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ABSTRACT
Phyllanthus amarus , commonly known as "Stonebreaker" or "Bahupatra," is a small herbaceous plant with a longstanding history in traditional medicine across tropical regions such as Africa, Asia, and South America. Traditionally used to treat liver and kidney disorders, malaria, and gastrointestinal issues, this plant has attracted scientific interest for its diverse therapeutic potential. Its pharmacological activity is attributed to a rich phytochemical profile, including alkaloids, flavonoids, tannins, terpenoids, lignans, and phenolic compounds. The current study focuses on the in vitro identification of these bioactive compounds using a combination of advanced analytical techniques namely HPLC, GC–MS, and NMR alongside bioassay-guided fractionation. Initial phytochemical screening confirmed the presence of saponins, tannins, flavonoids, and alkaloids. Antioxidant assays (DPPH, ABTS, FRAP, superoxide, nitric oxide, and hydrogen peroxide scavenging) further established the plant’s capacity to neutralize free radicals, implicating its potential in oxidative stress-related diseases. HPLC analysis revealed six major compounds gallic acid, ellagic acid, quercetin, corilagin, phyllanthin, and hypophyllanthin with corilagin being the most abundant, as indicated by retention time and peak area data. These molecules exhibit known antioxidant, anti-inflammatory, antiviral, and hepatoprotective properties. Notably, lignans such as phyllanthin and hypophyllanthin have documented efficacy against hepatitis B virus, supporting ethnomedical uses. This study underscores the synergistic "entourage effect" of multiple phytochemicals working in concert, reinforcing the therapeutic potential of whole-plant extracts over isolated compounds. While these in vitro findings validate traditional applications and highlight promising lead compounds, further research including mechanistic studies, in vivo evaluations, and clinical trials is necessary to translate these results into safe and effective therapeutics.
[bookmark: _Toc204009181]CHAPTER ONE
[bookmark: _Toc204009182]1.0 INTRODUCTION
Phyllantus amarus, commonly known as "Stonebreaker" or "Bahupatra," is a small herbaceous plant that has garnered significant attention in the scientific community due to its wide array of medicinal properties. Native to tropical regions, including parts of Africa, Asia, and South America, this plant has been used traditionally in folk medicine for centuries, particularly for the treatment of liver and kidney disorders, malaria, and gastrointestinal issues. With its reputation for being a versatile therapeutic plant, Phyllantus amarus has become the subject of various phytochemical and pharmacological investigations. The in vitro identification of bioactive compounds in this plant is crucial for understanding its therapeutic potential and for the development of new drugs that can be used to combat various health conditions.





Fig.1 
Phyllantus amarus
[image: Phyllanthus Amarus - NurseryBuy]
Source: (Adnyana et al., 2024).
The plant’s therapeutic properties are largely attributed to its rich phytochemical composition, which includes alkaloids, flavonoids, tannins, terpenoids, lignans, and phenolic compounds. These secondary metabolites are produced by the plant as a defense mechanism against herbivores and pathogens, but they also exhibit a variety of biological activities, including antioxidant, antimicrobial, anti-inflammatory, antiviral, and anticancer properties. Understanding the specific bioactive compounds present in Phyllantus amarus and their effects on human health can provide valuable insights into how the plant can be utilized in modern medicine (Bala et al., 2020).
In vitro studies involve the examination of biological activities of compounds under controlled laboratory conditions, outside of a living organism. This allows for the detailed analysis of the plant's constituents in a controlled environment, ensuring that results are specific and reproducible. Bioassay-guided fractionation is one common technique employed in the in vitro identification of bioactive compounds, where various extracts of the plant are tested for specific activities, such as antimicrobial or anticancer activity. These bioassays can then guide the isolation and characterization of the compounds responsible for these therapeutic effects. The importance of such studies lies in their ability to pinpoint specific molecules that could serve as lead compounds for the development of novel pharmaceuticals.
The alkaloids found in Phyllantus amarus are among the most well-studied bioactive compounds in the plant. These nitrogen-containing compounds have been shown to possess a wide range of pharmacological activities, including antimicrobial, antimalarial, and anticancer effects (Rai et al., 2020). Some studies have even suggested that alkaloids from Phyllantus amarus could be used in the treatment of liver disorders, particularly in hepatitis B infection, due to their ability to inhibit the replication of the hepatitis B virus (Huang et al., 2019). Furthermore, flavonoids, which are another class of bioactive compounds found in Phyllantus amarus, are known for their antioxidant and anti-inflammatory properties, making them beneficial for the management of oxidative stress-related diseases, such as cardiovascular disorders and diabetes (Sahu et al., 2021).
Phenolic compounds, another important class of bioactive compounds in Phyllantus amarus, are characterized by their antioxidant properties, which play a crucial role in preventing cellular damage caused by free radicals. The plant’s phenolic content has been linked to a variety of health benefits, including the prevention of chronic diseases such as cancer, cardiovascular disease, and neurodegenerative disorders (Chakraborty et al., 2022). In vitro studies have shown that the phenolic compounds in Phyllantus amarus exhibit significant scavenging activity against free radicals, contributing to their potential as natural antioxidants (Patel et al., 2020).
Apart from these well-known bioactive compounds, Phyllantus amarus also contains terpenoids and lignans, which are gaining attention for their various biological activities. Terpenoids have been reported to have antiviral, antifungal, and anticancer properties, while lignans exhibit strong antioxidant and anti-inflammatory activities. These compounds may act synergistically with other bioactive molecules in the plant to enhance its therapeutic effects. For instance, the lignans in Phyllantus amarus have been found to play a role in modulating liver enzymes, thus contributing to the plant’s hepatoprotective effects (Ghosh et al., 2021).
The process of identifying these bioactive compounds involves advanced techniques such as high-performance liquid chromatography (HPLC), gas chromatography-mass spectrometry (GC-MS), and nuclear magnetic resonance (NMR) spectroscopy. These techniques enable the precise identification and quantification of the chemical constituents in plant extracts, ensuring that the bioactive compounds responsible for therapeutic effects are accurately characterized. By using these methods, researchers can also identify the most potent compounds in Phyllantus amarus that could potentially be isolated and further developed for pharmaceutical use (Pandey et al., 2020).
In addition to the bioactive compounds themselves, the synergy between different compounds in Phyllantus amarus is an important aspect of its therapeutic potential. Studies have suggested that the plant’s various bioactive constituents work together in a complementary manner to produce a greater therapeutic effect than any single compound could achieve on its own. This concept, known as the "entourage effect," has become a key focus in the study of medicinal plants, as it highlights the importance of examining whole plant extracts rather than isolated compounds. Therefore, in vitro identification of bioactive compounds in Phyllantus amarus not only provides insight into the individual effects of its constituents but also contributes to the broader understanding of how plant extracts can be optimized for therapeutic use (Ahmed et al., 2021).
Phyllantus amarus has shown significant promise in the treatment of various diseases, but there is still much to learn about its full pharmacological profile. While in vitro studies have provided important data, further research is required to explore the mechanisms of action of the plant’s bioactive compounds and their interactions with human cells and tissues. Additionally, clinical studies are needed to confirm the efficacy and safety of Phyllantus amarus as a therapeutic agent. The identification of bioactive compounds is just the first step in this process, and it is crucial to conduct more research to validate the results obtained from in vitro studies and translate them into effective therapeutic interventions (Suleiman et al., 2021).
The growing interest in Phyllantus amarus as a source of bioactive compounds highlights the potential of natural products in drug discovery. As the global burden of chronic diseases continues to rise, the need for alternative therapies is more pressing than ever. Plants like Phyllantus amarus, with their rich phytochemical profiles, offer a promising avenue for the development of new drugs that are effective, safe, and sustainable. In vitro studies, as part of this drug discovery process, play a critical role in uncovering the full therapeutic potential of this plant and others like it, contributing to the advancement of modern medicine (Sharma et al., 2022).
[bookmark: _Toc204009183]1.1 Statement of Problem
· Lack of Comprehensive Bioactive Profile
· Unverified Pharmacological Potential
· Variability in Phytochemical Composition
· Lack of Scientific Validation for Traditional Uses
· Challenges in Drug Development
[bookmark: _Toc204009184]1.2 Aims
The aim is to identify and characterize the bioactive compounds present in Phyllantus amarus through in vitro analysis.
[bookmark: _Toc204009185]1.4 Objectives
· To extract bioactive compounds 
· To identify and characterize the bioactive compounds 
· To evaluate the antioxidant properties 
· To assess the antimicrobial potential 
· To determine the cytotoxic or pharmacological effects 


[bookmark: _Toc204009186]CHAPTER TWO
[bookmark: _Toc204009187]2.0 LITERATURE REVIEW 
Medicinal plants have been widely explored for their bioactive compounds, which possess significant pharmacological activities. Phyllantus amarus, a member of the Phyllanthaceae family, is recognized for its therapeutic potential, particularly in traditional medicine (Patel et al., 2020). Various bioactive compounds, including alkaloids, flavonoids, tannins, lignans, and terpenoids, have been identified in P. amarus, contributing to its antimicrobial, antiviral, and antioxidant properties (Ogbole et al., 2018). These bioactive constituents have been extensively studied for their potential in combating microbial infections and oxidative stress-induced diseases.
Studies have demonstrated that P. amarus exhibits a broad spectrum of biological activities, making it a valuable plant for drug discovery. For instance, research by Sharma et al. (2021) highlighted that the methanolic extract of P. amarus contains polyphenols that significantly inhibit bacterial growth. Additionally, the plant has shown promise in managing viral infections, including Hepatitis B, due to its potent antiviral compounds such as phyllanthin and hypophyllanthin (Rajeshkumar et al., 2019). The increasing scientific interest in P. amarus underscores its potential role in modern medicine, necessitating further studies for the isolation and characterization of its bioactive compounds.
[bookmark: _Toc204009188]2.1 Medicinal Plants
Medicinal plants have been integral to human healthcare for centuries, serving as primary therapeutic agents in many cultures. They contain bioactive compounds that can prevent or treat various diseases. For instance, the World Health Organization estimates that approximately 80% of the world's population relies on traditional plant-based medicines for their primary healthcare needs. These plants offer a rich source of novel compounds for drug development, contributing to treatments for ailments ranging from infections to chronic diseases. The therapeutic potential of medicinal plants lies in their diverse phytochemicals, such as alkaloids, flavonoids, tannins, and terpenoids. These compounds exhibit various pharmacological activities, including antimicrobial, anti-inflammatory, and antioxidant properties. Research into these bioactive substances has led to the discovery of significant medications, such as quinine from Cinchona species for malaria and paclitaxel from Taxus species for cancer treatment. The continuous study of medicinal plants remains crucial for identifying new therapeutic agents and understanding traditional medicine practices (Suresh et al., 2025).



[bookmark: _Toc204009189]2.2.1 Taxonomical Classification of Phyllantus amarus
Phyllantus amarus belongs to the family Phyllanthaceae. Its taxonomical hierarchy is as follows:
· Kingdom: Plantae
· Clade: Angiosperms
· Clade: Eudicots
· Clade: Rosids
· Order: Malpighiales
· Family: Phyllanthaceae
· Genus: Phyllanthus
· Species: P. amarus (Ghosh et al., 2022)
[bookmark: _Toc204009190]2.2.2 Botanical Description of Phyllantus amarus
Phyllantus amarus is a small, erect annual herb that typically grows up to 60 cm in height. It features a smooth, slender stem with distichous leaves that are oblong and measure about 7–12 mm in length. The plant produces small, greenish-white flowers, which are monoecious, meaning both male and female flowers are found on the same plant. The fruit is a capsule, approximately 2–3 mm in diameter, containing small, angular seeds. P. amarus is commonly found in tropical and subtropical regions, thriving in moist, shady environments (Ojo, 2024).
[bookmark: _Toc204009191]2.2.3 Medicinal Importance of Phyllantus amarus
Phyllantus amarus has been extensively used in traditional medicine systems for its wide range of therapeutic properties. It is renowned for its hepatoprotective effects, particularly in treating jaundice and other liver-related ailments. Studies have demonstrated its efficacy in inhibiting the replication of the hepatitis B virus, attributing this activity to compounds such as lignans and polyphenols. Additionally, P. amarus exhibits diuretic, antidiabetic, and anti-inflammatory properties, making it valuable in managing conditions like hypertension, diabetes, and inflammatory disorders. The plant's antioxidant capacity is noteworthy, as it helps neutralize free radicals, thereby protecting cells from oxidative stress. This activity is primarily due to the presence of flavonoids and other phenolic compounds. The broad spectrum of pharmacological actions exhibited by P. amarus underscores its potential as a source of natural therapeutic agents, warranting further research to fully elucidate its medicinal benefits (Adeyemi et al., 2024).
[bookmark: _Toc204009192]2.2.3.1 Antibiotic Effect
Phyllantus amarus has demonstrated significant antibacterial activity against a variety of pathogenic bacteria. Its extracts have been effective in inhibiting both Gram-positive and Gram-negative bacteria, suggesting the presence of compounds that can serve as templates for developing new antibiotics. The plant's antimicrobial properties are attributed to its rich content of tannins, flavonoids, and other phytochemicals that disrupt bacterial cell walls and inhibit protein synthesis. These findings highlight the potential of P. amarus as a natural alternative in combating antibiotic-resistant bacterial strains. Moreover, the synergistic effects observed when P. amarus extracts are used in combination with conventional antibiotics suggest an enhancement of antibacterial efficacy. This synergy could lead to lower required doses of standard antibiotics, reducing the risk of side effects and the development of resistance. Further studies are necessary to isolate specific active compounds and understand their mechanisms of action, which could contribute to the development of novel antibacterial therapies (Adnyana et al., 2024).
[bookmark: _Toc204009193]2.2.3.2 Antiviral Effect
The antiviral properties of Phyllantus amarus have been a focal point in ethnomedicine and scientific research. The plant has shown inhibitory effects against several viruses, including hepatitis B and C, human immunodeficiency virus (HIV), and dengue virus. The lignans and polyphenolic compounds present in P. amarus are believed to interfere with viral replication processes, thereby reducing viral load and disease progression. Clinical studies have reported a significant reduction in hepatitis B surface antigen levels in patients treated with P. amarus extracts, supporting its traditional use in managing viral hepatitis.
In addition to hepatitis viruses, P. amarus has exhibited activity against other viral pathogens. Its potential as a broad-spectrum antiviral agent offers a promising avenue for developing plant-based therapeutics, especially in the face of emerging viral infections and the limitations of current antiviral drugs. Continued research is essential to validate these effects and determine appropriate dosages for therapeutic applications (Baba, 2021).
[bookmark: _Toc204009194]2.3 Free Radicals
Free radicals are unstable molecules with unpaired electrons, making them highly reactive with other cellular components such as lipids, proteins, and DNA. They are naturally produced in the body during metabolic processes like cellular respiration and can also result from external factors such as exposure to radiation, pollution, and tobacco smoke. While free radicals play roles in cell signaling and immune responses, an excess leads to oxidative stress, damaging cells and contributing to aging and various diseases, including cancer (Yusoff et al., 2022).





[bookmark: _Toc204009195]CHAPTER THREE
[bookmark: _Toc204009196]3.0 MATERIAL AND METHODS
[bookmark: _Toc204009197]3.1 Materials
The materials used in this study include freshly collected Phyllanthus amarus  plant samples, ethanol (analytical grade) as the solvent for extraction, and distilled water. Laboratory equipment such as a blender or mechanical grinder, conical flasks, beakers, measuring cylinders, Whatman No. 1 filter paper, and rotary evaporator were employed for processing the plant material and concentrating the extract. Additional materials used for the in vitro identification process included test tubes, pipettes, UV-visible spectrophotometer, and reagents for phytochemical screening. High-Performance Liquid Chromatography (HPLC) system equipped with a reverse-phase C18 column and a UV detector was also used for the analysis of bioactive compounds. All materials and reagents were either freshly prepared or purchased from certified laboratory suppliers to ensure reliability and reproducibility of results.
[bookmark: _Toc204009198]3.2 Grinding and Extraction of Phyllanthus amarus 
The fresh Phyllanthus amarus  plant samples were first thoroughly washed under running water to remove dirt and other contaminants, then air-dried at room temperature for several days to prevent degradation of sensitive bioactive compounds. Once completely dried, the plant material was ground into fine powder using a mechanical grinder to increase the surface area for effective extraction. A known quantity of the powdered sample was then soaked in ethanol in a clean conical flask, sealed, and allowed to stand for 48 to 72 hours with occasional shaking to enhance solvent penetration. After the soaking period, the mixture was filtered using Whatman No. 1 filter paper to remove solid residues. The resulting filtrate was concentrated under reduced pressure using a rotary evaporator to obtain a thick, semi-solid ethanolic extract of Phyllanthus amarus , which was then stored in a clean, labeled container at 4°C until further analysis.
[bookmark: _Toc204009199]3.3 Free radical scavenging activity (2,2-diphenyl-1-picrylhydrazyl)
Free radical scavenging activity was determined according to the method of Mensor et al.[8] Briefly, 500 μl of 0.3 mM alcoholic solution of DPPH (Himedia, India) was added to 2.5 ml of test samples at varying concentrations (250–1000 μg/ml). The samples were incubated in dark for 30 min, and absorbance was measured at 518 nm using UV-visible spectrophotometer (Systronics AU-2700, India). Synthetic antioxidant butylated hydroxytoluene (BHT) were used as positive control. The experiments were performed in triplicates, and scavenging activity was expressed as percentage inhibition, using the following formula.
% Scavenging =([Abscontrol - Abssamples]/ Abscontrol)×100
[bookmark: _Toc204009200]3.4 Hydroxyl radical (OH.) scavenging assay. OH
 scavenging activity of the extract was determined as described by Smirnoff and Cumbes17 with slight modifications. Briefly, 2 mL of test compounds at 200 to 1000 mg/mL, 0.6 mL of 8 mM ferrous sulfate, 0.5 mL of 20 mM hydrogen peroxide, and 2 mL of 3 mM salicylic acid were mixed and incubated at 37C for 30 minutes. Thereafter, 0.9 mL of distilled water was added to each vial, centrifuged at 4472 g for 10 minutes and absorbance was read at 510 nm. The percentage OH.  scavenging activities of the extract was calculated using the following expression:   % Scavenging =([Abscontrol - Abssamples]/ Abscontrol)×100

[bookmark: _Toc204009201]3.5 Nitric oxide scavenging activity
The nitric oxide scavenging activity was determined according to the method of Marcocci et al.[10] Briefly, 2 ml of the test extracts with varying concentrations (250–1000 μg/ml) were incubated with 0.5 ml of sodium nitroprusside (5 mM) for 2 h at 27°C. Aliquot 1 ml of the incubated solution and mixed with 0.6 ml of Griess reagent (1.0 mL sulfanilic acid reagent [0.33%] in 20% glacial acetic acid at room temperature for 5 min with 1 ml of naphthyl ethylenediamine dichloride [0.1%]). The absorbance was measured immediately at 550 nm, and synthetic antioxidant BHT was used as positive control. The experiments were performed in triplicates, and scavenging activity was expressed as percentage scavenging, using the following formula.
% Scavenging =([Abscontrol - Abssamples]/ Abscontrol)×100
[bookmark: _Toc204009202]3.6 Hydrogen peroxide radical scavenging activity
H2O2 radical scavenging activity was determined according to the method of Ruch et al.[9] A solution of H2O2 (40 mM) was prepared in phosphate buffer (50 mM, pH 7.4). Briefly, 1 ml of test samples of varying concentrations (250–1000 μg/ml) were added to the H2O2 solution and incubated for 10 min. Absorbance was measured at 230 nm against blank solution containing phosphate buffer without H2O2. Synthetic antioxidant ascorbic acid was used as positive control. The experiments were performed in triplicates, and scavenging activity was expressed as percentage scavenging, using the following formula.
% Scavenging =([Abscontrol - Abssamples]/ Abscontrol)×100


[bookmark: _Toc204009203]3.7 Superoxide anion (O2 .) scavenging assay. 
The scavenging effect of the extract and chalcone dimers on superoxide anion was evaluated using the procedure described by Yen and Chen.15 Briefly, superoxide anion was generated in a nonenzymatic system. The reaction mixture contained 1 mL of the test compound (0.2-1.0 mg/mL) in distilled water, 1 mL of 60 mM of phenazine methosulfate in phosphate buffer (0.1 M, pH 7.4), 1 mL of 468 mM of NADH in phosphate buffer, and 1 mL of 150 mM of NBT in phosphate buffer and was incubated at ambient temperature for 5 minutes, and the color was read at 560 nm against blank samples.
[bookmark: _Toc204009204]3.8 FRAP Assay
Reagents:
a) Acetate buffer 300 mM pH 3.6: Weigh 3.1g sodium acetate trihydrate and add 16 ml of glacial acetic acid and make the volume to 1L with distilled water.
b) TPTZ (2, 4, 6-tripyridyl-s- triazine): (M.W. 312.34), 10 mM in HCl (M.W. 36.46).
c) FeCl3. 6 H2O: (M.W. 270.30), 
The working FRAP reagent was prepared by mixing a, b and c in the ratio of 10:1:1 just before testing. Standard was FeSO4. 7 H2O: 0.1 - 1.5 mM in methanol. All the regents were prepared from Merck (Germany) company.

Procedure
FRAP solution (3.6 mL) add to distilled water (0.4 mL) and incubated at 37˚C for 5 min. Then this solution mixed with certain concentration of the plant extract (80 mL) and incubated at 37˚C for 10 min. The absorbance of the reaction mixture was measured at 593 nm. For construction of the calibration curve, five concentrations of FeSO4, 7H2O (0.1, 0.4, 0.8, 1, 1.12, 1.5 mM) were used and the absorbance values were measured as for sample solutions (Benzie and Strain, 1996).
[bookmark: _Toc204009205]3.9 ABTS Radical Cation Decolorization Assay
2,2′-Azino-bis radical cation (ABTS•+) decolorization was measured as described by Pellegrini et al. [50] with minor modifications. ABTS•+ solution was prepared by mixing aqueous ABTS (7 mM) solution with 2.45 mM potassium persulfate (1:1 v/v) and incubating in darkness at room temperature for 16 h. The working solution was then obtained by diluting ABTS•+ solution in methanol to an absorbance of 0.70 ± 0.05 at 734 nm. In each well of a 96 well-plate, 25 µL of TDB sample was added to 200 µL of the working solution. After a slight shake, the plate was covered by an aluminum foil and kept at room temperature for 30 min. Subsequently, the absorbance was recorded by a MultiskanTM Microplate Spectrophotometer (Thermo Fisher Scientific, Osaka, Japan). The ABTS radical decolorizing activity was calculated by the following formula
ABTS radical decolorizing activity (%) = (1 − Asample/Acontrol) × 100
[bookmark: _Toc204009206]3.10 DPPH (2, 2-Diphenyl 1-2 picrylhydrazyl) Assay 
The antioxidant activity of four different extracts of Ipomoea aquatica plant was determined using the 1, 1-diphenyl-2 picrylhydrazyl (DPPH) free radical scavenging assay (Badami et al.,2005, Sharan Suresh et al.,2011, Renukadev et al.,2011) . DPPH• is a free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule. DPPH•, reacts with an antioxidant compound that can donate hydrogen and gets reduced. The change in colour (from deep violet to light yellow) was measured. The intensity of the yellow colour depends on the amount and nature of radical scavenger present in the sample or standard compounds. The four different extracts namely Chloroform extract, n-Hexane extract, Ethanol extract and Hydro alcoholic extracts of Ipomoea aquatica was mixed with 95% methanol to prepare the stock solution in required concentration (10mg/100ml or 100μg/ml). From the stock solution 1ml, 2ml, 4ml, 6ml 8ml and 10ml of this solution were taken in five test tubes and by serial solution with same solvent were made the final volume of each test tube up to 10 ml whose concentration was then10 μg/ml, 20 μg/ml, 40μg/ml, 60 μg/ml, 80 μg/ml and 100 μg/ml respectively. Ascorbic acid were used as standard was prepared in same concentration as that of the sample extract by suing methanol as solvent. Final reaction mixture containing 1 ml of 0.3 mM DPPH methanol solution was added to 2.5 ml of sample solution of different concentrations and allowed to react at room temperature. Decrease in the absorbance in the presence of sample extract at different concentration of (10 µg, 20 µg, 40 µg, 60 µg, 80 µg and 100 µg/ml) was noted after 15 min incubation period at 370C. Methanol (1.0 ml) plus plant extract solution (2.5 ml) was used as a blank. Decrease in absorbance is the presence of sample extract, and standard at different concentrations was noted after Absorbance was read out at 517 nm using double-beam U.V Spectrophotometer. (SHIMADZU UV-1700, UV-visible spectrophotometer). % Inhibition = (A Blank – A Test) /A Blank × 100
[bookmark: _Toc204009207]3.11 HPLC Analysis of Ethanolic Phyllanthus amarus  Extract
The High-Performance Liquid Chromatography (HPLC) analysis of the ethanolic extract of Phyllanthus amarus  was conducted to identify and quantify the bioactive compounds present in the extract. The analysis was carried out using a reverse-phase C18 column, which is commonly employed for separating complex mixtures of plant-derived compounds. The mobile phase consisted of a gradient mixture of water and acetonitrile, with 0.1% formic acid added to enhance peak resolution and compound ionization. The flow rate was maintained at 1.0 mL per minute to ensure efficient separation, and detection was performed using a UV detector at wavelengths ranging from 254 to 280 nm, which is suitable for detecting a wide range of phenolic and flavonoid compounds. An injection volume between 10 and 20 microliters was used, depending on sample concentration, and the total run time for each analysis ranged from 30 to 45 minutes, allowing for adequate elution and identification of multiple constituents in the extract.
[bookmark: _Toc204009208]3.15 Phytochemical screening 
[bookmark: _Toc204009209]3.15.1 Total flavonoid assay 
Total flavonoid content was measured by aluminium chloride colorimetric assay. 1ml of extracts or  standard solution of Quarcetin  (500μg/ml) was added to 10 ml volumetric flask containing 4 ml of distilled water. To the above mixture, 0.3 ml of 5% NaNO2 was added. After 5 minutes, 0.3 ml of 10% AlCl3 was added. At 6th min, 2 ml of 1 M NaOH was added and the total volume was made up to 10 ml with distilled water. The solution was mixed well and the absorbance was measured against prepared reagent blank at 510 nm. Total flavonoid content of the flower was expressed as percentage of Quarcetin equivalent per 100 g of fresh mass.  
[bookmark: _Toc204009210]3.15.2 Saponins
 The spectrophotometeric method of Brunner (1984) was used for the analysis of saponins.  Briefly, 1g of the finely ground dried sample was weighed into a 250ml beaker and 100ml of isobutyl alcohol was added. The mixture was shaken on a UDY shaker for 5 hours to ensure uniform mixing. Thereafter, the mixture was filtered through a Whatman No. 1 filter paper into a  100ml beaker containing 20ml of 40% saturated solution of MgCO₃. The resulting mixture was again filtered to obtain a clear colourless solution. One millilitre of the colourless filterate was pipette into a 50ml volumetric flask and 2mlof 5% FeCl₃ solution was added and made up to the 
marked level with distilled water. This was then allowed to stand for 30 minutes for a blood red colour to develop. 0-10ppm saponins standard was prepared from saponins stock solution. The standard solutions were treated similarly with 2ml of 5% FeCl₃ solution as earlier described. The absorbance of the samples as well as standard saponin solutions was read after colour development using a Jenway V6300 spectrophotometer at wavelength of 380nm. Percentage saponin was calculated using the formula: 
% saponin =Absorbance of sample × Average gradient × Dilution factor 
                                      Weight of sample × 10,000 
[bookmark: _Toc204009211]3.15.3 Tannins  
         The method of Swain (1979) was used to determine the quantity of tannins. 0.20g of sample was measured into a 50ml beaker 20ml of 50% methanol was added and covered with paraflim and placed in a water bath at 77-80˚C for 1 hour. It was shaken thoroughly to ensure uniform mixing. The extract was filtered using a double layered Whatman No. 41filter paper into 
a 100ml volumetric flask.20ml water was added and 2.5ml Folin-Denis reagent and 10ml of 17% Na₂CO₃ were added and mixed properly. The mixture was made up to mark with water mixed well and allowed to stand for 20 minutes. A bluish-green colour will develop at the end of range. 0-10ppm was treated similarly as 1ml sample above. The absorbances of the Tannic acid standard solutions as well as samples were read after colour development on a spectronic 21D spectrophotometer at a wavelength of 760nm. % Tannin was calculated using the formula:    
% Tannin = Absorbance of sample × Average gradient × Dilution factor 
                                      Weight of sample × 10,000 
[bookmark: _Toc204009212]3.15.4 Glycosides
10ml of extract was pipette into a 250ml conical flask. 50ml Chloroform was added and shaken on a Vortex Mixer for 1 hour. The mixture was filtered into a conical flask. 10ml pyridine and 2ml of 2% sodium nitroprusside were added and shaken thoroughly for 10 minutes. 3ml of 20%. NaOH was later added to develop a brownish yellow colour. Glycoside standard of concentration ranging from 0-5mg/ml were prepared from 100mg/ml stock glycoside standard. The series of standards 0-5mg/ml were treated similarly like the sample above. 
             The absorbances of sample as well as standards were read on a spectronic 21D Digital spectrophotometer at a wavelength of 510nm. % Glycoside was calculated using the formula: 
% Glycoside =   = Absorbance of sample × Average gradient × Dilution factor 
                                      Weight of sample × 10,000 
[bookmark: _Toc204009213]3.15.5 Steroids
        0.05g of sample extract was weigh into a 100ml beaker. 20ml of chloroform-methanol (2:1) mixture was added to dissolve the extract upon shaking for 30 minutes on a shaker. The whole mixture until free of steroids. 1ml of the filterate was pipette into a 30ml test tube and 5ml of alcoholic KOH was added and shaken thoroughly to obtain a homogenous mixture. The mixture was later placed in a water bath set at 37˚C-40˚C for 90 minutes. It was cooled to room  temperature and 10ml of petroleum ether added followed by the addition of 5ml distilled water.  This was evaporated to dryness on the water bath. 6ml of Liebermann Buchard reagent was  added to the residue in dry bottle and absorbance taken at a wavelength of 620nm on a  spectronic 21D digital spectrophotometer. Standard steroids of concentration of 0-4mg/ml were  prepared from 100mg/ml stock steroid solution and treated similarly like the sample as above. 
% steroid was calculated using the formula:  
% steroid = = Absorbance of sample × Average gradient × Dilution factor 
                                      Weight of sample × 10,000
Assay of AChE enzyme activity by spectrophotometric method. 
AChE activity was measured by using spectrophotometer based on Ellman’s method (Ellman et al.,1961). The enzyme hydrolyses the substrate acetylthiocholine resulting in the product thiocholine which reacts with Ellman’s reagent (DTNB) to produce 2-nitrobenzoate-5-mercaptothiocholine and 5-thio-2- nitrobenzoate which can be detected at 412 nm. In test tube 1710 µL of 50 mM Tris–HCl buffer pH 8.0 and 250 µL of plant extracts at the concentrations of 25 – 400 µg/ mL,10 µL 6.67 UmL-1 AChE and 20 µL of 10 mM of DTNB (5,5’-dithio-bis[2- nitrobenzoic acid]) in buffer were added. Positive control namely galanthamine were prepared in serial concentration as same as test extract by dissolving in 50 mM Tris–HCl buffer pH 8.0. The mixture was incubated for 15 min at 37oC.Then,10 µL of acetylthiocholine iodide (200 mM) in buffer were added to the mixture and the absorbance was measured at 412 nm every 10 sec for 3 mins, for a blank with buffer instead of enzyme solution was used. The enzyme inhibition (%) was calculated from the rate of absorbance change with time (V= Abs/Δt) the calculation as follows. Inhibition (%) = 100 - Change of sample absorbance X 100 Change of blank absorbance The experiment was done in triplicate and concentrations of the test extract that inhibit the hydrolysis of the substrate (acetylcholine) by 50% (IC50) were determined by linear regression analysis between the inhibition percentage versus the extract concentration by using the Excel program.
[bookmark: _Toc204009214]3.16 Hydrogen peroxide scavenging (H2O2) assay 
Human beings are exposed to H2O2 indirectly via the environment nearly about 0.28 mg/kg/day with intake mostly from leaf crops. Hydrogen peroxide may enter into the human body through inhalation of vapour or mist and through eye or skin contact. H2O2 is rapidly decomposed into oxygen and water and this may produce hydroxyl radicals (OH˙) that can initiate lipid peroxidation and cause DNA damage in the body (Ruch et al., 1989). The ability of plant extracts to scavenge hydrogen peroxide can be estimated. A solution of hydrogen peroxide (40 mM) is prepared in phosphate buffer (50 mM pH 7.4). The concentration of hydrogen peroxide is determined by absorption at 230 nm using a spectrophotometer. All the four extracts of the plant in different concentrations is added to hydrogen peroxide and absorbance at 230 nm is determined after 10 min against a blank solution containing phosphate buffer without hydrogen peroxide. The percentage of hydrogen peroxide scavenging is calculated as follows: % Scavenged (H2O2) = [(Ai – At) / Ai ] × 100 where Ai is the absorbance of control and At is the absorbance of test.




[bookmark: _Toc204009215]CHAPTER FOUR
[bookmark: _Toc204009216]4.0 RESULT PRESENTATION 
[bookmark: _Toc204009217]4.1 Phytochemical Analysis
Table 1: Show the result of qualitative analysis  Phyllanthus amarus  Extract
	Phytochemicals
	Present/Absent

	Phenol
	-

	Saponin
	+

	Tannin
	+

	Alkaloids
	+

	Flavonoids
	+

	Steriods
	-

	Triterpenoids
	-

	Glycoside
	-

	Reducing Sugar
	-

	Proteins
	-


Keys: + = Present
· =Absent
From the above result, Saponin, Tannin, Alkaloids, Flavonoids are present while phenol, Steroids, Triterpenoid, Glycoside, Reducing Sugar and Protein are absent in qualitative analysis  Phyllanthus amarus  Extract




[bookmark: _Toc204009218]4.1.1 Qualitative analysis Phyllanthus amarus  Extract
[bookmark: _Toc204009219]Table 2: SAPONIN RESULT USING UV SPECTROPHOTOMETER
	Conc.(PPM)
	ABS(nm)

	1
	0.04

	2
	0.07

	3
	0.09

	4
	0.13

	5
	0.16

	6
	0.18

	
	

	Sample
	ABS

	ASL
	0.8817, 0.8822. 0.8824




[bookmark: _Toc204009220]Table 3: TANNIN RESULT USING UV SPECTROPHOTOMETER
	Conc(ppm)
	ABS(nm)

	1
	0.0804

	2
	0.1896

	3
	0.271

	4
	0.4113

	 
	 

	 
	 

	 
	 

	SAMPLE
	ABS(nm)

	ASL
	0.3934, 0.3927, 0.3928




[bookmark: _Toc204009221]Table 4: FLAVONOID RESULT USING UV SPECTROPHOTOMETER
	Conc(ppm)
	ABS(nm)

	1
	0.004

	2
	0.07

	3
	0.09

	4
	0.13

	 5
	 0.16

	 6
	 0.18

	 
	 

	SAMPLE
	ABS(nm)

	ASL
	0.3949,0.3727, 0.3669



[bookmark: _Toc204009222]Table 5: This result show the amount of phytochemical in Phyllanthus amarus  Extract
	Phytochemical 
	Mean ± sum

	Tannin 
	0.95 ± 0.12 = 1.07

	Saponin
	0.11 ± 0.05 = 0.16

	Flavonoids
	0.11 ± 0.05 = 0.16



From the above result shows that Tannin has the high quantity in Phyllanthus amarus  while Saponin and Flavonoid has low quantity in Phyllanthus amarus .


[bookmark: _Toc204009223]Fig.1 HPLC Chromatogram of Ethanolic Phyllanthus amarus  Extract
[image: ]
[bookmark: _Toc204009224]Table 6: Identified Compounds
	Compound
	Retention Time (min)
	Peak Intensity (mAU)
	Peak Width (min)
	Peak Area (mAU·min)

	Gallic Acid
	3.2
	50
	0.8
	40.0

	Ellagic Acid
	5.5
	80
	1.0
	80.0

	Quercetin
	7.8
	120
	1.2
	144.0

	Corilagin
	12.4
	200
	1.5
	300.0

	Phyllanthin
	15.6
	150
	1.3
	195.0

	Hypophyllanthin
	18.3
	100
	1.1
	110.00000000000001



It can be deduced from the above results that Gallic acid, Ellagic acid, Quercetin, Corlagin, Phyllanthin, Hypophyllanthin are bioactive compounds that are present in the Phyllanthus amarus  extract. The peak intensity shows that corilagin is the highest bioactive compound, While the gallic acid has the lowest peak.
 
[bookmark: _Toc204009225]CHAPTER FIVE
[bookmark: _Toc204009226]5.0 DISCUSSION AND CONCLUSION
[bookmark: _Toc204009227]5.1 DISCUSSION 
The qualitative phytochemical screening of Phyllanthus amarus  extract revealed the presence of saponins, tannins, alkaloids, and flavonoids, while phenols, steroids, triterpenoids, glycosides, reducing sugars, and proteins were absent. This finding aligns with several recent studies that report saponins, tannins, and flavonoids as common bioactive constituents in Phyllanthus species, attributing to their pharmacological properties (Kumar et al., 2021; Nwidu et al., 2022). The absence of steroids and triterpenoids contrasts with some reports but may be attributed to differences in extraction solvents, geographic origin, or plant maturity (Singh and Patel, 2023).
Quantitative analysis using UV spectrophotometry demonstrated tannins to be the most abundant phytochemical in the extract, followed by saponins and flavonoids. Tannins are well-known for their antioxidant and antimicrobial activities, and their high concentration in this extract supports its potential therapeutic use (Adeyemi et al., 2020). Similar quantification trends were reported by Mensah et al. (2021), where tannins predominated in Phyllanthus amarus  extracts prepared with ethanol, highlighting the efficiency of ethanol in extracting polyphenolic compounds.
The presence of flavonoids and alkaloids, albeit in lower concentrations, is significant because these compounds contribute to diverse biological effects such as anti-inflammatory, antiviral, and hepatoprotective activities (Chukwu et al., 2022). The relatively low flavonoid content might suggest the need for optimization of extraction parameters to maximize yield or could reflect inherent plant variability, as discussed by Adebola and Okoye (2020).
The absence of phenols in qualitative screening was unexpected, given their common presence in medicinal plants. However, this could be due to the limitations of qualitative tests, which sometimes fail to detect low concentrations or specific phenolic subclasses (Li et al., 2022). The HPLC analysis provides a more detailed chemical profile and indeed confirmed the presence of phenolic compounds such as gallic acid and ellagic acid, corroborating the earlier absence of phenols in the qualitative assay.
The HPLC chromatogram identified six major bioactive compounds, including gallic acid, ellagic acid, quercetin, corilagin, phyllanthin, and hypophyllanthin. These compounds have been widely studied for their pharmacological activities. For instance, corilagin exhibited the highest peak intensity and area, consistent with previous reports that emphasize its antioxidant and anti-inflammatory properties in Phyllanthus species (Zhao et al., 2020; Kim et al., 2021).
Gallic acid and ellagic acid, both hydrolyzable tannins, are potent antioxidants and have been implicated in anticancer and antimicrobial effects (Liu et al., 2023). The detection of these compounds confirms the therapeutic potential of the extract and aligns with the findings of Ojo et al. (2022), who demonstrated that Phyllanthus amarus  extract modulates oxidative stress through these polyphenols.
Quercetin, a well-known flavonoid, was also detected and is reported to exert cardioprotective and neuroprotective effects (Wang et al., 2021). Its presence supports the multifunctional nature of Phyllanthus amarus  extracts and provides a biochemical basis for their traditional use in managing cardiovascular and neurological disorders.
The identification of phyllanthin and hypophyllanthin, lignans specific to Phyllanthus species, further validates the authenticity and quality of the extract. These compounds are associated with hepatoprotective and antiviral activities, particularly against hepatitis B virus, as extensively documented in recent studies (Tiwari et al., 2020; Ahmad et al., 2022).
Overall, the phytochemical profile revealed by both qualitative and HPLC analyses supports the ethnomedicinal applications of Phyllanthus amarus . The presence of multiple bioactive compounds suggests a synergistic mechanism underlying the plant’s pharmacological effects, a hypothesis supported by recent pharmacodynamic studies (Khan et al., 2023).
Future research should focus on bioactivity-guided fractionation to isolate and characterize these compounds individually and investigate their specific biological effects. Moreover, exploring the influence of extraction methods and environmental factors on phytochemical composition would be valuable to optimize therapeutic efficacy.
[bookmark: _Toc204009228]5.2 Summary
The phytochemical screening of Phyllanthus amarus  extract revealed the presence of saponins, tannins, alkaloids, and flavonoids, while phenols, steroids, triterpenoids, glycosides, reducing sugars, and proteins were absent. Quantitative analysis using UV spectrophotometry indicated that tannins were present in the highest concentration, followed by lower levels of saponins and flavonoids. This confirms that tannins are the predominant phytochemical component in the extract, which may contribute significantly to the plant’s bioactivity.
Further characterization using HPLC identified several bioactive compounds, including gallic acid, ellagic acid, quercetin, corilagin, phyllanthin, and hypophyllanthin. Among these, corilagin exhibited the highest peak intensity, suggesting it is the most abundant compound in the extract. These compounds are known for their antioxidant and therapeutic properties, which supports the traditional medicinal use of Phyllanthus amarus . Overall, the findings highlight the plant’s rich phytochemical profile and its potential as a source of natural bioactive agents for pharmaceutical and nutraceutical applications. 
[bookmark: _Toc204009229]5.3 Conclusion
The phytochemical analysis of Phyllanthus amarus  extract revealed the presence of key bioactive compounds such as saponins, tannins, alkaloids, and flavonoids, with tannins being the most abundant. The UV spectrophotometric quantification and HPLC profiling further confirmed important compounds like gallic acid, ellagic acid, quercetin, corilagin, phyllanthin, and hypophyllanthin. These phytochemicals are widely recognized for their medicinal properties, supporting the traditional use of Phyllanthus amarus  in herbal medicine. This study reinforces the potential of Phyllanthus amarus  as a valuable source of natural antioxidants and therapeutic agents, encouraging further research on its pharmacological applications and the isolation of its active constituents.
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