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Abstract: According to the alarming statistical analysis, over 10 million people die from cancer 

worldwide each year, and over 19 million new cases are diagnosed. Oral squamous cell carcinoma 

(OSCC) is one such cancer that demands new therapeutic approaches. Ficus racemosa (F. racemosa) 

extract has been used in traditional medicine to treat infections. Hence, in this study, Ficus racemosa 

leaves were screened to explore their potential antioxidant, antimicrobial, and anticancer activity. 

Methanol extract of F. racemosa leaves was tested for antioxidant potential (DPPH scavenging activity 

(65.47 g/mL), ABTS (56.61 g/mL). The methanol extract (leaves) of F. racemosa was tested on four 

types of bacteria (two Gram-positive bacteria and two Gram-negative bacteria). From the results, we 

inferred that high antioxidant and free radical scavenging activities, with relatively strong antioxidant 

activity, were observed. In vitro antibacterial studies confirmed the significant antibacterial effect 

against both Gram-positive and Gram-negative. Furthermore, the anticancer activity of the leaf extract 

on KB cells was evaluated by MTT assay. Moreover, the ability of the dual acridine orange/ethidium 

bromide (AO/EB) staining method was used to detect tumor cell apoptosis. Our results indicate that the 

methanolic extract of F. racemosa leaf extract possesses strong antioxidant, antimicrobial, and 

cytotoxic activity; evidently, it proves to be an ideal candidate for a pharmacological agent. 
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1. Introduction 

Cancer is the leading cause of death among people. According to the World Health 

Organization (WHO), cancer ranks as the second leading cause of death globally, with about 

70% of cases occurring in low and middle-income countries. Any malignant tumour that forms 

on the tongue, floor of the mouth, inner cheek lining, gums, palate, or lips is classified as oral 

cancer [1]. 

In India, oral cavity cancer is the most prevalent type among men, contributing to nearly 

one-third of the world’s cases and deaths associated with oral cancer. Additionally, these 
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cancers are becoming more common among younger age groups in India, unlike in Western 

countries. This shift poses a serious threat to the nations, which may significantly impact 

economic productivity.  

 Squamous cell carcinoma is the most common histologic type of oral cancer, making 

up 90-95%, which ranks sixth in the world’s cancer incidence rates. It is of serious major 

concern in Southeast Asia primarily because of the widespread oral habits of smoking, chewing 

betel quid, and alcohol consumption [2,3]. According to the International Agency for Research 

on Cancer (IARC), cancer cases are expected to increase from 1 million in 2012 to over 1.7 

million by 2035. During the same period, cancer-related deaths are predicted to rise from 

6,80,000 to 1-2 million [4]. IARC discovered sufficient evidence connecting tobacco use and 

chewing habits such as betel quid to diseases of the oral mucosa, including leukoplakia, oral 

submucous fibrosis, and oral cancer [5,6]. In spite of advancements in combination therapy 

comprising surgery, chemotherapy, and radiotherapy, the oral squamous cell carcinoma 

(OSCC) 5-year survival rate remains approximately 40 % and has not changed for the past few 

decades. Research is still being done to discover naturally occurring antiproliferative and 

chemopreventive substances that could replace chemically synthesized drugs and perhaps be 

less toxic with fewer side effects. Therefore, developing advanced treatments with plant 

derivatives that act as potent therapeutic agents with minimal side effects is imperative [7,8]. 

Hence, Ficus racemosa, a traditional natural plant, was selected for this research to meet the 

needs of this study. 

Ficus belongs to the Moraceae family and has been known for its diverse number of 

species, consisting of more than 800 species in the form of trees, shrubs, epiphytes, and 

hemiphytes [9].  

The genus Ficus is a significant group of trees found across tropical and sub-tropical 

areas, mainly in Asia, America, Australia, and Africa. It possesses numerous medicinal 

properties and plays a significant role in various treatments [10]. Ficus is classified into four 

species groups: Ficus racemosa, Ficus benghalensis, Ficus microcarpa, and Ficus religiosa, 

etc. [11]. Among these species, the well-known Ficus racemosa(F.racemosa) plant is the most 

popular species of Ficus, also known as common fig or cluster fig, native to Southeast Asia. It 

is often employed to treat wounds and has many medicinal properties. Pharmacological 

investigations have been conducted on various parts of the plant, including fruit, bark, and 

leaves [12]. They consist of hepatoprotective, antidiarrheal, anti-inflammatory, antipyretic, 

antifungal, antibacterial, hypolipidemic, antifilarial, and anticancer properties [13-15].  

To the best of our knowledge, limited work has been carried out on the cytotoxic 

activity of oral cancer. Considering this point of view along with the medicinal significance of 

the plant F. racemosa, this research focused on evaluating the antibacterial, antioxidant, and 

cytotoxicity activities of methanol extracts of F. racemosa leaves against the oral cancer KB 

cell line and characterizing its phytochemical profile. Furthermore, the total yield of flavonoids 

and phenolics of the methanol extracts was quantified. Thus, this study suggested that F. 

racemosa leaves could be a great natural source for the development of novel therapeutics, 

which serve as new entities in the development of drugs derived from plants. 
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2. Materials and Methods 

2.1. Collection, identification, and authentication of plant material. 

The leaves of F. racemosa Linn were collected from the outfield village of Arakkonam 

in the Ranipet District. The leaves were washed thoroughly in tap water for 2-3 times, dried in 

air shade for 2 weeks, finely powdered, and used for the successive extraction method. Plant 

material was identified/authenticated by Botanist- Prof. P. Jayaraman (Late), Director, Plant 

Anatomy Research Centre (PARC), Tambaram, Chennai (PARC/2020/3600).  

2.2. Preparation of methanolic extract – Soxhlet extraction. 

Briefly, 20 g of powdered leaf was extracted using methanol (300 mL) in a Soxhlet 

apparatus. The extraction was achieved over 72 h. The obtained extract was then filtered 

through Whatman No. 1 Filter paper. Then the extract was evaporated at a temperature of 45°C 

using a rotary evaporator [16]. The crude extract was stored in a desiccator in order to prevent 

moisture and oxidation. The obtained methanolic crude extracts were used for further study. 

2.3. Quantitative phytochemical analysis. 

2.3.1. Determination of total phenolic content (TPC) assay. 

TPC was evaluated according to the methodology of Singleton et al. [17] using Folin-

Ciocalteu reagent. This method is based on the reduction of Folin-Ciocalteu reagent by phenols 

to a mixture of blue oxides with maximum absorption at around 750 nm. About 100 L of 

diluted plant extract (100 g/mL) is placed in test tubes, to this 500 L of Folin-Ciocalteu’s 

phenol reagent was added (1/10 mL diluted) and kept for incubation at room temperature (RT) 

for 5 min. After 5 min, 1500 L (1.5ml of 2% Na2CO3) was added to all the test tubes. The 

tubes are then placed in the dark for 120 minutes at RT. Then the optical density for the 

obtained dark blue solution was read at 750 nm against a blank [18]. By applying the gallic 

acid calibration curve as a reference, the total phenolic contents were determined and expressed 

as milligram gallic acid equivalents. All the experiments were carried out in triplicate. 

2.3.2. Determination of total flavonoid content (TFC) assay. 

TFC was determined according to the Karadeniz et al. slightly modified method [19]. 

When flavonoids and aluminium chloride reagent react, a coloured product is produced, which 

can be detected at 510 nm using spectrophotometry. An aliquot of leaf extract solution (600 

L) was mixed with 1.5 mL (1500 L) of methanol. 0.3 mL of 5% sodium nitrite was added. 

Upon vortexing, this solution was allowed to stand for 5 min at RT. 0.6 mL of 10% aluminium 

chloride was added. Again, the mixtures were allowed to stand for 6 min, then 1 mL of 1M 

Sodium hydroxide was added to the test tube, and finally, the mixture was diluted with 1 mL 

of distilled water. The contents were left for 15 minutes, and the absorbance of the reaction 

mixture was read at 510nm with a UV-Vis spectrophotometer. This test was performed in 

triplicate, and the TFCs were assessed as milligrams of quercetin equivalents (mg QE/g dry 

weight). 
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2.4. In vitro antioxidant methods. 

2.4.1. Determination of antioxidant activity by DPPH scavenging assay. 

The antioxidant activity of methanolic leaf extract of F. racemosa was evaluated by 

using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity method 

described by Szabo et al. [20]. Briefly, the assay contained 0.5 ml of plant extract at increasing 

concentrations of (10- 200 g/mL) ), which were mixed with 1 ml of DPPH (0.5 mM in 

methanol) solution and allowed to react at RT for 60 min. After 30 min, the absorbance values 

were recorded at 517nm and converted into percentage antioxidant activity using the following 

equation: 

DPPH Scavenging effect (%) = Control OD - Sample OD / Control OD × 100 

Quercetin was used as the positive control, and methanol as the blank. Each experiment 

was carried out in triplicate, and IC50 (g/mL) of the methanolic leaf extract of F. racemosa 

was reported.  

2.4.2. Determination of antioxidant activity by ABTS+• scavenging assay. 

ABTS+• cation radical scavenging activity of F. racemosa methanolic leaf extract was 

determined using 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) following the method 

reported by Re et al [21] and Fatih Uckaya [22], in which 7mM ABTS solution was mixed with 

2.45 mM of potassium persulfate and allowed to incubate for 12-16 hr in order to produce 

ABTS+•. Different concentrations of the leaf extracts (10 to 200 g/mL) were mixed with 

diluted ABTS+• radical ion solution (160 L of 7mM ABTS in 40 L of methanol). The 

reaction mixture was left in the dark for 6 min, and its absorbance was measured at 734 nm. 

Ascorbic acid was used as the standard, while methanol was used as the control. ABTS+• radical 

activity was calculated using the formula: 

Inhibition % = [(A control - A sample) / A control] × 100 

2.5. Antibacterial activity by well diffusion method. 

Agar well diffusion modified method [23] was used to determine the antibacterial 

activity of methanolic leaf extract obtained from the F. racemosa. Four species of bacteria were 

studied: 2 species of Gram-positive and two species of Gram-negative bacteria. The bacterial 

cultures (Escherichia coli (E. coli), Methicillin-resistant Staphylococcus aureus (MRSA), 

Staphylococcus aureus (S. aureus), and Pseudomonas aeruginosa (P. aeruginosa) were 

procured from King’s Institute Guindy and maintained at Bionyme Laboratories Pvt.Ltd, 

Chennai. To obtain a fresh culture, the bacteria were subcultured in a nutrient broth. 50 μL of 

stock culture was mixed with 950 L of sterile Muller Hinton broth and incubated for 24 h at 

37°C. From this 24h incubated culture, 50 μL of bacteria was taken and spread onto the 

solidified Muller Hinton agar, and wells were made accordingly [24]. The well was filled with 

varying concentrations of leaf extract (50, 75, and 100 g/mL), while streptomycin (25 

g/mL)was used as standard positive control and DMSO as negative control. The plates were 

allowed to diffuse for about 30 minutes at RT and then incubated overnight at 37°C. After 

incubation, plates were observed for the formation of a clear zone around the well, which 

corresponds to the antimicrobial activity of the extract against strains. The zone of inhibition 

(ZOI) was observed and measured in mm. Each assay was repeated three times. 
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2.6. Cell culture and maintenance. 

KB cancer cell lines were procured from the cell repository of the National Centre for 

Cell Sciences (NCCS), Pune, India. Dulbecco`s Modified Eagle Media (DMEM) was used for 

maintaining the cell line, which was supplemented with 10% Fetal Bovine Serum (FBS). 

Penicillin (100 U/ml) and streptomycin (100 μg/ml) were added to the medium to prevent 

bacterial contamination. The medium with cell lines was maintained in a humidified 

environment with 5% CO2 at 37°C. 

2.7. MTT Assay for cytotoxicity assessment. 

The in vitro cytotoxic effect of the methanolic crude extract of F. racemosa leaf was 

evaluated for its antitumor activity against KB cancer cells using MTT (3-(4, 5-

DimethylThiazol-2-yl)-2, 5- Diphenyl Tetrazolium bromide) assay [25,26]. A cell count of 

1×104 cells/ml was seeded in 96 96-well plates in DMEM and incubated for 24 h at 37°C under 

5 % CO2 and 95 % air. Following 24h of cell attachment, plates were washed with 100μl of PBS 

and further treated with 100 μl of the methanolic leaf extract (F. racemosa) samples with 

concentrations ranging (25, 50, 100, 150, 200, 250 and 300 g/mL) were incubated further for 

24h, and 48 h respectively. After incubation, the plates were washed with 100 μL of PBS and 

then treated. After incubation, the KB cells were treated with MTT (5 mg/ml, 100 μl) in each 

well and incubated for another 4 hours. The formazan crystals formed in the cells were replaced 

with 100 μl of dimethyl sulphoxide (DMSO). A microplate reader was used to measure 

absorbance at 570 nm. The values of the half maximal inhibitory concentration (IC50) were 

calculated, and the optimum doses were analyzed over different time periods. Each study was 

carried out in triplicate. 

The morphological characteristics of the KB cell line treated with the methanolic leaf 

extract were photographed using a fluorescent microscope at a magnification of 20x 

2.8. Acridine orange/ethidium bromide (AO/EB) - dual staining assay. 

The study of apoptotic cell death by fluorescence microscopy was carried out using the 

method followed by Baskic et al. [27]. The dual dye AO/EB staining of the cells was examined 

using fluorescence microscopy (Zone fluorescent cell imager, Biorad). 

A 6-well plate was seeded with 5 × 104 oral cancer cells (KB) /well, and the cells were 

incubated for 48 hr. Following a 48 hr of treatment with control and leaf extract (100 and 150 

µg/ml), the cells were detached, cleaned with cold PBS and stained for 5 min at RT using a 

mixture of AO (100 g/mL-1)/ EB (100 g/mL-1) ratio (1:1). Using a 20x magnification, the 

stained cells were examined under a fluorescence microscope. The cells were collected at the 

end of the treatment and washed thrice with PBS. 

The number of cells exhibiting apoptotic features was calculated as a function of the 

total number of cells present in the area. 

2.9. Statistical analysis. 

The data were expressed as mean ± SD, and all assays were repeated thrice. One-way 

analysis of variance (ANOVA) and the Student’s t-test were the statistical methods used to 

analyze the data. P values less than 0.05 were considered significant. 
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3. Results and Discussion 

3.1. Total phenolics and flavonoids total content. 

Plants synthesize polyphenolics in large quantities to support growth and provide 

protection against pathogens and predators. The total phenolics and flavonoids composition 

(TPC and TFC) in F. racemosa methanol extract was determined from a standard calibration 

curve of gallic acid: R2 = 0.9964 for TPC and R2 = 0.9991. For TPC, the methanolic leaf extract 

of F. racemosa showed the highest phenolic concentrations of about 69±0.97 mg GAE/g of dry 

extract (Table 1). Moreover, for TFC (Table 1), the methanol extract exhibited the highest 

content of 87±0.82 mg QE/g of dry extract, respectively. 

Table 1. Total phenolic content and Total flavonoid content of F.racemosa leaf. 

Species Extract 
Total phenolic content 

(mg GAE/g dry extract) 

Total flavonoid content 

(mg QE/g dry extract) 

F.racemosa Leaf Methanol 69 ± 0.97 87± 0.82 

Phenolic compounds, which include flavonoids, phenolic acids, tannins, and lignans, 

are a diverse group of secondary metabolites with a significant role in plants. They possess a 

wide range of structures, from simple molecules to complex polymers [28,29].  

As one of the most significant categories of phenolic compounds, flavonoids assist 

various functions in plants, such as defense against fungi, bacteria, insects, viruses, and 

protection against UV radiation [30]. Flavonoid chemical structures are primarily responsible 

for their biochemical activities.  

Phenolic compounds possess significant biological properties such as anti-

inflammatory, antimicrobial, antioxidant, and anticancer. These compounds slow down ageing, 

prevent chronic degenerative disease, and enhance cellular defense [31]. Thus, plants rich in 

phenolic compounds have considerable pharmacological potential. 

3.2. In vitro antioxidant assays. 

Reactive oxygen species (ROS) and free radicals contribute to the development of 

various health conditions, including cardiovascular and metabolic diseases, diabetes, and 

cancer, as antioxidants are unable to adequately control the excessive levels of ROS [32,33]. 

The imbalance between free radicals production and antioxidant activity leads to oxidative 

stress, which can result in the damage of cellular proteins, DNA, membrane lipids, and 

eventually cell death [33]. Managing oxidative stress could be a key approach to treating 

diseases such as diabetes and metabolic diseases. Phytochemicals, like phenolic compounds 

and flavonoids found in plants, possess antioxidant properties and have proven effective in 

disease management [34]. Thus, the antioxidant efficacy of plants is closely related to the 

quality and concentration of those phytochemicals [35]. DPPH and ABTS assays are 

commonly employed to identify the presence of antioxidants. 

3.2.1. DPPH scavenging activity. 

The antioxidant potential for the methanol extract of F. racemosa leaves was evaluated 

by using two antioxidant assays, namely, DPPH and ABTS scavenging activity. The DPPH 

assay (Figure 1a) showed that the methanol extract exhibited the highest potential with an IC50 

value of 65.47 g/mL. The extract exhibited high concentration-dependent inhibition of DPPH 

radical, highest at 100 g/mL. The electrons in the DPPH solution are paired off and turn 
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yellow when they react with an antioxidant. The number of electrons absorbed determines 

whether DPPH radicals stabilize into the hydrazine form. Therefore, the antioxidant capacity 

of the methanol extract may be due to the donation of electrons from the phenolic rings of the 

polyphenols [36,37]. 

 
Figure 1. (a) DPPH scavenging activity of F. racemosa methanol extract (Leaves); (b) ABTS radical 

scavenging activity of F. racemosa methanol extract (Leaves). 

3.2.2. ABTS radical scavenging activity. 

The well-known ABTS+•  method is widely employed in evaluating antioxidant 

activity. The concentration of the extract was positively correlated with the ABTS free radical 

scavenging activity. The standard ascorbic acid has been compared with the extract's relative 

antioxidant activity to scavenge the radical ABTS+•. The results showed that ABTS+• activities 

in methanol extract of F. racemosa exhibit good antioxidant activity with the IC50 value of 

56.61 g/mL (Figure 1b). This might be due to its richness in phenolic compounds, specifically 

flavonoids and flavonols [38]. Furthermore, it is well known that the content of phenol 

compounds has a significant association with the ability to scavenge free radicals [39-41]. 

Hence, the above antioxidant study (DPPH and ABTS+•) revealed that methanol leaf 

extract of F. racemosa possesses an appreciable quantity of antioxidant activity. 

3.3. Antibacterial activity. 

The antibacterial assay was performed by agar well diffusion method for the methanol 

extract of F. racemosa leaves against four microorganisms, including two Gram-positive 

bacteria and two Gram-negative bacteria, and depicted the size of the inhibition zones in Table 

2 and Figure 2. The methanol extract demonstrated a larger inhibition zone of 10mm against 

Gram-negative bacteria (P. aeruginosa), and 9 mm (E. Coli) at a concentration of 100 g/mL, 

whereas Gram-positive bacteria showed an inhibition zone of 11 mm against Gram-negative 

bacteria (S. aureus) and 9 mm (MRSA) at a concentration of 100 g/mL. 

From the results, we inferred that Gram-positive bacteria were found to be more 

sensitive than Gram-negative bacteria. This difference in sensitivity may result from the 

bacterial peptidoglycan layer in Gram-negative bacteria being surrounded by an outer 

membrane made of hydrophilic lipopolysaccharides. This membrane acts as a barrier towards 

macromolecules and limits the diffusion of hydrophobic compounds into the bacterial 
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cytoplasm [42-44]. On the contrary, Gram-positive bacteria's cell wall has many pores and a 

thinner layer of peptidoglycan, which makes it easier for the entry of foreign substances, which 

eventually causes cell death by rupturing the membrane and loss of cytoplasmic components 

[45,46]. It concludes that the methanol extract of F. racemosa shows antibacterial activity for 

the tested organisms. The zone of inhibition varied, pointing to the presence of different 

phytoconstituents in the leaves and the varied degree of efficacy on the tested organisms.  

Table 2. Antibacterial Activity of methanol extract of F. racemosa against tested microorganism. 

Bacterial species 

Zone of inhibition (mm) Antibiotic 

(Streptomycin) 

mm 

Concentration(µg/ml) 

50µl 75 µl 100 µl 

Staphylococcus aureus 2 ± 0.15 8 ± 0.20 11 ± 0.79 8 ± 0.2 

Methicillin-resistant 

Staphylococcus aureus 
- 7 ± 0.64 9 ± 0.44 8 ± 0.22 

Escherichia coli - 6 ± 0.20 9 ± 0.92 7 ± 0.2 

Pseudomonas aeruginosa - 8 ± 0.42 10 ± 0.54 10 ± 0.44 

 
Figure 2. Antibacterial activity F. racemosa Methanol extract – (a) Staphylococcus aureus; (b) Methicillin-

resistant staphylococcus aureus; (c) Escherichia coli; (d) Pseudomonas aeruginosa. 

3.4. Assessments of cytotoxicity of F. racemosa methanol extract by MTT assay. 

To the best of our knowledge, this is the first intensive study on cytotoxicity of  F. 

racemosa leaves extract (methanol) against KB cancer cell lines. The cytotoxic response of the 

methanol extracts of F. racemosa leaves against KB cells, as given in Figures 3 and 4, was 

examined for varying concentrations (25 to 300 g/mL) over 24 and 48h. It was revealed that 

the methanol extracts exhibited a concentration-dependent activity on KB cells with IC50 equal 

to 173.85 g/mL (24h) and 136.53 g/mL (48h), respectively. The F. racemosa leaf extract is 

promising for the anticancer activities since it showed 82% cell death when it was incubated 

for 48h at a concentration of 300g/mL of leaf extract. The MTT assay of methanol extracts 

on KB cells indicated that the leaf extract was biocompatible with the cell line. 
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Figure 3. Cell viability of the methanol extract of F. racemosa (Leaves) on KB cells. 

Figure 4. Morphological changes observed in KB cell line when treated with concentrations of F. racemosa leaf 

extract (methanol) along with the control. 

3.5. Acridine orange (AO) and ethidium bromide (EB) dual staining assay. 

Basic morphological changes in apoptotic cells can be identified using dual AO/EB 

fluorescent staining. Additionally, it helps in the differentiation of necrotic cells, early and late 

apoptotic cells, and normal cells. AO/EB staining is therefore a qualitative and quantitative 

technique to identify apoptosis [47]. AO penetrated through intact membranes of both normal 

and early apoptotic cells, fluorescing green when bound to DNA. Cells with damaged 

membranes, such as late apoptotic and dead cells, were penetrated by EB, emitting orange to 

red fluorescence when attached to concentrated DNA fragments or apoptotic bodies [48]. 

In order to distinguish between early apoptotic cells, late apoptotic cells, and dead cells, 

the morphology of cells must be analyzed. In the present study, F. racemosa leaves (methanol 

extract) on KB cells at 48h exhibited orange to red fluorescing nuclei with condensed or 

fragmented chromatin (Figure 5c)compared to the control, which showed a uniform green 

fluorescing nuclei with a highly organised structure (Figure 5a). The results from AO/EB dual 
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staining are shown in Figure 5. From the figure, it was clear that the number of viable cells 

decreased tremendously in support of cell viability studies. 

 
Figure 5. AO/EB dual staining of KB cells at 48h (a) Control; (b) Extract treated with KB cells at 100 g/mL; 

(c) Extract treated with KB cells at 150g/mL. Live cells are uniformly green, early apoptotic condensed or 

fragmented form of yellow colour nucleus with chromatin, late apoptotic chromatin condensation or 

fragmentation, orange-stained nuclei, and necrotic cells (uniformly red-stained cell nuclei). 

4. Conclusion 

This study concludes the phytochemical screening of the methanolic extract of F. 

racemosa leaves along with the quantification of phenolic content, flavonoid content, and 

evaluation of all bioassays, such as ABTS, DPPH, antibacterial, and cytotoxicity activities on 

KB cells. This is the first study to report on the cytotoxic properties and apoptosis of the 

methanol extract of F. racemosa on oral cancer (KB) cell lines. The methanolic leaf extract 

depicted good efficacy in antioxidant, antibacterial, and antitumor activities. Hence, this study 

comprehensively suggests F. racemosa as an alternative therapy for cancer phytomedicine 

development. The potential impacts on oral cancer treatment and on the synergistic effects of 

different antioxidants are to be studied at the molecular level in the future. 

Author Contributions 

S.K. Conceptualization, writing - original draft preparation. R.D. Methodology, Writing- 

review and editing. S.R. Supervision, investigation, and review. 

 

Institutional Review Board Statement 

 

Not applicable. 

Informed Consent Statement 

Not applicable. 

Data Availability Statement 

Data supporting the findings of this study are available upon reasonable request from the 

corresponding author. 

Funding 

The authors did not receive any external funds. 

https://doi.org/10.33263/LIANBS143.149
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS143.149 

 https://nanobioletters.com/ 11 of 13 

 

Acknowledgments 

The author (S.K) express sincere gratitude to the management of Ethiraj College for Women, 

Egmore, Chennai, for their invaluable support and resources. The authors (R.D and S.R) are 

grateful to the management of Dr. Ambedkar Government Arts College, Vyasarpadi , Chennai 

and Chennai National Arts and Science College, Avadi, Chennai, for providing infrastructure 

facilities and support. 

Conflicts of Interest 

The authors have no conflicts of interest to declare that are relevant to the content of this article. 

References 

1. Borse, V.; Konwar, A. N.; Buragohain, P. Oral cancer diagnosis and perspectives in India. Sens Int. 2020, 

1, 100046, https://doi.org/10.1016/j.sintl.2020.100046.  

2. Shah, J.P.; Gil, Z. Current concepts in management of oral cancer surgery. Oral Oncol. 2009, 45, 394-401, 

https://doi.org/10.1016/j.oraloncology.2008.05.017.  

3. Sireesha, D.; Reddy, B. S.; Reginald, B.A.; Samatha, M.; Kamal, F. Effect of amygdalin on oral cancer cell 

line: An in vitro study. Journal of oral and maxillofacial pathology 2019, 23, 104–107, 

https://doi.org/10.4103/jomfp.JOMFP_281_18. 

4. Asmin, P.K.; Nusrath, F.; Divakar, D.D. Occurrence and Distribution of Cancers with Emphasis Upon Oral 

Cancers in Registered Oncology Institutes of South India - A Retrospective Study. Indian J Community 

Med. 2024, 49, 120-130, https://doi.org/10.4103/ijcm.ijcm_106_23.  

5. Nair, U.; Bartsch, H.; Nair, J. Alert for an epidemic of oral cancer due to use of the betel quid substitutes 

gutkha and pan masala: A review of agents and causative mechanisms. Mutagenesis 2004, 19, 251–262, 

https://doi.org/10.1093/mutage/geh036.  

6. Veettil, S.R.; Sunil, E.A.; Mukunda, A.; Mohan, A.; John, S.; Pynadath, M.K. Anticancer effect of Piper 

betle leaf extract on KB cell lines-an in vitro study. Oral Maxillofac. Pathol. J. 2022, 13, 28.  

7. Pushpalatha, D.S.; Kumaraswamy, S.; Selvaraj, G.K.; Narayanaswamy, R.; Prabhakaran, V.; Sivakumar, T.; 

Kesavan, A. Plant-Derived Bioactive Compounds: Promising Prospective Uses in the Chronic 

Inflammation. Natural Products as Cancer Therapeutics, 1st ed.; Radhakrishnan, N., Vasantha, S., 

Pandurangan, A., Eds.; IGI Global: Hershey, PA, 2023; pp. 254-274, https://doi.org/10.4018/979-8-3693-

0703-8.ch011.   

8. Selvaraj, G.K.; Wilson, J.J.; Kanagaraj, N.; Subashini, E.; Thangavel, S. Enhanced Antifungal Activity of 

Piper betle Against Candidiasis Infection Causing Candida Albicans and In silico Analysis with its Virulent 

Protein. Biomed. Biotech. Res. J. 2022, 6, 73-80, https://doi.org/10.4103/bbrj.bbrj_154_21.  

9. Joseph, B.; Raj, S.J. Phytopharmacological and phytochemical properties of three Ficus species-an 

overview. Int. J. Pharma Bio Sci. 2010, 1, 246–253.  

10. Prasad, K.S.; Ankanna, S.; Reddy, T.U.K.; Yaswanthi, M.S.; Bhavani, G.; Bhanuprakash, N.; Reddy, A.M.; 

Savithramma, N. Phytochemical screening and GC–MS analysis of Methanolic extract of Ficus racemosa. 

Journal of Pharmacognosy and Phytochemistry 2024, 13, 404-411, 

https://doi.org/10.22271/phyto.2024.v13.i1e.14859. 

11. Paarakh, P.M. Ficus racemosa Linn.-An overview. Nat Prod Radiance 2009, 8, 84-90.  

12. Shi, Y.; Mon, A.M.; Fu, Y.; Zhang, Y.; Wang, C.; Yang, X.; Wang, Y. The genus Ficus (Moraceae) used in 

diet: Its plant diversity, distribution, traditional uses and ethnopharmacological importance. J. 

Ethnopharmacol. 2018, 226, 185–196, https://doi.org/10.1016/j.jep.2018.07.027.  

13. Veerapur, V.P.; Prabhakar, K.R.; Thippeswamy, B.S.; Bansal, P.; Srinivasan, K.K.; Unnikrishnan, M.K. 

Antidiabetic effect of Ficus racemosa Linn. stem bark in high-fat diet and low-dose streptozotocin-induced 

type 2 diabetic rats: A mechanistic study. Food Chem. 2012, 132, 186–193, 

https://doi.org/10.1016/j.foodchem.2011.10.052.  

14. Velayutham, R.; Sankaradoss, N.; Ahamed, K.F.H.N. Protective effect of tannins from Ficus racemosa in 

hypercholesterolemia and diabetes induced vascular tissue damage in rats. Asian Pac. J. Trop. Med. 2012, 

5, 367–373, https://doi.org/10.1016/S1995-7645(12)60061-3.  

https://doi.org/10.33263/LIANBS143.149
https://nanobioletters.com/
https://doi.org/10.1016/j.sintl.2020.100046
https://doi.org/10.1016/j.oraloncology.2008.05.017
https://doi.org/10.4103/jomfp.JOMFP_281_18
https://doi.org/10.4103/ijcm.ijcm_106_23
https://doi.org/10.1093/mutage/geh036
https://doi.org/10.4018/979-8-3693-0703-8.ch011
https://doi.org/10.4018/979-8-3693-0703-8.ch011
https://doi.org/10.4103/bbrj.bbrj_154_21
https://doi.org/10.22271/phyto.2024.v13.i1e.14859
https://doi.org/10.1016/j.jep.2018.07.027
https://doi.org/10.1016/j.foodchem.2011.10.052
https://doi.org/10.1016/S1995-7645(12)60061-3


https://doi.org/10.33263/LIANBS143.149 

 https://nanobioletters.com/ 12 of 13 

 

15. Mayuri, P.K.; Sarojini, S.; Selvaraj, A.; Vickram, S.; Raja Babu,S.K,; Giridharan,B.; Mayur M.P.; Agastian 

P.; Anand T.; Mikhlid H.A.; Nicholas,D.A. Exploring major bioactive phytocompounds of Ficus racemosa 

and its key pharmacological activities. J. King Saud Univ. Sci. 2024, 36,102956, 

https://doi.org/10.1016/j.jksus.2023.102956.  

16. Murugan, R.; Parimelazhagan, T. Comparative evaluation of different extraction methods for antioxidant 

and anti-inflammatory properties from Osbeckia parvifolia Arn. – An in vitro approach. J. King Saud Univ. 

Sci. 2014, 26, 267-275, https://doi.org/10.1016/j.jksus.2013.09.006. 

17. El Idrissi, A.E.Y.; Khouchlaa, A.; Bouyahya, A.; Bakri, Y.; Tijane, M.H. Phytochemical Characterization, 

In Vitro Antioxidant, Cytotoxic, and Antibacterial Effects of Aristolochia longa L. Biointerface Res. Appl. 

Chem. 2021, 11, 8129 – 8140, https://doi.org/10.33263/BRIAC111.81298140. 

18. Singleton, V.; Orthofer, R.; Lamuela-Raventos, R.A. Analysis of total phenols and other oxidation substrates 

and antioxidants by means of Folin-Ciocalteu reagent. Methods Enzymol 1999, 299, 152-175, 

https://doi.org/10.1016/S0076-6879(99)99017-1. 

19. Karadeniz, F.; Burdurulu, H.S.; Koca, N.; Soyer, Y. Antioxidant activity of selected fruits and vegetables 

grown in Turkey. J Agricult Food Chem. 2005, 29, 297-303. 

20. Szabo, M.R.; Iditoiu, C.; Chambre, D.; Lupea, A.X. Improved DPPH determination for antioxidant activity 

spectrophotometric assay. Chem. Pap. 2007, 61, 214-216, https://doi.org/10.2478/s11696-007-0022-7. 

21. Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.; Rice-Evans, C. Antioxidant activity applying 

an improved ABTS radical cation decolorization assay. Free. Radic. Biol. Med. 1999, 26, 1231–1237, 

https://doi.org/10.1016/s0891-5849(98)00315-3.  

22. Uckaya, F. Anti-aging and antioxidant activities of ethanol and three-phase partitioned extracts of Inula 

viscosa. Biointerface Res Appl Chem 2022, 13, 246, https://doi.org/10.33263/BRIAC133.246. 

23. Balakrishnan, K.; Casimeer, S.C.; Ghidan, A.Y.; Al Antary, T.M.; Singaravelu, A. Exploration of 

antioxidant, antibacterial activities of green synthesized hesperidin loaded PLGA nanoparticles. Biointerface 

Res. Appl. Chem. 2021, 11, 14520-14528, https://doi.org/10.33263/BRIAC116.1452014528. 

24. Ranjanamala, T.; Vanmathiselvi, K.; Casimeer, S.C.; Ghidan, A.Y.; Synthesis and Characterization of Dose-

Dependent Antioxidants and Antimicrobial Activity of Phloretin Loaded PLGA Nanoparticles. Biointerface 

Res. Appl. Chem 2022, 12, 3076-3089, https://doi.org/10.33263/BRIAC123.30763089. 

25. Mosmann, T. Rapid colorimetric assay for cellular growth and survival: application to proliferation and 

cytotoxicity assays. J Immunol Methods. 1983, 65, 55-63, https://doi.org/10.1016/0022-1759(83)90303-4. 

26. Kesavan, S.; Meena, K.S.; Dhakshinamoorthy, R. Bioactive polysaccharides based graphene oxide 

nanoparticle as a promising carrier for anticancer drug delivery. Biointerface Res. Appl. Chem. 2022, 12, 

3429-3445, https://doi.org/10.33263/BRIAC123.34293445.  

27. Baskić, D.; Popović, S.; Ristić, P.; Arsenijević, N. N. Analysis of cycloheximide-induced apoptosis in 

human leukocytes: fluorescence microscopy using annexin V/propidium iodide versus acridin 

orange/ethidium bromide. Cell Biol Int 2006, 30, 924–932, https://doi.org/10.1016/j.cellbi.2006.06.016.  

28. Gomes, M.; Magalhães, B.; Santos, W.; Almeida, J.R. Influence of seasonality on phytochemical 

composition, phenolic content and antioxidant activity of Neoglaziovia variegata (Bromeliaceae). 

Biointerface Res. Appl. Chem. 2021, 12, 2889- 2904, https://doi.org/10.33263/BRIAC123.28892904. 

29. Shahidi, F.; Ambigaipalan, P. Phenolics and polyphenolics in foods, beverages and spices: Antioxidant 

activity and health effects – A review. J. Funct. Foods 2015, 18, 820-897, 

https://doi.org/10.1016/j.jff.2015.06.018. 

30. Gobbo-Neto, L.; Lopes, N.P. Medicinal plants: factors of influence on the content of secondary metabolites. 

Quím Nova 2007, 30, 374-381, https://doi.org/10.1590/S0100-40422007000200026. 

31. Ribeiro, D.A.; Camilo, C.J.; Nonato, C.F.A.; Rodrigues, F.F.G.; Menezes, I.R.A.; Ribeiro-Filho, J.; Xiao, 

J.; Souza, M.M.A.; Costa, J.G.M. Influence of seasonal variation on phenolic content and in vitro antioxidant 

activity of Secondatia floribunda A. DC. (Apocynaceae). Food Chem. 2020, 315, 126277, 

https://doi.org/10.1016/j.foodchem.2020.126277. 

32. Akingbolabo, D.O.; Oluwafemi, A.O.; Dhamodharan, P.; Great, O. A.; Peluola, O. A.; Abayomi, S.A.; 

Mubo, A. S.; Omolola, A.A.; Damilare, I. A. Antioxidant and Antidiabetic Activities of Triclisia Subcordata 

Oliv.: Experimental and Computational Methods. Lett. Appl. NanoBioScience 2025, 14, 

https://doi.org/10.33263/LIANBS141.006.  

33. Arulselvan, P.; Fard, M.T.; Tan, W.S.; Gothai, S.; Fakurazi, S.; Norhaizan, M.E.; Kumar, S.S. Role of 

Antioxidants and Natural Products in Inflammation. Oxid. Med. Cell. Longev. 2016, 2016, 5276130, 

https://doi.org/10.1155/2016/5276130. 

https://doi.org/10.33263/LIANBS143.149
https://nanobioletters.com/
https://doi.org/10.1016/j.jksus.2023.102956
https://doi.org/10.1016/j.jksus.2013.09.006
https://doi.org/10.33263/BRIAC111.81298140
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.2478/s11696-007-0022-7
https://doi.org/10.1016/s0891-5849(98)00315-3
https://doi.org/10.33263/BRIAC133.246
https://doi.org/10.33263/BRIAC116.1452014528
https://doi.org/10.33263/BRIAC123.30763089
https://doi.org/10.1016/0022-1759(83)90303-4
https://doi.org/10.33263/BRIAC123.34293445
https://doi.org/10.1016/j.cellbi.2006.06.016
https://doi.org/10.33263/BRIAC123.28892904
https://doi.org/10.1016/j.jff.2015.06.018
https://doi.org/10.1590/S0100-40422007000200026
https://doi.org/10.1016/j.foodchem.2020.126277
https://doi.org/10.33263/LIANBS141.006
https://doi.org/10.1155/2016/5276130


https://doi.org/10.33263/LIANBS143.149 

 https://nanobioletters.com/ 13 of 13 

 

34. Sonter, S.; Mishra, S.; Dwivedi, M.K.; Singh, P.K. Chemical profiling, in vitro antioxidant, membrane 

stabilizing and antimicrobial properties of wild growing Murraya paniculata from Amarkantak (M.P.). Sci. 

Rep. 2021, 11, 9691, https://doi.org/10.1038/s41598-021-87404-7.   

35. Liew, S.S.; Ho, W.Y.; Yeap, S.K.; Sharifudin, S.A.B. Phytochemical composition and in vitro antioxidant 

activities of Citrus sinensis peel extracts. Peer J. 2018, 6, e5331, https://doi.org/10.7717/peerj.5331.  

36. Batool, R.; Khan, M.R.; Sajid, M.; Ali, S.; Zahra, Z. Estimation of phytochemical constituents and in vitro 

antioxidant potencies of Brachychiton populneus (Schott & Endl.) R.Br. BMC Chem. 2019, 13, 32-46, 

https://doi.org/10.1186/s13065-019-0549-z.  

37. Chukwuma, I. F.; Apeh, V. O.; Nwora, F. N.; Nkwocha, C. C.; Mba, S. E.; Ossai, E. C. Phytochemical 

profiling and antioxidative potential of phenolic-rich extract of Cola acuminata nuts. Biointerface Res Appl 

Chem. 2023, 13, 29, https://doi.org/10.33263/BRIAC131.029.  

38. Silihe, K. K.; Zingue, S.; Winter, E.; Awounfack, C. F.; Bishayee, A.; Desai, N.N.; João Mello, L.; Michel, 

T.; Tankeu, F. N.; Ndinteh, D.T.; Honorine Riwom, S.; Njamen, D.; Creczynski-Pasa, T.B. Ficus umbellata 

Vahl. (Moraceae) Stem Bark Extracts Exert Antitumor Activities In Vitro and In Vivo. Int. J. Mol. Sci. 2017, 

18, 1073, https://doi.org/10.3390/ijms18061073.  

39. Çalişkan, O.; Polat, A.A. Phytochemical and antioxidant properties of selected fig (Ficus carica L.) 

accessions from the eastern Mediterranean region of Turkey. Sci. Hortic, 2011, 128, 473–478, 

https://doi.org/10.1016/j.scienta.2011.02.023.  

40. Dong, L.-M.; Jia, X.-C.; Luo, Q.-W.; Zhang, Q.; Luo, B.; Liu, W.-B.; Zhang, X.; Xu, Q.-L.; Tan, J.-W. 

Phenolics from Mikania micrantha and Their Antioxidant Activity. Molecules 2017, 22, 1140,  

https://doi.org/10.3390/molecules22071140.  

41. Sirisha, N.; Sreenivasulu, M.; Sangeeta, K.; Chetty, C.M. Antioxidant Properties of Ficus Species—A 

Review. Int. J. PharmTech Res. 2010, 2, 2174–2182. 

42. Zeroual, A.; Sakar, E.H.; Eloutassi, N.; Mahjoubi, F.; Chaouch, M.; Chaqroune, A. Wild chamomile 

[Cladanthus mixtus (L.) chevall.] collected from central-northern Morocco: Phytochemical profiling, 

antioxidant, and antimicrobial activities. Biointerface Res. Appl. Chem. 2021, 11,11440-11457, 

https://doi.org/10.33263/BRIAC114.1144011457. 

43. Kanatt, S.R.; Siddiqui, A.; Chawla, S.P. Antioxidant/antimicrobial potential of Emblica officinalis Gaertn 

and its application as a natural additive for shelf life extension of minced chicken meat. Biointerface Res 

Appl Chem. 2018, 8, 3344–3350.  

44. Yap, P.S.X.; Krishnan, T.; Chan, K.G.; Lim, S.H. Antibacterial mode of action of Cinnamomum verum bark 

essential oil, alone and in combination with piperacillin, against a multi-drug-resistant Escherichia coli 

strain. J Microbiol Biotechnol. 2015, 25, 1299–1306, https://dx.doi.org/10.4014/jmb.1407.07054.  

45. Kaidi, S.; Belattmania, Z.; Bentiss, F.; Jama, C.; Reani, A.; Sabour, B. Synthesis and characterization of 

silver nanoparticles using alginate from the brown seaweed laminaria ochroleuca: structural features and 

antibacterial activity. Biointerface Res. Appl. Chem. 2021, 12, 6046-605, 

https://doi.org/10.33263/BRIAC125.60466057. 

46. Wang, L.; Hu, C.; Shao, L. The antimicrobial activity of nanoparticles: present situation and prospects for 

the future. Int. J. Nanomed. 2017, 12, 1227-1249, https://doi.org/10.2147/IJN.S121956. 

47. Lecoeur, H. Nuclear apoptosis detection by flow cytometry: influence of endogenous endonucleases. Exp 

Cell Res. 2002, 277, 1 –14, https://doi.org/10.1006/excr.2002.5537. 

48. Ribble, D.; Goldstein, N.B.; Norris, D.A.; Shellman, Y.G. A simple technique for quantifying apoptosis in 

96-well plates. BMC Biotechnology 2005, 5, 1-7, https://doi.org/10.1186/1472-6750-5-12. 

Publisher’s Note & Disclaimer 

The statements, opinions, and data presented in this publication are solely those of the individual author(s) and 

contributor(s) and do not necessarily reflect the views of the publisher and/or the editor(s). The publisher and/or 

the editor(s) disclaim any responsibility for the accuracy, completeness, or reliability of the content. Neither the 

publisher nor the editor(s) assume any legal liability for any errors, omissions, or consequences arising from the 

use of the information presented in this publication. Furthermore, the publisher and/or the editor(s) disclaim any 

liability for any injury, damage, or loss to persons or property that may result from the use of any ideas, methods, 

instructions, or products mentioned in the content. Readers are encouraged to independently verify any 

information before relying on it, and the publisher assumes no responsibility for any consequences arising from 

the use of materials contained in this publication. 

https://doi.org/10.33263/LIANBS143.149
https://nanobioletters.com/
https://doi.org/10.1038/s41598-021-87404-7
https://doi.org/10.7717/peerj.5331
https://doi.org/10.1186/s13065-019-0549-z
https://doi.org/10.33263/BRIAC131.029
https://doi.org/10.3390/ijms18061073
https://doi.org/10.1016/j.scienta.2011.02.023
https://doi.org/10.3390/molecules22071140
https://doi.org/10.33263/BRIAC114.1144011457
https://dx.doi.org/10.4014/jmb.1407.07054
https://doi.org/10.33263/BRIAC125.60466057
https://doi.org/10.2147/IJN.S121956
https://doi.org/10.1006/excr.2002.5537
https://doi.org/10.1186/1472-6750-5-12

