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Resumen

Introduccion: el carcinoma urotelial es un problema de salud publica importante. El carcinoma de células de tran-
sicion es el subtipo mas comun y representa aproximadamente el 90 % de todos los canceres de vejiga. Se han
estudiado protocolos quimioterapéuticos, pero algunos presentan alta toxicidad y baja tolerabilidad. La naringina
es un compuesto polifendlico que se encuentra principalmente en los citricos, cuya actividad antitumoral se ha
estudiado en varios tipos de cancer. Sin embargo, hay poca informacién sobre los efectos de la naringina en el
cancer de vejiga. Este estudio tuvo como objetivo evaluar el potencial antitumoral de la naringina in silico e in vitro
utilizando dos lineas celulares de cancer de vejiga.

Método: el anélisis in silico se llevé a cabo mediante el software PASS Online. In vitro, se evaluaron los efectos del
tratamiento con naringina (12,5 - 400 uM) en cuanto a su citotoxicidad, supervivencia clonogénica, alteraciones
morfoldgicas, progresién del ciclo celular, migraciéon y mutagenicidad.

Resultados: los analisis in silico predijeron la actividad antitumoral a través de varios mecanismos de accién. Los
resultados in vitro mostraron que la naringina presenté efectos citot6xicos, redujo el nimero de colonias, inhibié la
migracion celular y cambié la morfologia y la progresion del ciclo celular de las dos lineas celulares evaluadas. Sin
embargo, la naringina no presentd efectos mutagénicos.

Conclusiones: la naringina tiene actividad antiproliferativa y es un candidato prometedor para el tratamiento del
cancer de vejiga.

Palabras clave: cancer de vejiga; flavonoide; in silico; naringina; progresion del ciclo celular

Abstract

Introduction: Urothelial carcinoma is a significant public health problem. Transitional cell carcinoma (TCC) is the
most common subtype, accounting for approximately 90 % of all bladder cancers. Chemotherapeutic protocols
have been studied, but some present high toxicity and low tolerability. Naringin is a polyphenolic compound found
mainly in citrus fruits, which antitumor activity has been studied in several types of cancer. However, there is little
information about naringin effects on bladder cancer. This study aimed to evaluate the antitumor potential of nar-
ingin in silico and in vitro using two bladder cancer cell lines

Method: /n silico analysis was carried out by PASS Online software. In vitro, the effects of naringin treatment (12.5
- 400 pM) were evaluated regarding its cytotoxicity, clonogenic survival, morphological alterations, cell cycle pro-
gression, migration, and mutagenicity

Results: /n silico analyses predicted antitumor activity through several mechanisms of action. In vitro results
showed naringin presented cytotoxic effects, reduced the number of colonies, inhibited cell migration, and changed
the morphology and cell cycle progression of the two cell lines evaluated. However, naringin did not present mu-
tagenic effects.

Conclusions: Naringin has antiproliferative activity and is a promising candidate for bladder cancer treatment.

Keywords: bladder cancer; cell cycle progression; flavonoid; in silico; naringin
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Highlights

Several studies have demonstrated the therapeutic potential of naringin against diabetes, allergies,
asthma, osteoporosis, hypertension and cancer, as well as protection of gastrointestinal tract. How-
ever, the antineoplastic effects of naringin in bladder cancer have been poorly studied. Our results
showed naringin presented cytotoxic effects, reduced the number of colonies and inhibited cell migra-
tion, demonstrating naringin could be a promising candidate for bladder cancer treatment.

Introduction

Worldwide, 0.573 million new cases and almost 0.212 million deaths due to bladder cancer were esti-
mated in 2020". Urothelial carcinoma and transitional cell carcinoma (TCC) are the most common type
and subtype of bladder cancer, respectively. About 75 % of urothelial carcinoma patients have tumors
confined to the bladder mucosa or submucosa, which are usually treated with transurethral resection
of the tumor and intravesical therapy®?. On the other hand, for that 25 % of patients with muscle-inva-
sive disease, more aggressive therapy is necessary, including partial or total cystectomy and systemic
chemotherapy with methotrexate, vinblastine, doxorubicin, and cisplatin, protocol known as MVAC®.

The main difficulty found for cancer therapy is the toxicity accompanied by high failure rates, which
justifies the search for potential natural products as a therapeutic alternative®. Because of its diverse
chemical structure, bioactive natural products are capable of modulating the cancer microenviron-
ment and diverse cell signaling pathways®.

Among natural compounds with pharmacological potential, naringin, a flavonoid found mainly in
citrus fruits, has been gaining attention because of its anti-inflammatory, antioxidant, and antitumor
properties®. There is strong evidence for the association between treatment with naringin and antitu-
mor activity, through modulation of several signaling cascades involved in cell proliferation, autopha-
gy, apoptosis, angiogenesis, metastasis, and invasion”. Despite data showing that naringin can induce
antiproliferative effects in many types of cancer cells, there is only one study demonstrating the effects
of naringin on bladder cancer cells®.

In this context, this study aimed to investigate the antineoplastic potential of the naringin in silico and
in vitro on bladder cancer cells by exploring its effect on cell proliferation, morphology, migration, cell
cycle progression, and its ability to induce mutagenic effects.

Methods

Quantitative structure-activity relationship (QSAR) analysis

The naringin structure (Figure 1) was subjected to quantitative structure-activity relationship (QSAR)
analysis using the platform Prediction of Activity Spectra for Substances (PASS online) to predict its
antitumor potential and possible mechanisms of action. The naringin is a disaccharide derivative that
is (S)-naringenin substituted by a 2-O-(a-L-rhamnopyranosyl)-3-D-glucopyranosyl moiety at position 7
via a glycosidic linkage (PubChem CID 442428). The results are provided as a probability that the com-
pound is active (Pa) and inactive (Pi). Fourteen antitumor effects and mechanisms of action related
to the tumorigenesis process were analysed. The results were expressed by difference Pa-Pi and were
classified as Pa-Pi < 0.2: low potential, Pa-Pi = 0.5: moderate potential and Pa-Pi = 0.5: high potential®.
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Figure 1. Naringin structure constructed using software ChemDraw.

Cell lines and naringin

The cell lines 5637 and T24 from urinary bladder tumors were kindly donated by Dr. Daisy Maria Favero
Salvadori from Universidade do Estado de Sdo Paulo (UNESP), Brazil. The cell lines were maintained as
described by Da Silva et al®. Naringin (= 95%) was purchased from Sigma-Aldrich (Saint Louis, EUA)
and was solubilized at 400 uM in culture medium with 2 % dimethylsulfoxide (DMSO) immediately be-
fore its use. Previous study of our research group has demonstrated that 2% DMSO does not alter the
viability of 5637 and T24 cells™.

Cytotoxicity

Cytotoxicity was assessed using the Cell Proliferation Kit Il (XTT), from Roche Diagnostics (Manheim,
Germany). Briefly, 1.0 x 10* cells/well were seeded in 96-well culture plates. After incubating for 24
hours, cells were treated with different concentrations of naringin (12.5, 25, 50, 100, 150, 200 and 400
uM) for 24 hours. Untreated cells were cultured in parallel as a negative control. The culture medium
was removed and cells were washed with Hank’s solution (0.4 g KCl, 0.06 g KH,PO,, 0.04 g Na,HPO,, 0.35
g NaHCO,, 1 g glucose and 8 g NaCl in 1000 mL H,0). XTT test solution was diluted in culture medium
without phenol red and was added to each well. After 1 hour of incubation, the absorbance was mea-
sured using a microplate reader at the wavelength of 490 nm®*?. The absorbance results are proportion-
al to the percentage of viable cells. Experiments were performed in technical triplicate.

Morphological analysis

To evaluate the effects of the treatment with naringin on morphology, 5637 and T24 cells were seeded
at the density of 2.0 x 10° cells/well in 12-well culture plates and incubated for 24 hours. Afterwards,
cells were treated with naringin (150 and 200 puM) for 24 hours. Cells were observed and photographed
using an inverted phase-contrast microscope at 200 x magnification®. Experiments were performed
in technical triplicate.

Clonogenic assay

For evaluating the long-term effects of naringin, the cells were plated at a density of 1.0 x 106/25 cm?
culture flasks. After 24 hours, cells were treated with naringin (100, 150, 200, and 400 uM) and were
incubated for 24 hours. Subsequently, cultures were rinsed with Hanks’ solution and the cells were
removed using trypsin. Cells were plated into 12-well culture plate at 1.0 x 10° cells/well and allowed to
grow for 10 days to form colonies. Afterwards, the cells were fixed with 10 % formaldehyde and stained
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with 0.5 % crystal violet. Absorbance was measured using a microplate reader at 560 nm wavelength®®.
Experiments were performed in technical triplicate.

Cell cycle analysis

To analyse the cell cycle progression after the treatment with naringin, cells were seeded at the den-
sity of 2.0 x 10° cells/well in 12-well culture plates and incubated for 24 hours. Cells were treated with
naringin (100, 150, 200, and 400 uM) for 24 hours. After the treatment, cells were washed with Hank’s
solution, trypsinized and centrifuged at 1,000 rpm for 10 minutes. The cell pellet formed was fixed with
70 % ethanol and maintained at -20 °C for 12 h. Subsequently, cells were washed with Hank’s solution,
centrifuged and resuspended in 200 pL of labelling solution (0.0914 g of magnesium chloride; 0.0774
g of sodium citrate; 0.04766 g of Hepes; 10 puL of Triton-X, 500 pL of propidium iodide, and 9490 pL of
water). Cells were placed on ice and incubated protected from light for 30 minutes. The percentages of
cells in the different cell cycle phases were measured using flow cytometry (BD FACSCalibur) and an-
alysed using FlowJo® software®. Data from 30,000 cells were collected in each file. Experiments were
performed in technical triplicate.

Wound healing assay

To assess the influence of the treatment with naringin on cell migration, the wound healing assay was
performed. Cells were seeded at the density of 4.0 x 10° cells/well in 12-well culture plates. After 24
hours, the confluent cell monolayer was scraped with 200 pl sterile pipette tip to create a wound. The
wound was photographed using an inverted phase-contrast microscope at 40x magnification. After-
wards, cells were treated with naringin (100, 150, 200, and 400 uM) for 24 hours. Finally, cells were again
observed and photographed®. Cell migration was quantified through Image J° software by measuring
the wound width in three random selected microscopic fields.

Cytokinesis-block micronucleus assay and nuclear division index (NDI)

The micronucleus assay with cytokinesis blockage was performed to assess the mutagenic potential of
the treatment with naringin. Cells were plated at the density of 1.0 x 10° cell/plate in Petri dishes and
incubated for 24 hours. Cells were treated with naringin (100, 150, 200, and 400 puM) for 4 hours and with
doxorubicin (0.4 g/ml) for 2 hours as a positive control. After the treatments, cells were washed with
Hank’s solution, cultured with 15 pL of cytochalasin B (2 mg/mL) and incubated for more 24 hours. Af-
terwards, cells were trypsinized, hydrated with KCl 0.075 M and fixed on microscope slides with meth-
anol and acetic acid. The microscope slides were then stained with 5 % Giemsa. One thousand binu-
cleated cells were analyzed in each slide to determine the frequencies of micronucleated cells. Five
hundred cells were analyzed in each slide to determine the NDI. The NDI was calculated as previously
described by Fenech®®: NDI = M1 + 2 (M2) + 3 (M3) + 4 (M4) / N, whereas M1-M4 is the number of cells
with 1-4 nuclei and N is the total number of viable cells.

Statistical analysis

Statistical analyses were performed by GraphPad Prism’ 6. The data were analysed by one-way ANOVA
and post hoc analysis by Tukey’s test. The results were considered statistically significant at p <0.05.

Results

Quantitative structure-activity relationship (QSAR) analysis

The QSAR analysis showed that narigin presents high potential to act as anticarcinogenic, antineoplas-
tic, and antimetastatic. The mechanisms of action with high potential are related to apoptosis (caspase
3 stimulant, caspase 8 stimulant, and apoptosis agonist), cytostatic effects and Myc inhibition. In addi-
tion, inhibition of DNA synthesis and expression inhibition of RELA and MMP9 genes were predicted as
moderate potential (Table 1).
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Table 1. Quantitative Structure-Activity Relationship (QSAR) analysis for potential antitumor activities of naringin

using the PASS online tool

Activities Pa - Pi value
Anticarcinogenic 0.984
Caspase 3 stimulant 0.892
Antineoplastic 0.852
Cytostatic 0.805
Caspase 8 stimulant 0.727
Apoptosis agonist 0.713
Myc inhibitor 0.586
Antimetastatic 0.507
DNA synthesis inhibitor 0.479
RELA expression inhibitor 0.303
MMP9 expression inhibitor 0.229
DNA repair enzyme inhibitor 0.114
P-glycoprotein inhibitor 0.102
DNA intercalator 0.039

Pa: potential to be active; Pi: potential to be inactive; Pa-Pi<0,2: Low potential; Pa-Pi=0.5: Moderate potential; Pa-Pi

> 0.5: High potential

Cytotoxicity and cell morphology

The cytotoxicity results are show in Figure 2-a. Significant reduction in cell viability was observed in
5637 cells after treatment with 100, 150, 200, and 400 uM. In T24 cells, significant reduction in cell via-

bility was observed at 150, 200, and 400 puM of naringin.

The evaluation of cell morphological alterations caused by the treatment with naringin shows cellular
debris and digitiform projections on both cell lines tested, as can be observed in Figure 2-b.
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Figure 2. a) Percentages of viable 5637 and T24 cells after 24-h treatment with naringin. Control: untreated cells.
*p < 0.05 compared with negative control. Each point represents the mean value obtained from three
independent experiments. b) Photomicrographs of 5637 and T24 cells after 24-h treatment with naringin.
Inverted phase-contrast optical microscope, 200x magnification. Control: untreated cells. NAR: naringin.
c) Percentages of 5637 and T24 cell colonies after 24-h treatment with naringin. Control: untreated cells.
*p < 0.05 compared with negative control. Each point represents the mean value obtained from three
independent experiments.

Clonogenic survival

The results of clonogenic survival assay are presented on Figure 2-c. As can be observed, the long-term
proliferation was changed after treatment with 200 uM and 400 uM for both cells.

Cell cycle progression

The results of the cell cycle analysis are shown in Figure 3. In 5637 cells, there was a significant increase
in the number of cells in GO/G1 phase, followed by a significant reduction of cellsin S and G2/M phases.
In T24 cells, there was a significant increase in the number of cells in G2/M phase after treatment with
the highest concentration of naringin.
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Figure 3. Quantification and representative histograms of cell cycle progression for 5637 and T24 cells after 24-h
treatment with naringin. Control: untreated cells. *p < 0.05 compared with negative control. Each point
represents the mean value obtained from three independent experiments.

Cell migration

The results of cell migration assay are presented in Figure 4. Naringin inhibited cell migration in both
cell lines.
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Figure 4. Photomicrographs and quantification of cellular migration of (A) 5637 and (B) T24 cells after 24-h treat-
ment with naringin. Control: untreated cells. NAR: naringin. *p < 0.05 compared with negative con-
trol. Each point represents the mean value obtained from three independent experiments. Inverted
phase-contrast optical microscope, 40x magnification.
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Micronucleus assay and nuclear division index (NDI)

Narigin treatment did not cause an increase in the frequency of micronuclei (Table 2). In T24 cells, there
was a significant decrease in NDI after treatment with narigin at the highest concentration (Table 3).

Table 2. Frequencies of micronucleated (%o) cells after treatment with naringin

Control Positive Con- Naringin Naringin Naringin
trol 100 uM 150 uM 200 uM Naringin
400 uM
5637 | 0.004+0.001 0.014 +0.002* 0.003 +£0.002 0.004 +0.002 0.004 +0.001 0.005+0.001
T24 0.008 +0.001 0.015 +0.002* 0.006 +0.001 0.009 +0.001 0.008 + 0.002 0.006 + 0.001
Control: untreated control. Positive control: doxorubicin (0.4 pg/mL). p <0.05 compared to control.
Table 3. Nuclear division index (NDI) for the 5637 and T24 cells after the treatment with naringin
Control Naringin Naringin Naringin Naringin
100 pM 150 pM 200 pM 400 uM
5637 1.721+0.014 1.705+0.031 1.697 £0.036 1.707+£0.018 1.668 £0.010
T24 1.830+0.022 1.854+£0.024 1.809 £ 0,037 1.793+£0.014 1.751+0.028*

Control: untreated control. p <0.05 compared to control.

Discussion

We conducted this study aiming to explore the antitumor effects of naringin and its mechanism of
action on bladder cells. The use of in silico studies are interesting tools for the drug discovery process,
especially to understand more about poorly studied compounds in a fast and low-cost process®”.

According to in silico analysis, the cell death caused by naringin in bladder cancer cells observed in
the cytotoxicity assay might occur through apoptosis. In addition to the high probability to act as an
apoptosis agonist, naringin also presents a high probability to stimulate caspase-8 and caspase-3.
Caspase-8 is characterized as an enzyme that initiates the extrinsic apoptotic cell death pathway in-
duced by the activation of death receptors'*®. Caspase-3 acts as an effector caspase, cleaving several
substrates that cause the morphological and biochemical changes seen in apoptotic cells*®. Indeed,
in hepatocellular carcinoma cells, naringin treatment caused an increase in caspase-3 and caspase-8
activities??. In addition, the morphological changes observed in T24 and 5637 cells are also associated
with the apoptosis process®-??,

The in silico predicted moderate potential to inhibiting DNA synthesis was confirmed by clonogenic
survival assay that determines the ability of a cell proliferates indefinitely, retaining its reproductive
capacity after being exposed to a substance®. Clonogenic survival the most appropriate endpoint for
measuring cell death in tumor cell lines®”.

The naringin effect on cell cycle arrest corroborated the prediction of a high probability of naringin
acting as a cytostatic agent. Several other studies also demonstrated the ability of naringin to modu-
late cell cycle progression®2%27), Naringin effects on cell cycle seem to be related to modulation of the
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complexes of cyclins, cyclin-dependent kinases, and cyclin-dependent kinases inhibitors®, in addition
to inhibiting c-MYC expression$29,

Also confirming the in silico prediction of antimetastatic effect, naringin inhibited cell migration in
bladder cancer cells. Similar effects of naringin have been observed in other types of cancer®*:Y. Tan et
al.®? suggested that the anti-metastatic properties of naringin seem to be associated with the down-
regulation of matrix metalloproteinases. Indeed, the in silico results suggested naringin ability to inhib-
it MMP9 expression, a matrix metalloproteinase with crucial role in cancer progression®®?. Additionally,
there is a moderate probability to naringin inhibit the RELA gene expression, which encodes the protein
p65 that is upregulated in bladder cancer and is associated to cell migration®%.

Regarding to micronucleus assay, treatment with naringin was not capable of inducing mutagenicity
to neither of the cell lines tested. In human lymphocytes, naringin also did not induce micronucleus
formation®, showing that this compound has not clastogenic or aneugenic potential.

In conclusion, our study corroborates the antiproliferative potential of naringin on bladder tumor cells
and shows cytotoxicity, damage in the reproductive capacity, interference in the cell cycle progression,
and alteration in cell migration by mechanisms unrelated to aneugenic or clastogenic activity. The in
silico analysis showed that the mechanisms of action could be related to apoptosis (caspase 3 stimu-
lant, caspase 8 stimulant, and apoptosis agonist) and Myc protein and RELA and MMP9 gene inhibition.
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