactive metabolites may contribute to their use in treating different ailments.
Table1. Phytochemical composition of P. debilis
	No
	Phytochemical
	Plant part
	Solvent/Analysis
	References

	1 
	Alkaloids
	Whole plant (Mayer’s reagent test/ hydrochloric acid)
	Acetone, Ethanol, Methanol
	(25)

	2 
	Cardiac Glycosides 
	Whole plant (Keller-Killani test)
	Hexane, Chloroform,  Ethyl Acetate, Methanol
	(25) (4)

	3 
	[bookmark: _Hlk214966720][bookmark: _Hlk214966947]Tannins- Ellagitannins-Corilagin, Furosin, Geraniin, isocorilagin
	Whole plant (Lead acetate test)
	Acetone, Ethanol, Methanol
	[bookmark: _Hlk210914809](25) (4) (24) (26) (27)

	4 
	Saponins
	Whole plant (Foam test/ water extract)
	Acetone, Ethanol, Methanol
	(25) (4)

	5 
	[bookmark: _Hlk214966977]Terpenoids- Triterpene- Glochidon, Diterpene- Phytol
	Whole plant (Liberman test/ antimony trichloride)
	Hexane, Chloroform, Ethyl Acetate, Ethanol, Methanol
	(25) (4)

	6
	Flavonoids- Flavone, Rutin
	Whole plant (Alkaline Reagent test/ concentrated hydrochloric acid)
	Hexane, Ethyl Acetate, Ethanol, Methanol
	(25) (4) (24)

	7
	[bookmark: _Hlk214966749]Lignans
	Whole plant 
	Petroleum, methanol
	(25)

	8
	[bookmark: _Hlk214967007]Steroids/sterols- β-sitosterol, Sterol glucoside- β-sitosterol glucoside
	Leaves ((Salkowski’s test/ chloroform and concentrated sulfuric acid)
	Ethyl Acetate Ethanol Methanol
	(4)

	9
	Anthraquinones 
	Leaves (Borntrager’s test)
	
	(4)

	10
	[bookmark: _Hlk214967046]Phenolic compounds-  Phenol, 2,4-bis(1,1)-dimethylethyl, Gallic acid,
Poyphenol- corilagin
	Leaves (Ferric chloride test)
	Acetone, Ethanol, Methanol
	(4) (24) (26)

	11
	Fatty acid- Tridecanoic acid, Methyl ester, 13-Hexyloxacyclotridec-10-en-2-one, Oleic acid
	Leaves
	Methanolic extract/ Gas Chromatography-Mass Spectrometry analysis (GC-MS)
	(4)

	12
	[bookmark: _Hlk214966772]Keto compounds- 2H-Naphthalen-1-one, 3,4-dihydro-6-methoxy2-(4-methoxybenzylidene), Benzonaphth-1-one, 6-acetate-9-phenyl  
	Leaves
	Methanolic extract/ Gas Chromatography-Mass Spectrometry analysis (GC-MS)
	(4)

	13
	Plastizer compound-1,2,Benzenedicarboxylic acid, Mono(2 ethylhexyl)ester
	Leaves
	[bookmark: _Hlk211256149]Methanolic extract/ Gas Chromatography-Mass Spectrometry analysis (GC-MS)
	(4)

	14
	Ethers
	Leaves
	Methanolic extract/ Fourier Transform Infrared Spectroscopy (FTIR)
	(4)

	15
	Amines
	Leaves
	Methanolic extract/ Fourier Transform Infrared Spectroscopy (FTIR)
	(4)

	16
	Aldehydes (Carbohydrates)
	Leaves
	Methanolic extract/ Fourier Transform Infrared Spectroscopy (FTIR)
	(4)

	17
	Alkanes (Hydrocarbons)
	Leaves
	Methanolic extract/ Fourier Transform Infrared Spectroscopy (FTIR)
	(4)

	18
	Aliphatic bromo and aliphatic chloro compounds
	Leaves
	Methanolic extract/ Fourier Transform Infrared Spectroscopy (FTIR)
	(4)

	19
	Phenylpropanoids- Debelolactone, Phenylpropanoids Lignins- Phyllanthin, Hypohyllanthin
	Aerial parts
	Ethyl acetate extract
	(24)

	20
	Oxirano-furanocoumarin- Decalactone
	Whole plant
	Petroleum ether, Chloroform, and Methanol
	(7)



Anthraquinones were entirely missing in every other solvent tested for the leaf extract (25). The two predominant lignans identified in the Phyllanthus genus, phyllanthin and hypophyllanthin, were not present in the methanol extract of the P. debilis leaf and stem extracts (28). The root has a higher concentration of flavonoids compared to the aerial parts (29).
4. BIOLOGICAL ACTIVITIES
4.1 Antimicrobial Activity
A study investigated the antifungal properties of aqueous and ethanolic extracts from the leaves of P. debilis in vitro (10). A total of fifteen species of Candida, including C. albicans, C. tropicalis, C. parapsilosis, C. krusei, and C. glabrata, with three of each type isolated from urine samples, were chosen for testing. The findings indicate that the extracts exhibited significant antifungal effects. The aqueous extract of the plant demonstrated antifungal activity as well. Additional research is needed to identify the specific compounds responsible for the anti-fungal activity of the plant (10).
According to the literature, the antibacterial properties of methanolic extracts of P. debilis demonstrated varying levels of activity against both Gram-positive and Gram-negative bacteria tested, such as Bacillus spizizenii, Bacillus licheniformis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas stutzeri, and Staphylococcus aureus. Based on the findings, it can be concluded that P. debilis exhibits moderate antibacterial activity compared to other Phyllanthus species, with P. myrtifolius and P. urinaria demonstrating superior performance. The results also indicated a lack of activity against Gram-negative bacteria in comparison to Gram-positive bacteria, which may be attributed to the lipopolysaccharides in the outer membrane of Gram-negative bacteria that make them less permeable to certain compounds (9).

4.2 Hepatoprotective Activity
Different substances such as tert-butyl hydroperoxide (t-BH), galactosamine (GalN), paracetamol, carbon tetrachloride (CCl4), acetaminophen, and alcohol can result in potential harm to liver cells, which can lead to gradual dysfunction. (30). The methanol extract from the entire P. debilis plant at a concentration of 74 µg/ml exhibits protective effects on the liver against in vitro toxicity induced by tert-butyl hydroperoxide (t-BH) in HepG2 cells (26).
[bookmark: _Hlk214639955]Another study conducted on the entire plant, P. debilis, which yielded a novel oxirane furanocoumarin identified as 5-hydroxy-7-methoxy-furanocoumarin-9(14)-cyclohex 12(13)-oxirano-11-one, referred to as debelalactone (31). Debelalactone demonstrated significant antihepatotoxic properties by lowering elevated serum enzyme levels, reducing serum glutamate oxaloacetate transaminase (SGOT), serum glutamate pyruvate oxaloacetate transaminase (SGPT), and alkaline phosphatase (ALP) in contrast, total protein (TP) levels increased when compared to the standard drug silymarin, which reduced SGOT, SGPT, ALP, and increased TP levels against CCl4-induced toxicity in Wistar rats. These biochemical findings were further supported by histopathological analysis of liver tissue samples (31).
One of the studies has evaluated the antihepatotoxic properties and molecular profiling of compounds extracted from P. debelis to identify a potential lead compound (32). Five compounds derived from the entire P. debilis (Glochidon, Heptadecyl alcohol, Montanic acid, β-Sitosterol glucoside, Debelolactone) were analyzed for their molecular characteristics and drug-like properties using the Lipinski rule of five and Molinspiration software. This investigation indicates that debelolactone, has a favorable drug-like score without violations and a strong bioactivity score when compared to silibinin, a well-known hepatoprotective medication. Therefore, debelolactone, may serve as a promising lead compound with hepatoprotective properties sourced from P. debelis (32). 
[bookmark: _Hlk210736688][bookmark: _Hlk211341653]Verma and Ahmed (15) also investigated the antihepatotoxic effects of various fractions of P. debilis by conducting biochemical assessments and histopathological examinations in response to carbon tetrachloride toxicity. The histopathological examination of the liver revealed swelling and cell death in hepatocytes of rats treated with CCl4, while treatment with different fractions significantly diminished necrosis and swelling of the hepatocytes. The biochemical evaluations also indicated marked antihepatotoxic activity (15).
Similarly, Koppal and co-workers utilized the same model for their study. They investigated the impact of antitubercular drugs on liver toxicity in rats. Results indicated that the increase in serum enzyme levels was less pronounced in rats treated with the combination of antitubercular drugs and the higher dose (400 mg/kg) of the ethanolic extract of P. debilis compared to those given only antitubercular drugs. Co-administration of the higher dose of P. debilis extract with antitubercular drugs significantly reduced MDA (Malondialdehyde) levels and raised thiol levels (33).
In contrast, another study evaluated the hepatoprotective effects of the P. debilis plant extract by utilizing a model of paracetamol-induced liver toxicity. Treatment with various extracts of P. debilis led to notable improvements in the altered biochemical parameters of rats that received paracetamol. In this model, the extracts from the chosen medicinal plant demonstrated significant liver protection, particularly the ethanol extract, likely due to its higher content of phenolics and flavonoids. These polyphenolic compounds are well-known for their various pharmacological effects, including hepatoprotective properties. In conclusion, the findings of this study indicate that the plant, P. debilis, selected for its traditional and ethnomedicinal applications, exhibits significant hepatoprotective effects (34).
[bookmark: _Hlk210828628]Further, Srirama and co-workers (28) demonstrated that the methanol extract from the plant possesses hepatoprotective properties, while the water extract did not show any such effects. The methanol extracts from P. debilis exhibited hepatoprotective activity with EC50 values of 74 µg/mL and IC50 of 19.1 µg/mL. None of these activities could be linked to phyllanthin and hypophyllanthin (28).
4.3 [bookmark: _Hlk210293519]Analgesic and Anti-inflammatory Activities
[bookmark: _Hlk214888743]Chandrashekar and co-workers (12) conducted pharmacological screening on a petroleum extract of the whole plant of P. debilis utilizing various animal models to assess its analgesic and anti-inflammatory properties, specifically in Swiss albino mice and albino rats (HA strain). The anti-inflammatory effects were evaluated through both acute (carrageenan-induced rat paw edema) and chronic treatments (cotton pellet–induced granuloma) in rats. Analgesic effects were assessed using acetic acid–induced writhing and the tail flick test. The extract resulted in a notable decrease in writhings induced by acetic acid. However, it did not affect the tail-flick response to painful stimuli. It is important to mention that central nervous system depressants and antihistamines are known to lower the number of writhings, suggesting that the observed activity may be related to a depressant effect on the central nervous system from the extract. The extract exhibited significant and dose-dependent anti-inflammatory effects in the acute model of carrageenan-induced rat paw edema. Moreover, after chronic treatment, the extract resulted in a noteworthy reduction in granuloma weight, indicating its impact on the formation of granulation tissue. It is beneficial to explore this significant lead (12).
[bookmark: _Hlk210729847][bookmark: _Hlk214967312]4.4 Antihyperglycemic and hypoglycemic activities (Antidiabetic activity)
Diabetes mellitus is a diverse metabolic condition distinguished by high blood sugar levels caused by impaired insulin secretion, insulin action resistance, or a combination of both (35). Medicinal plants contain dietary fibers, flavonoids, alkaloids, saponins, amino acids, and peptides that have been shown to reduce blood sugar levels by stimulating insulin secretion from pancreatic beta cells, reducing glucose absorption in the intestines, or enhancing glucose use by the body (36).
[bookmark: _Hlk211341733]Wanniarachchi and co-workers (8) examined the Hypoglycaemic effect of P. debilis. An aqueous plant extract of P. debilis was created, and normoglycemic mice were treated orally. The results reveal that the high dose (1990 mg/kg) of aqueous plant extract significantly reduced fasting blood glucose levels in a dose-dependent manner in normoglycemic mice. Additionally, aqueous plant extract notably enhanced the oral glucose and sucrose tolerance tests up to 5 hours after treatment, with the improvement in glucose tolerance exhibiting a dose-dependent relationship. Aqueous plant extract also significantly inhibited the absorption of glucose from the small intestine. There were no signs of toxicity, hepatotoxicity, or renotoxicity associated with aqueous plant extract. However, the total red blood cell counts, and serum HDL (high-density lipoprotein) levels showed significant increases. It can be concluded that the aqueous plant extract of P. debilis demonstrates safe, immediate oral antidiabetic effects, and its mechanism of action involves multiple pathways. The findings from this research provide scientific support for the therapeutic applications of P. debilis in managing diabetes mellitus as claimed in the Ayurvedic tradition (8).
Furthermore, a study (37) evaluated the inhibitory effects on α-amylase and α-glucosidase of P. debilis. The hypoglycaemic effect was structured using in vitro enzyme inhibition assays. Whole plant methanol extracts of P. debilis were utilized. Enzyme inhibition assays were performed both with and without the plant extract using porcine pancreatic α-amylase and α-glucosidase sourced from Saccharomyces cerevisiae. Acarbose served as the reference inhibitor. According to the results the IC50 (The concentration of the extract that inhibits 50% of the enzyme activity) value for the whole plant, P. debilis was notably lower than that of Acarbose for yeast glucosidase. The methanol extracts of P. debilis exhibited significantly high in vitro inhibitory activities against α-amylase and α-glucosidase (37).
[bookmark: _Hlk214889800]Another study (38) assessed the inhibitory impact of glycation-induced protein cross-linking using P. debilis through a novel and straightforward electrophoresis method. A recently developed sodium dodecyl polyacrylamide gel electrophoresis (SDS-PAGE) technique was employed to identify the products resulting from protein cross-linking in the incubation mixtures. High molecular weight protein products indicative of lysozyme dimers, trimers, and tetramers were observed in the presence of fructose. The whole plant, P. debilis demonstrated an inhibitory effect on glycation-induced protein cross-linking. P. debilis exhibited nearly complete inhibition of cross-linking formation at a concentration of 25 μg/ml. The methanol extract of P. debilis displayed promising inhibitory effects against glycation-induced protein cross-linking (38). 
In a different investigation, researchers examined the ability of the P. debilis plant to inhibit protein glycation and its potential antidiabetic properties using a new method they recently developed. For this analysis, they utilized nine different medicinal plants. Methanol extracts were created from all the plants, and the glycation inhibition potential of these extracts was assessed using bovine serum albumin (BSA) and fructose, which were incubated with or without the plant extracts for four weeks. A novel native polyacrylamide gel electrophoresis (PAGE) technique recently developed was employed to evaluate the influence of plant extracts on BSA glycation. The migration of BSA towards the anode increased in relation to the level of glycation. Consequently, the most significant antiglycation effects were noted with the whole plant of P. debilis (39).
[bookmark: _Hlk214891230]In a separate study involving Perera and Premadasa (40), it was discovered that the whole plant extract of P. debilis can inhibit the production of the early glycation product known as fructosamine. Further the thermal stability of the compounds responsible for preventing fructosamine formation and the glycation-induced cross-linking of proteins was demonstrated after the extract was heated for 1 hour at 95 °C. The same research also indicated that the P. debilis extract is effective in obstructing protein cross-linking when it is added on day 0 or day 1 of the incubation, but it does not work when introduced on day 2 (40).
4.5 Antioxidant activity
Growing evidence from both experimental and clinical research indicates that oxidative stress significantly contributes to the development of both types of diabetes mellitus. Antioxidant activity can be evaluated using two methods: ABTS scavenging activity (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) assay) and the DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging assay (41). In diabetes, free radicals are produced excessively due to glucose oxidation, nonenzymatic glycation of proteins, and the ensuing oxidative breakdown of glycated proteins. An elevated presence of free radicals, coupled with a concurrent reduction in antioxidant defense mechanisms, can result in damage to cellular organelles and enzymes, heightened lipid peroxidation, and the onset of insulin resistance (42).
A study done by Kumaran and Karunakaran assessed the antioxidant properties of methanol extracts from five Phyllanthus species through several assays, including total antioxidant capacity, free radical scavenging, superoxide anion radical scavenging, hydrogen peroxide scavenging, nitric oxide scavenging, reducing power, and metal ion chelation activities. The antioxidant activities observed were compared to those of standard antioxidants like butylated hydroxytoluene and ascorbic acid. All extracts demonstrated significant antioxidant activity across all evaluated methods. Among the five species, P. debilis exhibited the highest activity in all the tested models (43).
[bookmark: _Hlk211341775]Another study conducted to assess the in-vitro antioxidant and anti-proliferative effects of water extracts from the aerial parts and roots of the P. debilis plant, focusing on the role of polyphenolic compounds in its medicinal applications. The extracts were analyzed to quantify their total polyphenols, flavonoids, and proanthocyanidin content. To evaluate the antioxidant capacity, the researchers measured DPPH, hydroxyl radical, nitric oxide, and hydrogen peroxide scavenging abilities, as well as the total antioxidant capacity and ferric ion reducing power. The anti-proliferative effects were evaluated using the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) assay on Human Rhabdomyosarcoma (RD) cells and normal rat liver cells (CC1) after a 24-hour exposure to the plant extracts. DPPH and MTT assays were performed on the aerial parts and roots extracts post polyphenol removal to determine the polyphenols' contribution to the antioxidant and anti-proliferative activities of P. debilis. The results reveals that the flavonoid content in the aerial parts extract was found to be significantly lower than that in the roots extract, both in the aerial parts and roots extracts when polyphenols were absent compared to the crude extract (14).
Furthermore, one of the studies the influence of two different solvents, water and methanol, to assess the antioxidant activity, total phenolic content (TPC), and total flavonoid content (TFC) of three species of Phyllanthus: P. urinaria, P. niruri, and P. debilis. The antioxidant activities were evaluated using DPPH and ABTS assays. The chemical constituents of the Phyllanthus species were reported as total phenolic content (TPC), total flavonoid content (TFC) and EC50 values. Their findings indicated that P. debilis exhibited significant TPC for both the methanol and water extracts, and it ranked second in TFC among the three plants. Compared to the water extract, the methanol extract revealed higher values for TPC and TFC, as well as lower EC50 values for antioxidant activities. In both the methanol and water extracts, P. debilis showed moderate levels of TPC and TFC, along with lower EC50 values for both the DPPH and ABTS assays (44).
[bookmark: _Hlk214957385]Similarly, the antioxidant potential of Phyllanthus species was assessed using the DPPH scavenging assay conducted by Eldeen and co-workers (9). The radical scavenging effectiveness of the extracts (250 μg/ml) is represented as percentage inhibition along with IC50 values. The majority of the examined extracts displayed a scavenging activity exceeding 80%, with IC50 values ranging from 10.2 to 128 μg/ml. However, P. debilis exhibited minimal or no activity, as reflected by their elevated IC50 values (9).
Moreover, a study developed a highly effective protocol for the micropropagation of P. debilis. It also assessed the antioxidant properties of the mother plant, in vitro grown plants, and callus cultures using DPPH assays. The methanolic extracts from the leaves of both the mother plants and in vitro grown plants exhibited the highest DPPH radical scavenging activity, which was comparable to the synthetic antioxidant BHT (Butylated Hydroxytoluene) used as a positive control. The callus extract of P. debilis demonstrated a notable DPPH radical scavenging activity. These findings highlight the antioxidant potential of P. debilis, suggesting it could serve as a source of natural antioxidants (45).
4.6 Anti-cancer activity
Sureban and co-workers (46) explored the in vitro effects of P. debilis on the regulation of cell proliferation and gene expression in HepG2 hepatocellular carcinoma cells. Phyllanthus species are known for their hepatoprotective properties, which are thought to partially result from the inhibition of hepatitis B virus activity. The process involved in viral hepatitis is closely linked to necrosis and apoptosis in hepatocytes. The extract from P. debilis significantly reduced the proliferation of HepG2 cells. Additionally, the extract promoted apoptosis by activating caspase-3. Further evidence of extract-induced apoptosis was shown by the decrease in the Bcl-2/Bax ratio following treatment with the extract. They then investigated the mechanism through which the P. debilis extract triggered apoptosis. Previous research has indicated that TNF-α not only initiates apoptotic signals but also elicits anti-apoptotic and regenerative responses in hepatocytes, with the mechanism involving the induction of IL-8. Real-time PCR analyses revealed that the extracts considerably suppressed the expression of cyclooxygenase-2 (COX-2) and interleukin-8 (IL-8), while promoting the expression of tumor necrosis factor-α (TNF-α). Reporter assays utilizing luciferase constructs containing the COX-2 promoter region showed that the extracts inhibited the transcription of this gene. Given that the extract suppressed IL-8 expression while stimulating TNF-α production, the cells were treated with the extract alongside exogenous TNF-α. While TNF-α exhibited only a modest effect on its own, it acted synergistically with the extracts to enhance apoptosis in the cells. These results indicate that the extract from P. debilis stimulates the production of TNF-α in hepatocellular carcinoma cells while simultaneously inhibiting the production of potent anti-apoptotic genes IL-8 and COX-2 (46).
[bookmark: _Hlk211341824]In a prior investigation, Pathak and co-workers (11) extracted a new oxirano-furanocoumarin known as debelalactone (DL) from the entire plant of P. debilis, demonstrating that DL exhibits significant hepatoprotective effects (47). They subsequently assessed the anti-hepatic cancer effects of DL using a diethyl nitrosamine (DEN) induced model of hepatocellular carcinoma (HCC) in Swiss albino Wistar rats. For the induction of HCC, DEN (200 mg/kg) was administered, with serum alpha-fetoprotein levels being measured to confirm the presence of HCC. Their findings indicated that debelalactone notably reduced both hepatic and non-hepatic parameters such as aspartate aminotransferase, alanine aminotransferase, alpha-fetoprotein, nitric oxide levels, total protein, albumin, blood urea nitrogen, total bilirubin, and direct bilirubin in a dose-dependent manner while also significantly enhancing the body weight of the treated animals. Macroscopic examination of the livers from DEN-treated rats revealed structural abnormalities in liver tissue, which were mitigated by DL treatment in a dose-dependent manner. Additionally, antioxidant indicators and inflammatory mediators, including lipid peroxidation, catalase, superoxide dismutase, glutathione peroxidase and transferase, TNF-alpha, IL-1 beta, IL-6, and NF-kB, returned to near normal levels following DL administration. Histopathological analysis revealed that the liver in the treated group of animals had reverted to a normal condition. In summary, it can be inferred that debelalactone facilitated chemoprevention in DEN-induced rats by enhancing the activities of endogenous enzymes and/or inhibiting precancerous cells (11).
In colorectal cancer, TAC1 (gene that is candidate for colorectal cancer biomarker) has been found to have significant methylation during the early stages of carcinogenesis. One of the studies suggested that the methanolic extract of P. debilis may modulate DNA methylation in the promoter region of the TAC1 gene, potentially influencing the progression of colorectal cancer. The HT29 cell line was used as a model for this study. Treatment with P. debilis resulted in a notable decrease in the DNA methylation of the TAC1 gene at site 1. While the average methylation across all Cytosine-Guanine (CpG) sites was reduced, the change was not statistically significant when compared to untreated controls. On the other hand, in cells treated with 5 Aza 2 Deoxycytidine (5 Aza), DNA methylation significantly decreased at site 2, site 3, site 4, and when considering the average of all CpG sites. The methanolic extract of P. debilis appears to diminish methylation in the promoter region of the TAC1 gene, demonstrating a more effective outcome than the low dose of 5 Aza after 72 hours of treatment. The anticancer properties of P. debilis might be partially mediated through its influence on DNA methylation (48).
4.7 Anti-virus Activity
[bookmark: _Hlk211341910]Pharmacokinetic research on retrojusticidin B, a promising anti-HIV agent, has been documented. The antiviral efficacy of the aqueous extract from four species of Phyllanthus, including P. debilis, was assessed against herpes simplex virus (HSV-1 and HSV-2) in in vitro cell studies, revealing significant antiviral effectiveness. Time-of-addition experiments indicated that the extract may exert its effects during the early stages of infection as well as during the replication phase, while protein expression analysis pointed to cellular proteins associated with the maintenance of cytoskeletal structure as potential targets for the creation of antiviral medications (13).
5. CONCLUSION
This review provides an overview of the latest advancements regarding the phytochemical and pharmacological traits of P. debilis as a potential therapeutic option. The literature indicates that P. debilis has significant medicinal uses, such as antimicrobial, anti-diabetic, anti-inflammatory, antioxidant, antiviral, hepatoprotective, and anticancer properties. Its strong anti-diabetic and hepatoprotective effects are well-demonstrated through various testing methods. The therapeutic efficacy and pharmacological effects of P. debilis stem from its extensive phytochemical composition, which comprises alkaloids, flavonoids, saponins, and tannins. Future research should focus on uncovering the mechanisms behind the actions of compounds from P. debilis, conducting properly designed clinical trials to validate their therapeutic efficacy in people, and developing standardized herbal formulations that enhance pharmacokinetic properties. Additionally, investigations into potential interactions between herbs and pharmaceuticals, as well as the discovery of new bioactive compounds within P. debilis, could provide valuable insights for integrating this plant into modern healthcare practices. In conclusion, P. debilis stands out as an important botanical resource with considerable therapeutic promise, deserving of greater attention and study to fully harness its advantages for human health and wellness.
However, further research is required to explore the anti-viral properties of the plant. The existing references on its antiviral effects are limited. The plant contains phenolic compounds, specifically 2,4-bis(1,1)-dimethylethyl phenol, which has shown antimalarial properties; however, researchers have yet to focus on this aspect. Additionally, phytol- diterpene is noted for its diuretic effects, but there is a lack of research on this topic as well. Future perspectives on these matters are important.
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