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Abstract

Our experimental design is focused on a cellular screening on murine
melanoma standardized line B16-F10, in order to reveal the cytotoxic profile
correlated with anti-proliferative and pro-apoptotic effects of two vegetal
extracts, alone and associated. The grape pomace is the residue from the
winemaking process, an important source of polyphenolic compounds, Trifolium
pratense extract (red clover), rich in isoflavones (genisteine, daidzeine,
biochanine, formononetin), had previously proved impact in the estrogenic
modulation of different cancer types. It has been proved through flow cytometry
and spectrophotometry methods that grape pomace and red clover extracts are
apoptosis inducers and anti-proliferative agents in murine melanoma cells.
Furthermore their combinations inhibit melanoma progression. Their
combination could be an adjuvant solution in melanoma therapy, raising the anti-
tumour efficacy. This research is a step forward to sustain the proper
capitalisation of winery waste as well as the red clover as medicinal herb,
including their use as a part of new developed delivering systems (ex.
Nanosystems).

Keywords: grape pomace, Trifolium pratense, melanoma, proliferation,
apoptosis.

Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 7, No.2, (2018) 99



Brandusa G. DUMITRIU, Diana M. ENE, Laura OLARIU, Natalia ROSOIU,
Luiza M. CRACIUN, Abdi ADIL, Gina MANDA, Toma PAPACOCEA

Introduction
Melanoma is a highly invasive skin cancer, with an exponential mortality rate, its
progression being often associated with oxidative stress. Free radicals trigger lipid
peroxidation, oxidation of proteins, playing an important role in tumour development due to
DNA strand braking, appearance of point mutations and aberrant DNA cross-linking, as
well as changing in the proliferation potential [1]. Many therapeutically approaches for
tumours are available, but the problem of multi-drug resistance leads to relatively low
success rates of treatments. The safety and effectiveness against melanoma remain a
question to be solved or at least improve through applied research, discovering new
compounds or combinations that meet these demands. Developing in vitro tests of
melanoma cell lines and murine melanoma models leads to identify mechanisms of action
and characterised new compounds and extracts. Many anti-cancer drugs are derived from
natural resources such as marine, microbial and botanical sources. Most important anti-
melanoma effects of natural compounds include potentiating apoptosis, inhibiting cell
proliferation and inhibiting metastasis [2]. We could mention the phytochemical pigments
of natural products involved in the redox system; phytophenolics also prevent cancer cell
proliferation and progression. Nymphaea stellate extract was toxic to B16 melanoma cells
with IC50 = 814 pg/ml. The extract at 800 and 1,000 pg/ml demonstrated pro-oxidant
activity related to the cell apoptosis. The low concentrations of the extract at 200 and 400
pg/ml showed the anti-oxidant function associated with the inhibitory effect of melanoma
cell invasion [3]. The grape seed extract, rich in the bioflavonoids commonly known as
procyanidins, inhibits growth and induces apoptotic death of human prostate cancer cells in
culture and in nude mice. It causes mitochondrial damage leading to cytochrome c release
in cytosol and activation of caspases resulting in PARP cleavage and execution of apoptotic
death [4]. Soy isoflavones, genistein and daidzein, exhibiting estrogenic, anti-estrogenic
and/or tyrosine kinase inhibitory activity, modify the dendritic morphology of B16 mouse
melanoma cells [5]. Likewise, genistein inhibits in vitro the growth of a number of tumour
cell lines, including B16 melanoma cells, and retards the growth of implanted tumours [6].
B16 melanoma is one of the very few pigmented melanoma lines available for use
in mice, although recently transgenic models have been developed in which the reliable
incidence of melanoma allows the establishment of new lines. It was successfully used to
study skin tumour mechanisms relevant for humans, due to its relevance and good
predictability [7, 8, 9].
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Our experimental design is focused on a cellular screening on murine melanoma
standardized line B16-F10, in order to reveal the cytotoxic profile correlated with anti-
proliferative and pro-apoptotic effects of two vegetal extracts, alone and associated. The
grape pomace is the residue from the winemaking process (shells, seeds, etc.) and is an
important source of polyphenolic compounds (hydroxycinnamic acid and hydroxybenzoic
acid derivatives, flavonoids, anthocyanins, tannins, proanthocyanidins). Its antioxidant and
anti-inflammatory effects in stimulated normal cells) were proved [10], interesting aspects
waiting to be discovered on grape marc impact in tumour development, particular on
melanoma cells. Its potency could be increased in association with another extracts/ active
complexes acting synergistically. From the multitude of natural bioactive compounds, we
chose in this study the Trifolium pratense extract (red clover), rich in isoflavones
(genisteine, daidzeine, biochanine, formononetin), with previously proved impact in
estrogenic modulation of different cancer types [11, 12].

Materials and methods

Materials
Natural compounds:

Trifolium pratense extract — ET, containing the following isoflavones:
Daidzeine=1,125mg%mL,; Genisteine=3,98mg %mlL;Biochanine=12,65mg%ml;
Formononetin=22.63mg%ml. A 1:5 dilution of ET extract was used for the
combinations with TES extract and a 1:10 dilution for simple extract.

Grape pomace extract — TES, containing important amounts of
polyphenolic compounds, was prepared as follows: the crushed and dried grape
marc powder was solubilised in water at a concentration of 100 mg/ml, then
centrifuged for 15 minutes at 3500 rpm. The supernatant obtained was used in

experiments as such or combined with clover extract thus:

Combination A: ET:TES=1:9
Combination B: ET:TES= 1:4
Combination C: ET:TES=1:3
Positive control: Methotrexate 3uM
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Cell cultures:

B16-F10 (ATCC® CRL-6475") Cells were cultured in DMEM with 10%
foetal bovine serum, 1% antibiotic/antimicotic solution, under standard culture
conditions (37°C, 95% humidified air and 5% COQO;), harvested 24h before
treatment, 48 h with tested substances. Sub-confluent cells (70-80%) were split
1:3 to 1:10, seeding 1-3x10 000 cells / cm? using 0.25% trypsin or trypsin/EDTA.

Chemicals and reagents:

¢ CellTiter 96® AQueous One Solution Cell Proliferation Assay (Promega)
kits - for the determination of metabolic activity (MTS) and

¢ CytoTox 96® Non-Radioactive Cytotoxicity Assay from Promega - for the
release of lactate dehydrogenase (LDH) in extracellular medium.

¢ Cell Trace CFSE Cell Proliferation Kit (Invitrogen)

¢ Cycle TEST PLUS DNA Reagent (BD PHARMINGEN)

¢ ANNEXIN V - FITC apoptosis detection Kit (BD PHARMINGEN)
Equipment:

Flow cytometer FACS CANTO II with DIVA 6.1 and FCS Express

software; Plate Reader-Berthold Technologies.

Methods
a) Evaluation of the cytotoxic effect

The cytotoxic effect was evaluated on cells exposed to increasing
concentrations of the extracts and combinations of extracts by the correlation
between decreased cell viability (MTS test) and enhancing lactate dehydrogenase
activity in the culture medium as a toxicity marker (LDH assay).

Reduction of MTS (tetrazolium salt), cell viability marker: - evaluation of
oxidative metabolism as response of cells to external factors (compounds) that
may affect their life in culture. The conversion of MTS to water-soluble formazan
measured as absorbance at 490 nm occurs under the action of dehydrogenases
found in metabolically active cells [13, 14].

Release of lactate-dehydrogenase in cell medium, cytotoxicity marker:
Lactate dehydrogenase (LDH) is a cytosolic enzyme present in all cells which is
extracellular released when cell membrane integrity is affected by environmental
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toxical compounds. The amount of LDH in the cell culture supernatant is
measured by a test in which two coupled enzymatic reactions catalyzed by LDH
and diaphorase are carried out which result in the conversion of a tetrazolium salt
into a red formazan compound [15].

b) Apoptosis evaluation through phosphatidil serine translocation / propidium
iodide double staining: In apoptotic cells, phosphatidil serine (PS) - normally
found on the internal part of the membrane - is externalised. Annexin V-FITC
bounds phosphatidil serine from the membrane of cells which began the apoptotic
process. Propidium iodide stains the cellular DNA in cells where the cell
membrane has been totally compromised (late apoptosis). Annexin V-FITC is
detected through flow cytometry as green fluorescence; PI is detected as red
fluorescence.

¢) DNA staining for flow cytometry cell cycle analysis: Propidium iodide is
stoichiometrically bound to melanoma nuclei; stained nuclei emit fluorescent light
primarily at wavelengths between 580 and 650nm, detected by Flow cytometry.

d) Cell proliferation assay — flow cytometric analysis of cell division — by dye
dilution (1uM CFSE - carboxy fluorescein diacetat succin imidil ester standing):
Upon cell division, the dye is distributed equally between daughter cells, allowing
the resolution of cycles of cell division by flow cytometry [16, 17]. Results are
presented by calculating through FacsExpress software the proliferative index
(PD).
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RESULTS AND DISCUSSIONS

Evaluation of the cytotoxic effect of ET, TES and combinations A,B,C on

murine melanoma cell culture:

Cytotoxic effect of TES extract on B16-F10 cell line
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Cytotoxic effect of Combination B (ET:TES= 1:4)
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Fig. 4. Evaluation of the cytotoxic potential of TES (a.), ET (b.), combinations A
(c.), B (d.), and C (e.) revealed by MTS and LDH assays on B16-F10 melanoma
cell line. The cells were allowed to adhere for 24h (7000 cells / well) and treated for 48
hours with the test substance according to the protocol for the specific reagent kit (MTS
/ LDH). All concentrations of active principle were tested in triplicate.

In Fig. 1 the active dose for all tested samples can be extracted as follows: the
TES extract shows a cytotoxicity threshold at a dose of 15 mg / ml, increasing the
amount of lactate dehydrogenase released in the medium, while reduction of MTS
decreases indicating a loss of cell membrane integrity and decreased cell viability. The
ET complex shows a cytotoxic effect starting at a concentration of 0.001%. Under these
doses, there is a superior ratio (sample / control effect > 1) of metabolic activity
evaluated by MTS technique reported, suggesting an activation of cellular metabolism
induced by extract components. In the case of cells treated with combination A, the
cytotoxicity threshold is of 20 pl/ ml culture medium, while combinations B and C
show a cytotoxic effect starting at a 20ul dose / ml medium.
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Apoptotic process in murine melanoma B16-F10 cells.

Apoptosis plays a central role in the prevention of melanoma development as well
as in the responsiveness to current treatment options for metastatic disease. Impaired
apoptosis execution could result in treatment-induced selection for cell populations with
increased stress tolerance, leading to the recurrence of tumours, an increased resistance
to apoptosis being a hallmark feature of cancer [18]. We assessed the cellular impact of
compounds on early and late apoptosis of melanoma cells (flow cytometry double
staining with annexin/ Propidium iodide). The cells were adhered 24h, treated 48h with
TES, ET and combinations (TES+ET). Positive control used was Methotrexate 3uM,
an anti-proliferative agent in cancers and immune disorders. The results are presented in
Table 1, highlighting the effective response in green and representative flow cytometry
images in Fig. 2.

Table 1: Apoptosis induction in melanoma cell line B16-FI10 by TES and ET
alone and associated

Live cells aplf)?)ﬂ)ysis ap:;:ttssis Necrosis % Total Y% variation

(% Parent) (%Parent) | (%Parent) (%Parent) apoptosis | apoptosis
Control cells 79.1 8.8 10.8 1.3 19.6 100
Solvent control 78.6 7.4 12.4 1.7 19.8 100
ET 0.02% 67.8 12.4 17 2.8 29.4 148.48
ET 0.01% 67.9 15.4 14.8 1.9 30.2 152.53
ET 0.006% 69.8 10.6 17.4 22 28 141.41
TES 2mg/ml 75.2 7.2 14.7 2.9 21.9 111.73
TES 4mg/ml 66.8 16.7 15.4 1.1 32.1 163.78
TES $mg/ml 67.3 16.9 14.1 1.7 31 158.16
gg‘;‘bb‘“at“’“ = 69.5 14.4 14.3 1.8 28.7 146.43
g‘;',;‘bb‘“at“’“ = 69.2 15.6 13.7 1.4 29.3 149.49
gg‘;‘bb‘“at“’“ = 73.9 12.9 11.8 1.5 24.7 126.02
g‘;',;‘bb‘“at“’“ = 71.3 13.8 13.8 1.1 27.6 140.82
g‘z";;b‘“at“’“ c 70.2 14.1 13.8 1.9 27.9 142.35
g‘l";}b‘“a"““ Cl 6713 18.9 12.6 1.2 31.5 160.71
gff;;“’trexate 60.9 38.1 1 0 39.1 199.49
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Fig. 1: B16-F10 cells early (FITC- positive) / late apoptosis (FITC and PE-
positive) detection through flow cytometry
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ET (0.02% - 0.006%) and TES (4-8mg/ml) induce apoptosis in murine
melanoma cells, the total apoptotic cells rising with approximate 50% compared
with the control cells. The two extracts combination also acts as apoptosis
inductors (40% - 60% compared with the control), without a significant enhancing
effect.

Proliferative status (cell cycle sequentiation and succession of proliferative
generations) in murine melanoma B16-F10 cells.

The cell cycle of proliferation encompasses a sequential series of
biochemical events leading to DNA replication and cell division [19]. After
mitosis completion, the cell enters the G;-phase, the DNA replication took place
during the S-phase; after genetic material duplication the cell enters the G,-phase
that ends the process required for division. At mitosis the cell divides into two
daughter cells which possibly re-enter the G;-phase for reinitiating another cell
cycle. Chemotherapeutic action on melanoma cells are mainly based on anti-
proliferative effects, usually expressed by cell cycle arrest in one of multiplication
phases: S and G2/M.

B10-F16 melanoma cells were seeded and grown for 24h before the
incubation for another 48h-period with extracts and combinations of extracts.
After harvesting, the cells were stained for cell cycle analysis through flow-
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cytometry. For successive proliferative generation quantification, cells were
stained with CFSE before the seeding on plate, were treated and analyzed after
48h incubation with active substances. The results are shown in Table 2.

Both extracts, ET (0.02% - 0.006%) and TES (4-8 mg/ml) decrease the
proliferation index of murine melanoma and the percent of cells in S-phase (DNA
replication), ET being more active than TES. All the complementary methods
used describe the same effect: a rehabilitation of proliferative status, previously
augmented by malignisation process. Two essential mithosis phases (S+G2/M) are
slowed down, leading to less dividing generations of cells. The combinations
TES+ET preserve the anti-proliferative actions of both components, with a special
mention for combination B.

Table 2: Proliferative status of melanoma cell line B16-F 10 modulated by TES and ET
alone and associated

% of cell cycle %S+ %0 Pr(t)ili,t:ra %0
phases % GO/G1| %S | %G2/M o éz M decreasing Index decreasing

distribution ¢ S+G2/M (PI) PI
Control cells 69.58 (2323 718 | 30.41 0 3.23 0.00
Solvent control 68.63 | 269 | 448 | 31.38 0 3.49 0.00
ET 0.02% 73.54 [21.89| 457 | 2646 15.68 2.62 24.93
ET 0.01% 76.98 (2045 257 | 23.02 | 26.64 2.26 35.24
ET 0.006% 77.19 [20.07| 274 | 22.81 27.31 1.75 49.86
TES 2mg/ml 69.59 (2401 6.04 | 30.05 1.18 3.03 6.19
TES 4mg/ml 7311 [ 259 099 | 26.89 11.58 2.57 20.43
TES Smg/ml 73.87 [20.03] 6.1 26.13 14.07 2.18 32.51
g‘z",;,:b'“a“"“ = 7527 |17.74| 7 24.74 18.65 1.89 41.49
g‘;';:b'“a“"“ = 7713 |18.43| 4.4 2283 | 24.93 2.47 23.53
g‘z",;,:b'“a“"“ = 7571 |18.81| 5.48 | 2429 | 2012 1.96 39.32
OC‘I",;:b‘“at“’“ = 78.7 |17.61| 3.69 21.3 29.96 1.71 47.06
g‘z",;,:b'“a“"“ c 7437 |19.47| 6.16 | 25.63 15.72 1.77 45.20
E‘;',;:bi“aﬁ"“ C 7396 |17.12| 892 | 2604 | 1437 1.86 42.41
Methotrexate 3uM | 77.31 [21.09] 1.61 227 25.35 1.3 59.75
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Conclusions
Grape pomace and red clover extracts are apoptosis inducers and anti-
proliferative agents in murine melanoma cells. Additionally, their combinations
inhibit melanoma progression. The concerted action on apoptosis and cell cycle
arrest / proliferation inhibition is sustained by the complexity of active principles
(isoflavones in ET, anthocyanins in TES, etc) from both vegetal extracts.

Together with previously demonstrated actions (ET as estrogenic modulator,
TES as an antioxidant and anti-inflammatory agent), their combination could be
an adjuvant solution in melanoma therapy, rising the anti-tumour efficacy.

This research is a step forward to sustain the proper capitalisation of winery
waste as well as the red clover as medicinal herb, including their use as a part of
new developed delivering systems (e.g. Nanosystems). Future studies had to
explore key factors supporting mechanisms or signalling pathways related to
proliferative status regulation.
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