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Abstract: Andean berry is a south American fruit displaying anti-cancer effects. This research aimed
to assess the antiproliferative effects of the juice (ABJ) on two human colon cells (SW480/SW620).
Viability, proliferation, and Ki67 protein quantification. All treatments (0-30% v/v) reduced viability
(<80%) and proliferation, being 30% the most effective (ICs0-SW480: 28.19% v/v ABJ; IC50-SW620:
19.43% v/v ABJ). All ABJ-treated cells showed a reduced ki67 amount compared to untreated cells.
The highest binding affinity (9.4 kcal/mol) was shown between cyanidin-3-glucoside and caspase
8 in silico. ABJ exerts antiproliferative/inhibitory effects on SW480/SW620 cells, attributable to poly-
phenol-apoptotic target interactions.

Keywords: Andean berry (Vaccinium meridionale Swartz); cell viability; colorectal cancer; phenolic
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1. Introduction

Andean berry (Vaccinium meridionale Swartz) is a tropical-origin South American
fruit commonly cultivated in the Andes, and it is usually consumed as fresh fruit or in
typical food preparations such as jams or juices [1]. Despite the reported potential health
benefits of this fruit, it is still an underutilized agricultural product with a low marketable
perspective and a consumption practically restricted to local areas [2]. Hence, research
aimed to valorize the health benefits of this fruit will significantly enhance its consump-
tion and value-added transformation within the food industry.

The major beneficial compounds linked to the health properties of Andean berry are
the phenolic compounds, which potentially target biological mechanisms from chronic
non-communicable diseases. For instance, phenolic compounds are known to target key
pro-apoptotic proteins such as caspase-3 and caspase-9 and are also involved in the mod-
ulation of the canonical inflammation pathway guided by NF-kB. Particularly for Andean
berry, our research group previously reported that free phenolic compounds such as gal-
lic acid and cyanidin-3-O-glucoside targeted inflammatory markers like CCR5, CCR1, and
Toll-like receptor 4 (TLR4) in LPS-stimulated RAW 264.7 macrophages [3]. More recently,
it was found that Andean berry juice (ABJ]) was successful in reducing cell viability on
SW480 cells due to the production of intracellular reactive oxygen species (ROS), de-
creased reduced glutathione/oxidized glutathione ratio (GSH/GSSG), and induction of
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late apoptosis [4]. In an in vivo model of azoxymethane-induced colorectal cancer, AB]
consumption induced Caspase 3/7 activity, reduced aberrant crypt foci number, and de-
creased local intestinal inflammation [5]. Despite the observed effects, more mechanistic
explanations about the impact of ABJ on different colorectal cancer stages are needed.
Hence, this research aimed to assess the antiproliferative and cell viability inhibition effect
of ABJ on two representative human colorectal adenocarcinoma cells (SW480 and SW620).
Aninssilico analysis targeting selected pro-apoptotic markers and representative polyphe-
nols from ABJ was also conducted.

2. Materials and Methods
2.1. Andean Berry Juice (AB]) Preparation

Fruits were acquired in El Retiro (Antioquia, Colombia), registered in the Herbarium
of Universidad de Antioquia (National Registry of Biological Collections #027), washed,
and disinfected, dried, and ground in a commercial blender. The product was then frozen
at -80 °C, and freeze-dried (0.43 mm Hjg, -50 °C) using a vacuum chamber (FreeZone
Dryer, Labconco, Kansas City, MO, USA). The freeze-dried powders (30 g) were dissolved
in a 10% water/sucrose solution to obtain a juice with 11 °Brix and 4.33 mg citric acid/mL
at pH: 3.06. Sonication (42 kHz, 135 W, B3510 sonicator, Ultrasonic Corporation, Boston,
MA, USA) was used to ensure a better homogeneity [5].

2.2. Cell Culture

Human colon adenocarcinoma SW480 [SW-480] (ATCC CCL-228) and SW620 [SW-
620] (ATCC CCL-227) cancer cells were acquired from American Type Culture Collection
(ATCC). These cells were used as representatives of primary (SW480) and secondary
(SW620) colorectal tumors. The cells were cultured using high glucose (25 mM) Dul-
becco’s Modified Eagle’s Medium (DMEM, Gibco, Waltham, MA, USA) supplemented
with 10% fetal bovine serum (FBS), 1% Antibiotic and antimycotic solution (Gibco), and
1% non-essential amino acids. The cells were maintained in a 5% COz-humidified atmos-
phere at 37 °C. During the treatments with AB], the cells were cultured in a 3% FBS-sup-
plemented DMEM medium supplemented with 1% Insulin-Transferrin-Selenium (ITS)
solution (Gibco).

2.2.1. Cell Viability and Antiproliferative Effect by Sulforhodamine B Assay

The cell viability was tested using the sulphorhodamine B assay [6]. Briefly, the cells
(2 x 10* cells/well; 100 pL) were seeded for 24 h. Then, the cells were treated with ABJ (10,
20, and 30% v/v) for 24 h. Then, the media was replaced with 50 pL of cold trichloroacetic
acid, and the plates were incubated for 1 h at 4 °C. The plates were then washed at room
temperature (22 + 1 °C), dried, and 80 uL of sulforhodamine B solution (0.4% w/v) was
added. After shaking for 30 min at 80 cycles/min for 30 min, plates were washed 4 times
with 1% v/v acetic acid, dried, and 100 uL of tris-HCl were added. After 20 min shaking,
the optical density was measured ad 490 nm. Viability was calculated as a percentage of
the control cells (untreated SW480 or SW620 cells). The half-inhibitory concentration (ICso)
was calculated for each cell line.

The examination of proliferation was conducted as a sulforhodamine B monitoring
along time (72 h). The cells (3 x 10 cells/well; 100 uL) were seeded in 96-well plates for 24
h. Then, the media was removed, and the ABJ treatments were added and maintained for
24, 48, and 72 h (1 plate for each time, 2 independent experiments). After each time,
sulphorhodamine B staining was conducted to assess cell viability. Results were ex-
pressed as an optical density (490 nm) curve against AB] concentrations over time.

2.2.2. Quantification of Ki67 Protein
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The Human Ki67 ELISA kit (ab253221, Abcam, Cambridge, UK) was used to assess
the amount of released Ki67 protein. The cells were treated with ICs0-AB]J, and the manu-
facturer’s instructions were followed. The results were expressed as pg/mL. Untreated
cells were used as a control.

2.2.3. In Silico Analysis

Considering a previously reported polyphenolic characterization of ABJ [3-5,7], an
in silico analysis was conducted using three representative AB] anthocyanins and several
pro-apoptotic targets. The apoptotic targets (FAS, PDB ID: 3EZQ); Pro-caspase 3, PDB ID:
2]30; Caspase 3: PDB ID: 3KJF; and Caspase 8, PDB ID: 5H31) were downloaded from
Protein Data Bank (https://www.rcsb.org/), whereas the anthocyanins’ 3D structures (cy-
anidin-3-galactoside, PubChem CID: 44256700; cyanidin-3-glucoside, PubChem CID:
44256715; delphinidin-3-glucoside, PubChem CID: 443650; and peonidin-3-glucoside,
PubChem  CID: 443654) were obtained from PubChem  (https://pub-
chem.ncbi.nlm.nih.gov/). The ligands (anthocyanins) were taken to the less energy con-
sumption mode using the MMFF94 force field using Avogadro v.1.2.015. Then, both pro-
teins and ligands were prepared through solvent elimination, charge addition (Amber
ff14SB method), and the residues were protonated using Chimera 1.15 [8]. Molecular
docking was performed in AutoDock Vina [9], and the best poses were then visualized in
Discovery Studio Visualizer v. 19.1.0.18287 (Dassault Systémes, Vélizy-Villacoublay,
France). Since interactions with Caspase 8 showed the lowest binding energies, only re-
sults for this target were reported.

3. Results and Discussion

3.1. ABJ Treatments Inhibited Cell Viability and Reduced Proliferation of SW480 and SW620
Cells

Figure 1 shows the impact of ABJ on the cell viability of SW480 and SW620 cells. As
observed, effects were stronger on SW620 cells, particularly for the 30% v/v ABJ dose,
showing a -35.70% lower viability than SW480 cells for the same dose (Figure 1A). The
calculated ICso for both cell lines showed a lower ABJ dose needed to kill the same amount
of cells.
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Figure 1. Impact of ABJ treatments on the cell viability of SW480 and SW620 cells. (A) Dose-response
curves of cell viability from both cell lines after ABJ treatments; (B) Calculated half-inhibitory con-
centrations (ICso) from the cell viability tests. ABJ: Andean berry (Vaccinium meridionale Sw.) juice.
The obtained ICso values corresponded to 16.91 pug/mL and 11.66 pg/mL for SW480 and SW620,
respectively. The asterisks represent significant differences by Tukey-Kramer’s test (p < 0.05) be-
tween cell lines for each ABJ concentration. Untreated cells corresponded to DMEM + 3% FBS + ITS-
treated cells.

Recently, our research group reported a similar ICso concentration from SW480 cells
(30.00 + 0.11% v/v AB]J) [4]. Considering a previously reported polyphenolic composition
from AB]J [3,4], the obtained ICso doses corresponded to 26.30-38.15 ug 3,4-dihydroxyben-
zoic acid, 44.13-64.03 ug chlorogenic acid, 0.01-0.02 ug 2-hydroxycinnamic acid, 0.08-0.11
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ug naringenin, 0.12-0.17 kaempferol, 128.19-185.98 g gallic acid, 13.55-19.65 ellagic acid,
8.08-11.72 ug (+)-catechin, 21.36-30.99 ug rutin, 3.46-5.03 ug delphinidin chloride, and
13.56-19.67 ug cyanidin chloride. Although there are no reports from other research
groups examining the impact of ABJ juice on colorectal cancer cell lines, the obtained ICso
are within reported experimental doses for anthocyanins-rich black raspberry (Rubus oc-
cidentalis) extracts (0.5-25 pg/mL) [10].

Figure 2 shows the antiproliferative effect of AB] on SW480 (Figure 2A), SW620 (Fig-
ure 2B), and ABJ impact (10 and 30% v/v) on total Ki67 protein (Figure 2C). As observed,
20 and 30% AB]J (equivalents to 12 and 18 pg ABJ/mL) was the most antiproliferative treat-
ment in SW480, whereas 20-30% v/v AB] and 10-20% AB] displayed the same trend for
SW620. ABJ was more effective reducing Ki67 protein in SW620 than SW480 cells (Figure
2C). Except for our research group, who previously informed the antiproliferative impact
of four ABJ doses (3, 6, 8, and 10% v/v) on SW480 cells [11], there are no reports on the
antiproliferative effect of ABJ con colorectal cancer cells lines. However, an aqueous:meth-
anolic cranberry (Vaccinium macrocarpon Ait.) inhibited up to ~35% of 24 h-SW620 cell vi-
ability but promoted SW480 growth, which could explain the results obtained at 48 h (10
and 20% AB]J) and 72 h (10% AB]J) for SW480 and SW620 cells, as berry-derived products
contain macromolecules that potentially enhance proliferation [12]. Despite the fact that
no reports were found for Ki-67 in vitro, administration of bilberry (Vaccinium myrtillus)
dry extract reduced Ki67 in vivo, a well-known proliferation marker. Among the main
phenolics from the extract, anthocyanins represented 36% of the extract, mainly composed
of cyanidin-3-galactoside, delphinidin-3-galactoside, delphinidin-3-arabinoside, and cya-
nidin-3-glucoside [13].
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Figure 2. Antiproliferative effect of AB] treatments on SW480 and SW620 cells. (A) Impact of ABJ
treatments (10, 20, and 30% v/v ABJ) on SW480 cell proliferation, quantified as optical density (O.
D.); (B) Impact of AB]J treatments (10, 20, and 30% v/v ABJ) on SW620 cell proliferation, quantified
as optical density (O. D.); (C) Quantification of total Ki67 protein. Different letters in A and B repre-
sent significant differences (p < 0.05) by Tukey-Kramer’s test between ABJ concentrations for each
time measurement. The asterisks in C indicate significant differences (p < 0.05) by Tukey-Kramer’s
test.

3.2. Molecular Docking Analysis between Caspase 8 and Selected AB] Anthocyanins

The evaluation of several pro-apoptotic markers against ABJ’s phenolic compounds
showed a major binding affinity between selected anthocyanins and caspase-8 (Figure 3)
(AG peonidin-3-glucoside: —=8.90 kcal/mol; AG cyanidin-3-galactoside: —8.80 kcal/mol; AG
delphinidin-3-glucoside: -8.70 kcal/mol; AG cyanidin-3-glucoside: -8.60 kcal/mol). Results
showed that van der Waals, conventional hydrogen bond, pi anion, and pi alkyl are the
most common interactions between the selected phenolics and caspase 8, and the resulting
energies are some of the highest reported between these phenolics and pro-apoptotic
markers [14].
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Figure 3. In silico analysis of the potential binding interactions between caspase 8 and (A) cyanidin-
3-galactoside; (B) cyanidin-3-glucoside; (C) delphinidin-3-glucoside; and (D) peonidin-3-glucoside.

4. Conclusions

The results showed that ABJ inhibited cell viability and proliferation of SW480 and
SW620 cells. As the impact was higher in SW620 compared to SW480, it could be sug-
gested a major influence of ABJ before a potential metastatic process, resulting from po-
tential interactions between ABJ phenolics and pro-apoptotic markers. Nonetheless, ad-
ditional in vitro and in vivo studies are required to confirm these effects.

Author Contributions: Conceptualization, S.S.A.-V.; methodology, S.S.A.-V.; software, J.A.L.-R.
and LL.-O,; validation, S.5.A.-V., J.A.L.-R. and L.L.-O.; formal analysis, S.5.A.-V., LL.-O. and J.A.L.-
R.; investigation, M.L.A.-Q., S.S5.A.-V., J.A.L.-R. and LL.-O,; resources, S.5.A.-V. and M.E.M.-C,; data
curation, M.L.A.-Q.; writing —original draft preparation, I.L.-O. and S.5.A.-V.; writing —review and
editing, I.L.-O. and S.5.A.-V; visualization, 5.5.A.-V., ].AL.-R. and LL.-O.; supervision, S.5.A.-V;
project administration, S.S.A.-V.; funding acquisition, S.5.A.-V. and M.E.M.-C. All authors have read
and agreed to the published version of the manuscript.

Funding: Authors appreciate the funding from Instituto Tecnolégico Metropolitano (ITM) (grant
ID: P20247).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data will be available upon reasonable request.

Acknowledgments: Author I. Luzardo-Ocampo appreciates the funding from Programa de Becas
Posdoctorales de la UNAM (DGAPA-CIC) for his postdoctoral fellowship (grant number: 5267).

Conflicts of Interest: The authors declare no conflict of interest.



Biol. Life Sci. Forum 2022, 2, x 6 of 6

References

1.

10.

11.

12.

13.

14.

Abreu, O.A,; Barreto, G.; Prieto, S. Vaccinium (Ericaceae): Ethnobotany and Pharmacological Potential. Emirates . Food Agric.
2014, 26, 577-591. https://doi.org/10.9755/ejfa.v26i7.16404.

Maldonado-Celis, M.E.; Franco-Tobon, Y.N.; Agudelo, C.; Arango, S.S.; Rojano, B. Andean Berry (Vaccinium Meridionale
Swartz). In Fruit and Vegetable Phytochemicals; Yahia, E.M., Ed.; John Wiley & Sons, Ltd.: Chichester, UK, 2017; pp. 869-882, ISBN
9781119158042.

Arango-Varela, S.S.; Luzardo-Ocampo, I.; Maldonado-Celis, M.E.; Campos-Vega, R. Andean Berry (Vaccinium Meridionale
Swartz) Juice in Combination with Aspirin Modulated Anti-Inflammatory Markers on LPS-Stimulated RAW 264.7 Macro-
phages. Food Res. Int. 2020, 137, 109541. https://doi.org/10.1016/j.foodres.2020.109541.

Arango-Varela, S.S.; Luzardo-Ocampo, I.; Reyes-Dieck, C.; Yahia, E.M.; Maldonado-Celis, M.E. Antiproliferative Potential of
Andean Berry (Vacciniu m Meridionale Swartz) Juice in Combination with Aspirin in Human SW480 Colon Adenocarcinoma
Cells. J. Food Biochem. 2021, 45, e13760. https://doi.org/10.1111/jfbc.13760.

Arango-Varela, S.S.; Luzardo-Ocampo, I.; Maldonado-Celis, M.E. Andean Berry (Vaccinium Meridionale Swartz) Juice, in Com-
bination with Aspirin, Displayed Antiproliferative and pro-Apoptotic Mechanisms in Vitro While Exhibiting Protective Effects
against AOM-Induced Colorectal Cancer in Vivo. Food Res. Int. 2022, 157, 111244. https://doi.org/10.1016/j.foodres.2022.111244.
Vichai, V.; Kirtikara, K.; Sulforhodamine, B. Colorimetric Assay for Cytotoxicity Screening. Nat. Protoc. 2006, 1, 1112-1116.
https://doi.org/10.1038/nprot.2006.179.

Agudelo, C.D.; Luzardo-Ocampo, I.; Campos-Vega, R.; Loarca-Pifia, G.; Maldonado-Celis, M.E. Bioaccessibility during in Vitro
Digestion and Antiproliferative Effect of Bioactive Compounds from Andean Berry (Vaccinium Meridionale Swartz) Juice. J.
Agric. Food Chem. 2018, 66, 7358-7366. https://doi.org/10.1021/acs.jafc.8b01604.

Ahmed, B.; Ali Ashfaq, U.; Usman Mirza, M. Medicinal Plant Phytochemicals and Their Inhibitory Activities against Pancreatic
Lipase: Molecular Docking Combined with Molecular Dynamics Simulation Approach. Nat. Prod. Res. 2018, 32, 1123-1129.
https://doi.org/10.1080/14786419.2017.1320786.

Trott, O.; Olson, A.J. AutoDock Vina: Improving the Speed and Accuracy of Docking with a New Scoring Function, Efficient
Optimization, and Multithreading. . Comput. Chem. 2010, 31, 455-461. https://doi.org/10.1002/jcc.21334. AutoDock.

Afrin, S.; Giampieri, F.; Gasparrini, M.; Forbes-Hernandez, T.; Varela-Lépez, A.; Quiles, J.L.; Mezzetti, B.; Battino, M. Chemo-
preventive and Therapeutic Effects of Edible Berries: A Focus on Colon Cancer Prevention and Treatment. Molecules 2016, 21,
169. https://doi.org/10.3390/molecules21020169.

Agudelo, C.D.; Arango, S.; Cortés-mancera, F.; Rojano, B.; Maldonado-Celis, M.E.; Maldonado, M.E.; Carlos, D.A_; Sandra, A;
Fabian, C.-M.; Benjamin, R.; et al. Antiproliferative and Pro-Apoptotic Effects of Andean Berry Juice (Vaccinium Meridionale
Swartz) on Human Colon Adenocarcinoma SW480 Cells. ] Med. Plants Res. 2017, 11, 393-402.
https://doi.org/10.5897/J]MPR2017.6401.

Seeram, N.P.; Adams, L.S.; Hardy, M.L.; Heber, D. Total Cranberry Extract vs. Its Phytochemical Consituents: Antiproliferative
and Synergistic Effects against Human Tumor Cell Lines. ] Agric. Food Chem. 2004, 52, 2512-2517.
https://doi.org/10.1021/jf0352778.

Costea, T.; Huditd, A.; Ciolac, O.-A.; Gélateanu, B.; Ginghina, O.; Costache, M.; Ganea, C.; Mocanu, M.-M. Chemoprevention of
Colorectal Cancer by Dietary Compounds. Int. J. Mol. Sci. 2018, 19, 3787. https://doi.org/10.3390/ijms19123787.
Agudelo-Quintero, M.L.; Varela, S.A.; Lopera-Rodriguez, J.A.; Llano-Ramirez, M.A. Molecular Affinity between Caffeic and
Chlorogenic Acid with Proteins Associated with Apoptosis Pathways Using Docking Molecular Analysis. In Proceedings of the
2021 IEEE 2nd International Congress of Biomedical Engineering and Bioengineering (CI-IB&BI); Bogota D.C., Colombia, 13-
15 October 2021; IEEE; pp. 1-4.



