
 

 

Floral Bioactive of Pongamia pinnata: A Multifaceted Approach to Oxidative 1 

Stress, Inflammation, and Microbial Resistance 2 

Abstract 3 

Background 4 

Pongamia pinnata (L.)  (P. pinnata) Pierre is widely utilized in traditional medicine and is 5 

known for its diverse pharmacological properties. This study investigates the in vitro antioxidant, 6 

anti-inflammatory, antimicrobial, and cytotoxic activities of P. pinnata flower extract dissolved 7 

in DMSO. 8 

Methods 9 

The antioxidant potential was assessed using DPPH, H₂O₂, FRAP, ABTS, and nitric oxide 10 

scavenging assays. The antimicrobial activity was evaluated against Staphylococcus aureus, 11 

Streptococcus mutans, and Candida albicans using the agar well diffusion method. Anti-12 

inflammatory properties were analysed through protein denaturation and membrane stabilization 13 

assays. Cytotoxicity was determined by evaluating membrane stabilization inhibition 14 

percentages. 15 

Results 16 

The extract exhibited strong free radical scavenging activity, with DPPH inhibition ranging from 17 

64.28% at 10 µg/mL to 90.12% at 50 µg/mL, and H₂O₂ scavenging increasing from 48.1% to 18 

86.2%. Moderate antibacterial activity was observed against S. aureus (17 mm at 100 µg/mL) 19 

and S. mutans (14 mm at 100 µg/mL), while antifungal activity against C. albicans (13 mm at 20 

100 µg/mL) was noted. The extract significantly inhibited protein denaturation (BSA: 80%, EA 21 

denaturation: 78% at 50 µg/mL) and demonstrated high membrane stabilization (84% at 50 22 

µg/mL). Cytotoxic effects were observed with inhibition percentages of 68%–84% in membrane 23 

stabilization, indicating mild cytotoxicity compared to the standard drug. 24 

Conclusion 25 

P. pinnata flower extract exhibits significant antioxidant, anti-inflammatory, and antimicrobial 26 



 

 

activities, with mild cytotoxic effects. These findings support its potential as a natural therapeutic 27 

agent, warranting further pharmacological exploration. 28 
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1. Introduction  33 

P. pinnata (L.) Pierre, commonly known as Indian beech or Karanja, is a versatile medicinal 34 

plant widely valued for its therapeutic applications in traditional medicine. Various parts of this 35 

plant, such as the leaves, seeds, bark, and roots, contain bioactive compounds like flavonoids, 36 

alkaloids, and terpenoids, contributing to its diverse pharmacological properties.[1] Inflammation 37 

is the body's physiological response to injury, infection, or tissue damage, characterized by heat, 38 

redness, swelling, pain, and disrupted bodily functions. This protective mechanism helps 39 

eliminate irritants, neutralize harmful organisms, and prepare tissues for repair. It is triggered by 40 

the release of chemical mediators from damaged tissues and immune cells.[2] While non-41 

steroidal anti-inflammatory drugs (NSAIDs) are commonly used to manage inflammatory 42 

conditions, they are often associated with adverse effects, particularly gastrointestinal issues like 43 

gastric ulcers. Inflammation is a complex biological process involving vascular tissues, serving 44 

as a defence mechanism to eliminate harmful stimuli and initiate healing.[3] Key inflammatory 45 

mediators, including histamine, serotonin, prostaglandins, and plasma enzyme systems such as 46 

the complement, clotting, fibrinolytic, and kinin systems, play essential roles in enhancing 47 

vasodilation and vascular permeability. This response facilitates increased blood flow, plasma 48 

protein exudation, and leukocyte migration, primarily neutrophils, to the injury site.[4] 49 

Inflammation is broadly categorized into acute and chronic types. Acute inflammation represents 50 

the body’s immediate response to harmful stimuli and is characterized by vascular changes such 51 

as vasodilation and increased capillary permeability, driven by tissue-resident cells and 52 

inflammatory mediators.[5] In contrast, chronic inflammation is a prolonged response, involving 53 

simultaneous tissue damage and repair, often leading to progressive alterations at the site of 54 

inflammation. The exploration of natural products has significantly contributed to modern 55 



 

 

medicine.[6] Recently, there has been renewed interest in traditional medicine due to extensive 56 

research on various plants and their active therapeutic compounds. Investigating the anti-57 

inflammatory potential of natural products offers opportunities to discover bioactive compounds 58 

that may provide safer and more effective alternatives to synthetic drugs.[7] These natural 59 

compounds, such as polyphenols, flavonoids, terpenoids, and alkaloids, are known to target 60 

multiple inflammatory pathways while exhibiting reduced toxicity and fewer side effects. This is 61 

particularly relevant in chronic conditions where prolonged use of synthetic anti-inflammatory 62 

drugs can lead to adverse health outcomes. Several therapeutic agents, including aspirin and 63 

other NSAIDs, were inspired by plant-based substances.[8] Research into anti-inflammatory 64 

plants presents a promising pathway to identify novel bioactive compounds or chemical 65 

structures that could serve as the foundation for the development of more potent and targeted 66 

anti-inflammatory drugs.[9] Advancing this field requires cost-effective and reliable in vitro 67 

methods to evaluate the efficacy of natural anti-inflammatory compounds. The egg albumin 68 

denaturation method is one such approach, offering an accessible and effective tool for 69 

researchers to study the anti-inflammatory properties of natural substances.[10] Recent research 70 

has focused on its anticancer potential, particularly the cytotoxic effects of its extracts and 71 

bioactive compounds on cancer cells. Cancer continues to be a leading cause of morbidity and 72 

mortality worldwide, driving the search for safer, plant-based alternatives to synthetic 73 

chemotherapeutic agents. Natural products play a pivotal role in anticancer drug development 74 

due to their structural diversity and ability to modulate multiple biological pathways.[11] P. 75 

pinnata has shown promising cytotoxic activity, with studies demonstrating its ability to induce 76 

apoptosis, inhibit cell proliferation, and disrupt cancer cell metabolism.Extracts from the seeds, 77 

bark, and other parts of P. pinnata have exhibited cytotoxic effects against various cancer cell 78 

lines, including breast (MCF-7) and cervical (HeLa) cancer cells. Assays such as MTT and 79 

trypan blue dye exclusion have been used to assess its cytotoxic potential, revealing a dose-80 

dependent reduction in cell viability. These effects are attributed to the plant’s bioactive 81 

constituents, which act through mechanisms such as oxidative stress induction, mitochondrial 82 

dysfunction, and interference with cellular signalling pathway.[12] Research into P. pinnata as a 83 

source of anticancer agents is essential not only for drug discovery but also for understanding its 84 

role in complementary and alternative medicine. The study of plant-derived cytotoxic agents 85 

opens avenues to identify safer, more targeted therapies with minimal side effects compared to 86 



 

 

conventional treatments.[13] This study explores the therapeutic potential of P. pinnata (L.) 87 

Pierre flower extract, widely known for its medicinal properties, by evaluating its antioxidant, 88 

anti-inflammatory, antimicrobial, and cytotoxic activities. Given the need for safer, natural 89 

alternatives to synthetic drugs, the research investigates its efficacy through in vitro assays. 90 

Antioxidant potential was assessed using DPPH, H₂O₂, FRAP, ABTS, and nitric oxide 91 

scavenging assays, while antimicrobial activity was tested against Staphylococcus aureus, 92 

Streptococcus mutans, Candida albicans, and Lactobacillus sp. The anti-inflammatory effects 93 

were determined using BSA, egg albumin denaturation, and membrane stabilization assays. 94 

Additionally, cytotoxicity studies were conducted to ensure its safety profile, highlighting P. 95 

pinnata as a promising candidate for pharmacological applications. 96 

 97 

2. Materials and methods 98 

2.1. Plant materials 99 

The plant material flower was collected from local area of Chennai India. The plant part such as 100 

flower were thoroughly washed and shade dried. 50g of flower powder material was extracted 101 

with different solvent fractions using a Soxhlet apparatus, and the obtained extracts were 102 

evaporated using a vaccum evaporator to get the crude dried extract (Fig. 1). 103 

2.2. Preparation of plant extract 104 

The flowers of Pongamia pinnata were collected, dried, and processed for extract preparation. 105 

The dried material was ground into a fine powder and subjected to extraction using dimethyl 106 

sulfoxide (DMSO) as the solvent. The extraction process involved maceration process to ensure 107 

the efficient dissolution of bioactive compounds into the solvent. The resulting extract was 108 

filtered to remove insoluble debris and concentrated under reduced pressure to obtain a semisolid 109 

DMSO extract, which was stored in a suitable container for further analysis. 110 



 

 

   111 

Fig. 1 This figure shows the extract of P. Pinnata. 112 

2.3. Microorganisms 113 

Staphylococcus aureus, Lactobacillus sp, Candida albicans, Streptococcus mutans 114 

microorganism were used in the present study. The microorganisms were procured from 115 

Saveetha dental college, microbiology lab. 116 

2.4. Apparatus 117 

Soxhlet apparatus, Rotatory evaporator, Freezedryer, Refrigerator, Hot air oven, Shaker (Gallen 118 

Kamp incubator orbital shaker), test tube, centrifuge tube, weighing balance, mechanical blender, 119 

Spectrophotometer, Crew cap vials, Ultra digital sonicator, 120 

2.5. Chemicals 121 

DMSO extract, normal saline, ethanol, diclofenac, amoxicillin and ascorbic acid. All chemicals 122 

used were of analytical grade. 123 

2.6. Antioxidant Studies 124 

2.6.1. DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay 125 

The DPPH (2,2-diphenyl-1-picrylhydrazyl) assay was performed to assess the free radical 126 

scavenging potential of P. pinnata flower extract. The experiment began with the preparation of 127 

reagents. A 0.1 mM DPPH solution was prepared by dissolving an appropriate quantity of DPPH 128 

in methanol. Various concentrations of the P. pinnata extract (10, 20, 30, 40, and 50 µg/mL) 129 

were obtained by diluting the stock solution in DMSO. For the reaction setup, clean test tubes 130 

were used, where 1 mL of the DPPH solution was combined with 1 mL of the extract at each 131 

concentration. A control was prepared by mixing 1 mL of the DPPH solution with 1 mL of 132 



 

 

methanol in place of the extract. To serve as a positive control, a standard antioxidant, such as 133 

ascorbic acid, was prepared in the same concentrations as the extract (Figure 2). The reaction 134 

mixtures were incubated at room temperature in the dark for 30 minutes to allow sufficient 135 

interaction between the DPPH radicals and the extract. Following incubation, the absorbance of 136 

each solution was recorded at 517 nm using a UV-visible spectrophotometer. The percentage of 137 

DPPH radical scavenging activity was determined using the appropriate formula: 138 

 139 

DPPH scavenging activity (%) = ( 
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
)X100 140 

 141 

2.6.2. H2O2 (Hydrogen peroxide) Assay 142 

The H₂O₂ assay was conducted to evaluate the antioxidant potential of P. pinnata flower extract. 143 

A 40 mM hydrogen peroxide solution was prepared in phosphate buffer (pH 7.4). Various 144 

concentrations of the P. pinnata extract (10, 20, 30, 40, and 50 µg/mL) were obtained by diluting 145 

the stock solution in DMSO. A standard antioxidant, such as ascorbic acid, was prepared at 146 

identical concentrations to serve as a positive control. For the reaction setup, clean test tubes 147 

were used, where 0.6 mL of the hydrogen peroxide solution was combined with 1 mL of the 148 

extract at each concentration. A control was prepared by mixing 0.6 mL of hydrogen peroxide 149 

solution with 1 mL of phosphate buffer instead of the extract (Figure 3). The reaction mixtures 150 

were incubated at room temperature for 10 minutes to facilitate the interaction between hydrogen 151 

peroxide and the antioxidant compounds in the extract. Following incubation, the absorbance of 152 

each reaction mixture was recorded. The percentage of hydrogen peroxide scavenging activity 153 

was calculated using the appropriate formula: 154 

H2O2 scavenging activity (%) = ( 
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
)x 100 155 

where, 156 

A control =The absorbance of the control (H2O2 solution with phosphate buffer, no extract). 157 

A sample = The absorbance of the reaction mixture containing the extract or standard. 158 

 159 

2.6.3. FRAP Assay  160 



 

 

The Ferric Reducing Antioxidant Power (FRAP) assay was performed to evaluate the reducing 161 

ability of P. pinnata flower extract. The FRAP reagent was prepared by mixing 300 mM acetate 162 

buffer (pH 3.6), 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) in 40 mM HCl, and 20 mM ferric 163 

chloride solution in a 10:1:1 ratio. The extract solutions were prepared at varying concentrations 164 

(10, 20, 30, 40, and 50 µg/mL), with ascorbic acid serving as the standard antioxidant. The 165 

FRAP reagent was prepared by combining acetate buffer, TPTZ solution, and ferric chloride 166 

solution in the specified ratio and preheating it to 37°C before use. In clean test tubes, 1.5 mL of 167 

the FRAP reagent was mixed with 0.5 mL of the extract solution at each concentration. A blank 168 

solution was prepared by mixing 1.5 mL of the FRAP reagent with 0.5 mL of distilled water, 169 

while the standard solution was prepared following the same procedure as the extract solutions 170 

(Figure 4). The reaction mixtures were incubated at 37°C for 4 minutes to facilitate the reduction 171 

of ferric (Fe³⁺) ions to ferrous (Fe²⁺) ions by the antioxidants present in the extract. The 172 

absorbance of the blue-coloured ferrous-TPTZ complex was then measured at 593 nm using a 173 

UV-visible spectrophotometer. The reducing power of the extract was expressed as a percentage 174 

relative to the standard, calculated using the appropriate formula: 175 

FRAP Activity= (
𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
)x100 176 

 177 

2.6.4. ABTS Assay 178 

The ABTS (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenging assay was 179 

conducted to assess the antioxidant potential of P. pinnata flower extract. The materials required 180 

for this assay included a 7 mM ABTS solution prepared in distilled water and a 2.45 mM 181 

potassium persulfate solution, which was used to generate the ABTS radical cation (ABTS•⁺). 182 

The extract solutions were prepared at varying concentrations (10, 20, 30, 40, and 50 µg/mL), 183 

with ascorbic acid serving as the standard antioxidant. The ABTS radical cation solution was 184 

formed by mixing equal volumes of the 7 mM ABTS solution and 2.45 mM potassium persulfate 185 

solution. This mixture was left to react in the dark at room temperature for 12–16 hours to allow 186 

complete generation of ABTS•⁺. Before use, the solution was diluted with ethanol or distilled 187 

water to achieve an absorbance of 0.7 ± 0.02 at 734 nm. For the reaction setup, clean test tubes 188 

were used, where 1 mL of the ABTS radical cation solution was mixed with 1 mL of the extract 189 



 

 

at each concentration. A control solution was prepared by combining 1 mL of the ABTS radical 190 

cation solution with 1 mL of the solvent (such as ethanol) instead of the extract. Standard 191 

solutions were prepared using the same procedure as the extract solutions (Figure 5). The 192 

reaction mixtures were incubated at room temperature for 6 minutes to allow interaction between 193 

the antioxidants in the extract and the ABTS•⁺ radicals. Following incubation, the absorbance of 194 

each reaction mixture was measured at 734 nm using a UV-visible spectrophotometer. The 195 

ABTS radical scavenging activity was determined as a percentage using the appropriate formula: 196 

 197 

ABTS scavenging activity (%) = (
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
)x100 198 

2.6.5. Nitric oxide Assay 199 

The nitric oxide (NO) scavenging assay was carried out to determine the capacity of P. pinnata 200 

flower extract to neutralize nitric oxide radicals. The materials used in this assay included a 10 201 

mM sodium nitroprusside solution, phosphate-buffered saline (PBS) at pH 7.4, and Griess 202 

reagent, which consisted of 1% sulphanilamide in 2% phosphoric acid and 0.1% naphthyl 203 

ethylenediamine dihydrochloride. Extract solutions were prepared at concentrations of 10, 20, 204 

30, 40, and 50 µg/mL, with ascorbic acid serving as the standard reference antioxidant. For the 205 

preparation of the reaction mixture, 10 mM sodium nitroprusside was dissolved in PBS. In clean 206 

test tubes, 2 mL of this sodium nitroprusside solution was combined with 0.5 mL of the extract at 207 

different concentrations (10–50 µg/mL). A control was prepared by mixing 2 mL of the sodium 208 

nitroprusside solution with 0.5 mL of PBS instead of the extract (Figure 6). The reaction 209 

mixtures were incubated at 25°C for 150 minutes under light exposure to facilitate the generation 210 

of nitric oxide radicals. After incubation, 1 mL of each reaction mixture was mixed with 1 mL of 211 

Griess reagent and further incubated at room temperature for 10 minutes. During this period, a 212 

purple azo dye was formed due to the interaction between nitric oxide and the Griess reagent. 213 

The absorbance of the resulting solution was recorded at 540 nm using a UV-visible 214 

spectrophotometer. The percentage of nitric oxide scavenging activity was calculated using the 215 

formula: 216 

NO scavenging activity (%) = (
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
)x100 217 



 

 

2.7. Antimicrobial activity against oral pathogens 218 

Antimicrobial assay 219 

The antimicrobial activity of Pongamia pinnata flower extract was assessed using the cup plate 220 

method, an agar diffusion technique. Muller Hinton Agar (MHA) was used to prepare sterile 221 

Petri plates, and microbial suspensions of oral pathogens (Staphylococcus aureus, Lactobacillus 222 

sp., Candida albicans, Streptococcus mutans) were prepared to match the 0.5 McFarland 223 

standard. After inoculating the plates with a microbial suspension using a sterile cotton swab, 224 

wells were punched into the agar, and 50 µL of Pongamia pinnata extract (at concentrations of 225 

25 µg/mL, 50 µg/mL, and 100 µg/mL) was added to separate wells. Amoxicillin was used as a 226 

positive control. The plates were incubated at 37°C for 24 hours for bacterial cultures and 28°C 227 

for 48 hours for fungal cultures, and the zone of inhibition was measured in millimeters (mm). 228 

The antimicrobial efficacy of the extract was compared to the standard antibiotic amoxicillin, 229 

and results were recorded accordingly.  230 

2.8. Anti-inflammatory activity 231 

2.8.1. BSA assay 232 

To evaluate the denaturation inhibition of proteins, BSA was used as a model to simulate 233 

inflammation at pH 6.8. P. pinnata flower extract and Diclofenac samples were prepared in 234 

different concentrations (10 μg, 20 μg, 30 μg, 40 μg, and 50 μg) and diluted with DMSO in 235 

separate test tubes to achieve a final volume of 1 mL. Control test tubes containing only 50 μL of 236 

DMSO were also prepared. Each test tube, including samples and controls, received 5 mL of a 237 

0.2% BSA solution prepared in tris-buffered saline at pH 6.8 (Figure 9). The samples and 238 

controls were incubated at 37°C for 20 minutes, followed by 5 minutes at 72°C. After 239 

incubation, the test tubes were allowed to cool for 10 minutes, and absorbance was measured at 240 

660 nm. No denaturation inhibition was observed in the control test tubes. The denaturation 241 

inhibition of P. pinnata and Diclofenac was calculated and compared based on the results [16]. 242 

Inhibition of denaturation (%) was calculated using the following formula: 243 

Inhibition of denaturation (%)  =   
absorbance of control − absorbance of sample

absorbance of control
× 100 



 

 

2.8.2. Egg Albumin (EA) Denaturation Assay 244 

The egg albumin denaturation test is used to evaluate a substance's ability to prevent or inhibit 245 

the denaturation of egg albumin, which can serve as an indicator of anti-inflammatory properties. 246 

The premise of the experiment is based on the idea that compounds with anti-inflammatory 247 

effects may stabilize protein structures and prevent denaturation, a process often linked to tissue 248 

damage and inflammation. Therefore, substances that significantly reduce the denaturation of 249 

egg albumin in this test could potentially exhibit anti-inflammatory effects. Protein denaturation 250 

is considered a key factor in inflammation, and in addition to inhibiting denaturation, NSAIDs 251 

also block the COX enzyme. For the assay, 0.2 mL of egg albumin was mixed with 2.8 mL of 252 

phosphate-buffered saline (PBS) to prepare a 5 mL solution. Various concentrations of DMSO 253 

extracts, ranging from 10 µL to 50 µL, were prepared and stored (Figure 10). Diclofenac was 254 

used as a standard reference. The solutions were incubated at 37°C for 15 minutes, then allowed 255 

to cool to room temperature [17]. Absorbance was measured at 660 nm to assess the extent of 256 

protein denaturation. 257 

2.8.3. Membrane stabilization assay 258 

The membrane stabilization assay is used to evaluate the anti-cytotoxic properties of P. pinnata 259 

flower DMSO extract. To prepare a 10% v/v red blood cell (RBC) suspension, fresh blood 260 

(preferably from goat or cow) is centrifuged at 2500 rpm for 10 minutes to separate the plasma. 261 

The RBCs are then washed three times with isotonic phosphate-buffered saline (PBS, pH 7.4). 262 

Test solutions of the DMSO extract are prepared at varying concentrations (e.g., 50, 100, 200, 263 

and 400 µg/mL) in PBS, along with a standard drug solution (e.g., aspirin or diclofenac at 200 264 

µg/mL) and PBS as the control. To prepare the reaction mixtures, 1 mL of RBC suspension is 265 

combined with 1 mL of the extract, standard drug, or PBS, followed by the addition of 2 mL of 266 

distilled water (hypotonic solution) (Figure 11). After incubating the mixtures at 37°C for 30 267 

minutes, the tubes are centrifuged at 2500 rpm for 10 minutes to separate the supernatant. The 268 

amount of hemoglobin released into the supernatant is measured at 540 nm using a 269 

spectrophotometer to assess the extent of hemolysis:  270 

Membrane Stabilization  % =  
{Absorbance of Control −  Absorbance of Sample}

{Absorbance of Control} 
× 100 



 

 

A higher percentage indicates better anti-inflammatory activity of the extract compared to the 271 

standard drug. The assay is performed in triplicates to ensure accuracy and reproducibility [18]. 272 

3. Results and Discussion 273 

The antioxidant activity of the Pongamia pinnata flower extract dissolved in DMSO was 274 

thoroughly evaluated through a series of in vitro assays: DPPH, hydrogen peroxide (H2O2), 275 

ferric reducing antioxidant power (FRAP), ABTS, and nitric oxide scavenging assays. The 276 

results consistently revealed a significant concentration-dependent antioxidant potential across 277 

all assays. These findings underscore the extract's efficacy as a natural source of antioxidants. 278 

3.1. Antioxidant activity 279 

3.1.1. DPPH Radical Scavenging Assay 280 

 281 

 282 

Fig. 2 The figure represents the DPPH Assay of P.pinnata. The bar graph represents the % 283 

inhibition of DPPH radicals by the standard and P. pinnata at different concentrations (10 to 50 µg/mL). 284 

Error bars indicate standard deviation (SD) from triplicate measurements. 285 

Table 1 DPPH Assay of P. pinnata 286 



 

 

 287 

DPPH conc. 

(µg/mL) 

% of inhibition 

Standard P. pinnata (DMSO extract) 

10 66.25 64.28 

20 78.52 73.56 

30 85.63 82.63 

40 88.68 85.47 

50 93.15 90.12 

The table represents the percentage inhibition of DPPH radicals by the standard antioxidant and P. pinnata (DMSO 288 

extract) at different concentrations (10–50 µg/mL). The values indicate the mean percentage of inhibition observed 289 

at each concentration. 290 

The DPPH assay is a widely used method to evaluate the ability of compounds to donate 291 

electrons or hydrogen atoms, neutralizing free radicals. The Pongamia pinnata extract displayed 292 

excellent scavenging activity, with values increasing proportionally to the concentration. At 10 293 

µg/mL, the scavenging activity was 64.28%, and this increased steadily to 90.12% at 50 µg/mL 294 

(Table.1). This is comparable to the standard antioxidant, which achieved 93.15% at the same 295 

concentration. These results indicate that the extract contains bioactive compounds capable of 296 

effectively quenching DPPH radicals. 297 

 298 



 

 

3.1.2. Hydrogen Peroxide (H2O2) Scavenging Assay 299 

 300 

Fig. 3 Hydrogen Peroxide (H₂O₂) Scavenging Assay of P. pinnata. The bar graph illustrates the 301 

percentage inhibition of hydrogen peroxide (H₂O₂) by the standard antioxidant (purple) and Pongamia 302 

pinnata (DMSO extract) (light blue) at different concentrations (10–50 µg/mL). Error bars represent the 303 

standard deviation (SD) from triplicate measurements. 304 

Table.2 Percentage inhibition of hydrogen peroxide by P. pinnata. 305 

H2O2 conc. 

(µg/mL) 

% of inhibition 

Standard P. pinnata (DMSO extract) 

10 51.1 48.1 

20 56.9 53.2 

30 66.1 64.7 

40 78.8 75.9 

50 89.9 86.2 

This table presents the percentage inhibition of H₂O₂ at different concentrations (10–50 µg/mL) for both the standard 306 

antioxidant and P. pinnata (DMSO extract). The inhibition increases with concentration, indicating dose-dependent 307 

antioxidant activity. 308 



 

 

The hydrogen peroxide scavenging assay evaluates the capacity of an extract to neutralize H2O2, 309 

a reactive oxygen species that can diffuse across cell membranes and generate highly reactive 310 

hydroxyl radicals. The Pongamia pinnata extract showed promising activity, with scavenging 311 

percentages ranging from 48.1% at 10 µg/mL to 86.2% at 50 µg/mL. The extract’s performance 312 

closely paralleled that of the standard antioxidant, which achieved 89.9% scavenging at the 313 

highest concentration (Table.2). This assay highlights the extract's ability to mitigate oxidative 314 

stress caused by hydrogen peroxide. 315 

3.1.3. Ferric Reducing Antioxidant Power (FRAP) Assay 316 

 317 

 318 

Fig. 4 Ferric reducing antioxidant power assay of P. pinnata. This figure illustrates the FRAP assay 319 

results, comparing the percentage inhibition of ferric ions at different concentrations (10–50 µg/mL) between the 320 

standard antioxidant and Pongamia pinnata (DMSO extract). The results indicate the antioxidant potential of the 321 

extract in a dose-dependent manner). 322 

Table.3 Ferric Reducing Antioxidant Power (FRAP) Assay 323 

Conc. (µg/mL) % of inhibition 



 

 

Standard P. pinnata (DMSO extract) 

10 72.98 69.37 

20 76.84 73.58 

30 81.31 79.46 

40 85.84 83.21 

50 90.89 88.06 

This table presents the percentage of inhibition observed in the FRAP assay at different concentrations (10–50 324 

µg/mL) for both the standard antioxidant and P. pinnata (DMSO extract). The results indicate a dose-dependent 325 

increase in inhibition, demonstrating the extract’s potential antioxidant activity comparable to the standard. 326 

The FRAP assay evaluates the reducing power of a compound by measuring its ability to convert 327 

ferric ions. In this assay, P. pinnata extract demonstrated notable antioxidant activity, with 328 

values ranging from 69.37% at 10 µg/mL to 88.06% at 50 µg/mL. These results are similar to the 329 

standard antioxidant, which showed a peak activity of 90.89% (Table 3). The extract's ability to 330 

reduce ferric ions indicates its strong electron-donating potential, which is a characteristic of 331 

effective antioxidants. 332 

3.1.4. ABTS Radical Scavenging Assay 333 

 334 



 

 

Figure.5 ABTS assay of P. pinnata 335 

(The ABTS Assay graph illustrates the percentage of inhibition at varying concentrations (10–50 336 

µg/mL) for both the standard antioxidant and P. pinnata (DMSO extract). The data indicate a 337 

concentration-dependent increase in inhibition, with the extract exhibiting antioxidant activity 338 

comparable to the standard). 339 

 340 

Conc. (µg/mL) 

% of inhibition 

Standard P. pinnata (DMSO extract) 

10 70.56 67.08 

20 75.68 71.34 

30 82.43 79.56 

40 86.57 84.55 

50 91.39 89.72 

Table.4 ABTS Assay Results of P. pinnata. This table presents the percentage of inhibition 341 

observed in the ABTS assay at different concentrations (10–50 µg/mL) for both the standard 342 

antioxidant and P. pinnata (DMSO extract). The results indicate a concentration-dependent 343 

increase in inhibition, demonstrating the extract’s antioxidant activity comparable to the 344 

standard.  345 

The ABTS assay measures the ability of antioxidants to neutralize the ABTS radical cation 346 

(ABTS•+). Pongamia pinnata extract showed significant scavenging activity, with percentages 347 

ranging from 67.08% at 10 µg/mL to 89.72% at 50 µg/mL. These values were slightly lower 348 

than the standard antioxidant, which reached 91.39% at the highest concentration (Table 4). 349 

These results highlight the extract's strong potential to interact with and neutralize charged 350 

radicals, reinforcing its antioxidant properties. 351 

3.1.5. Nitric Oxide (NO) Scavenging Assay 352 



 

 

 353 

Figure.6 Nitric Oxide scavenging assay. This figure illustrates the percentage of inhibition observed 354 

in the NO scavenging assay at different concentrations (10–50 µg/mL) for both the standard antioxidant 355 

and P. pinnata (DMSO extract). The results show a dose-dependent increase in inhibition, highlighting 356 

the extract’s potential nitric oxide scavenging activity comparable to the standard). 357 

Table.5 Nitric Oxide (NO) Scavenging Assay Results 358 

Conc. (µg/mL) 

% of inhibition 

Standard P. pinnata (DMSO extract) 

10 72.43 68.14 

20 77.94 73.26 

30 80.37 76.59 

40 84.28 81.23 

50 88.67 85.62 

The table presents the percentage of inhibition observed in the NO scavenging assay at different concentrations (10–50 µg/mL) 359 

for both the standard antioxidant and P. pinnata (DMSO extract). The results indicate a concentration-dependent increase in 360 

inhibition, demonstrating the extract’s potential NO scavenging activity, which is slightly lower than that of the standard 361 

antioxidant. 362 



 

 

 363 

Nitric oxide is a reactive molecule involved in various physiological processes but can contribute 364 

to oxidative stress under pathological conditions. The nitric oxide scavenging activity of the 365 

Pongamia pinnata extract was concentration-dependent, starting at 68.14% at 10 µg/mL and 366 

reaching 85.62% at 50 µg/mL. These values were slightly lower than those of the standard 367 

antioxidant, which exhibited 88.67% activity at the highest concentration (Table.5). The ability 368 

of the extract to neutralize nitric oxide radicals suggests its potential in preventing nitrosative 369 

stress and related diseases. 370 

Comparative Analysis and Implications 371 

Across all assays, the Pongamia pinnata extract exhibited robust antioxidant activity, which was 372 

consistently close to that of the standard antioxidant. The slight variations in activity across 373 

assays are likely due to differences in the mechanisms of free radical neutralization or the 374 

specific compounds responsible for the activity. Nonetheless, the data confirm that the extract 375 

contains potent bioactive compounds capable of neutralizing a wide range of free radicals, 376 

thereby reducing oxidative stress. The antioxidant activity observed in the extract is attributed to 377 

the presence of phytochemicals, such as flavonoids, phenolic compounds, and tannins, which are 378 

known to exhibit strong free radical scavenging and reducing properties. These compounds are 379 

likely responsible for the extract's ability to interact with both charged (e.g., ABTS, nitric oxide) 380 

and uncharged radicals (e.g., DPPH, H2O2). 381 

3.2. Anti-microbial assay 382 



 

 

   383 

 384 
Figure.7 Anti-Microbial Assay of Pongamia pinnata (DMSO Extract). The figure displays the antimicrobial 385 

activity of P. pinnata (DMSO extract) against selected microbial strains. The zones of inhibition observed at 386 

different concentrations (25 µg, 50 µg, and 100 µg) indicate the extract’s effectiveness in inhibiting microbial 387 

growth. The variation in inhibition zones suggests a dose-dependent response, highlighting the extract’s potential as 388 

an antimicrobial agent. 389 

Table.6 Antimicrobial Activity of P. pinnata (DMSO Extract) against selected microorganisms 390 

Organisms 25 µg/mL 50 µg/mL 100 µg/mL Standard 

S. aureus 11 12 17 40 

Lactobacillus sp 9 9 9 40 

C. albicans 11 12 13 9 

S. mutans 9 11 14 50 

This table presents the antimicrobial activity of P. pinnata (DMSO extract) at different concentrations (25 µg/mL, 391 

50 µg/mL, and 100 µg/mL) against various microbial strains, including S. aureus, Lactobacillus sp, C. albicans, and 392 

S. mutans. The inhibition zone (measured in mm) increases with concentration, indicating a dose-dependent effect. 393 

The standard antibiotic used for comparison exhibited significantly higher inhibition zones. 394 



 

 

 395 

Figure. 8 Antimicrobial Activity of Pongamia pinnata Flower Extract 396 

(This bar graph illustrates the antimicrobial activity of Pongamia pinnata flower DMSO extract 397 

against selected oral pathogens (S. aureus, Lactobacillus sp, C. albicans, and S. mutans). The 398 

inhibition zones (measured in mm) were recorded at different extract concentrations (25 µg/mL, 399 

50 µg/mL, and 100 µg/mL), showing a dose-dependent increase in activity. The standard 400 

antibiotic demonstrated significantly higher inhibition zones compared to the extract). The 401 

antimicrobial activity of Pongamia pinnata flower DMSO extract against oral pathogens varied 402 

depending on the microorganism tested. The extract exhibited a dose-dependent increase in 403 

inhibition zones against Staphylococcus aureus, with values ranging from 11 mm at 25 µg/mL to 404 

17 mm at 100 µg/mL. However, this activity was significantly lower than the standard antibiotic, 405 

which had a 40 mm inhibition zone. Against Lactobacillus sp., the extract showed minimal 406 

activity, with a constant inhibition zone of 9 mm across all concentrations, suggesting limited 407 

effectiveness against this bacterium. Interestingly, the extract demonstrated moderate antifungal 408 

activity against Candida albicans, with inhibition zones of 11 mm, 12 mm, and 13 mm at 409 

increasing concentrations. Notably, this activity surpassed that of the standard, which had a 410 

lower inhibition zone of 9 mm, indicating potential antifungal properties. For Streptococcus 411 



 

 

mutans, the extract showed a gradual increase in inhibition, reaching 14 mm at 100 µg/mL, 412 

though it was still much weaker than the standard, which exhibited a 50 mm inhibition 413 

zone(Table.6) (Figure.8). Overall, Pongamia pinnata flower extract displayed promising 414 

antimicrobial potential, particularly against C. albicans, suggesting its usefulness as a natural 415 

antifungal agent. However, its antibacterial activity against S. aureus and S. mutans was 416 

moderate, and it had little to no effect on Lactobacillus sp. Further studies, including mechanism-417 

based evaluations and formulation improvements, could enhance its efficacy and potential 418 

therapeutic application. 419 

3.3. Anti-inflammatory and cytotoxic activity 420 

3.3.1. BSA assay 421 

 422 

 423 

Figure. 9 BSA assay for protein denaturation inhibition. This graph represents the percentage inhibition 424 

of protein denaturation by P. pinnata DMSO extract compared to the standard across different concentrations (10–425 

50 µg/mL). The results indicate a dose-dependent increase in inhibition, with the extract showing significant 426 

activity, though slightly lower than the standard. Error bars represent standard deviations from triplicate 427 

experiments. 428 



 

 

Table 7 This table represents percentage inhibition of protein denaturation by P. pinnata DMSO 429 

extract at different concentrations (10–50 µg/mL) compared to the standard. 430 

BSA 

Concentration (µg/mL) 

10 20 30 40 50 

% of 

inhibition 

P. pinnata (DMSO 

extract) 44 55 68 75 80 

Standard 
47 60 72 78 84 

The anti-inflammatory activity of P. pinnata flower extracts were evaluated using an in vitro 431 

BSA assay, with diclofenac serving as the standard. The results showed that Diclofenac achieved 432 

100% inhibition at a concentration of 50 μg, while P. pinnata flower extracts demonstrated 84% 433 

inhibition at the same concentration, with a concentration-dependent effect (Table 7). This 434 

suggests that P. pinnata may exhibit comparable anti-inflammatory and cytotoxic effects to 435 

Diclofenac, potentially with fewer complications than the conventional drug. 436 

 3.3.2. Egg Albumin (EA) Denaturation Assay 437 

 438 

 439 



 

 

Fig. 10 EA Assay showing the percentage inhibition of erythrocyte membrane destabilization by 440 

P. pinnata DMSO extract at different concentrations (10–50 µg/mL) compared to the standard. 441 

Table 8 Egg Albumin Assay results showing the percentage inhibition of protein denaturation by 442 

P. pinnata DMSO extract at different concentrations (10–50 µg/mL) in comparison with the 443 

standard. 444 

Egg albumin 

Concentration (µg/mL) 

10 20 30 40 50 

% of 

inhibition 

P. pinnata 

(DMSO extract) 51 60 65 67 78 

Standard 55 64 69 72 81 

 445 

Using the EA denaturation assay, the P. pinnata DMSO extract's anti-inflammatory properties 446 

were determined. The extract was tested at various concentrations and compared with diclofenac 447 

the standard. The results, which are displayed in Figure 2b, show that the P. pinnata extract 448 

reduced 51% of protein denaturation at a concentration of 10 μg/mL. By comparison, diclofenac 449 

also produced a 55% inhibition. The P. pinnata DMSO extract demonstrated a similar 78% 450 

inhibition to the diclofenac, which showed an 81% inhibition at a greater dose of 50 451 

μg/mL(Table.8). Based on the EA denaturation experiment, these results indicate that the P. 452 

pinnata DMSO extract has strong anti-inflammatory properties and cytotoxic effect that are 453 

comparable to the effects of the standard diclofenac. 454 

3.3.3. Membrane stabilization assay 455 



 

 

456 
Fig. 11 Membrane Stabilization Assay results showing the percentage inhibition of haemolysis 457 

by P. pinnata DMSO extract at different concentrations (10–50 µg/mL) compared to the 458 

standard. 459 

 460 

Table.9 Membrane stabilization assay results representing the percentage inhibition of 461 

haemolysis by P. pinnata DMSO extract at varying concentrations (10–50 µg/mL) in comparison 462 

with the standard. 463 

MSA 

Concentration (μg/mL) 

10 20 30 40 50 

% of 

inhibition 

P. pinnata 

(DMSO extract) 54 67 74 78 84 

Standard 58 70 77 82 89 

The P. pinnata DMSO extract used in this investigation showed moderate to high membrane 464 

stabilizing levels in a concentration-dependent method. The extract showed higher membrane 465 

stabilizing action in comparison to the standard. Because membrane stabilization stops activated 466 

neutrophils from releasing membrane components like proteases, it is essential for reducing 467 

inflammatory reactions. This is essential because the release of these chemicals into the 468 



 

 

extracellular space might induce further harm to tissues which cause inflammation and further 469 

cytotoxicity. Stabilizing cell membranes is the way by how steroidal anti-inflammatory drugs 470 

stop this process (Table 9). The capacity to prevent the lysis of the HRBC membrane is often 471 

used as a sign of cytotoxic and anti-inflammatory actions since it resembles the lysosomal 472 

membrane.  473 

 474 

4. Discussion 475 

This study investigated the antioxidant, anti-inflammatory, antimicrobial, and cytotoxic 476 

properties of P. pinnata flower extract dissolved in DMSO, revealing promising bioactivity and 477 

suggesting its potential for therapeutic use. The extract’s antioxidant capacity was evaluated 478 

through several in vitro assays, including DPPH, H₂O₂, FRAP, ABTS, and nitric oxide 479 

scavenging tests. The extract demonstrated strong free radical scavenging abilities, with its 480 

efficacy increasing in a concentration-dependent manner. In the DPPH assay, the inhibition 481 

ranged from 64.28% at 10 µg/mL to 90.12% at 50 µg/mL, nearly matching the standard 482 

antioxidant (93.15% at 50 µg/mL). The H₂O₂ scavenging assay showed a similar trend, with 483 

activity increasing from 48.1% at 10 µg/mL to 86.2% at 50 µg/mL. The FRAP assay confirmed 484 

the extract’s ability to reduce ferric ions, showing 88.06% inhibition at 50 µg/mL, compared to 485 

the standard (90.89%). These findings suggest the presence of bioactive compounds, such as 486 

flavonoids and phenolic compounds, which likely contribute to the extract's potent antioxidant 487 

properties. The antimicrobial potential of the P. pinnata flower extract was tested against several 488 

oral pathogens, including Staphylococcus aureus, Streptococcus mutans, Candida albicans, and 489 

Lactobacillus sp. The extract exhibited moderate antibacterial activity, with a 17 mm inhibition 490 

zone for S. aureus at 100 µg/mL, which was less than the standard antibiotic (40 mm). For S. 491 

mutans, the inhibition zone was 14 mm at 100 µg/mL, suggesting moderate antibacterial 492 

potential. The extract showed notable antifungal activity against C. albicans, with a 13 mm 493 

inhibition zone at 100 µg/mL, surpassing the standard (9 mm). However, its effect against 494 

Lactobacillus sp. was minimal (9 mm at all concentrations), indicating selective antimicrobial 495 

activity. These findings suggest that P. pinnata contains bioactive compounds with potential 496 

antibacterial and antifungal properties, making it a candidate for natural antimicrobial 497 



 

 

formulations. The anti-inflammatory effects of the extract were assessed using BSA 498 

denaturation, egg albumin denaturation, and membrane stabilization assays. The extract 499 

significantly inhibited protein denaturation, with BSA denaturation reaching 80% at 50 µg/mL, 500 

which is close to the 84% inhibition seen with diclofenac. In the egg albumin denaturation test, 501 

the extract showed 78% inhibition at 50 µg/mL, compared to diclofenac's 81%. The membrane 502 

stabilization assay revealed 84% inhibition at 50 µg/mL, slightly lower than the 89% inhibition 503 

by diclofenac. These results suggest that P. pinnata flower extract exhibits anti-inflammatory 504 

effects similar to conventional NSAIDs, likely by stabilizing cell membranes and inhibiting the 505 

release of inflammatory mediators. Cytotoxicity was evaluated using membrane stabilization and 506 

protein denaturation assays, showing a dose-dependent effect. The extract exhibited inhibition 507 

rates of 68% to 84% in the membrane stabilization test, indicating moderate cytotoxicity when 508 

compared to the standard drug. In the egg albumin assay, the inhibition increased from 51% at 10 509 

µg/mL to 78% at 50 µg/mL, suggesting controlled cytotoxicity. These findings imply that while 510 

P. pinnata exhibits some cytotoxic effects, they are lower than those of conventional drugs, 511 

indicating a potentially safer profile for therapeutic applications. 512 

5. Conclusion 513 

The results of this study highlight the significant antioxidant, antimicrobial, and anti-514 

inflammatory properties of Pongamia pinnata flower extract, along with moderate cytotoxic 515 

effects. The antioxidant activity of the extract was found to be nearly on par with that of standard 516 

antioxidants, while its anti-inflammatory effects were comparable to those of diclofenac. The 517 

extract exhibited notable antimicrobial activity, particularly against Candida albicans, indicating 518 

its potential for antifungal applications. With its diverse pharmacological profile, P. pinnata 519 

flower extract shows promise as a natural therapeutic agent for treating inflammatory disorders 520 

and microbial infections. To fully assess its therapeutic potential, additional research, including 521 

in vivo studies and investigations into its mechanisms of action, is needed for further drug 522 

development. 523 

Author contributions 524 

Nantha Kumar Lingam: Data curation, writing original draft, Investigation, Resources, 525 

Validation; Hemapriya Thirugnanam: Validation, Formal analysis, Review & writing; 526 



 

 

Vijayabharathi S: Data Curation, Resources, writing original draft, Methodology, 527 

Conceptualization; Saraswati Patel: Supervision, Review & writing. 528 

Source of Funding 529 

This research did not receive any specific grant from funding agencies in the public, commercial, 530 

or not for- profit sectors. 531 

Ethical Approval 532 

There is no ethical issue 533 

Data availability 534 

The datasets used and/or analysed during the current study available from the corresponding 535 

author on reasonable request. 536 

Conflicts of interest 537 

The authors declare that they have no conflict of interest. 538 

 539 

 540 

Reference 541 

1. Chandra, S., Chatterjee, P., Dey, P., & Bhattacharya, S. (2012). Evaluation of in vitro 542 

anti-inflammatory activity of coffee against the denaturation of protein. Asian Pacific 543 

Journal of Tropical Biomedicine, 2(1), S178–S180. https://doi.org/10.1016/s2221-544 

1691(12)60154-3  545 

2. Vonkeman, H. E., & Van De Laar, M. A. (2008). Nonsteroidal Anti-Inflammatory Drugs: 546 

Adverse effects and their prevention. Seminars in Arthritis and Rheumatism, 39(4), 294–547 

312. https://doi.org/10.1016/j.semarthrit.2008.08.001  548 

https://doi.org/10.1016/s2221-1691(12)60154-3
https://doi.org/10.1016/s2221-1691(12)60154-3
https://doi.org/10.1016/j.semarthrit.2008.08.001


 

 

3.  Ferrero-Miliani, L., Nielsen, O. H., Andersen, P. S., & Girardin, S. E. (2006). Chronic 549 

inflammation: importance of NOD2 and NALP3 in interleukin-1β generation. Clinical & 550 

Experimental Immunology, 147(2), 227–235. https://doi.org/10.1111/j.1365-551 

2249.2006.03261.x  552 

4. Perianayagam, J. B., Sharma, S., & Pillai, K. (2005). Anti-inflammatory activity of 553 

Trichodesma indicum root extract in experimental animals. Journal of 554 

Ethnopharmacology, 104(3), 410–414. https://doi.org/10.1016/j.jep.2005.08.077  555 

5. Okoli, C., Akah, P., Nwafor, S., Anisiobi, A., Ibegbunam, I., & Erojikwe, O. (2006). 556 

Anti-inflammatory activity of hexane leaf extract of Aspilia africana C.D. Adams. 557 

Journal of Ethnopharmacology, 109(2), 219–225. 558 

https://doi.org/10.1016/j.jep.2006.07.037  559 

6. Eming, S. A., Krieg, T., & Davidson, J. M. (2007). Inflammation in wound repair: 560 

molecular and cellular mechanisms. Journal of Investigative Dermatology, 127(3), 514–561 

525. https://doi.org/10.1038/sj.jid.5700701  562 

7. Yuan, H., Ma, Q., Ye, L., & Piao, G. (2016). The Traditional Medicine and Modern 563 

Medicine from Natural Products. Molecules, 21(5), 559. 564 

https://doi.org/10.3390/molecules21050559  565 

8. Fürst, R., & Zündorf, I. (2014). Plant-Derived Anti-Inflammatory Compounds: Hopes 566 

and Disappointments regarding the Translation of Preclinical Knowledge into Clinical 567 

Progress. Mediators of Inflammation, 2014, 1–9. https://doi.org/10.1155/2014/146832  568 

9. Ekor, M. (2014). The growing use of herbal medicines: issues relating to adverse 569 

reactions and challenges in monitoring safety. Frontiers in Pharmacology, 4. 570 

https://doi.org/10.3389/fphar.2013.00177  571 

https://doi.org/10.1111/j.1365-2249.2006.03261.x
https://doi.org/10.1111/j.1365-2249.2006.03261.x
https://doi.org/10.1016/j.jep.2005.08.077
https://doi.org/10.1016/j.jep.2006.07.037
https://doi.org/10.1038/sj.jid.5700701
https://doi.org/10.3390/molecules21050559
https://doi.org/10.1155/2014/146832
https://doi.org/10.3389/fphar.2013.00177


 

 

10. Riaz, M., Khalid, R., Afzal, M., Anjum, F., Fatima, H., Zia, S., Rasool, G., Egbuna, C., 572 

Mtewa, A. G., Uche, C. Z., & Aslam, M. A. (2023). Phytobioactive compounds as 573 

therapeutic agents for human diseases: A review. Food Science & Nutrition, 11(6), 2500–574 

2529. https://doi.org/10.1002/fsn3.3308  575 

11. Dwivedi, P. S., & Shastry, C. (2023). Anti-tumor potential and mode of action of karanjin 576 

against breast cancer; an in-silico approach. Arabian Journal of Chemistry, 16(6), 577 

104778. https://doi.org/10.1016/j.arabjc.2023.104778  578 

12. Wu, H., Zhang, F., Williamson, N., Jian, J., Zhang, L., Liang, Z., Wang, J., An, L., 579 

Tunnacliffe, A., & Zheng, Y. (2014). Effects of Secondary Metabolite Extract from 580 

Phomopsis occulta on β-Amyloid Aggregation. PLoS ONE, 9(10), e109438. 581 

https://doi.org/10.1371/journal.pone.0109438  582 

13. Rajakumar, G., Gomathi, T., Thiruvengadam, M., Rajeswari, V. D., Kalpana, V., & 583 

Chung, I. (2016). Evaluation of anti-cholinesterase, antibacterial and cytotoxic activities 584 

of green synthesized silver nanoparticles using from Millettia pinnata flower extract. 585 

Microbial Pathogenesis, 103, 123–128. https://doi.org/10.1016/j.micpath.2016.12.019  586 

14. Adegbaju, O. D., Otunola, G. A., & Afolayan, A. J. (2020). Anti-inflammatory and 587 

cytotoxic evaluation of extracts from the flowering stage of Celosia argentea. BMC 588 

Complementary Medicine and Therapies, 20(1). https://doi.org/10.1186/s12906-020-589 

02941-4  590 

15. Haran, P., Shanmugam, R., & Deenadayalan, P. (2024). Free Radical Scavenging, Anti-591 

inflammatory and Antibacterial Activity of Acorus calamus Leaves Extract Against 592 

Pseudomonas aeruginosa and Staphylococcus aureus. Cureus. 593 

https://doi.org/10.7759/cureus.55987  594 

https://doi.org/10.1002/fsn3.3308
https://doi.org/10.1016/j.arabjc.2023.104778
https://doi.org/10.1371/journal.pone.0109438
https://doi.org/10.1016/j.micpath.2016.12.019
https://doi.org/10.1186/s12906-020-02941-4
https://doi.org/10.1186/s12906-020-02941-4
https://doi.org/10.7759/cureus.55987


 

 

16. Ashwini, T., Elizabeth, A. A., Aishwarya, S., Josephine, I. G., Brigida, S., & Srinivasan, 595 

R. (2022). Sinapis arvensis-Wild Mustard as an AntiSection inflammatory Agent: An In-596 

vitro Study. JOURNAL OF CLINICAL AND DIAGNOSTIC RESEARCH. 597 

https://doi.org/10.7860/jcdr/2022/58609.1730  598 

17. M, A., Arumugham, M., I., Ramalingam, K., & S, R. (2023c). Evaluation of the anti-599 

inflammatory, antimicrobial, antioxidant, and cytotoxic effects of Chitosan 600 

Thiocolchicoside-Lauric acid Nanogel. Cureus. https://doi.org/10.7759/cureus.46003  601 

18. Yesmin, S., Paul, A., Naz, T., Rahman, A. B. M. A., Akhter, S. F., Wahed, M. I. I., 602 

Emran, T. B., & Siddiqui, S. A. (2020). Membrane stabilization as a mechanism of the 603 

anti-inflammatory activity of ethanolic root extract of Choi (Piper chaba). Clinical 604 

Phytoscience, 6(1). https://doi.org/10.1186/s40816-020-00207-7 605 

https://doi.org/10.7860/jcdr/2022/58609.1730
https://doi.org/10.7759/cureus.46003
https://doi.org/10.1186/s40816-020-00207-7

