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ABSTRACT: The present study evaluated the antiproliferative capacity and possible cell death mechanisms of lyophilized 
mango pulp extract (LMPE), applied to human colon cancer cells (SW480) and their metastasis-derived counterparts 
(SW620). The total phenolic content of LMPE was estimated by the Folin-Ciocalteu method. Three assays were employed 
to determine its antioxidant capacity: ferric-reducing antioxidant power, oxygen radical absorbance capacity, and 2,2-di-
phenyl-1-picrylhydrazyl. Furthermore, the antiproliferative activity of LMPE was assessed by sulforhodamine B, clonogen-
ic, and Ki-67 assays. Flow cytometry was employed to examine the cell cycle, production of intracellular reactive oxygen 
species (ROS), cell-surface phosphatidylserine, and change in mitochondrial membrane potential. LMPE exhibited a high 
level of total phenolic content and antioxidant activity. The mean maximal inhibitory concentration values of LMPE at 48 h 
of exposure were 43 and 29 mg/mL for SW480 and SW620, respectively. In the SW480 and SW620 cell lines, LMPE at 50 
mg/mL and 48 h of exposure induced an increase in intracellular ROS, cell cycle arrest in the G2/M phase, and probably, 
apoptotic processes without mitochondrial depolarization. LMPE had an antiproliferative capacity against the human col-
orectal cancer cell lines SW480 and SW620. These results highlight the chemopreventive potential of LMPE in colorectal 
cancer treatments.
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INTRODUCTION

Although there have been advances in the prevention and 
treatment of colorectal cancer (CRC), its incidence and 
mortality rates remain significantly high. In 2020, the 
GLOBOCAN database estimated more than 1.9 million 
new cases of CRC and 935,000 mortalities worldwide 
(Sung et al., 2021). Some risk factors for CRC are age, 
genotype, body height, and family history related to can-
cer (Wong et al., 2019). In addition, some modifiable risk 
factors for the disease are obesity, sedentary lifestyle, and 
frequent consumption of processed meats (Pointet and 
Taieb, 2017). Also, according to the World Cancer Re-
search Fund Network and the American Institute for Can-
cer Research (2018), there is limited evidence of a rela-
tionship between low fruit ingest and increased risk of 

CRC.
There are several treatments according to the stage of 

CRC and the condition of the patient, including surgery, 
radiotherapy, and medication on the diagnosis. However, 
medication can have unfavorable effects such as toxicity 
related to adverse reactions, insufficient specificity for tu-
mor cells, and the development of drug resistance. There-
fore, it affects normal cells in the blood, mucous mem-
branes (digestive tract, oral cavity, bladder, etc.), and hair 
follicles. These side effects impact the quality of life of the 
patient (Costea et al., 2018). The diagnosis of CRC usu-
ally occurs at advanced stages, and the treatment fails to 
be effective due to aggressive disease progression (Saif 
and Chu, 2010). Therefore, the exploration of new che-
mopreventive agents that eliminate malignant cells with-
out affecting healthy tissues is a potentially beneficial and 
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complementary strategy to control its development and 
progression (Martín et al., 2016).

Several studies have shown that the mango fruit (Man-
gifera indica L.) contains bioactive compounds with poten-
tial chemopreventive capacity against CRC. Noratto et al. 
(2010) found that polyphenolic extracts of the Ataulfo 
mango variety had cytotoxic activity in SW480 cell line. 
Velderrain-Rodríguez et al. (2018) employed an in vitro 
model and demonstrated that phenolic compounds in the 
peel of the Ataulfo mango have potential antiproliferative 
capacity in the colon cancer cell line LS180. Similarly, 
Corrales-Bernal et al. (2014b) established that an aque-
ous extract of mango pulp had chemopreventive action in 
the SW480 cells and decreased the formation of azoxy-
methane-induced aberrant crypt foci (ACF) of CRC in a 
murine animal model. Furthermore, Boateng et al. (2007) 
showed in Fischer 344 rats that intake of mango juice at 
20% for 9 weeks reduced the frequency of azoxymeth-
ane-induced ACF by 83%.

Mango pulp can be consumed fresh but can be pre-
served using several dehydration techniques, such as hot 
air, microwaving, and lyophilization. Izli et al. (2017) dis-
played that lyophilization protected the color, phenolic 
content, and antioxidant capacity of mango pulp. Further-
more, some studies have indicated the chemopreventive 
potential of berry (Stoner et al., 2007), açaí (Fragoso et 
al., 2018), and black raspberries (Harris et al., 2001) lyo-
philizates against CRC.

The colon cancer cell line (SW480) and its metastasis- 
derived counterpart (SW620) constitute unique models 
to investigate the stages of CRC progression (Hewitt et 
al., 2000). The present study evaluated the antiprolifera-
tive capacity and possible cell death mechanisms of ly-
ophilized mango pulp extract (LMPE) applied to adeno-
carcinoma cells (SW480) and their metastasis-derived 
counterparts (SW620).

MATERIALS AND METHODS

Vegetal material
Commercial lyophilized pulp of mango (cv. Yulima) was 
procured from Grupo Fontus S.AS (Bogotá, Colombia).

Preparation of the LMPE
The commercial lyophilizate was dissolved in sterile dis-
tilled water for 24 h at 37°C with continuous shaking at 
180 rpm. Later, the mixture was filtered using sterile 
gauze. The extract obtained was lyophilized again in a 
vacuum chamber at −50°C and pressure of 0.427±0.5 
mm Hg. The LMPE was stored at −20°C and protected 
from light until further use.

Chemical characterization
The LMPE was reconstituted in distilled water at 1 mg/ 
mL for subsequent chemical characterization.
Determination of total phenolic content: The Folin-Ciocalteu 
method was used to determine the total phenolic content 
in the LMPE (Muñoz-Bernal et al., 2017). The results 
were expressed as mg gallic acid equivalent (GAE) per 
gram of LMPE (mg GAE/g LMPE).
Determination of total flavonoid content: Total flavonoid con-
tent in the LMPE was determined by reaction with alumi-
num chloride in a colorimetric assay. Catechin was used 
as the standard, and the results were expressed in mg 
catechin equivalent (CAE) per gram of LMPE (mg CAE/g 
LMPE) (Armentano et al., 2015).
Determination of total tannin content: Total tannins content 
in the LMPE was determined by oxidation reaction with 
ferric chloride. The results were expressed in mg tannic 
acid equivalent (TAE) per gram of LMPE (mg TAE/g 
LMPE) (Armentano et al., 2015).
Determination of total polysaccharide content: The total poly-
saccharide content in the LMPE was established by the 
phenol-sulfuric acid method (López-Legarda et al., 2017). 
The results were expressed as mg glucose equivalent 
(GE) per gram of LMPE (mg GE/g LMPE).

Antioxidant activity analysis
Determination of ferric-reducing antioxidant power (FRAP): 
This assay was performed according to the protocol de-
scribed by Benzie and Strain (1996). The results were ex-
pressed as micromole Trolox equivalent (TE) per gram 
of LMPE (mol TE/g LMPE).
Determination of oxygen radical absorbance capacity (ORAC): 
The methodology reported by Ou et al. (2001) was fol-
lowed with some modifications (Zapata et al., 2014). The 
results were expressed as mol TE/g LMPE.
Determination of 2,2-diphenyl-1-picrylhydrazyl (DPPH): This 
determination was performed according to the protocol 
described by Garzón et al. (2012). The results were ex-
pressed as mol TE/g LMPE.

Cell culture and treatments
SW480 and SW620 cell lines were obtained from the Eu-
ropean Collection of Authenticated Cell Cultures (Salis-
bury, UK). The skin fibroblasts (nonmalignant cells) from 
discarded biopsy samples were donated by the Universi-
ty of Antioquia, Colombia. Briefly, cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 25 mM glucose, 2 mM L-glutamine, 10% fe-
tal bovine serum (FBS), 100 U/mL penicillin, 100 g/mL 
streptomycin, and 1% nonessential amino acids (Invitro-
gen, Carlsbad, CA, USA). The cells were incubated at 
37°C in a humidified atmosphere with 5% CO2.

Further, 0, 10, 20, 25, 30, 40, and 50 mg LMPE/mL 
solutions were prepared in DMEM supplemented with 



438  Lozano-Casabianca et al.

25 mM glucose, 2 mM L-glutamine, 3% FBS, 100 U/mL 
penicillin, 100 g/mL streptomycin, 1% nonessential am-
ino acids, 10 g/mL insulin, 5 g/mL transferrin, and 5 
ng/mL selenium for the experiments. The mixture was 
sonicated for 20 min at 42 kHz and later centrifuged at 
5,000 rpm for 20 min. The supernatant was collected in 
a fresh tube by filtering through a 0.2 m membrane. Fi-
nally, the solutions were stored in the dark at −20°C 
until further use. The cells were treated with LMPE at 
different concentrations, and the untreated cells (0 mg 
LMPE/mL) were used as control.

Cytotoxic activity assay
Briefly, 20,000 cells per well were seeded and incubated 
for 24 h. Later, the cells were treated for 48 h with dif-
ferent concentrations (10, 20, 30, 40, and 50 mg/mL) of 
LMPE and maintained at 37°C and 5% CO2. After treat-
ment, cytotoxic activity was assessed with sulforhod-
amine B (SRB) according to the method described by 
Vichai and Kirtikara (2006). The level of inhibition of cell 
viability was calculated as follows:

Viability inhibition=1− At ×100
Ac

where At is the absorbance of the treated cells, and Ac is 
the absorbance of the control cells (untreated, 0 mg 
LMPE/mL).

In addition, a linear regression was used to calculate 
the mean maximal inhibitory concentration (IC50). The 
selectivity index (SI) was calculated from the IC50 ratio 
in nonmalignant versus cancer cells using the following 
equation:

SI=
IC50 Skin fibroblasts (nonmalignant cells)

IC50 Cancer cells

SI indicates the selectivity of the LMPE to the tested cells. 
An SI >1 is more cytotoxic to tumor cells than to non-
malignant cells, whereas an SI <1, is less cytotoxic to tu-
mor cells compared to nonmalignant cells.

Antiproliferative assays
To evaluate the antiproliferative effect of the LMPE on 
SW480 and SW620 cell lines, three assays were per-
formed, i.e., SRB; clonogenic; and Ki-67.
Colorimetric assay with SRB: This assay was performed ac-
cording to the protocol described by Gossé et al. (2005). 
Briefly, 2,500 cells/well were seeded and incubated at 
37°C in a 5% CO2 environment. After 24 h of establish-
ment, the cells were treated with different concentrations 
(10, 20, 30, 40, and 50 mg/mL) of LMPE, and the cul-
tures were incubated for different periods (0, 24, 48, and 
72 h). Later, the cell culture was stopped by adding 50% 

(v/v) trichloroacetic acid, and cellular proteins were de-
termined by staining with 0.4% SRB (w/v).
Clonogenic assay: It was performed according to the meth-
od described by Franken et al. (2006). Briefly, 200 cells/ 
well were seeded and incubated at 37°C in a 5% CO2 en-
vironment. After 24 h of establishment, the cells were 
treated for 48 h with 25 and 50 mg/mL concentrations 
of LMPE. After treatment time, the cells were incubated 
for 7 days at 37°C in a 5% CO2 environment. Cells were 
then fixed with Carnoy’s solution (ethanol-acetic acid ra-
tio 3:1) and stained with crystal violet (0.5% w/v). The 
number of colonies formed was counted using colonies 
of 50 or more cells as inclusion criteria. The results were 
presented as absolute cloning efficiency (ACE) and rela-
tive cloning efficiency (RCE) and were determined using 
the following equations:

ACE=
Number of colonies

×100
Number of inoculated cells

RCE=
ACE of each treatment

×100
ACE of the control

Ki-67 assay: In this assay, 20,000 cells were seeded and 
incubated for 24 h. Later, the cells were treated for 48 h 
with different concentrations (10, 30, and 50 mg/mL) of 
LMPE, and maintained at 37°C in a 5% CO2 environment. 
Ki-67 concentrations in the cell culture supernatant were 
determined after the treatment using a quantitative en-
zyme-linked immunosorbent assay (ELISA) kit (R&D 
Systems Inc., Minneapolis, MN, USA) following the man-
ufacturer’s instructions. The absorbance of each well was 
determined at 450 nm in the microplate reader. The con-
centration of human Ki-67 in the samples was calculated 
by comparing the absorbance of the samples with a stand-
ard curve.

Assays to evaluate cell death mechanisms
Four assays were performed to explore the possible cell 
death mechanisms in cell lines as a consequence of the 
treatment with the LMPE: cell cycle analysis, detection 
of cell-surface phosphatidylserine (PS), change in mito-
chondrial membrane potential (m), and intracellular 
ROS production.
Cell cycle analysis: This assay was performed according to 
the method proposed by Nicoletti et al. (1991). Briefly, 
1×106 cells per culture dish were maintained at 37°C 
with 5% CO2. After incubation for 24 h, the cells were 
treated for 48 h with the LMPE at 50 mg/mL. The cells 
were harvested using trypsin. They were fixed with 96% 
ethanol (4°C) and then washed and resuspended in phos-
phate-buffered saline (PBS). Later, 1 L of propidium io-
dide (PI, Thermo Fisher Scientific, Waltham, MA, USA) 
was added per 200 L of cells resuspended in PBS, and 
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Table 1. Chemical characterization and antioxidant activity of 
LMPE

Parameter

Total phenolic compounds (mg GAE/g LMPE)  69.3±15.6
Total flavonoids (mg CAE/g LMPE)  8.7±2.3
Total tannins (mg TAE/g LMPE) 21.7±1.7
Total polysaccharides (mg GE/g LMPE) 633.1±66.7
FRAP (mol TE/g LMPE) 627.9±17.3
ORAC (mol TE/g LMPE) 866.1±3.5
DPPH (mol TE/g LMPE) 576.2±65.9

Data are presented as mean±SD (n=3).
LMPE, lyophilized mango pulp extract; GAE, gallic acid equiv-
alents; CAE, catechin equivalents; TAE, tannic acid equivalents; 
GE, glucose equivalents; FRAP, ferric reducing antioxidant 
power; TE, Trolox equivalent; ORAC, oxygen radical absorbance 
capacity; DPPH, 2,2-diphenyl-1-picrylhydrazyl.

RNAse was added at a concentration of 250 g/mL. The 
culture was maintained for 30 min at 37°C in the dark. 
The data of at least 10,000 events per sample were col-
lected by flow cytometry and analyzed using the FlowJoTM 
Software (version 7.6.2, Becton, Dickinson and Compa-
ny, Ashland, OR, USA).
Detection of cell-surface PS: PS present on the membrane 
surface of the cell was detected by its binding to annexin 
V-fluorescein isothiocyanate (FITC) (Demchenko, 2013). 
Simultaneous PI staining was applied to determine plas-
ma membrane integrity. Briefly, cells (1×106) were seeded 
and treated as described for cell cycle analysis. The cells 
were harvested using trypsin. Later, cells were washed, 
resuspended in PBS, and incubated with annexin V-FITC 
(Becton, Dickinson and Company) and PI (Thermo Fish-
er Scientific) for 15 min at 37°C in the dark. 1.5 L of an-
nexin V-FITC was added for each 100 L of resuspended 
cell solution in PBS. The cultures were incubated for 10 
min at room temperature (RT) (20±1°C) in the dark. 
Subsequently, 2 mL of 1× binding buffer was added, and 
the mixture was centrifuged at 400 g for 5 min at RT. 
The supernatant was discarded, and the cells were resus-
pended in 200 L of 1× binding buffer and 1 L of PI. 
The data of at least 10,000 events per sample were col-
lected by flow cytometry and analyzed using FlowJoTM 
Software (Becton, Dickinson and Company).
Change in the mitochondrial membrane potential: The dye 3,3’- 
dihexyloxacarbocyanine iodide (DiOC6) was used to de-
termine changes in the mitochondrial membrane poten-
tial (m) (Maldonado-Celis et al., 2009). Simultaneous 
PI staining was applied to determine plasma membrane 
integrity. Briefly, cells (1×106) were seeded and treated 
as described for cell cycle analysis. The cells were har-
vested using trypsin and later washed, and resuspended 
in PBS. Later, the cells were incubated with DiOC6 (Ther-
mo Fisher Scientific) at a final concentration of 700 nM 
and PI (1 L per 200 L of cells resuspended in PBS) at 
37°C for 30 min. The data of at least 10,000 events per 
sample were collected by flow cytometry and analyzed 
using FlowJoTM Software (Becton, Dickinson and Com-
pany).
Intracellular ROS production: The intracellular ROS produc-
tion was determined according to the method proposed 
by Maldonado-Celis et al. (2009). Briefly, 1×106 cells per 
culture dish were maintained at 37°C with 5% CO2. After 
incubation for 24 h, the cells were treated for 48 h with 
different concentrations (10, 30, and 50 mg/mL) of LMPE. 
The cells were harvested using trypsin and resuspended 
in PBS containing 5 M of 5 (and 6)-chloromethyl-2’,7’- 
dichlorodihydrofluorescein diacetate, acetyl ester (mixed 
isomers; Invitrogen). The cells were incubated for 30 min 
at RT in the dark. Fluorescence was detected by flow cy-
tometry with an FL-1 filter (530 nm). The data of at 
least 10,000 events per sample were collected by flow 

cytometry and analyzed using FlowJoTM Software.

Statistical analysis
To determine the cytotoxic and antiproliferative effect of 
the LMPE using SRB staining, comparative parametric 
statistical tests were performed. The differences between 
the means of the treatments and the control group were 
analyzed by Dunnett’s post-hoc test. The nonparametric 
Kruskal-Wallis test, using Dunn’s post-hoc test was em-
ployed to analyze the clonogenic assay and the Ki-67 
assay. Student’s t-tests were conducted to compare cell 
groups in terms of the cell cycle, cell-surface PS, mito-
chondrial membrane potential change (m), and intra-
cellular ROS production. In all cases, a P<0.05 was con-
sidered statistically significant. GraphPad Prism 8.0 stat-
istical software (GraphPad Software, San Diego, CA, 
USA) was used for the data analysis. All the assays were 
conducted at least in triplicate.

RESULTS

Chemical characterization and antioxidant activity of LMPE
Table 1 shows the total content of phenolic compounds, 
flavonoids, tannins, and polysaccharides present in the 
LMPE, and its antioxidant capacity measured in terms of 
FRAP, ORAC, and DPPH.

Cytotoxicity effect
The cytotoxic effect of the LMPE was evaluated by em-
ploying a colorimetric assay with SRB, as previously de-
scribed. Fig. 1A shows that the treatment has a cytotoxic 
effect in SW480 cells from 10 mg LMPE/mL (P<0.001) 
with a directly proportional relationship between LMPE 
concentration and viability inhibition. Fig. 1B shows that 
the viability inhibition in SW620 cells begins at 10 mg 
LMPE/mL (P<0.001) and increases evidently at 30 mg 
LMPE/mL and above. In skin fibroblasts (nonmalignant 
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Fig. 2. Effect of the lyophilized mango pulp extract (LMPE) on cell proliferation in SW480 (A) and SW620 (B) cells. Cells were exposed 
to 10, 20, 30, 40, and 50 mg LMPE/mL for 0, 24, 48, and 72 h. Untreated cells (0 mg LMPE/mL) were used as control. Data 
are presented as mean±SEM (n=5). ANOVA test was conducted to compare groups. The differences between the means of the 
treatments and the control group were analyzed by Dunnett’s post-hoc test. Significant differences between control and treated 
cells at *P<0.05 and ***P<0.001. Rectangles cluster several concentrations of LMPE with the same significant difference from 
the control. 

Fig. 1. Cytotoxicity of the lyophilized mango pulp extract (LMPE) in SW480 (A), SW620 (B), and skin fibroblasts (nonmalignant) 
(C) cells. Cells were exposed to different concentrations of the treatment (10, 20, 30, 40, and 50 mg LMPE/mL) for 48 h. Untreated 
cells (0 mg LMPE/mL) were used as control. Data are presented as mean±SEM (n=5). ANOVA test was conducted to compare 
cell groups. The differences between the means of the treatments and the control group were analyzed by Dunnett’s post-hoc 
test. Significant differences between control and treated cells at **P<0.01 and ***P<0.001.

cells), the inhibition increases with extract concentration, 
however, statistical significance was achieved at 50 mg 
LMPE/mL (P<0.01) (Fig. 1C). The IC50 values of the 
LMPE at 48 h of exposure for SW480, SW620, and skin 
fibroblasts were 43, 29, and 129 mg/mL, respectively. Ad-
ditionally, the SI of the LMPE in the SW480 and SW620 
cell lines was 3 and 4.5, respectively. This indicates that 
LMPE was cytotoxic and selective for SW480 and SW620 
cell lines regarding nonmalignant skin fibroblast cells.

Antiproliferative effect
Colorimetric assay with SRB: Fig. 2 shows the inhibition of 
cell proliferation in both cell lines increased in a directly 
proportional manner as a function of extract concentra-
tion and exposure time. An increase in the cell viability 
inhibition (compared to the control) was observed in 
SW480 cells treated for 24 h starting at 20 mg LMPE/mL 
(P<0.001); and, after 48 and 72 h, it was found from 10 

mg LMPE/mL (P<0.001). Similarly, an increase in the 
cell viability inhibition was observed at 30 mg LMPE/mL 
(P<0.05) in SW620 cells treated for 24 h; and after 48 
and 72 h, it increased from 20 and 10 mg LMPE/mL (P< 
0.001), respectively.
Clonogenic assay: The capacity of SW480 and SW620 cell 
lines to form colonies after treatment was evaluated. Ta-
ble 2 shows the total inhibition of colony-forming ability 
(P<0.05) in SW480 and SW620 cells at concentrations 
of 25 and 50 mg LMPE/mL at 48 h of exposure.
Ki-67 assay: The Ki-67 expression was measured in the 
cell culture supernate using a quantitative ELISA Kit. Fig. 
3A shows the downregulation of Ki-67 expression in the 
SW480 line treated for 48 h with 30 and 50 mg LMPE/ 
mL (compared to control cells). In SW620 cells, the ex-
pression of Ki-67 decreased with the exposure to the 
LMPE for 48 h, however, it did not reach significant dif-
ferences (Fig. 3B). These results indicate that the LMPE 
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Table 2. Effect of LMPE on the colony-forming ability of SW480 
and SW620 cells (unit: %)

Concentration
(mg LMPE/mL)

SW480 SW620

ACE RCE ACE RCE

0 (control) 20.5 (14.5∼26.0) 100.0  8 (5.5∼9.5) 100.0
25  0.0 (0.0∼0.0)*   0.0  0 (0.0∼0.0)*  0.0
50  0.0 (0.0∼0.0)*   0.0  0 (0.0∼0.0)*  0.0

Cells were exposed to 25 and 50 mg LMPE/mL for 48 h. The 
Kruskal-Wallis test was performed to compare groups and the 
differences between the medians of the treatments and the 
control group were analyzed by Dunn’s post-hoc test.
Data are presented as median (interquartile range) (n=3).
Significant differences between control and treated cells at 
*P<0.05.
LMPE, lyophilized mango pulp extract; ACE, absolute cloning ef-
ficiency; RCE, relative cloning efficiency.

Fig. 3. Effect of the lyophilized mango pulp extract (LMPE) on Ki-67 expression in SW480 (A) and SW620 (B) cells. Cells were 
exposed to different concentrations of the treatment (10, 30, and 50 mg LMPE/mL) for 48 h. Untreated cells (0 mg LMPE/mL) 
were used as control. Data are presented as median (interquartile range) (n=5). The Kruskal–Wallis test was performed to compare 
groups. The differences between the medians of the treatments and the control group were analyzed by Dunn’s post-hoc test. 
Significant differences between control and treated cells at **P<0.01 and ***P<0.001. 

has an antiproliferative effect on both cell lines.

Cell death mechanisms
Cell cycle analysis: After the treatment with 50 mg LMPE/ 
mL for 48 h, the cell cycle phases of SW480 and SW620 
cells were examined (Fig. 4A). Compared to the controls, 
the percentage of cells in the G2/M phase increased 3.8- 
fold (P<0.05) in the SW480 line (Fig. 4B). Similarly, Fig. 
4C shows a 2.7-fold (P<0.01) increase in the SW620 line. 
The LMPE induced cell cycle arrest in the G2/M phase 
in both lines. In addition, the percentage of cells in the 
G0/G1 phase decreased in both cell lines, indicating an 
increase in the number of dead or dying cells.
Detection of cell-surface PS: Apoptosis is related to the loca-
lization of PS in the outer monolayer of the cell mem-
brane. After 48 h of treatment with 50 mg LMPE/mL, PS 
was identified here using annexin V-FITC. Simultaneous 
PI staining was applied to determine plasma membrane 
integrity. Fig. 5A depicts the fluorescence intensity of 

these two fluorochromes in SW480 and SW620 cells. 
Fig. 5B and 5C display the quantification of fluorescence 
intensity in SW480 cells and SW620 cells, correspond-
ingly. The combined annexin V-FITC/PI staining enables 
the identification of necrotic cells (Q1), late apoptotic 
cells (Q2), early apoptotic cells (Q3), and viable cells 
(Q4). Treated SW480 and SW620 cells displayed a 39% 
and 37% increase, respectively, in the Q3 quadrant com-
pared to controls (P<0.001). This quadrant contains cells 
with a greater presence of PS on their surface but with-
out damage to their plasma membrane, i.e., cells in early 
apoptosis. These results suggest that their cell death 
mechanism may be associated with apoptosis.
Change in the mitochondrial membrane potential (m): Flow 
cytometry was implemented with the fluorescent probe 
DiOC6 to evaluate the effect of the treatment with 50 mg 
LMPE/mL for 48 h on mitochondrial membrane potential 
(m). The decrease in the dye in mitochondria is related 
to a reduction in m (Kataoka et al., 2005). Simultane-
ous PI staining was applied to determine plasma mem-
brane integrity. Fig. 6A shows the fluorescence intensity 
of these two fluorochromes in SW480 and SW620 cell 
lines. Fig. 6B and 6C show the quantification of the fluo-
rescence intensity in SW480 and SW620 cell lines, cor-
respondingly. The combined DiOC6/PI staining enables 
to identify dead cells with mitochondrial depolarization 
(Q1), dead cells with mitochondrial polarization (Q2), 
cells with membrane integrity and mitochondrial polar-
ization (Q3), and cells with membrane integrity and mi-
tochondrial depolarization (Q4). The treatment reduced 
the percentage of SW480 and SW620 cells located in the 
Q3 quadrant by 12.7% (P<0.01) and 14% (P<0.05), re-
spectively, compared to the controls. In the Q2 quadrant, 
the percentage of SW480 cells increased by 12% (P< 
0.001), and that of SW620, by 14% (P<0.01). These re-
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Fig. 5. (A) Representative dot charts annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) staining (detected by flow 
cytometry) in SW480 and SW620 cells. Quantification of cells classified by quadrants in SW480 (B) and SW620 (C). Cells were exposed 
to 50 mg lyophilized mango pulp extract (LMPE)/mL for 48 h. Untreated cells (0 mg LMPE/mL) were used as control. Four quadrants 
represent necrotic cells (Q1), late apoptotic cells (Q2), early apoptotic cells (Q3), and viable cells (Q4). Data are presented as 
mean±SEM (n=3). Significant differences between the control and treated cells quadrants at *P<0.05 and ***P<0.001 by Student’s
t-test.

Fig. 4. (A) Effect of the lyophilized mango pulp extract (LMPE) on the cell cycle of SW480 and SW620 cell lines. Representative 
histograms of fluorescence intensity (which indicates the cell cycle phase) were created using flow cytometry. Cell percentages 
as classified by cycle phase in SW480 (B) and SW620 (C). Cells were exposed to 50 mg LMPE/mL for 48 h. Untreated cells (0 
mg LMPE/mL) were used as control. Data are presented as mean±SEM (n=3). Significant differences between control and treated 
cells at *P<0.05, **P<0.01, and ***P<0.001 by Student’s t-test. 
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Fig. 6. (A) Representative dot charts of DiOC6/propidium iodide staining (detected by flow cytometry) in SW480 and SW620 cells. 
Quantification of cells classified by quadrants in SW480 (B) and SW620 (C). Cells were exposed to 50 mg lyophilized mango pulp 
extract (LMPE)/mL for 48 h. Untreated cells (0 mg LMPE/mL) were used as control. Four quadrants represent dead cells with 
mitochondrial depolarization (Q1), dead cells with mitochondrial polarization (Q2), cells with membrane integrity and mitochondrial 
polarization (Q3), and cells with membrane integrity and mitochondrial depolarization (Q4). Data are presented as mean±SEM
(n=3). Significant differences between the control and treated cells quadrants at *P<0.05, **P<0.01, and ***P<0.001 by Student’s
t-test.

sults, along with those presented in Fig. 5, suggest that 
the cell death caused by the LMPE treatment may be as-
sociated with cell apoptotic processes without mitochon-
drial depolarization.
Intracellular ROS production: Several studies have shown 
that, by producing ROS, chemopreventive compounds can 
cause cell cycle arrest and apoptosis of cancer cells. More-
over, in the process of apoptosis, the mitochondrial elec-
tron transport chain can be disrupted, leading to the 
production of ROS, such as hydroxyl radicals, and H2O2 
(Maldonado-Celis et al., 2009). Therefore, this study 
evaluated whether different doses of the treatment, i.e., 
10, 30, and 50 mg LMPE/mL could induce intracellular 
ROS production in SW480 and SW620 cells. Fig. 7 pres-
ents representative histograms (created using flow cy-
tometry) of the intracellular ROS production in control 
and treated cells. The intracellular ROS production in-
creased in the cells treated with 10, 30, and 50 mg LMPE/ 
mL for 48 h of exposure－SW480 (P<0.01) and SW620 
(P<0.05)－compared to their untreated counterparts.

DISCUSSION

The present study demonstrated that LMPE can inhibit 
the proliferation of SW480 cells and their metastasis-de-
rived counterparts, i.e., SW620 for the first time. Previous 

studies had reported the ability of mango pulp to inhibit 
SW480 cell proliferation (Noratto et al., 2010; Corrales- 
Bernal et al., 2014b). However, none of them had evalu-
ated metastatic colon cancer lines such as SW620.

The chemical characterization of the LMPE showed a 
higher content of total phenolic compounds (69.3±15.6 
mg GAE/g) than that reported by the Corporación Colom-
biana de Investigación Agropecuaria (Colombian Corporation 
for Agricultural Research) for Colombian mango pulp 
(between 0.5 and 2 mg GAE/g) (Lozano et al., 2010). 
Furthermore, the phenolic content was significantly high-
er than that reported for the pulp of ripe and green man-
goes of the Chinese Irwin variety, which ranged between 
26.9±3.76 and 27.8±2.21 mg GAE/g, respectively (Kim 
et al., 2010). Several phenolic compounds identified in 
mango fruit have been shown to inhibit cancer cell prolif-
eration and induce apoptosis (Noratto et al., 2010; Ramos, 
2007; Pan et al., 2014; Darvin et al., 2015; Velderrain- 
Rodríguez et al., 2018). Gallic acid (a phenolic acid) dem-
onstrated antiproliferative activity in LS180 colon adeno-
carcinoma cells (Velderrain-Rodríguez et al., 2018). Man-
giferin, a polyphenol of the xanthone group have shown 
an antiproliferative effect against PC3 prostate cancer ma-
lignant cells (Li et al., 2016) and CNE2 nasopharyngeal 
cancer cells by inducing apoptosis (Pan et al., 2014). 
Quercetin, a flavonoid identified in mango fruits, has in-
hibited the proliferation of HCT-116 and HT-29 colon 
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Fig. 7. Effect of the lyophilized mango pulp extract (LMPE) on intracellular reactive oxygen species (ROS) production in SW480 
(A) and SW620 (B) cell lines. Cells were exposed to 10, 30, and 50 mg LMPE/mL for 48 h. Untreated cells (0 mg LMPE/mL) were 
used as control. Representative histograms of fluorescence intensity (which indicates intracellular ROS production) were created 
using flow cytometry. Two rectangles represent cells with lower production of ROS (L1), and cells with higher production of ROS 
(L2). Data are presented as mean±SEM (n=3). Significant differences between the control and treated cells of rectangle (L2) at 
*P<0.05 and **P<0.01 by Student’s t-test.

malignant cells. Furthermore, quercetin has induced ap-
optosis in human cancer cell lines such as HSC-3 cells, 
submandibular gland HSG carcinoma cells, and promye-
locytic HL60 leukemia (Ramos, 2007). Tannic acid has 
been reported to have an apoptotic effect on YD-38 gin-
gival cancer cells (Darvin et al., 2015). Therefore, LMPE 
may have potential antiproliferative capacity against SW 
480 cells and their metastasis-derived counterparts, i.e. 
SW620, due to its high content of phenolic compounds. 

The results of this study showed the antioxidant capac-
ity of the LMPE. In particular, the DPPH assay proved its 
capacity to reduce free radicals (576.2±65.9 mol TE/g), 
showing values higher than those reported in mango pulp 
by Kuskoski et al. (2005) (13.7±0.4 mol TE/g) and 
those found by Corrales-Bernal et al. (2014a) in green 
and semi-ripe mangoes (ranging between 55.23±2.21 and 
64.71±1.67 mol TE/g). The free radical scavenging ac-
tivity of the LMPE measured by the ORAC method (866.1 
±3.5 mol TE/g) was greater than those described by Ma 
et al. (2011) in eight mango varieties (ranging from 3,248 
±589 to 8,545±828 mol TE/100 g), and by Corrales- 
Bernal et al. (2014a) (maximum 22.09±0.25 mol TE/g). 
Nevertheless, the FRAP method determined that the ca-
pability of the LMPE to reduce Fe3+ to Fe2+ (627.9±17.3 
mol TE/g) was lower than that reported by Ma et al. 
(2011), which ranged from 910,421±123,407 to 
6,769,478±241,990 mol TE/100 g. Therefore, the re-
sults suggest that LMPE has an important antioxidant ca-
pacity, which could be associated with its high phenolic 
content (Zapata et al., 2014).

In this study, LMPE showed antiproliferative activity in 

SW480 and SW620 cells. SRB staining results revealed 
that LMPE has a dose-dependent and time-dependent an-
tiproliferative effect that is selective regarding nonmalig-
nant skin fibroblast cells. In addition, LMPE at concen-
trations of 25 and 50 mg LMPE/mL for 48 h induced re-
productive cell death (i.e., loss of the ability to repro-
duce “unlimitedly”) in SW480 and SW620 cell lines. The 
Ki-67 protein is present during all of the cell cycle’s ac-
tive phases (G1, S, G2, and M), but it is lacking in cells 
that are at rest (G0) (Li et al., 2015). Hence, it has been 
used as a marker of cell proliferation (Obaid et al., 2018). 
In this study, the treatment of SW480 cells with 30 and 
50 mg LMPE/mL resulted in a substantial decrease in the 
Ki-67 protein. Although treated SW620 cells showed a 
trend toward decreased Ki-67 expression, they did not 
reach significant differences. These results confirm the 
antiproliferative capacity of the extract. Noratto et al. 
(2010) found that after 48 h, exposure to a polyphenol 
extract (5 mg GAE/L) of Ataulfo mango pulp reduced the 
proliferation of SW480 cells by about 72% while remain-
ing non-cancerous colonic myofibroblast CCD-18Co cells 
unaffected. Similarly, Corrales-Bernal et al. (2014b) ex-
hibited that, in SW480 cells exposed for 72 h to aqueous 
extracts of mango at 50 and 100 g/mL, growth inhibi-
tion was induced by 15.7% and 21.6%, respectively.

The cytotoxic effects of LMPE in SW480 and SW620 
cell lines were established in this study, and some of its 
cell death mechanisms were also analyzed. The results 
suggest that LMPE at 50 mg/mL and 48 h of exposure 
arrests the cell cycle of SW480 and SW620 in the G2/M 
phase. Several anticancer agents have been studied to in-
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terfere with the G2/M phase and generate arrest in cancer 
cells through different mechanisms (Lagunas et al., 2014). 
Mangiferin had an antiproliferative effect on the nasopha-
ryngeal carcinoma cell line CNE2 (Pan et al., 2014) and 
HL60 promyelocytic leukemia cells by blocking at the 
G2/M phase (Peng et al., 2015). Similarly, Noratto et al. 
(2010) demonstrated that polyphenolic extracts of man-
go at a concentration of 10 mg GAE/L and 24 h of expo-
sure caused cell cycle arrest in the G2/M phase on SW480 
cells. Therefore, the cytostatic effect could help to explain 
the antiproliferative action of LMPE on SW480 and SW 
620 cells.

It is known that cell cycle arrest may be related to apo-
ptosis. This hypothesis was tested in this study using an-
nexin V-FITC assays, which demonstrated that LMPE at 
50 mg/mL and 48 h of exposure induced PS externaliza-
tion to SW480 and SW620 cells, suggesting apoptosis- 
associated cell death. Apoptosis is a mechanism involved 
in the chemopreventive properties of the compounds 
present in the mango fruit, according to earlier studies. 
Mangiferin promoted apoptosis in different kinds of cell 
lines such as PC3 human prostate cancer (Li et al., 2016), 
CNE2 nasopharyngeal carcinoma (Pan et al., 2014), and 
ovarian adenocarcinoma (Zou et al., 2017). Studies by 
Noratto et al. (2010) and Lauricella et al. (2019) specifi-
cally demonstrated the apoptotic capacity of mango ex-
tracts in the context of CRC.

This study aimed to explore a relationship between the 
antiproliferative effect of LMPE on oxidative status and 
mitochondrial damage. The results showed that in SW480 
and SW620 cells exposed to LMPE, intracellular ROS pro-
duction increased without mitochondrial depolarization. 
It is therefore possible that, despite its antioxidant capac-
ity (which was evidenced in the ORAC, DPPH, and FRAP 
assays), LMPE can increase intracellular ROS production 
in SW480 and SW620 cells. This could be explained by 
the high concentration of phenolic compounds contained 
in LMPE, which may have antioxidant effects on normal 
cells but cause pro-oxidant damage in cancer cells 
(Fernando et al., 2019). It has been documented that, 
under certain conditions, phenolic compounds can func-
tion as pro-oxidants, such as elevated levels of redox-ac-
tive transition metals present in many cancer cells (León- 
González et al., 2015). Therefore, LMPE could have a du-
al effect on the cellular redox state by promoting an anti-
oxidant action in normal (nonmalignant) cells but acting 
as a pro-oxidant in SW480 and SW620 cells. It is well 
documented that oxidative conditions can cause DNA 
damage leading to a response such as cell cycle arrest 
and apoptosis observed in SW480 and SW620 cells (Shi 
et al., 2021). It is yet unclear why some pro-oxidants 
might selectively destroy cancer cells, although it may 
have something to do with the fact that tumor cells can 
produce more hydrogen peroxide (H2O2) than healthy 

cells. Thus, manipulation of redox homeostasis in cancer 
cells is a possible strategy to attack them (León-González 
et al., 2015). However, future studies should further in-
vestigate molecular biomarkers to understand the signal-
ing pathways involved in the antiproliferative capacity of 
LMPE against SW480 and SW620 cells.

In conclusion, LMPE is a food matrix with antiprolifera-
tive capacity against colon adenocarcinoma cells (SW480) 
and their metastasis-derived counterparts (SW620). The 
cell death mechanisms involved in said capacity include 
increased intracellular ROS production, cell cycle arrest 
in the G2/M phase, and, possibly, apoptotic processes 
without mitochondrial depolarization. These results high-
light the chemopreventive potential of LMPE in CRC 
treatments.
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