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ABSTRACT 
 

Introduction and Aim: The alarming rise in breast cancer cases highlights the need for a safer, effective, and more 

responsive chemoprevention approach for cancer treatment. In contrast to conventional chemotherapeutic 

medicines, which primarily function as mono-target agents, phytochemicals have been proven to inhibit cancer 

growth by influencing numerous processes, such as apoptosis and signaling pathways. Citrus maxima (Burm). 

Merr., frequently identified as pomelo, exhibits a wide range of biological activities, and is utilized extensively in 

the conventional approach to medicine, and this study focused on anti-cancer properties of Citrus maxima peel 

extracts. 
 

Materials and Methods: The anti-proliferative properties of the Citrus maxima peel extracts and its flavonoid 

Naringin on the breast cancer cell line was evaluated using the MTT test. The ability of the breast cancer cells to 

migrate was assessed using a wound healing assay and their capacity to form colonies was assessed using a colony 

formation assay. 
 

Results: The Citrus maxima crude peel extracts and Naringin inhibited the cell proliferation of the breast cancer 

cell line. The cell viability of breast cancer cells decreased with time after treatment with their corresponding IC50. 

The colony-formation capacity and migration ability of the cells was also reduced. 
 

Conclusion: The examined Citrus maxima crude peel extracts and its flavonoid Naringin showed strong anticancer 

efficacy by suppressing cell proliferation and could be seen as prospective candidates for upcoming breast cancer 

therapeutic medications. Extensive research is also needed to fully comprehend the precise mechanism of action of 

extracts and its components. 
.  
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INTRODUCTION        
  

emale breast cancer accounts for 6.9% of all 

cancer deaths and is the most diagnosed 

malignancy, accounting for 11.7% of all cases 

(1-3). Moreover, it is one of the world's greatest 

threats to human health. For the management of 

malignant illnesses, there are presently no curative 

therapy options accessible despite substantial research 

carried out over the previous few decades. 

Chemotherapy and radiation are two modern 

therapeutic techniques that have considerable systemic 

adverse effects, harm to growing healthy cells, 

structural abnormalities, behavioral illnesses, and 

drug-resistance, limiting their tolerability and clinical 

application (4). As a result, innovative, safer, and 

more effective selective therapy options for various 

cancers require immediate attention. According to 

growing evidence based on in vitro and in vivo 

studies, bioactive compounds derived from numerous 

natural sources can demonstrate chemo-preventive 

activity or as a co-administration in oncological 

therapies. Several Investigations have demonstrated 

the synergistic effect of natural ingredients with 

various chemotherapy medications (4). 
 

Many plants are ingested for their health advantages in 

developed countries. At the same time, people in Asia 

and Africa have employed medicinal plants for 

thousands of years in traditional medicines, taking 

advantage of their therapeutic benefits (5). 

Polyphenolic compounds have been extracted from 

plants for their crucial anti-cancer properties in drug 

discovery and development including flavonoids, 

alkaloids, carotenoids etc. Low-molecular weight 

flavonoids are abundant in citrus fruits. Certain 

members of citrus species are underutilized and need 

to be thoroughly examined with a focus on their 

bioactive and therapeutic qualities (6). 
 

Citrus maxima often referred to as pomelo, belong to 

the class Magnoliopsida, family Rutaceae, and are a 

highly valued species in terms of ethnomedicine. 

Among the phytochemicals present in this fruit, 

flavonoids are most often reported, and its peels 

contain a high number of flavanones naringin and its 

aglycone-naringenin (7-9).  
 

The citrus peel flavonoids target various intracellular 

signaling and regulatory enzymes thus, exhibiting 

effective anti-cancer action such as arresting cell 

cycle, impeding cell-proliferation, enhancing 

apoptosis, preventing migration, metastasis etc., (6). 
 

In this current investigation, cell viability, cell 

migration and colony-formation assays were used to 

evaluate the anti-cancer effectiveness of Citrus 

F 
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maxima peel (aqueous and ethanolic extracts) on the 

human breast cancer cell line MDA-MB-231. 
 

MATERIALS AND METHODS 
 

Plant material and extraction 
 

The fruit of Citrus.maxima was purchased from 

Sakleshpur. After the fruits were cleaned under tap 

water, the peel was separated, cut into pieces, and 

dried in an oven (40-50oC) for seven days. A 

powdered dry peel was used. Aqueous-peel extract 

was prepared by boiling the fine peel powder in 

distilled-water for 20 minutes, then subjected to 

filtration using grade 1 Whatmann filter. Ethanolic 

extract was prepared using Soxhlet apparatus and 99% 

ethanol as solvent extraction at 55°C for 24 hours. 

After the solvent was eventually evaporated using a 

rotary-flash evaporator, the concentrated peel extract 

was preserved at 4oC until use (10). 
 

Cell culture condition and treatment 
 

MDA-MB 231 human breast cancer cell line was 

procured from NCCS cell-repository Pune. The cells 

were grown in Dulbecco’s Modified Eagle’s Medium 

(DMEM, Gibco) with 10% fetal bovine serum (Gibco) 

and 100 U/ml penicillin/streptomycin in a humidified 

carbon dioxide incubator (5% CO2) at 37oC. Stock 

solutions of Citrus maxima aqueous extract 1mg/ml 

media, ethanolic extract 200mg, and Naringin 100mM 

(Sigma Aldrich) in DMSO were prepared and 

preserved (-20oC) until use. 
 

Cell viability assay 
 

MTT assay (11,12) was used to evaluate the 

cytotoxicity. Cells (0.05x106) were seeded in 24 well 

plates with respective growth media and incubated in 

a 5% CO2   incubator at 37⁰C. After attaining 70% 

confluency and starvation for 24hours, the cells were 

treated with their respective IC50 of crude C. maxima 

extracts and Naringin extracts and controls. The 

treated cells were incubated for 24, 48, and 72 hours 

and then washed with phosphate- buffered saline (PBS 

and reconstituted by fresh media. 20µl of MTT 3-(4, 

5-Dimethylthiazol-2yl)-2, 5-diphenyltetrozolium 

bromide)-5mg/ml (SRL) was added, followed by 

incubation for 4 hours at 37oC. After removing media, 

100 µl of DMSO was used to dissolve the formazan 

crystals, and absorbance at 570 nm was measured. 
 

Cell migration assay 
 

The inhibition of cell migration was evaluated using 

the wound healing assay (13). In a six well plate 

(1x103) cells per ml were seeded. After 24 hours of 

attaining confluency, a 200 µl tip was used to make a 

scratch. The cells were treated with the concentration-

values of IC50 of crude extracts, Naringin and their 

control in a serum-free medium. The wound area was 

observed for 0 hrs, 6 hrs, 12 hrs, 24 hrs, and 48 hrs 

using an inverted phase contrast microscope equipped 

with Leica software. Cell migration and percentage of 

wound area was calculated using Image J software. 
 

Colony formation assay 
 

In a six well plate, 500 cells were seeded in each well 

and allowed to grow for a few days. Cells were treated 

with IC50 –concentrations of C. maxima extracts and 

control. Following treatment, PBS wash was given. 

For 15 minutes cells were incubated at room 

temperature after being fixed with 70% ethanol. After 

incubation, ethanol was discarded; cells were stained 

with 400µl crystal violet solution (1%) and incubated 

for 15minutes at room temperature. After washing 

with PBS, the plates were left to dry. The cells were 

observed by a phase contrast microscope. The 

colonies were counted (14). 
 

Statistical analysis 
 

Graph Pad PRISM 8.0 software was used to conduct 

statistical analysis. Experiments were carried out three 

times. Data was reported as mean with SD. Using 

One-way ANOVA or two-way ANOVA with multiple 

comparisons statistical significance was calculated. 

*P < 0.05; **P < 0.01; ***P < 0.001 was used to 

represent statistical significance. 
 

RESULTS 
 

Anti-cancer effect of Citrus maxima peel extracts 

against breast cancer cell lines  
 

Cell viability of Citrus maxima peel extracts and 

Naringin on breast cancer cell lines was assessed 

using the MTT test. Aqueous and ethanolic C. maxima 

peel extract and naringin with their respective IC50 

370µg/ml, 940 µg/ml, and 150µM were used to treat 

MDA-MB-231 for a period of 24 to 72 hours. It was 

observed that the cell viability decreased over time. A 

gradual decline began at 24 hours, and maximum 

reduction in the viability of cells was recorded at 72 

hours. 
 

Effect of Citrus maxima peel extracts on migration 

of breast cancer cells 
 

The inhibition effect of Citrus maxima peel extracts 

and naringin was examined on the cell proliferation 

and migration of breast cancer cells. It was evaluated 

over 0 hours, 6 hours, 12 hours, 24 hours, and 48 

hours after treatment with their respective half 

maximal inhibitory concentration. The results showed 

that the examined plant extracts and Naringin (Fig.2) 

substantially prevented the migration and progression 

of MDA-MB-231 cells when compared to their 

respective controls. In the control without treatment 

and the DMSO control group, the wound healing was 

not affected, and the gap was almost completely 

closed in 48 hours.  
 

Effect of Citrus maxima peel extracts on colony 

formation of breast cancer cells 
 

The colony formation assay was carried out using 

MDA-MB-231 to confirm the effect of Citrus maxima 
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peel extracts and Naringin along with its control on 

the colony development of breast cancer cells. After 

treatment with their IC50, MDA-MB-231 showed a 

reduced number of colonies compared to their controls 

(Fig.3). These findings demonstrate that extracts and 

its flavonoid naringin significantly affect the colony 

forming ability of breast cancer cells.  

 

 
Fig 1: MTT assay demonstrated a reduction in cell viability of MDA-MB-231 cells after being treated with C. maxima peel 

extracts and naringin (A-C) with their IC50 for a period of 24, 48 and 72 hours. 

Values are mean±SD of three independent experiments subjected to one-way analysis of variance (ANOVA), and statistical 

difference from the control denoted by * and the *P<0.05, **P<0.01 or ***P<0.001 was considered statistically significant. 

CMPAQ-Citrus maxima peel aqueous extract; CMPE- Citrus maxima peel ethanolic extract; NAR-Naringin. 

 

 
Fig 2: Cell migration assay shows the effect of Citrus maxima peel extracts and Naringin on MDA-MB-231 breast cancer 

cells. (A) Photomicrographs representing the images of scratch and wound area recovered after treatment with extracts and 

Naringin their controls with their respective IC50 at different time intervals from 0, 6, 12, 24, and 48 hours (B) and (C) 

Percentage of wound area or cell migration are represented in the bar graph compared with the control. The differences from 

the control are indicated by * and ***P<0.001 was deemed statistically significant. Values represent mean±SD of three 

separate experiments that were subject to two-way analysis of variance (ANOVA). CMPAQ-Citrus maxima peel aqueous 

extract; CMPE- Citrus maxima peel ethanolic extract; NAR-Naringin. 
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Fig 3: Colony formation assay shows the effect of Citrus maxima peel extracts and naringin on MDA-MB-231 breast cancer 

cells. (A, B) Representative illustrations of cell colonies after treatment with respective extracts, Naringin, and their controls at 

IC50 concentrations effectively inhibited the colony development in MDA-MB-231 cells. (C) The percentage of colony 

formation is represented in the bar graph compared with the control. 

 

The differences from the control are indicated by* and 

**P<0.01 or ***P<0.001 was deemed statistically 

significant. Values represent mean±SD of three 

separate experiments that were subject to two-way 

analysis of variance (ANOVA). CMPAQ-Citrus 

maxima peel aqueous extract; CMPE- Citrus maxima 

peel ethanolic extract; NAR-Naringin.  
 

DISCUSSION   
 

Plant-based products are an essential source for new 

anti-cancer drugs that have the potential to provide 

long-term cancer management with minimal side 

effects (15). Citrus fruits like grapefruit and pomelo 

are rich in bioactive compounds like flavonoid which 

is highly concentrated in its peel fraction and have 

been recognized as agents in cancer treatment (6). 
  

In our previous study, we explored the in-vitro 

antioxidant activity of C. maxima juice, pulp, and peel 

along with its flavonoid and phenolic content and 

found that peels contain powerful phytoconstituent 

that could be created as candidate compounds for an 

anti-cancer treatment and have the high antioxidant 

capacity (16). 
 

So, we further examined the anti-carcinogenic 

potential of Citrus maxima peel extract on breast 

cancer cell line MDA-MB-231. The Citrus maxima 

peel extracts and its flavonoid naringin decreased the 

viability of breast cancer cells in a time–dependent 

manner when treated with their respective IC50 and 

was evaluated by MTT assay (Fig.1). The results are 

consistent with previous findings wherein C. maxima 

peel extracts have displayed anti-cancer efficacy by 

inhibiting the proliferation of breast cancer cells (17). 

Based on Li et al., findings naringin had a distinct 

inhibitory effect on the growth of Triple negative 

breast cancer cells (18). 
 

A particular primary characteristic of malignant 

tumors that contribute to an increase in the fatality rate 

of cancer is cell-migration or metastasis (13). In this 

cell migration study, the crude extracts and Naringin 

(Fig. 2) considerably reduced the rate of cell migration 

in MDA-MB-231 cells when compared to their 

respective controls. These results might point to 

effective anti-cancer drugs that may prevent cancer 

metastasis. 
 

In general, cancer cells have a propensity to form 

colonies when in contact with adjacent cells leading to 

cell-cell adhesion and cell motility. According to the 

clonogenic assay, the C. maxima crude extracts and 

Naringin significantly reduced the colony-forming 

ability of breast cancer cells as compared to the 

control (Fig.3). 
 

Citrus peel extracts have been shown to exhibit anti-

cancer action across several cell lines at varying levels 

of efficacy, which is swiftly connected with its 

chemical composition (19). The anti-cancer potential 

of naringin has also been studied in numerous cancer 

forms, such as bladder cancer (20), cancer of prostate 

(21), glioblastoma (22) etc., reducing proliferation, 
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and inhibiting ability to migrate and form colonies 

with efficient anti-tumor activity. 
 

The anti-cancer effect of peel extracts from one of the 

study findings indicated that the combination of peel 

extract from orange and naringin had a greater impact 

on esophageal squamous cell carcinoma than the 

flavonoid alone (23). The cancer prevention ability of 

the overall citrus peel extracts with higher 

concentrations of its total-phenolic and total-flavonoid 

content is found to be higher than its extracted 

individual bioactive components (6). 
 

CONCLUSION 
 

According to the findings of the current investigations, 

C. maxima peel extracts and its flavonoid naringin has 

a profound tumor prevention action against breast 

cancer cells-MDA-MB-231. The outcomes also 

showed that the extracts and Naringin significantly 

hindered the capacity of breast cancer cells to migrate 

and develop colonies. Due to this distinctive 

mechanism, C. maxima peel extracts and its 

compound naringin may be a more practical option in 

treating breast cancer patients. 
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