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ABSTRACT. Cancer is a public health problem of increasing concern
worldwide due to the growing increase in mortality rates. The identification
of natural compounds with cytotoxic activity is important due to the ready
availability and their ability to act effectively in reducing the incidence of
cancer, without adverse side effects. Whole grape juice (Vitis labrusca) is
often consumed by the population, which is an example of a product with a
high content of bioactive compounds, such as flavonoids and resveratrol. To
help determine the suitability of this natural product as a health aid, we
evaluated the cytotoxic activity of organic and conventional whole grape
juices, exposed or not to UV-C irradiation, on human liver tumor cells
(HepG2/C3A) and on non-tumor lung cells (MRC-5), by the MTT assay (a
colorimetric assay for assessing cell metabolic activity), for 24 and 48 h. All
of the juices, at the highest concentrations (50-100 pL/mL), showed
significant cytotoxic activity on HepG2/C3A cells, reducing cell
proliferation from 78 to 47%, in relation to the control, especially, after 48 h
of treatment. Both conventional grape juices had cytotoxic effects on MRC-5
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cells at 24 h of treatment, but cell proliferation was reestablished after 48 h.
Furthermore, organic grape juice stimulated the proliferation of this cell line,
especially that produced from grape exposed to UV-C, possibly in
consequence of the increased amount of antioxidants, such as anthocyanins,
resveratrol and flavonoids in the fruits, which probably stimulated cell
metabolism. This data supports the use of whole grape juice, due to it’s
nutraceutical potential, mainly because of antioxidant activity, in particular
organic juice, and our findings demonstrate the benefit of food production
techniques that add nutritional value, such as post-harvest exposure to UV-
C.

Key words: Anti-tumor Effects; Conventional Production Systems; Natural
Organic Food; UV-C Irradiation; Whole Grape Juice

INTRODUCTION

Cancer is a worldwide distributed disease that increasingly affects the human population
with different backgrounds and induction factors. According to the medical diagnosis, which
depends on the type and the location of the tumor, cancer may be treated with chemotherapy,
employing the use of one or more chemical drugs, and/or by radiation therapy, associated or not
with surgical procedures.

The use of radiopharmaceuticals for the diagnosis and the treatment of tumors, as well
as conventional chemotherapy and radiotherapy, can cause severe side effects in patients.
Therefore, the identification of natural compounds with moderate cytotoxic activity is important,
due to their easy availability, their low cost, and their ability to act effectively in reducing the
incidence of cancer, without adverse side effects (Serra et al., 2013). In this sense, fox grapes
(Vitis labrusca) and their derivatives stand out, because of their several nutritional,
pharmacological and therapeutic benefits, such as in the treatment of cardiovascular diseases
(Quifiones et al., 2013; Huang et al., 2015), liver and kidney disorders (Ulusoy et al., 2012;
Charradi et al., 2013; Kim et al., 2013), and anti-tumor activity (Zheng et al., 2012; Zhang et al.,
2013; Nivelle et al., 2017), especially due to the presence of phenolic compounds and their
antioxidant activity (Fernandes et al., 2013; Maestre et al., 2013; Toaldo et al., 2015; Copetti et
al., 2018).

Studies have shown that the synthesis of phenolic compounds in the grapes can be
increased with an exposure of the fruits to ultraviolet radiation (UV). The UV light type C (UV-
C) produces an abiotic stress in the plant tissues that up-regulates the expression of specific
genes involved in the growth of the cells and in the secondary metabolism in the plants, such as
in the production of anthocyanins, resveratrol, flavonoids and aromatic compounds (Zhang et al.,
2012; Peinado et al., 2013).

Thus, the objective of this study was to evaluate the cytotoxic and the antiproliferative
activity of organic and conventional whole fox grape juices, exposed or not to UV-C irradiation,
in human hepatoma cells (HepG2/C3A) and human lung fibroblasts (MRC-5), in vitro.

MATERIAL AND METHODS
Cell cultures

Human hepatoma cells HepG2/C3A (Cat. #0291) and the non-tumor human lung
fibroblasts MRC-5 (Cat. #0180) were obtained from the Rio de Janeiro Cell Bank, Brazil. The
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cell lines were grown in 25 cm? culture flasks containing a complete culture medium
(supplemented with 10% of fetal bovine serum and 1 mL/L of antibiotic/antimycotic solution)
and maintained in a CO, incubator (5%) with 95% humidity at 37°C. For the experiments, the
cells were used in log phase.

Treatment solutions

Fox grapes, V. labrusca of the Concord variety, from the 2012 harvest, were produced
in the municipality of Veré, belonging to a micro-region of Francisco Beltrdo, Parana — Brazil.
The grapes were obtained from two nearby properties (5.3 km apart), one using conventional
farming practice (564 m altitude, latitude 25° 54’ 01” S and longitude 52° 53’ 51” W) and the
other one with a practice of organic farming (492 m altitude, latitude 25° 51’ 21” S and longitude
52° 55’ 06” W), under similar climatic and edaphology conditions.

The grapes were selected according to their appearance, washed in chlorinated water
(sodium hypochlorite, 50 mg/L, pH 5.0) and stored under refrigeration (£ 5°C). One part of the
grapes that were collected from each culture system was subjected to a post-harvest treatment
with UV-C irradiation, according to the method as described by Cantos et al. (2001), with
modifications. The following parameters were used: a radiation rate of 65.6 J/m? at a distance of
30 cm from the light source. The grapes were arranged in a single layer on trays, which were
irradiated in a chamber equipped with three UV-C lamps (Philips® 90 W) for 5 min. After that,
the grapes were rotated vertically 180° and the light source was maintained for another 5 min,
totaling 10 min of irradiation. The irradiated fruits were stored for three days at 25 + 5°C in the
absence of light, to promote the biosynthesis of the bioactive compounds.

The conventional and organic grapes, with or without a post-harvest treatment with UV-
C, were used to produce whole juices that were obtained by a steam distillation extractor at 90°C
and were stored in glass bottles. Sterile samples of organic, conventional, organic UV-C treated,
and conventional UV-C treated juices, were stored at -4°C and were defrosted at the time of the
experimentation.

Chemical agents

Methyl methanesulfonate (MMS - 99%) and dimethyl sulfoxide (DMSO - 99.7%) were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Dulbecco's Modified Eagle Medium
(DMEM), fetal bovine serum (FBS), Antibiotic/Antimycotic and MTT (3-[4,5-dimethilthiazol-2-
yl]-2,5-dipheniltetrazolium bromide, 98%) were purchased from Gibco® Life Technologies
(Carlsbad, CA, USA).

MTT cytotoxicity assay

The cytotoxicity test was run based on the ability of cellular and mitochondrial
dehydrogenase enzymes of viable cells to convert MTT into formazan, according to the
protocols suggested by Mosmann (1983), with modifications. The cells (HepG2/C3A or MRC-5)
were seeded in 96-well culture plates at a density of 10* cells per well, except for the control
wells that were without cells (blank). After 24 h of stabilization, the culture medium was
discarded and 100 uL of fresh complete medium for the groups: control (CO), cytotoxic agent
MMS (50 uM), and different concentrations of organic, conventional, organic post-treated UV-
C, and conventional post-treated UV-C whole juices (10, 20, 30, 40, 50, 60, 70, 80, 90 and 100
puL/mL).
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After 24 or 48 h of incubation, the culture medium was replaced by 100 pL of fresh
culture medium supplemented with MTT (0.2 mg/mL). The plates were incubated for a further 4
h before discarding the medium containing the MTT, followed by the addition of 100 uL of
DMSO for the formazan crystal solubilization. The absorbance measurement was performed in a
microplate reader (Labtech) at 550 nm. The cell proliferation was estimated based on the
absorbance of the control by the following formula: Ageatment/Acontrot X 100. The experiments were
performed by three independent repetitions.

Statistical analyzes

The results were presented as mean and standard deviations and were subjected to an
analysis of variance (one way ANOVA) followed by Dunnett's test using the GrafPad® Prism 5
software. The differences were considered statistically significant when the P value was less
than 0.05.

RESULTS AND DISCUSSION

The results of the cytotoxicity assay when using different concentrations of the organic
whole grape juice (Figure 1-A) showed that all of the concentrations starting at 20 pL/mL of the
juice were cytotoxic to human liver tumor cells (HepG2/C3A) in a dose dependent manner after
48 h of treatment. Only the concentration of 40 uL/mL showed cytotoxic effect after 24 h of
treatment. On the other hand, the data in Figure 1-B showed that none of the concentrations of
the organic grape juice was cytotoxic to non-tumor human lung cells (MRC-5) after 24 and 48 h
of treatment. Furthermore, all of the treatments at both treatment periods maintained the cell
proliferation of the MRC-5 cells above 90% and the concentrations above 30 pL/mL at 48 h
significantly reduced the proliferation of HepG2/C3A cells at 54% (100 pL/mL), in relation to
the control (100%, Table 1). For both cell lines, only the MMS presented a cytotoxic effect at 24
and 48 h, significantly reducing cell proliferation to below 80%.

Similar to our study, Hakimuddin et al. (2006) showed that polyphenolic compounds of
red wine, including aglycone flavonoids, presented a maximal growth inhibition of breast cancer
cells (MCF-7) with a low cytotoxicity on the normal human mammary epithelial cells (HMEC)
and the normal immortalized breast cells (MCF-10A). The absence of toxicity on the non-tumor
cells was confirmed by Charles et al. (2002) when testing green grapes in Chinese hamster ovary
cells (CHO-K1-BH4). The antitumor activity was confirmed by grape peel extracts on mice
breast tumor cells (4T1) (Sun et al., 2012); by grape seed extracts on prostate carcinoma cells
(PC3) (Ignea et al., 2013); and by proanthocyanidins (flavonoids presented in grapes) on murine
lymphosarcoma cells (YAC-1), lung carcinoma (SPC-A-1) and human lymphoma (K-562)
(Zhang et al., 2005).

Resveratrol (3,4’,5-trihydroxy-trans-stilbene), a natural polyphenol present in grapes,
has been shown to inhibit intestinal tumorigenesis and modulate host-defense-related gene
expression in an animal model of human familial adenomatous polyposis (Schneider et al.,
2001), in addition to exerting anticancer effects on HepG2 cells (Zheng et al., 2012; Scherzberg
et al., 2015), on human nasopharyngeal carcinoma (NPC) (Zhang et al., 2013), colon carcinoma
(HT-29) and colorectal carcinoma (CaCo-2) (Scherzberg et al., 2015). Chen et al. (2004)
reported that resveratrol caused significant cytotoxicity and increased apoptosis and S-phase
accumulation of neuroblastoma cells due to the down-regulation of p21 and up-regulation of
cyclin E. Resveratrol analogs were efficient in inducing the accumulation of human colon cancer
cells in early S-phase of the cell cycle. This effect was associated with a nuclear redistribution of
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cyclin A and the formation of a cyclin A/cyclin-dependent kinase 2 complex whose kinase
activity was increased (Colin et al., 2009). According to Pinto (2013), resveratrol was found in
the grape juices of this study and may have contributed to these results.
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Figure 1: Mean absorbance and standard deviation as an indication of HepG2/C3A (A) and MRC-5 (B) cell
proliferation, after treatment with different concentrations of the organic whole grape juices. CO: Control; MMS: methyl
methanesulfonate (50 pM); 10 cells per well, incubated for 24 and 48 h, n=3. * Different from Control (P < 0.05,
Dunnett's test).

Table 1. Cell proliferation estimated based on the absorbance of HepG2/C3A and MRC-5 cells treated with
organic grape juices, exposed or not to UV-C irradiation, for 24 and 48 h.

Groups 10 20 30 40 50 60 70 80 90 100
co MMS  pL/mL  pL/mL  pL/mL  pb/mL  pbL/mL  pL/mL  pL/mL  pb/mL  pl/mL  pL/mL

Organic grape juice

HepG2/C3A (%) 24h 1000 35.1 89.1 94.5 93.2 837 89.1 90.5 93.2 93.2 91.8 90.5
48h 1000  25.0 95.0 90.0 84.0 76.0 72.0 69.0 67.0 58.0 61.0 54.0

MRC-5 24h 1000 76.7 1053 1035 1071 1071 1017 1017 1071 1053  107.1  108.9

(%) 48h 1000 54.6 106.2 96.8 92.1 98.4 93.7 90.6 93.7 93.7 93.7 92.1

UV-C organic grape juice

HepG2/C3A (%) 24h 1000  65.1 99.0 93.5 87.1 81.6 80.7 80.7 79.8 78.0 76.1 70.6
48h 1000 71.2 1056 1016 94.4 84.0 76.0 68.8 61.6 54.4 48.8 472

MRC-5 24h 1000 57.2 1035 1039 1103 1110 1150 1181 1141 1141 11563 1176

(%) 48h 1000  35.8 101.1 96.7 95.9 97.2 1004 1004  100.2  100.4 97.7 99.1

Groups: CO: Control; MMS: methyl methanesulfonate (50 uM), different concentrations of grape juices exposed or not
to UV-C; 10* cells per well, incubated for 24 and 48 h, n=3.
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For the organic grape juice that was exposed to UV-C (Figure 2-A), the
cytotoxic/antitumor effect was more evident for concentrations starting at 20 puL/mL (at 24 h)
and 30 pL/mL (at 48 h) for the HepG2/C3A metabolizing cells. For some of these groups, the
cell proliferation was less than 80% at 24 h for those concentrations from 70 to 100 pL/mL and
at 48 h for those concentrations from 50 to 100 pL/mL, compared to the control (100%, Table
1), both having a dose-dependent cytotoxic effect, as the increment of juice concentration
resulted in a greater cytotoxicity. At 48 h, it was observed that the concentrations required to
inhibit 50% of the tumor cell proliferation was between 90 and 100 uL/mL for the organic grape
juice that was treated with UV-C.
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Figure 2: Mean absorbance and standard deviation as an indication of HepG2/C3A (A) and MRC-5 (B) cell
proliferation, after treatment with different concentrations of the UV-C organic whole grape juices. CO: Control;
MMS: methyl methanesulfonate (50 pM); 10* cells per well, incubated for 24 and 48 h, n=3. * Different from
Control (P < 0.05, Dunnett's test).

On the other hand, when this juice was administered to the non-metabolizing non-tumor
cells (MRC-5) (Figure 2-B), all of the concentrations starting at 30 pL/mL at 24 h, instead of
inhibiting the cell proliferation as was observed in the tumor cells, increased cellular
metabolism, resulting in a significant increment in absorbance and cell viability, when compared
to the control (Table 1). However, at 48 h, this metabolic stimulation was stabilized, resulting in
proliferation similar to the control. Only the cytotoxic agent MMS, at 24 and 48 h, was cytotoxic
to the HepG2/C3A and MRC-5 cells, reducing cell proliferation (less than 71.2%) when
compared to the control.
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The treatment of the grapes with the UV-C irradiation increased the biosynthesis of the
phenolic compounds, such as the resveratrol and chalcone derivatives (flavonoids, anthocyanins
and the aromatic compounds) (Tang et al., 2010; Peinado et al., 2013). The physicochemical
analyzes of the juices in the present study showed that the levels of cyanidin, epicatechin and
cis-resveratrol was increased in the UV-C-treated organic grape juices (data published by Pinto
2013). These compounds might have been responsible for the cellular metabolism stimulation of
the non-tumor lung cells, as observed by Sebastia et al. (2013), who found a stimulation of the
proliferation in human peripheral lymphocytes after the administration of resveratrol. The
hepatocellular carcinoma cells did not respond similarly to the effect of the UV-C-treated whole
juices, as the cell proliferation decreased due to cytotoxicity.

The conventional whole grape juices were cytotoxic for the HepG2/C3A cells at
concentrations above 30 uL/mL, at 24 and 48 h, based on Dunnett's test (Figure 3-A), with a cell
proliferation below 80%, when compared to the control (100%), at 48 h for those concentrations
ranging from 70 to 100 pL/mL (Table 2), with a dose-dependent effect. The MMS treatment was
different from the control at 24 and 48 h, with cell viability below 80%. However, the
conventional grape juices were cytotoxic to the MRC-5 cells at concentrations ranging from 10
to 70 pL/mL at 24 h (Figure 3-B), with cell proliferation below 67% (Table 2). Nevertheless,
this cytotoxic effect did not occur at 48 h, because the cells proliferated and exhibited
absorbance similar to the control, and at this time, only the MMS was different from the control,
showing a cytotoxic effect.
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Figure 3: Mean absorbance and standard deviation as an indication of HepG2/C3A (A) and MRC-5 (B) cell
proliferation, after treatment with different concentrations of the conventional whole grape juices. CO: Control;
MMS: methyl methanesulfonate (50 uM); 10* cells per well, incubated for 24 and 48 h, n=3. * Different from
Control (P < 0.05, Dunnett's test).
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Table 2 — Cell proliferation estimated based on the absorbance of HepG2/C3A and MRC-5 cells treated
with conventional grape juices, exposed or not to UV-C irradiation, for 24 and 48 h.

10 20 30 40 50 60 70 80 90 100

Groups co MMS pL/mL  pbL/mL  pbL/mL  pbL/mL  pbL/mL  pL/mL  pL/mL  pL/mL  pL/mL  pL/mL

Conventional grape juice
HepG2/C3A 24h 1000 712 1039 1009  100.9 94.0 91.0 89.1 85.1 80.1 85.1 84.1

(%) 48h 1000 742 1058 1036  103.6 933 88.9 80.8 75.7 69.1 63.9 60.2
MRC-5 24h 1000 854 50.0 52.0 52.0 54.1 58.3 60.4 66.6 89.5 958  102.0
(%) 48h 1000 553 109.2 1046 1046 1000  100.0 98.4 96.9 96.9 93.8 90.7

UV-C conventional grape juice
HepG2/C3A 24h 1000 36.0 102.6 106.6 109.3 102.6 101.3 96.0 90.6 93.3 93.3 94.6

(%) 48h 1000 185 731 87.6 87.6 814 78.3 74.2 73.1 721 73.1 68.0
MRC-5 24h 1000 427 70.6 74.0 79.8 956 1044 1114 1144 1124 1108 1108
(%) 48h 1000 439 97.7 875 90.5 89.0 91.9 92.3 96.7 95.8 92.9 98.4

Groups: CO: Control; MMS: methyl methanesulfonate (50 uM), different concentrations of grape juices exposed or not
to UV-C; 10* cells per well, incubated for 24 and 48 h, n=3.

The variations in the cytotoxic activity of the non-tumor cells on the evaluated
concentrations were also shown by Jacob et al. (2008), where fractions of 60% of the grape
polyphenols showed a cytotoxic activity for MCF-10A cells. Furthermore, fractions of 40%
of the grape polyphenols did not inhibit the growth of the same cells, but they were
effective in inhibiting the proliferation of the MCF-7 tumor cells. This could happen, as
noted by Chedea et al. (2010), because the grape polyphenols have a pro-oxidant activity,
depending on the dose, the exposition time, and the other dietary components.

The cytotoxic effects of the conventional grape juices were not found by Disman et
al. (2014, 2017) who evaluated the same whole juices of the present study (Diisman et al.,
2014) and the juices produces from the harvest of 2011 (Diisman et al., 2017) in Rattus
norvegicus hepatoma cells (HTC). However, Disman et al. (2014) noted that the
conventional whole grape juices that were treated or not with UV-C, induced the smallest
cytokinesis-block proliferation index, as well the highest average number of micronuclei.

According to Charles et al. (2002), different agricultural practices could affect the
types and the levels of toxic compounds in food. Dani et al. (2007), for example, showed
that organic and conventional grape extracts were able to prevent the oxidative damage to
lipids and proteins in brain tissue and that the organic extracts were more effective. Toaldo
et al. (2015) showed that acute consumption of red grape (V. labrusca) juice produced in
southern Brazil, promoted a significant decrease in lipid peroxides in serum and
thiobarbituric acid reactive substances levels in the plasma of healthy subjects, probably due
to the presence of polyphenols in this beverage. Similarly, in this study, the organic grape
juices showed an antitumor effect at lower concentrations with no cytotoxic effects on the
non-tumor cells, while the conventional grape juices showed antitumor effects and cytotoxic
activity for the non-tumor cells at 24 h of treatment.

For the HepG2/C3A tumor cells (Figure 4-A), all of the tested concentrations of the
UV-C-treated conventional grape juices were cytotoxic after 48 h of treatment and only the
concentrations of 70 puL/mL showed this effect after 24 h of treatment. Cell proliferation
(Table 2) was below 80% for the concentrations of 10, 50 to 100 puL/mL, when compared to
the control (100%), after 48 h. The MMS showed cytotoxic effects at 24 and 48 h.
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Figure 4: Mean absorbance and standard deviation as an indication of HepG2/C3A (A) and MRC-5 (B) cell
proliferation, after treatment with different concentrations of the UV-C-treated conventional whole grape juices.
CO: Control; MMS: methyl methanesulfonate (50 pM); 10* cells per well, incubated for 24 and 48 h, n=3.
* Different from Control (P < 0.05, Dunnett's test).

The lower concentrations of the UV-C-treated conventional grape juices (Figure 4-
B) at 24 h (10, 20 and 30 pL/mL) and at 48 h (20, 30 and 40 pL/mL) reduced the MRC-5
cell proliferation (below 80%) at 24 h (concentrations of 10, 20 and 30 pL/mL), when
compared to the control (100%). However, higher concentrations (60 to 100 pL/mL) of this
juice at 24 h probably stimulated the metabolism and cell proliferation of the MRC-5 cells,
similar to that that was observed for the UV-C-treated organic grape juices in these cells
(Figure 2-B). Moreover, as noticed for the UV-C-treated organic grape juices at 48 h, the
metabolic stimulation had stabilized and resulted in equal absorbances when compared to
control. This was probably due to the greater content of total phenolics and total
anthocyanins, such as malvidin, delphinidin, peonidin and cyanidin from this juice (data
published by Pinto 2013), whose production was stimulated by the UV-C exposition of
conventional grapes, when compared to the juices that were not exposed to irradiation.

When considering the diversity of the antioxidants that are present in whole grape
juices, especially those that have been exposed to UV-C irradiation, it is likely that these
compounds exert their antitumor activity by an activation of multiple cellular events that are
associated with the initiation, the promotion, and the progression of tumors (Zhou and
Raffoul, 2012). Such mechanisms might be related to reactive oxygen species scavenging,
cell cycle progression, and the regulation of pro-apoptotic and anti-apoptotic genes (Sun et
al., 2011; Lin et al., 2012). As described in this study, the cytotoxicity that was observed for
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the tumor cell line and the increased cell proliferation in the non-tumor cell line might be
related to the mechanisms of action of these polyphenols.

Thus, the data has shown that conventional and organic whole grape juices that
have been exposed or not to UV-C irradiation, presented an antitumor activity for the
HepG2/C3A cells, without any deleterious effects on the non-tumor cells, stimulating their
metabolism after 24 h of treatment, especially for those higher concentrations that were
evaluated. The results of this study arouse the interest for further research on the potential of
whole grape juices, suggesting their use as an adjuvant to those patients undergoing
chemotherapy or radiotherapy treatment. The benefits might be associated with a cytotoxic
activity on tumor cells; a protection for non-tumor cells; an aid in the recovery of patients
undergoing conventional cancer therapy; and all of this is besides the nutraceutical benefits
that are provided by these whole grape juices.
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