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ABSTRACT  

Colon cancer remains one of the most prevalent malignancies worldwide, necessitating the exploration of novel, safe, and 

effective therapeutic agents derived from natural sources. Actinidia deliciosa (kiwi fruit) is rich in bioactive 

phytochemicals, including polyphenols, flavonoids, and vitamins, which exhibit strong antioxidant and anticancer 

properties. The present study aimed to evaluate the in vitro anti-colon cancer activity of methanolic extract of A. deliciosa 

against human colon cancer cell lines. The extract was prepared through solvent extraction and subjected to preliminary 

phytochemical screening to identify the presence of alkaloids, flavonoids, saponins, and phenolic compounds. Cytotoxicity 

and antiproliferative effects were analyzed using the MTT assay, followed by assessment of apoptotic induction through 

morphological observation and nuclear staining. The results demonstrated a dose-dependent reduction in cell viability, 

indicating potent cytotoxic activity of the methanolic extract against colon cancer cells, with minimal toxicity toward 

normal cells. These findings suggest that A. deliciosa possesses promising anticancer potential and could serve as a source 

for developing plant-based therapeutics for colorectal cancer. Further purification and molecular-level studies are required 

to identify the active constituents responsible for the observed effects. 
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INTRODUCTION 

Colon cancer is one of the leading causes of cancer-related 

mortality worldwide, accounting for a significant 

proportion of gastrointestinal malignancies. Despite 

advances in chemotherapy and targeted therapy, the 

associated side effects and the emergence of drug resistance 

remain major challenges. Therefore, the search for safer, 

natural, and cost-effective alternatives has intensified in 

recent years. Medicinal plants, known for their diverse 

phytochemical composition, have gained attention for their 

potential role in cancer prevention and treatment through 

modulation of oxidative stress, inflammation, and apoptotic 

pathways (Aggarwal et al., 2020). Actinidia deliciosa, 

commonly known as kiwi fruit, is a nutrient-dense plant 

belonging to the family Actinidiaceae. It is widely 

recognized for its high content of ascorbic acid, 

carotenoids, flavonoids, and polyphenolic compounds, all 

of which contribute to its strong antioxidant and free 

radical-scavenging activities (Kaur & Kapoor, 2021). 

Previous studies have shown that these bioactive 

compounds can inhibit cancer cell proliferation, induce 

apoptosis, and modulate various signaling pathways 

involved in tumor progression (Chen et al., 2019). 

However, limited data are available on the direct anticancer 

potential of A. deliciosa extracts, particularly against colon 

cancer cell lines. 

The Actinidia deliciosa (Kiwifruit) is a rich source of 

polyphenols, flavonoids, carotenoids, and vitamin C, 

compounds widely known for their antioxidant and 

therapeutic properties (Rakha et al., 2024; Kim et al., 

2024). Several studies have revealed that kiwifruit extracts 

exhibit anti-inflammatory and anticancer properties 
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attributed to these bioactive metabolites (Lippi et al., 2020; 

Moysidou et al., 2024). The fruit’s phenolic content, 

including catechin, quercetin, and rutin, has been correlated 

with its potential to scavenge free radicals and inhibit 

tumor growth (Pinto et al., 2020). Phytochemical analyses 

demonstrate that A. deliciosa methanolic extracts contain 

abundant phenolics, terpenoids, and saponins that 

contribute to antioxidant defense mechanisms (El-Azab et 

al., 2021; Mulye et al., 2020). Antioxidant assays such as 

DPPH and FRAP have revealed strong free radical 

scavenging activity, which may protect against oxidative 

DNA damage a precursor to cancer development (Kim et 

al., 2024). Studies by Pinto et al. (2020) and Rakha et al. 

(2024) highlight the role of kiwifruit polyphenols in 

enhancing cellular redox balance and modulating oxidative 

stress in carcinogenesis models. 

Multiple in vitro investigations support the anticancer 

efficacy of A. deliciosa extracts. Bharadwaj et al. (2024) 

and Geetha et al. (2024) reported dose-dependent cytotoxic 

effects of methanolic extracts on HCT-116 and HCT-119 

human colon cancer cell lines, showing significant 

inhibition of cell proliferation. The mechanism of 

cytotoxicity was attributed to apoptosis induction and 

disruption of mitochondrial membrane potential. El-Azab 

et al. (2021) also demonstrated similar effects against 

pancreatic cancer cell lines, indicating broad-spectrum 

anticancer activity. The MTT assay, as described by 

Mosmann (1983), was widely adopted to quantify cell 

viability and determine IC₅₀ values. Complementary assays 

such as DNA fragmentation and comet assays were used to 

evaluate apoptotic DNA damage (Tice et al., 2000; Gad et 

al., 2022). These studies collectively establish methanolic 

kiwifruit extracts as potent antiproliferative agents. 

Apoptosis, a controlled process of programmed cell death, 

plays a key role in cancer inhibition (Elmore, 2007). 

Several studies revealed that A. deliciosa extracts induce 

apoptosis via intrinsic (mitochondrial) pathways. Rajendra 

et al. (2023) and Gad et al. (2022) reported upregulation of 

pro-apoptotic genes (Bax, Caspase-3) and downregulation 

of anti-apoptotic markers (Bcl-2) in colon cancer cells 

treated with methanolic extracts. Nguyen et al. (2019) 

confirmed that similar plant-derived compounds trigger 

apoptosis through reactive oxygen species (ROS) 

accumulation and loss of mitochondrial integrity. Plant-

derived bioactive compounds play multifaceted roles in 

suppressing colon cancer progression. Kumar and Das 

(2021) highlighted that flavonoids and phenolics interfere 

with Wnt/β-catenin and PI3K/Akt signaling pathways key 

regulators of colon tumorigenesis. Esmeeta et al. (2022) 

emphasized the synergistic effect of phytochemicals in 

arresting the cell cycle, modulating apoptosis, and 

inhibiting metastasis. Similarly, Lippi et al. (2020) 

proposed that dietary intake of Actinidia species may 

reduce colorectal cancer risk through antioxidant and anti-

inflammatory pathways. 

The in vitro anticancer screening typically involves 

standardized assays such as MTT (Mosmann, 1983), LDH 

leakage, and morphological analysis. Tice et al. (2000) 

recommended comet assays for assessing genotoxicity and 

oxidative DNA damage. Soltanian et al. (2017) and Gad et 

al. (2022) highlighted that standardizing assay conditions 

extract concentration, incubation time, and solvent control 

is crucial for reproducible cytotoxicity data. Such rigorous 

in vitro methodologies provide robust evidence of plant-

based therapeutic potential. Recent advances show that A. 

deliciosa extracts can serve as bioreductants in green 

nanoparticle synthesis with anticancer potential (Li et al., 

2021). These nanostructures exhibit enhanced cytotoxic 

effects due to improved cellular uptake and reactive oxygen 

species modulation. This integration of natural extracts 

with nanotechnology offers novel strategies for colon 

cancer therapy. 

MATERIALS AND METHODS 

Plant Material and Extraction 

Fresh Actinidia deliciosa (kiwifruit) samples were 

collected, washed, and air-dried at room temperature. The 

dried material was pulverized into fine powder using a 

mechanical grinder. About 50 g of powdered material was 

extracted with 250 mL of methanol using Soxhlet apparatus 

for 6 h. The filtrate was concentrated under reduced 

pressure using a rotary evaporator to obtain a crude 

methanolic extract. The extract was stored at 4 °C until 

further use. 

Phytochemical Screening 

Preliminary qualitative screening of the methanolic extract 

was performed to identify major secondary metabolites 

such as alkaloids, flavonoids, saponins, tannins, terpenoids, 

and phenolics using standard procedures described by 

Mulye et al. (2020) and El-Azab et al. (2021). 

Cell Line and Culture 

The human colon cancer cell line (HCT-116) and normal 

human colon epithelial cells were procured from the 

National Centre for Cell Science (NCCS), Pune, India. 

Cells were cultured in Dulbecco’s Modified Eagle Medium 

(DMEM) supplemented with 10 % fetal bovine serum 

(FBS), 1 % penicillin–streptomycin, and maintained at 37 

°C in a humidified incubator with 5 % CO₂. 

Cytotoxicity Assay (MTT Assay) 

The cytotoxic potential of the extract was evaluated by the 

MTT assay following Mosmann (1983). Briefly, cells were 

seeded in 96-well plates (1 × 10⁴ cells/well) and treated 

with various concentrations (25–400 µg/mL) of A. deliciosa 

methanolic extract for 24 h. After incubation, MTT solution 

(0.5 mg/mL) was added, and formazan crystals were 

dissolved using DMSO. Absorbance was measured at 570 

nm, and the IC₅₀ value was calculated. 

Morphological and Apoptotic Assessment 
Morphological changes were examined under an inverted 

microscope. For apoptosis confirmation, cells were stained 

with acridine orange/ethidium bromide (AO/EB) and 
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observed under a fluorescence microscope as per Elmore 

(2007). Apoptotic features such as chromatin condensation 

and nuclear fragmentation were documented. 

DNA Fragmentation Assay 
To confirm apoptosis, the single-cell gel electrophoresis 

(Comet) assay was performed following Tice et al. (2000). 

Cells treated with IC₅₀ concentration of extract were 

analyzed for DNA fragmentation, and the extent of comet 

tail length was compared to control cells. 

Statistical Analysis 

All experiments were conducted in triplicate, and data were 

expressed as mean ± SD. Statistical significance was 

determined using one-way ANOVA followed by Tukey’s 

post hoc test, where p < 0.05 was considered significant. 

 

 

Figure 1. Mechanism of anti-colon cancer action Actinidia Deliciosa Methanol Extract. 

RESULTS AND DISCUSSION 

The methanolic extract of A. deliciosa revealed the 

presence of diverse phytochemicals including flavonoids, 

phenolics, saponins, and alkaloids. These bioactives are 

known contributors to antioxidant and cytotoxic effects 

(Rakha et al., 2024; Kim et al., 2024). The abundance of 

phenolic compounds corroborates previous findings linking 

A. deliciosa polyphenols with anticancer efficacy (Pinto et 

al., 2020). MTT assay results showed a dose-dependent 

decline in cell viability of HCT-116 cells upon treatment 

with methanolic extract. The calculated IC₅₀ value was 

approximately 95 µg/mL, indicating potent cytotoxicity, 

while minimal toxicity was observed in normal colon 

epithelial cells. Similar findings were reported by 

Bharadwaj et al. (2024) and Geetha et al. (2024), who 

noted strong antiproliferative effects on colon carcinoma 

cell lines. Microscopic observation revealed classical 

apoptotic morphology such as cell shrinkage, blebbing, and 

nuclear fragmentation. AO/EB staining confirmed 

apoptotic cell death, where orange-red fluorescence 

indicated late apoptotic nuclei. These results align with 

Elmore (2007) and Gad et al. (2022), who established 

apoptosis as a primary mechanism in. The comet assay 

demonstrated significant DNA fragmentation in treated 

cells compared to control, confirming apoptosis-mediated 

cytotoxicity. The increased tail length correlates with 

elevated DNA damage as observed in other plant-derived 

anticancer extracts (Nguyen et al., 2019; Tice et al., 2000). 

Apoptosis induction by A. deliciosa methanolic extract can 

be attributed to ROS generation and modulation of 

apoptotic signaling pathways. The extract’s polyphenolic 

constituents possibly upregulate pro-apoptotic proteins 

(Bax, Caspase-3) and downregulate anti-apoptotic proteins 

(Bcl-2), consistent with findings by Rajendra et al. (2023) 

and Esmeeta et al. (2022). This mechanistic pathway 

involves mitochondrial dysfunction leading to cytochrome-

c release and activation of caspase cascades. 

CONCLUSION 

The present study demonstrates that methanolic extract of 

Actinidia deliciosa exhibits significant in vitro anti-colon 

cancer activity through apoptosis induction and DNA 

fragmentation. The cytotoxicity was found to be dose-

dependent and selective toward cancer cells, with minimal 

effect on normal cells. The results highlight the therapeutic 

potential of A. deliciosa as a natural source of anticancer 

agents, attributed to its rich phytochemical composition. 
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