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Some of the beneficial effects of the Mediterranean diet on human pathologies have been attributed
to red wine polyphenols. It has been postulated that the antioxidant activity of the latter would be
also responsible for the cytoprotective capacity of red wine that has been reported in a few papers.
Nevertheless, red wine shows a complex composition, and the active fraction is not known yet. In
this context, the protective capacity of total lyophilized extracts of red wine and anthocyanin, neutral,
or acidic fractions, was explored in PC12 cells in culture after a hydrogen peroxide insult. Although
all fractions showed high antioxidant activity, only the neutral fraction was cytoprotective. The analysis
of this active fraction showed that it was rich in the aglycons quercetin and myricetin as well as the
glycosides of kaempferol, isorhamnetin, epicatechin, and catechin, some of which are known to be
cytoprotective. This is the first paper to reveal the active fraction of total wine responsible of its

cytoprotection.
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INTRODUCTION The ultimate healthy aim of antioxidant activity of natural

During the past decade' many epidemio]ogica] studies haveOr SynthetiC molecules is the prevention of cellular death in those
shown that the Mediterranean diet appears to have beneficialtissues-the endothelium, the skin, or the braiwhere cells are
effects on cardiovascular diseases, a fact that has come to bet risk because of oxidative stress. In contrast with the many
known as the “French paradoxI{3). Epidemiological studies  papers dealing with the study of the antioxidant properties of
have also indicated that dietary habits could influence the wine and its relationship with its components, only one paper
incidence or evolution of pathologies such as neurodegenerative(De Ruvo et al., 2000) has shown the in vitro cytoprotective
disorders (4—6) in which oxidative stress has been identified activity of red wine. In this case, the lyophilized whole wine
as a main contributor 7( 8). The regular and moderate showed neuroprotection on apoptotic neurds)s This lack of
consumption of wine, especially red wine, appears to be one of protective results for total wine contrasts with the cytoprotective
the main reasons for these healthy effed(sl0). For example,  activity already demonstrated for phenolic compounds of wine
data from the so-called Personnes Agees Quid (PAQUID) study g,ch as quercetin, resveratrol, kaempferol, or epicatechin when
showed that people drmkmg three to four g!asses of wine pe;‘r tested individually 16, 17). Another related work published by
d_ay have an 80% less incidence of dem_entla an_d Alzheimer's Roig et al. showed that a mixture of flavonoids resembling those
d|seas_e tha_m ‘hos‘? vv_ho Qrank less or d.'d not d”nk. aaau.(_ of wine has better cytoprotective effect than individual phenols
There is evidence |nd!ca}tlng that_the annomdgr_lt action of wine against an oxidative stress cell damad)( Accordingly,
Eﬂhemllc compoqnds 's involved in the beneficial effects of the nothing is known about cytoprotection by the different fractions

editerranean diet (12,3). ] . D . . .

In this sense, it has been demonstrated that the total©f Win€ and what relationship it could havé any—with their -

antioxidant capacity. There is a growing awareness that functions

antioxidant capacity (AC) of blood plasma increases after o i >
polyphenolic compounds ingestion (145). other than antioxidants are important for flavonoids’ complex

actions in the organism.
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cell line PC12. The study further assessed the AC and the treated for 30 min at 56C), 5% fetal bovine serum, 75 mg/L penicillin,

phenolic composition of each fraction. and 50 mg/L streptomycin, in collagen-coated 7 mL culture flasks.
Cultures were fed twice a week with complete growth medium. When
MATERIALS AND METHODS they reachgd ne_ar-conflqent staFe 1 week later, 'suboculturlng was carried
out (the split ratio was 1:5). Maintenance was in a’87incubator in
Wine and Isolation of Polyphenolic Fraction. Three different a water-saturated atmosphere containing 5% (@5).

commercial brands of red wine cv. Tannat were selected for the  Cytotoxic and Cytoprotective Activity Assay. Cells were seeded
experiments among other Uruguayan red wine varieties because inin 96-well plates at a density of 20000 cells/well. For the LWW and
preliminary experiments they have shown the highest AC and phenolic fractions, the TP concentrations chosen were from 0 to 2@00L of

content. GAE. After 24 h of subculture, LWW or the fractions were added. For
Liquid/liquid extraction methods were performed to obtain the neutral the study of cytotoxicity, treated cells were incubated for 30 min at
(NF), acid (AcF), and anthocyanin fractions (AntEp]. Alcohol was 37 °C. For the cytoprotective assessment 200 H,0O, was concomi-

removed under vacuum (at 2& and 30 mbar). The dealcoholized tantly added, and cells were incubated for 30 min at@7Two kinds
wine was adjusted to pH 7, and 6 mL was first extracted with ethyl of controls were used (without any treatment or vehicle treatment),
acetate (three times with 3 mL of EtOAc each), obtaining an aqueous and no significant differences were found between them. Finally, the
residue and an organic phase. The EtOAC of the organic phase wastreatment medium was removed, and viability was determined according
evaporated to obtain the NF. The aqueous residue was adjusted to pHo the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

2 and extracted again with EtOAc (three times with 3 mL of EtOAc (MTT) colorimetric assay46). Cells were incubated f@ h at 37°C
each) to obtain the AcF by means of evaporating the EtOAC. The with MTT (0.5 mg/mL final concentration) and dissolved in fresh

remaining aqueous residue is the AntF. complete medium, in which metabolically active cells reduced the dye
Lyophilized whole wine (LWW) was obtained by means of de- to purple formazan. Crystals were dissolved with dimethyl sulfoxide

alcoholized wine lyophilization. (DMSO), and the absorbance was measured at 570—630 nm.
Determination of Total Polyphenol. Total polyphenol (TP) contents Statistical Analysis. The results were expressed as mearssandard

of LWW and its different fractions were determined according to the deviation (SD). Differences among different experimental groups were

Folin—Ciocalteu method20). Distilled water (395@L) was combined tested for significance using one-way analysis of variance (ANOVA)

and vortexed with 5L of sample appropriately diluted and 25Q followed by Tukey’s multiple-comparisons tests, takipgs 0.05 as

of Folin—Ciocalteu reagent. After that, 730 of sodium carbonate significant.

(20%) was added, and the mixture was vortexed again and allowed to

stand at room temperature for 35 min. The absorbance was read at 75(??ESULTS AND DISCUSSION

nm, and the total polyphenol concentration was calculated from a

calibration curve, using gallic acid as a standard. Results were expressed The cytoprotective activity of red wine and its fractions

as micrograms per milliliter of gallic acid equivalents (GAE). against oxidative stress insult in culture was explored in this
Analysis of Phenolics by HPLC.The concentration of individual work. The HO, oxidative insult has been widely utilized for

polyphenols was determined using a Merdkitachi HPLC system e aggessment of cytoprotection, especially in PC12 cells in
equipped with an L-6200 pump and an L-7450 photodiode array culture (27—29), and it offers the possibility of a graded
detector controlled by D-7000 Chromatography Data Station software lati f th ! . f cell death i lati hi ith th
(21). Reversed phase separations were carried out using a Supelco Lcregu ation ,O the severlty of cell death in relationship wi €
18 Supelcosil 250< 4.6 mm i.d., 5um, column. Elution was carried ~ concentration applied. In our model, exposure of PC12 cells to
out by using a gradient system that makes use of 2% formic acid 200 uM H20, for 30 min resulted in 50% remaining cellular

(solvent A) and 2% formic acid/50% methanol (solvent B).The Viability (30).

following proportions of solvent A were used:—@ min, 100%; 2—3 The LWW did not show cytoprotection at any of the
min, 98%; 3—4 min, 95%; 44.5 min, 90%; 4.5-5 min, 85%; 5-10 concentrations tested, and the application>&00 ug/mL of
min, 75%; 16-15 min, 60%; 15-20 min, 20%; 26-25 min, 0%, 25- GAE was cytotoxic per se.

30 min, 50%; and finally 5 min of washing with 100%. The flow rate Amona the fractions used in this studv. the NE was the onl
was 1 mL/min. Monitoring of the eluate was performed simultaneously 9 Y, y

at 280, 313, 360, and 518 nm for benzoic acids and flavanol, c_me that prevented_jﬂ)z-induced cell death’ even at Co_ncentra'
hydroxycinnamate, flavonol, and anthocyanin quantification, respec- 10nS that were toxic when NF was applied alone (Figure 1).
tively. Free flavonols were detected in the nonhydrolyzed NF, whereas Concentrationss 100ug/mL GAE did not show cytoprotective
the total flavonol content was determined after acid hydrolytic cleavage effects (Figure 1). Neither AcF nor AntF showed any cytopro-
of the flavonol conjugates, which released the aglycons (22). The tective activity, and both were toxic at concentrations higher
conjugated flavonol level was estimated by subtracting the amount of than 150 and 50@g/mL of GAE, respectively. The cytotoxic
flavonol found in the unhydrolyzed sample from the quantity present effect of these two fractions could explain why the LWW was
in the acid-hydrolyzed extract. With each analysis, the flavonol content ¢ cytoprotective. It is likely that in low concentrations of
of the hydrolyzed sample was corrected for sample handling/hydrolysis LWW, NF would not reach the concentration to offer cytopro-
losses on the basis of the recovery of the morin internal standard. o ion 1o cells. At high concentrations of LWW applied to cell
Free and conjugated hydroxycinnamate concentrations were deter- It th totoxic effect of AcE and AntE would outweiah
mined before and after AcF alkaline hydrolysi&lf, with a sinapic cultures, the cylotoxic efiect o 9
acid as internal standard. the cytoprotective effe_ct of NF, because they represent together
Measurement of Antioxidant Capacity. The AC of LWW and its >70% of the whole wine.
fractions was evaluated by studying its ability to scavenge the ABTS Several mechanisms could be hypothesized to be involved
radical (23). ABTS" was produced by the reaction of ABTS solution in the cytoprotective effect of NF. Because cell death induced
(7 mM) with ammoniun persulfate (140 mM) (both solutions were by H,O; is originally mediated by oxidative stress, the AC of
prepared in bidistilled water) for 12—16 h, in the dark and at room the fraction could be the main force counteracting the oxidative
temperature. Prior to use, the stock solution was filtered and diluted in jnsult. For this reason the scavenger activities of LWW, NF,
PBS so as to achieve an absorbance at 734 nm of 8.0M2. One AcF, and AntF were evaluated by the ABTS ass@igiire 2).

milliliter of diluted ABTS solution was mixed with 1@L of sample, - . .
and the percentage decrease of absorbance at 734 nm was calculate WW and all of the fractions showed higher AC compared with

The 1G (ug/mL of GAE) was determined for LWW or its fractions rolox, which has an 1€ of 3.7/4g/m|__.

(24). However, although all of the fractions have a marked AC,
Cell Culture Conditions. PC12 cells were grown and maintained only the NF protected PC12 cells against the oxidative insult,

in a growth medium consisting of 85% RPMI, 10% horse serum (heat- showing that there is no direct relationship between the
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Figure 1. Evaluation of cell viability in PC12 cells after treatment with neutral fraction (NF) or NF plus H,O, (200 M during 30 min). Data are represented
as mean = SD of n = 6: ++, p<0.01, and +++, p < 0.001, comparing treatment with H,05; *, p < 0.05, and ***, p < 0.001, comparing treatments with
control. Statistical analysis was done with Tukey's multiple-comparisons test.

359 Table 1. Phenolic Compounds Identified in Neutral, Acidic, and

3 T Aqueous Fractions

)
S 257 T ? + fraction compound uMi(mg/mL of GAE)
£ 24 - neutral flavan-3-ols
> 15 4 T catechin 4788
S epicatechin 643.2
8 14 other? 697.6
- total 1820.0
051 free flavonols
0 T ; ; myricetin 14.4
Lww AntF AcF NF quercetin 72
) . L . . ) . conjugated flavonols
Figure 2. Analysis of antioxidant capacity of different red wine fractions kaempferol 48
evaluated by the ABTS assay. NF = neutral fraction, AntF = anthocyanic isoramnetin 137
fraction, AcF = acidic fraction. Data are expressed as mean + SD of acidic hydroxybenzoic acids
ICso: **, p < 0.01 (NF vs AntF); *, p < 0.05 (AcF vs AntF); and +, p < gallic 35.0
0.05 (NF vs LWW). Tukey's multiple-comparisons test was utilized for protocatechuic 37.6
statistical analyses. hydcrggf;ggamm acids 17798
cytoprotective effect and the potency of AC. It must be taken CU]E?f_iCC Zgg-g
into account that in the ABTS assay the compounds have total ‘ catielc :
access to the ABTS radical, and in the cell culture the  anthocyanic free anthocyanins?

e : - e delphinidin 3-glucoside 2.3
accessibility to the radicals depends on their ability to pass cyanidin 3-glucoside 07
through the cell membrane. Furthermore, the scavenger capacity petunidin 3-glucoside 46
was tested using the carbon-centered synthetic free radical peonidin 3-glucoside 0.1
ABTS, which differs from the kind of free radicals generated malvidin 3-glucoside 284

in the HO; cell culture model. Finally, the ABTS assay cannot

differentiate the antioxidant reactivity of the different species, a Other flavan-3-ols are expressed as catechin. ? Caftaric acid is expressed as

an issue likely involved in cytoprotective activity. caffeic acid. ¢ Cutaric qciq is expres_sed as p-coumaric acid. ?Free anthopyanins
Another clue for the understanding of the cytoprotective effect are expressed as cyanidin-3-glucoside. Data are based on HPLC analysis.

of NF is the analysis of its components. The HPLC analysis of

the polyphenolic composition of each fraction is showiiamle Although phenolic families contained in FN of the different

1. The NF fraction had a predominant flavan-3-ols composition Tannat bottles tested are unchanged, the combination of

(mainly catechin and epicatechin), free flavonols (myricetin and compounds from each phenolic family and its concentration vary

quercetin), and conjugated flavonols (kaempferol and isorham- depending on the bottles of wine used. Indeed, in NF the

netin glycosides)Table 1). The components determined in the concentration of flavan-3-ols goes from 1265 to 2240(mg/

AcF were gallic and protocatechuic acids from the hydroxy- mL of GAE), the free flavonols vary between 12.8 and 21.6

benzoic acid family and caftaric, cutaric, and caffeic acids from xM/(mg/mL of GAE), and conjugated flavonols vary between

the hydroxycinnamic acid familyT@able 1). In the AntF the 37.2 and 136:M/(mg/mL of GAE). However, for the same TP

five free anthocyanins present in the grapes were found concentration, the NF of different bottles of wine showed similar

(malvidin 3-glucoside, delphinidin 3-glucoside, cyanidin 3-glu- results in cell culture and AC assays. Thus, the figures and table

coside, petunidin 3-glucoside, and peonidin 3-glucoside) and presented here illustrate the results obtained from an experi-

malvidin 3-glucoside-coumarylade. mental series of one bottle of Tannat red wine.
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Many of the compounds found in the NF are known as
cytoprotective molecules in different cell culture models,
including PC12 cells exposed to oxidative injury (31—33).
Hydrophobicity could be determinant for the cytoprotective
activity of the compounds because hydrophobic molecules have
a greater chance to get into the cell where the injury process is
developed 34). In this sense, the decreased hydrophobicity of
anthocyanin ionized molecules is a factor that should be taken
into account to explain why AnF, with good antioxidant potency,
did not have a cytoprotective effect on PC12 because antho-
cyanin ionized molecules decrease hydrophobicity.

An additional point is that oxidative stress induced byOb
also increases intracellular €aand activates intracellular
signals involved in cell death in PC12 cell3537). In this
sense, although free radical scavenging activity has been the
action most widely attributed to flavonoid3§g), they have also
several other activities such as iron chelation, enzyme activation
or inhibition, and calcium homeostasi89) participating in
intracellular signaling cascades and likely interfering with cell
death signals. Moreover, it has been shown that individual
flavonoids present in the NF inhibit xanthine oxidase, IP3 kinase,
and PKC kinase 39). In this context, beyond their known
scavenger action, the cytoprotective effects of flavonoids present
in NF could be explained by their ability to interact with
intracellular targets implicated in programmed cell death. It
could be hypothesized that flavonoids such as flavonols and
flavan-3-ol included in NF have cytoprotective effects affecting
downstream intracellular signaling cascades. Thus, NF probably
has a unique cytoprotective profile given by a marked AC,
adequate hydrophobicity, and cytoprotective compounds acting
in secondary messenger systems involved in the cell death

process. These results are in agreement with the numerous

studies pointing to natural polyphenols as potential neuropro-
tective compounds4Q, 41) and show the specific phenolic
fraction that is involved in wine cytoprotective properties,
perhaps acting synergistically as was previously sugge$&d (

ABBREVIATIONS USED

AC, antioxidant capacity; LWW, lyophilized whole wine;
AcF, acidic fraction; AntF, anthocyanin fraction; NF, neutral
fractions; EtOAc, ethyl acetate; TP, total polyphenols; GAE,
gallic acid equivalents; HPLC, high-performance liquid chro-
matography; ABTS, 2,2azinobis(3-ethylbenzothiazoline-6-sul-
fonic acid); ABTS*, ABTS radical; PBS, phosphate-buffered
saline; RPMI, basal medium designed at Roswell Park Memorial
Institute; HO,, hydrogen peroxide; DMSO, dimethyl sulfoxide;
MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide.
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