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ABSTRACT
In this study, we investigated the effects of an ethanolic extract of Mangifera indica L. kernel on the 
viability and proliferation of human lung cancer cells. We utilized MTT and BrdU cell proliferation 
assays, morphological assessments, cell cycle analyses, and apoptosis assays to investigate the 
extract’s effects on lung cancer (A549 and NCI-H292) and normal lung (MRC-5) cells. The extract 
demonstrated a toxicity toward cancer cells compared to normal cells with dose-dependent anti- 
proliferative effect on lung cancer cells. The extract also caused differential effects on the cell cycle, 
inducing G0/G1 arrest and increasing the Sub-G1 population in both lung cancer and normal lung 
cells. Notably, the extract induced loss of membrane integrity, shrinkage, membrane blebbing, and 
apoptosis in lung cancer cells, while normal cells exhibited only early apoptosis. Furthermore, the 
extract exhibited higher toxicity towards NCI-H292 cells, followed by A549 and normal MRC-5 cells in 
decreasing order of potency. Our results suggest that the ethanolic extract of M. indica L. kernel has 
significant potential as a novel therapeutic agent for treating lung cancer cells, given its ability to 
induce apoptosis in cancer cell lines while causing minimal harm to normal cells.
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1. Introduction

The global burden of cancer remains a significant health con-
cern, as it is the second leading cause of mortality worldwide.1– 

3 In 2020, approximately 19.3 million new cancer cases and 
10.0 million cancer-related deaths were reported, representing 
a 22% rise in cancer diagnoses since 1990. Lung, breast, colon, 
and stomach cancers were identified as the most common 
types. Lung cancer is responsible for the greatest number of 
cancer fatalities (18.0%), followed by colorectal (9.4%), liver 
(8.3%), stomach (7.7%), and female breast (6.9%) cancers.4 For 
men, lung cancer is the primary cause of cancer deaths, fol-
lowed by prostate, colorectal, and liver cancers.2,4 Current 
chemotherapeutic drugs face limitations due to their low toler-
ability and severe side effects, including myelosuppression, 
heart damage, and kidney toxicity.5–8 Moreover, cancer cells’ 
development of drug resistance further hinders treatment 
success.9,10 As a result, there is a pressing need for alternative 
therapeutic options, such as targeted treatments, immune- 
based therapies, and the use of natural compounds with 
fewer side effects and improved effectiveness.11,12 Researchers 
have recently turned their attention to plant-derived com-
pounds, exploring their potential anticancer properties to dis-
cover new agents with greater specificity, reduced toxicity, and 

a lower risk of resistance development.13–15 The investigation 
of bioactive compounds in plants, including flavonoids, tan-
nins, and phenols, has uncovered promising leads for the 
development of innovative anticancer drugs. These natural 
compounds demonstrate potential in affecting various cancer- 
related pathways, such as regulating the cell cycle, inducing 
apoptosis, inhibiting angiogenesis, and preventing 
metastasis.16–18 The increasing prevalence of cancer worldwide 
necessitates the continuous pursuit of inventive and efficacious 
therapeutic approaches. By examining the action mechanisms 
of plant-derived compounds and assessing their safety and 
effectiveness in preclinical and clinical trials, researchers can 
contribute to the advancement of novel treatment options for 
cancer patients.

A wealth of medicinal plants are recognized for their rich 
phytochemical content, which possesses antitumor 
properties.19–21 These plant-derived antitumor agents encom-
pass a variety of compound classes, including vinca 
alkaloids,22,23 epipodophyllotoxins,23,24 taxanes,23,25 and 
camptothecins.26 Notably, taxanes and camptothecins consti-
tute approximately 33% of all commercially available antic-
ancer drugs.27,28
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Species within the Mangifera genus (belonging to the 
Anacardiaceae family) have a long-standing traditional use in 
treating a range of respiratory tract ailments, such as influenza,29 

asthma,30 cough,31 bronchitis32 and other bronchial conditions.33 

Additionally, extracts from certain Mangifera species exhibit anti- 
inflammatory34–37 and antimicrobial properties.38,39 In particular, 
products derived from Mangifera indica have demonstrated anti-
microbial activity against Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Pseudomonas aeruginosa.40 Mangifera indica 
is native to tropical regions and is widely found in countries such 
as the Philippines, Bangladesh, India, Pakistan, Africa, and 
Brazil.41 The plant produces mangoes, which serve as the national 
fruit of India, Pakistan, and the Philippines.42 A significant advan-
tage of Mangifera indica-derived products is their lack of side 
effects upon consumption,43,44 rendering them safe for use as 
therapeutic agents in treating various diseases. The therapeutic 
potential of Mangifera indica can be attributed to its rich phyto-
chemical composition, including bioactive compounds such as 
flavonoids, tannins, and phenols, which are known to exert var-
ious pharmacological effects. Studies have revealed that these 
compounds possess antioxidative, anti-inflammatory, and immu-
nomodulatory properties, which contribute to their efficacy in 
treating respiratory and inflammatory conditions. Moreover, 
their antimicrobial action may be linked to their ability to disrupt 
bacterial cell walls, inhibit essential enzymes, and interfere with 
quorum sensing, a mechanism that regulates bacterial virulence 
and biofilm formation.

In our prior research, we demonstrated that the primary 
chemical constituents of the Mangifera plant are flavonoids, 
tannins, and phenols.45 These bioactive compounds encom-
pass a diverse range of molecules, including epigallocate-
chin, chlorogenic acid, apigenin, epicatechin, rutin, 
p-coumaric acid, myricetin, mangiferin, 4-hydroxybenzoic 
acid, gallic acid, quercetin, and syringic acid.45

In a series of prior investigations,40,45–48 we demonstrated 
that the ethanolic extract derived from the kernel of Mangifera 
indica possesses bioactive components with cytotoxic proper-
ties against breast cancer cell lines. Building on these findings 
and to further explore the anticancer potential of Mangifera 
indica, we conducted the present study to examine the impact 
of the plant’s kernel extract on lung cancer cell lines. This 
research aims to assess the extract’s efficacy in inhibiting the 
growth, proliferation, and survival of lung cancer cells, as well 
as elucidate the underlying molecular mechanisms involved in 
cancer progression. Ultimately, these findings could contribute 
to the development of novel, plant-based lung cancer 
therapeutic.

2. Materials and methods

2.1. Chemicals and reagents

Various chemicals and reagents were sourced from different 
suppliers for this study. Invitrogen (Carlsbad, CA, USA) pro-
vided the trypsin/ethylenediaminetetraacetic acid (EDTA) 
solution. Sigma Chemical Company (Perth, Australia) supplied 
dimethyl sulfoxide (DMSO), phosphate-buffered saline (PBS), 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT), Dulbecco’s modified Eagle’s medium (DMEM), and 

trypan blue dye. Additionally, the diphenylamine (DPA) 
reagent was prepared using 100 mL glacial acetic acid, 1.5 g 
diphenylamine, 1.5 mL concentrated sulfuric acid, and 0.5 mL 
of a 16 mg/mL acetaldehyde stock solution, also obtained from 
Sigma Chemical Company.

2.2. Ethanolic extraction of Mangifera indica kernel

Mangifera indica waterlily mango fruits were obtained from 
a local market in Kuala Lumpur, Malaysia, and identified by 
Dr. Shamsul Khamis, a resident botanist at the Institute of 
Bioscience, Universiti Putra Malaysia. A voucher specimen 
(SK2448/14) was deposited at the Institute. The kernels were 
manually processed by soaking them in water to remove any 
residual flesh, followed by drying in an oven at 45°C for two 
days. Once dried, the kernels were ground using a Waring 
blender 7011HS (Osaka Chemical Co. Ltd., Kita-Ku, Osaka, 
Japan) and stored at 4°C until further use. For the extraction 
process, 95% ethanol was added to the ground kernel at a 10:1 
(v/w) ratio, and the mixture was shaken at 200 rpm in an 
incubator shaker (INNOVA 4000, New Jersey, USA) at 37°C 
for 24 hours. After incubation, insoluble materials were filtered 
out, and the suspension was centrifuged at 4000 rpm 
(Benchtop Centrifuge Z200A, Labnet International, Inc., 
Woodbridge, NJ, USA) for 10 minutes. The resulting super-
natant was dried using a 1 L Rotary Evaporator N1001S-WD 
(Tokyo Rikakikai Co., Ltd., Koishikawa Bunkyo-Ku, Tokyo, 
Japan). The dried extract was then dissolved in DMSO and 
stored at −20°C until further analysis.48

2.3. Cell culture

Virus-negative human mucoepidermoid bronchiolar carci-
noma (NCI-H292) cells, human adenocarcinoma alveolar 
basal epithelial (A549) cells, and normal human lung 
(MRC-5) cells were procured from the American Type 
Culture Collection (ATCC; Rockville, MD, USA). The 
cells were cultured in Dulbecco’s Modified Eagle Medium 
(DMEM) (Sigma Aldrich, USA), supplemented with 10% 
fetal bovine serum (FBS) and 1% penicillin (100 U/mL) 
(Isocillin, Aventis, Germany). The cell cultures were main-
tained in a controlled environment at 37°C with 5% CO2 in 
an incubator.

2.4. MTT assay for cell viability

In this study, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide (MTT) assay was performed to assess cell 
viability. Initially, 200 µL of cancer cell suspension (5 × 103 

cells/mL) and normal cell suspension (5 × 105 cells/mL) were 
added to the appropriate wells of a 96-well cell culture plate. 
After aspirating the medium from the wells, the cells were 
treated with 200 μL of Mangifera indica kernel ethanolic 
extract (concentrations ranging from 1.56 to 100 μg/mL) or 
paclitaxel (0.156 to 10.0 μg/mL) in the medium. One row of 
wells in the plate was designated as the non-treatment control 
group. The plates were incubated at 37°C under 5% CO2 for 24  
hours. Following incubation, the medium was aspirated, and 
the cells were washed three times with PBS buffer to remove 
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test compounds. Fresh medium was then added to the wells. 
Subsequently, 200 μL of 5 mg/mL MTT solution was added to 
each well, and the plate was incubated for an additional 4 to 6  
hours at 37°C under 5% CO2. After the incubation period, the 
MTT-containing medium was carefully removed and replaced 
with 200 μL of DMSO per well to dissolve the formazan crys-
tals. The absorbance was measured at 570 nm using an auto-
mated spectrophotometric EL 340 multiplate reader (Bio-Tek 
Instruments Inc., USA). Cell viability was determined by 
employing the following formula: 

Cell viability %ð Þ ¼
ODTreatment

ODNontreatment
�100 

Where OD is the optical density
The dose-response curves were utilized to establish the 

concentration of test compounds required to inhibit 50% of 
cell growth (IC50) for each cell line under investigation.

2.5. BrdU cell proliferation assay to assess 
anti-proliferative effects

To evaluate the anti-proliferative effects of the extract on the 
cells, the Bromodeoxyuridine (BrdU) incorporation assay was 
conducted using the colorimetric Cell Proliferation ELISA Kit 
(Roche, Germany). The cells were seeded at a density of 1 × 104 

cancer cells and 1 × 105 normal cells per 200 µL in the respec-
tive wells of 96-well plates and maintained under optimal 
conditions.17 After a 24-hour incubation, the medium was 
aspirated and replaced with 200 µL of either extract (concen-
trations ranging from 1.56 to 100 μg/mL) or paclitaxel (0.156 to 
10.0 μg/mL) in the medium. The cells were then treated for 24, 
48, or 72 hours. Subsequently, 10 µL of BrdU solution was 
added to each well to achieve a final concentration of 10 μM, 
and the plate was incubated for an additional 2 hours 
Following the manufacturer protocol. Cells incorporate BrdU 
into their DNA during the S-phase of the cell cycle when DNA 
synthesis occurs thus its used to estimate the proliferation of 
cells. After incubation, the BrdU-containing medium was 
removed, and the cells were fixed at room temperature for 30  
minutes using cold 70% ethanol afterword, 25 μL of 1 M 
H2SO4 solution was added to each well to denature the DNA 
then it was incubated with peroxidase-conjugated anti-BrdU 
antibody for 90 minutes. The peroxidase conjugate was then 
coupled with a substrate and the resulting reaction product was 
measured for its light absorbance read at 450 nm (reference: 
690 nm) using an ELISA reader (Bio-Tek Instruments Inc., 
USA). To account for any variations, the results were normal-
ized by the number of viable cells present.

2.6. Cell cycle analysis using flow cytometry

The cells were treated with the ethanolic M. indica kernel 
extract at its IC50 concentration for 24 hours. Subsequently, 
the cells were washed twice with cold PBS, resuspended in 
200 µL PBS, and fixed in 2 mL of ice-cold 70% ethanol for 
2 hours at 4°C. The fixed cells were stored at 4°C until 
further analysis. Before the analysis, the cells were centri-
fuged to collect the pellets, which were resuspended in PBS. 

The cells were then stained with 50 µg/mL propidium 
iodide (PI) solution containing 0.1 mg/mL RNase A in 
PBS and incubated at 37°C for 15 minutes. The cells were 
mechanically resuspended using a 25-gauge syringe needle 
and subjected to cell cycle analysis using flow cytometry 
(FACS, Beckman Coulter). For the cell cycle distribution, at 
least 10,000 cells were analyzed. The proportions of cells in 
the G1/Go, S, and G2/M phases were determined from the 
DNA histograms. Cells with a sub-diploid amount of DNA 
in the sub-G1 peak indicated that they had undergone 
apoptosis.

2.7. Annexin V/Propidium iodide apoptosis assay using flow 
cytometry
To determine apoptosis in treated cells, an annexin V-FITC 
binding assay (BD Biosciences Pharmingen, San Diego, CA) 
was performed following the manufacturer’s guidelines. 
Treated cells were washed with PBS buffer and then resus-
pended in the staining solution for 10 minutes before flow 
cytometry analysis. In brief, 2 × 10^6 cells in a 200 µL suspen-
sion were plated in a 6-well plate containing DMEM with 10% 
FCS. The cells were treated with the extract at IC50 concentra-
tions for 24 hours. Afterward, the cells were harvested, washed, 
and resuspended in 5 µL of Annexin V solution, followed by 
incubation in the dark for 10 minutes. Then, 10 µL of propi-
dium iodide (PI) solution was added to the cell suspension 
before analysis using the Coulter Epics Altra flow cytometer 
(Beckman Coulter, USA). The acquired data, expressed as 
a percentage of cells, were analyzed using the BD Accuri™ 
Flow cytometer. The lower left quadrant (Q3: Annexin-V and 
PI negative) represented viable cells, the lower right quadrant 
(Q4: Annexin-V positive) represented early apoptotic cells, the 
upper right quadrant (Q2: Annexin-V and PI-positive) repre-
sented late apoptotic cells, and the upper left quadrant (Q1: PI- 
positive) represented necrotic cells.

2.8. Morphological assessment of cells through inverted 
light microscopy

A 200 µL suspension of either 1 × 10^4 NCI-H292, MRC-5, or 
A549 cells was seeded into the respective wells of a 6-well plate 
and treated with the ethanolic M. indica kernel extract at their 
respective IC50 concentrations. The cell morphology, including 
changes in cell shape, size, and integrity, was assessed using an 
inverted light microscope, which allowed for the examination 
of living cells in their natural environment. This analysis 
helped to identify any alterations in cell structure or behavior, 
such as cell shrinkage, membrane blebbing, or the formation of 
apoptotic bodies, which could be indicative of cell death or 
apoptosis triggered by the M. indica kernel extract treatment. 
Additionally, any differences in cell adhesion, spreading, and 
density between treated and untreated cells were carefully 
observed, as these factors may also provide insights into the 
anti-cancer potential of the extract.

2.9. Statistical analysis

All experiments were carried out in triplicate, and the data 
were expressed as mean ± standard deviation. Statistical 
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analyses were conducted using Minitab statistical software 
(Minitab Inc., State College, PA). To determine the differ-
ences among the means of the treatment groups, a one-way 
analysis of variance (ANOVA) was performed, followed by 
Dunnett’s multiple comparison tests for post-hoc analysis. 
A p-value of less than 0.05 was considered statistically 
significant, indicating that the differences between the 
treatment groups were unlikely to have occurred by chance 
alone. This rigorous statistical approach ensured the relia-
bility and validity of the study findings, providing a robust 
foundation for understanding the potential anti-cancer 
effects of M. indica kernel extract.

3. Results

3.1. Cytotoxicity

The cytotoxicity of ethanolic M. indica kernel extract against 
human lung cancer cell lines (A549 and NCI-H292) and normal 
lung cells (MRC-5) was assessed using the MTT assay. The 
estimated IC50 values after 24 hours were 9.55 μg/mL for A549, 
12.32 μg/mL for NCI-H292, and 63.86 μg/mL for MRC-5. The 
M. indica kernel extract showed dose-dependent cytotoxicity 
against A549 and NCI-H292 cells (Figure 1). The toxic effect 
was significant (p < .05) at concentrations as low as 3.125 µg/mL 
for NCI-H292 and 6.26 µg/mL for A549 cells. While the extract 
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Figure 1. Viability of lung cancer, A549 and NCI-H292, and normal lung, MRC-5, cells treated with the ethanolic Mangifera indica L. kernel extract after 24 h, determined 
by the MTT assay. A549 = human adenocarcinoma alveolar basal epithelial cell; NCI-H292 = human muco-epidermoid bronchiolar carcinoma cell; MRC-5 = normal 
human lung cell. Values are mean ± standard deviation (n = 3 wells/treatment). p < .05 determined the significant differences among means.
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also caused a decrease in viability of MRC-5 cells, this effect was 
observed only at high extract concentrations of 50.0 and 100 µg/ 
mL. Interestingly, the antiproliferative effect of the M. indica 
kernel extract on lung cancer and normal lung cells was found to 
be less potent than that of the anticancer drug, paclitaxel. The 
IC50 values of paclitaxel against A549, NCI-H292, and MRC-5 
cells were found to be in the range of 0.89 to 0.15 μg/mL and 
were significantly (p < .05) lower than the IC50 values of the 
M. indica kernel extract. Despite this, the M. indica kernel 
extract exhibited selective toxicity against lung cancer cells as 
compared to normal lung cells (Table 1). These findings high-
light the potential of the M. indica kernel extract as a promising 
candidate for further investigation in lung cancer therapy.

3.2. Anti-proliferative effect

To assess the anti-proliferative effect of the M. indica 
kernel extract, BrdU incorporation assay was performed. 

The results showed that the lung cancer cells treated with 
the extract had low levels of BrdU incorporation, indicat-
ing poor proliferation of the cells. The effect of the extract 
on cancer cell proliferation was found to be more depen-
dent on the concentration of the extract rather than the 
time of exposure (Figure 2).

After 72 hours of exposure at a concentration of 12.5  
μg/mL, the extract significantly (p < .05) decreased the 
proliferation of NCI-H292 and A549 cells by 93.5% and 
89.0%, respectively, as compared to the untreated cells. On 
the other hand, the extract did not significantly (p > .05) 
inhibit MRC-5 cell proliferation except at very high con-
centrations of 100 μg/mL.

Overall, the M. indica kernel extract demonstrated 
a dose-dependent anti-proliferative effect on lung cancer 
cells, highlighting its potential as a promising candidate 
for further investigation in lung cancer therapy.

Table 1. IC50* values of mangifera indica L. kernel ethanolic extract and paclitaxel 
on NCI-H292, A549 and MRC-5 cells after 24 hours treatment.

Treatment

IC50 (µg/mL)

MRC-5 A549 NCI-H292

Extract 63.85 ± 2.6 12.32 ± 0.5 9.55 ± 0.1
Paclitaxel 0.0887 0.1466 0.0994

IC50, *concentration of drug needed to inhibit cell growth by 50%.
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Figure 2. Proliferation of lung cancer, A549 and NCI-H292, and normal lung, MRC-5, cells treated with the ethanolic Mangifera indica L. kernel extract for 24, 48, or 72 h, 
determined by the BrdUassay.A549 = human adenocarcinoma alveolar basal epithelial cell; NCI-H292 = human muco-epidermoid bronchiolar carcinoma cell; MRC-5 =  
normal human lung cell. Values are mean ± standard deviation (n = 3 wells/treatment). p < .05 determined the significant differences among means.
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3.3. Morphological abnormality

The morphology of the nontreated lung cancer (NCI-H292 and 
A549) and normal lung (MRC-5) cells showed typical mono-
layer growth with cells adhering to the surface of the culture 
plate. The A549 cells exhibited a slightly polyhedral shape, 
typical of epithelial cells, while the MRC-5 cells were elongated 
and spindle-shaped. The NCI-H292 cells displayed 

a polyhedral structure, and all cells were aggregated, indicating 
normal growth (Figure 3).

Treatment with the M. indica kernel extract at the respective 
IC50 concentration significantly altered the morphology of 
both cancerous and normal lung cells, as evidenced by 
a change in cell shape from elongated to rounded. The cyto-
toxic effect of the extract manifested in decreased growth of the 

Figure 3. Morphology of lung cancer, A549 and NCI-H292, and normal lung, MRC-5, cells treated with the ethanolic Mangifera indica L. kernel extract at the IC50 

concentration of 12.33, 9.55, and 63.86 μg/mL, respectively, for 24 h. A549 = human adenocarcinoma alveolar basal epithelial cell; NCI-H292 = human muco-epidermoid 
bronchiolar carcinoma cell; MRC-5 = normal human lung cell. Magnification: 200×.
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normal lung MRC-5 cells and loss of membrane integrity, 
shrinkage, membrane blebbing, and apoptosis of the lung 
cancer cells.

The observed morphological abnormalities of the cancer 
cells upon treatment with the M. indica kernel extract are 
indicative of the disruption of key cellular processes, such as 
mitosis, DNA synthesis, and cell division, resulting in impaired 
growth and ultimately leading to cell death. The results of this 
study suggest that the M. indica kernel extract possesses potent 
anti-cancer activity and has the potential to be developed into 
an effective lung cancer therapeutic agent.

3.4. 4 cell cycle and sub-G1phase

Treatment with the M. indica kernel extract at its IC50 con-
centration for 24 hours caused significant alterations in the cell 
cycle distribution of the lung cancer and normal lung cells. As 
shown in (Figure 4), the normal lung MRC-5 cells showed 
a significant (p < .05) increase in the percentage of cells in the 
G0/G1 phase after treatment, indicating cell cycle arrest at this 
phase. In contrast, the cancerous A549 and NCI-H292 cells had 
a lower population in the G0/G1 phase after treatment, sug-
gesting a decrease in cell cycle arrest at this phase compared to 
the nontreated cells. Interestingly, the extract-treated MRC-5, 
A549, and NCI-H292 cells showed a significant increase (p  
< .05) in the percentage of cells in the sub-G1 phase, which 
represents apoptotic cells, compared to the nontreated cells. 
This increase was approximately 5.47X, 6.74X, and 14.19X for 
the MRC-5, A549, and NCI-H292 cells, respectively.

Furthermore, the MRC-5 cell population in the S and 
G2/M phases decreased significantly (p < .05) with extract 
treatment compared to the nontreated cells, indicating that 
the extract caused cell cycle arrest at these phases 
(Figure 4). In contrast, the A549 and NCI-H292 cell 

populations in these cell cycle phases increased significantly 
(p < .05) after treatment compared to the nontreated cells, 
suggesting that the extract induced cell cycle progression at 
these phases. Specifically, the extract-treated A549 and 
NCI-H292 cell populations were approximately 2.2X and 
1.3X more in the S phase compared to the untreated cells. 
Also, there was 6.35X and 0.58X increase in the G2/M 
phase compared to the nontreated cells, respectively. 
These findings suggest that the M. indica kernel extract 
may induce cell cycle arrest and apoptosis in the normal 
and lung cancer cells, and that its effect is concentration 
dependent.

3.5. Apoptosis

In the study, the ethanolic M. indica kernel extract was found 
to induce apoptosis in the lung cancer cells. The extract was 
able to induce early apoptosis in both A549 and MRC-5 cells, 
but it was observed that the extract caused more A549 cells 
to undergo early apoptosis compared to MRC-5 cells 
(Figure 5). It was also noted that a significant proportion of 
NCI-H292 cells entered the late apoptotic and necrotic states 
after only 24 hours of treatment with the extract at 
a comparatively low concentration. These findings suggest 
that the NCI-H292 cells were most susceptible to the toxic 
effect of the extract. Interestingly, very few NCI-H292 cells 
were observed to undergo early apoptosis during the same 
period (Figure 5). It was also noted that most of the non-
treated cells remained viable after 24 hours, further empha-
sizing the potency of the extract in inducing apoptosis in 
lung cancer cells. Overall, the results suggest that the 
M. indica kernel extract has the potential to induce apoptosis 
in lung cancer cells, which may be beneficial in the develop-
ment of new anticancer agents.
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Figure 5. Scatter graph depicting annexin V (an) and propidium iodide (PI) double-staining assay of NCI-H292, A549 and MRC-5 cells treated with Mangifera indica 
L. kernel ethanolic extract at IC50 concentrations for 24 h. The Y-axis represents the PI-labeled population, whereas the X-axis represents the FITC-labeled annexin 
V positive cells. The lower left portion of the fluorocytogram (an ̶, PI )̶ shows viable cells, whereas the lower right portion of the fluorocytogram (An+, PI )̶ shows early 
apoptotic cells. The upper right portion of the fluorocytogram (An+, PI+) shows late apoptotic cells, whereas the upper left portion of the fluorocytogram (an  ̶, PI+) 
shows necrotic cells.
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4. Discussion

Cancer therapeutics are developed to regulate uncontrolled 
cell proliferation and abnormal mass formation that inter-
feres with the body’s vital functions during the develop-
ment of tumors.7,49,50 However, the most common cancer 
therapeutic strategy, the use of chemicals that induce apop-
tosis of cancer cells, has low specificity toward cancer cells 
and can be toxic to normal host cells.17,51

In our study, we investigated the potential of ethanolic 
M. indica L. kernel extract as an anti-lung cancer compound. 
To evaluate its efficacy, we used two lung cancer cell lines, 
A549 and NCI-H292. We found that the extract was highly 
toxic to NCI-H292 cells, and to a slightly lesser extent to A549 
cells. The toxic effect of the extract on the cancer cells became 
apparent at a concentration of 6.26 μg/mL. This is a significant 
finding, as traditional chemotherapy agents such as paclitaxel 
are often toxic to both cancer and normal cell lines, even at low 
concentrations.

Furthermore, the anti-cancer effect of the M. indica 
kernel extract appeared to be time-dependent. At a low 
concentration of 1.563 μg/mL, the extract did not influence 
the rate of proliferation of A549 cells but inhibited the 
proliferation of NCI-H292 cells. However, at concentra-
tions of 12.5 and 100 μg/mL, the extract significantly 
decreased (p < .05) the proliferation of both lung cancer 
cells, and the effect was more evident with an increase of 
exposure time.

We also evaluated the effect of the M. indica kernel extract 
on normal lung cells, MRC-5. We found that the extract only 
showed decreased proliferation after treatment with 100 μg/ 
mL. This suggests that the extract may be selectively toxic to 
cancer cells and not normal cells, which is an important char-
acteristic of an effective anti-cancer agent.

Our findings are consistent with a previous study, where we 
demonstrated that the M. indica kernel extract selectively inhi-
bits the growth of human breast cancer cell lines, MCF-7 and 
MDA-MB-231, without significantly affecting the viability of 
normal breast cells, MCF-10a. Taken together, these findings 
suggest that the M. indica kernel extract may be a promising 
candidate for the development of a novel anti-cancer therapy. 
Further research is needed to determine the mechanisms 
underlying its anti-cancer effects and to optimize its therapeu-
tic potential.46

The ethanolic extract of M. indica kernel has been found 
to contain several phytochemicals, including fumaric acid, 
apigenin 7-glucoside, butylated hydroxytoluene, and phe-
nols, which exhibit both antioxidant45 and anticancer 
properties.46 Certain phytochemicals such as quercetin and 
myricetin have been shown to induce apoptosis by activating 
caspase-3 and −9 activities.46 In addition, the extract has 
been demonstrated to upregulate the expression of p53, 
Bax, and Bcl-2 proteins in estrogen receptor-positive 
human breast cancer MCF-7 cells,47 suggesting that the 
extract may also target the same pathway in lung cancer 
cells. Interestingly, despite the presence of antioxidant phy-
tochemicals, the M. indica kernel extract has been found to 
exert its anti-proliferative effects on breast cancer cells 
through the activation of lipid peroxidation and the 

generation of reactive oxygen species.48 Therefore, the 
extract’s mechanism of action in lung cancer cells may be 
multifaceted and involve various signaling pathways.

Our study revealed that the M. indica kernel extract induced 
apoptosis in both the A549 and NCI-H292 lung cancer cells, as 
evidenced by changes in cell morphology. Apoptotic cells exhi-
bit characteristic features such as cell shrinkage, chromatin 
condensation, and formation of apoptotic bodies.44 These 
changes were similar to those observed in breast cancer cells 
treated with the extract.47,48 The reduction in cell number of 
treated cells further confirmed the toxic and anti-proliferative 
effects of the extract.

Apoptosis plays a crucial role in maintaining tissue home-
ostasis and preventing the development of cancer.52 In con-
trast, necrosis is a form of cell death that occurs as a result of 
injury or disease, and is not under genetic control.53 However, 
necroptosis is a programmed form of necrosis that is geneti-
cally regulated. Routine flow cytometry analysis cannot differ-
entiate between necrosis and necroptosis, making apoptosis the 
logical target of anticancer drugs.54 The ability of the M. indica 
kernel extract to induce apoptosis in lung cancer cells, though 
it’s very promising but it demands further research to study its 
potential as an anti-lung cancer agent. Our previous studies 
have shown that the extract contains phytochemicals such as 
quercetin and myricetin that have been shown to stimulate 
caspase-3 and −9 activities, leading to apoptosis in cancer 
cells.41 Additionally, the extract was found to upregulate p53, 
Bax, and Bcl-2 proteins in breast cancer cells.42 It is likely that 
similar mechanisms are responsible for the demonstrated effect 
of the extract.

Interestingly, despite containing phytochemicals with anti-
oxidant properties, the extract was found to exert its anti- 
proliferative effects on breast cancer cells by activating lipid 
peroxidation and generating reactive oxygen species (ROS).43 

ROS are known to induce apoptosis in cancer cells,55 and it is 
possible that the extract’s anticancer activity is also mediated 
through this mechanism in lung cancer cells.

Using cell cycle analysis, we observed that the M. indica 
kernel extract induced varying degrees of apoptosis in lung 
cancer cells. Specifically, after 24 hours of treatment, the extract 
caused a proportion of A549 cells to enter the early apoptosis 
stage, with some in the necrotic stage and very few in the late 
apoptotic stage. Similarly, in NCI-H292 cells, the extract 
caused the death of approximately 50% of the cells after the 
same treatment period, with cells almost equally distributed 
between the late apoptotic and necrotic stages. Few cells in this 
group were in the early apoptotic stage. The extract also caused 
some normal MRC-5 cells to enter the early apoptotic stage.

Our results indicate that the M. indica kernel extract is 
a more potent antiproliferative agent for NCI-H292 cells com-
pared to A549 cells. However, it is important to note that the 
extract is not cancer-specific, as it also caused the death of 
some normal lung cells, albeit at a lower potency.

It is worth mentioning that the differences observed in the 
degree of apoptosis induction could be attributed to the vary-
ing genetic and molecular characteristics of the different cell 
lines used in this study. Further studies are necessary to deter-
mine the mechanisms underlying the differential effects of the 
extract on the different cell lines.
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The cell cycle is a tightly regulated sequence of events that 
governs cell growth and replication. It is controlled by 
a network of regulatory proteins, including cyclins, cyclin- 
dependent kinases (CDKs), and CDK inhibitors such as p53, 
p21, and p27.17,56 In this study, the M. indica kernel extract 
was found to induce cell cycle arrest at the G2/M stages and 
apoptosis in both lung cancer and normal cells at their 
respective IC50 concentrations. However, the extract was 
most effective at inducing apoptosis in NCI-H292 cells, 
followed by A549 cells and normal MRC-5 cells, in order 
of decreasing potency.

A previous study using pure mangiferin, one of the active 
ingredients in M. indica, showed that it induced G1/M cell 
cycle arrest while also causing apoptosis in A549 cells.54 

However, the concentration of mangiferin in the M. indica 
kernel extract used in this study may be too low to induce 
G1/M cell cycle arrest but sufficient to induce apoptosis. 
Additionally, other chemical components of the extract, such 
as phenolic acids, flavonoids, and tannins, may also contribute 
to its anticancer effects.57–60 The exact mechanisms by which 
each component of the extract induces anticancer effects 
remain unclear and require further investigation.

Overall, this study highlights the potential of the M. indica 
kernel extract as an anticancer agent through its ability to 
induce cell cycle arrest and apoptosis in lung cancer cells. 
However, the extract’s nonspecific cytotoxicity against normal 
lung cells warrants further investigation to ensure its safe use as 
a therapeutic agent.

5. Conclusion

The findings of this study demonstrated that the ethanolic 
M. indica kernel extract has selective toxicity toward lung 
cancer cells, with NCI-H292 cells being the most susceptible 
and A549 cells being less so. On the other hand, the normal 
lung cells, MRC-5, were found to be the least affected by the 
extract. The morphological changes observed in the treated 
lung cancer cells, such as membrane blebbing, shrinkage, 
and loss of membrane integrity, are characteristic of cells 
undergoing apoptosis. Furthermore, the extract induced G0/ 
G1 phase cell cycle arrest and increased the apoptotic Sub- 
G1 population in all treated cells. These results suggest that 
the extract may have a potential therapeutic value as an 
antiproliferative agent for lung cancers. However, this 
claim demands further investigation to prove its efficacy in 
clinical setting.

It is important to note that the mechanism underlying the 
antiproliferative effects of the extract is not fully understood, 
and it is likely that various active components of the extract 
contribute to its efficacy. Previous studies have suggested that 
mangiferin, a component of the M. indica plant parts, can 
induce cell cycle arrest and apoptosis in lung cancer cells. 
However, the concentration of mangiferin in the M. indica 
kernel extract used in this study was relatively low, indicating 
that other chemical components of the extract may also be 
responsible for its antiproliferative effects.

The results of this study suggest the potential of M. indica 
kernel extract as a candidate for further exploration in treating 
lung cancers. However, it’s important to note that more 

research is required to fully understand the mechanisms of 
action, as well as to assess the safety and effectiveness of the 
extract in both preclinical and clinical settings.
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