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Oxylipins are lipid mediators involved in the physiopathology of all organs. Moreover, isoprostanes have

been established as general and reliable in vivo oxidative stress biomarkers. Red wine has proved to exert

several benefits through the maintenance of the oxidative balance of the organism. Antiradical scavenging

capacity has been mainly attributed to polyphenols. However, melatonin and hydroxytyrosol should be

taken into account as potent antiradical agents. The present research aimed to clarify the situation of

enzymatic and oxidative injury and eicosanoid urinary excretion related to the intake of three kinds of red

wines and their primary musts. Judging by the reduction in the excretion of isoprostanes, red wine con-

sumption exhibited the highest antioxidant protection against oxidative stress, attributed to its OHTyr

content (p < 0.05), and to a lesser extent to its MEL content. Similarly, the intake of red wine leads to the

cardioprotective effect due to the reduction in the urinary excretion of the pro-inflammatory prostaglan-

din 2,3-dinor-11-β-PGF2α, besides the increase in the vasodilator prostaglandin PGE1, mediated by the

melatonin (p < 0.05) and hydroxytyrosol (p < 0.05) contents. In conclusion, red wine (especially non-

aged wine) exerts a higher in vivo antioxidant capacity than must or alcohol.

Introduction

Lipid peroxidation products have been investigated in order to
determine their use as biomarkers of oxidative status in
different plant and mammalian systems. Linolenic acid (ALA),
arachidonic acid (AA), adrenic acid (AdA), eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) are commonly
studied fatty acids1–3 which result in phytoprostanes

(PhytoPs),2,4 isoprostanes (IsoPs),1,3 F2-dihomo-isoprostanes
(F2-dihomo-IsoPs), F3-neuroprostanes (F3-NeuroPs) and F4-
neuroprostanes (F4-NeuroPs), respectively.

1

IsoPs have been established as general and reliable “in vivo”
oxidative stress biomarkers, and their presence in several clini-
cal physiological and pathological conditions such as aging,
cardiovascular disorders, cancer, and neurological pathologies
has been established.3,5,6 They are prostaglandin-like com-
pounds, produced by the non-enzymatic peroxidation of AA,
normally catalyzed by free radicals.6,7

Other metabolites derived from the oxidation of AA are
prostaglandins (PGs); however, they are formed enzy-
matically (in contrast to IsoPs). Their formation is regulated
by cyclooxygenase (COX) from fatty acids like AA.8 The
rates of action of PGs are large since they are able to exert phys-
iological effects related to inflammation, fever or pain, thanks to
prostaglandin signaling through specific G protein-coupled
receptors.9,10 Both PG and IsoPs are defined as eicosanoids,
considered as lipid mediators, involved in the physiopathology
of all organs, tissues, and cells, being associated with homeosta-
sis, biological functions and inflammation.11
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A Mediterranean diet (MD) has been proved to exert several
benefits in order to maintain the redox balance. Antioxidants,
mainly polyphenols, have been thought to be mainly respon-
sible for the antiradical effects related to MD.12 Wine is a
representative alcoholic component of the MD, considered
responsible for the “French paradox”.13 Red wine polyphenols
have demonstrated in vivo and in vitro antioxidant capacity,12,14

leading to the protection against cardiovascular and degenera-
tive diseases, besides some cancers and inflammation pro-
cesses.15 In fact, ethanol has been considered to exert anti-
oxidant capacity in vivo,13,16,17 so alcohol could be partially
responsible for the effects of red wine.

Despite these beneficial effects, polyphenols have demon-
strated a very low bioavailability, both in vivo and
in vitro.12,15,18 Concerning the low absorption of polyphenols,
other compounds such as melatonin (MEL) and hydroxytyrosol
(OHTyr) and its metabolites from colonic microflora meta-
bolism could be partially responsible for the antioxidant
benefits of red wine.19 Both MEL and OHTyr act as radical sca-
vengers, regulating the oxidation status of the organism.19–21

They are not only able to scavenge oxidants, but they have also
demonstrated the endogenous enzymatic activation of the anti-
oxidant defense system and cardioprotective properties.19,20,22

They are even able to trespass physiological barriers, crossing
the blood–brain barrier. Therefore, MEL and OHTyr can act as
local and general antioxidants, exerting antiradical protection
when needed.23,24

The present research aims to clarify the state of the art
about the systemic lipid peroxidation markers and enzymatic
lipid oxidation in the human body related to the effect of the
intake of a cup of red wine, paying attention to its bioactive
compounds in general and OHTyr/MEL in particular, by con-
ducting an in vivo study with 18 female volunteers.

Materials and methods
Chemicals and reagents

HPLC-grade ACN and methanol were purchased from Scharlau
Chemie (Barcelona, Spain). Ultrapure water (Milli-Q) was
obtained from Milli-Q Gradient A10 system (Millipore,
Bedford, MA). β-Glucuronidase, type H2 from Helix pomatia
and BIS-TRIS (bis-(2-hydroxyethyl)-amino-tris(hydroxymethyl)-
methane) were obtained from Sigma-Aldrich (St. Louis, MO,
USA). Strata X-AW cartridges, 100 mg 3 mL−1, were obtained
from Phenomenex (Torrance, CA, USA). 15-F2t-IsoP, 15-epi-15-
F2t-IsoP, ent-15-epi-15-F2t-IsoP, 2,3-dinor-15-F2t-IsoP, 2,3-dinor-
15-epi-15-F2t-IsoP, 5-F2t-IsoP, 5-epi-5-F2t-IsoP, and 8-F3t-IsoP
were synthesized according to our published procedures.25–27

The other isoprostanes and prostaglandins were purchased
from Cayman Chemical (Ann Arbor, MI, USA). These com-
pounds were: PGDM, PGD2, Tetranor-PGDM lactone, 11-
β-PGF2α, 2,3-dinor-11β-PGF2α, Tetranor-PGDM, Tetranor-PGJM,
PGE2, 20-OH-PGE2, Tetranor-PGEM, Tetranor-PGAM, Tetranor-
PGFM, 15-keto-PGF2α, 20-OH-PGF2α, 19(R)-OH-PGF2α, 2,3-
dinor-6-keto-PGF1α, 6-keto-PGF1α, ent-PGF2α, 15-keto-15-F2t-

IsoP, 9-epi-15-F2t-IsoP, 15-keto-15-E2t-IsoP, 15-epi-15-E2t-IsoP,
11-dh-TXB2, 17-trans-PGF3α, 8-epi-8-F3t-IsoP, PGE1, PGF1α,
15-E1t-IsoP, 15-F1t-IsoP, U-44619, and U-44069.

Red wine samples assayed in this clinical and nutritional trial

The description of red wines and their primary musts was pro-
vided in our previous studies.28,29 The red wines were provided
by the Baigorri winery (Bodegas Baigorri S.A.U, Samaniego,
Álava). With the aim to compare different vinification and
aging procedures, three different wines were chosen and
named as follows: “Baigorri carbonic maceration 2010”,
“Baigorri aged 2007” and “Baigorri high expression 2010”.
Wines were stored between 12 °C and 14 °C after bottling,
leading to a correct maintenance. The primary musts of the
wine samples were stored at −20 °C after the harvest of the
grapes, avoiding fermentation. The use of the primary musts
of the wine samples allowed the determination of the differ-
ences between the wines arising from the differences in the
winemaking processes, avoiding any differences in the grape
variety or harvesting procedure from must to wine.

Study design

The characteristics of the present study have been described in
our previous reports,28,29 being previously approved by the
Bioethics Committee of the Catholic University San Antonio de
Murcia (UCAM). The study included a total of 18 (N = 18)
healthy female volunteers, between 18 and 27 years of age (the
characteristics are shown in Table 1). Importantly, all individ-
uals in this study were nonsmokers and during the study the
women were not in their menstrual days. Informed and signed
consent of each individual involved in the trial was obtained.
The development of the study was double-blind, crossover and
placebo-controlled, carried out in four stages. At the beginning
of each stage, the volunteers (N = 18) were divided into two
equal groups (N1 = 9 and N2 = 9) in order to facilitate the cross-
over of the study. The structure of the stages consisted of
48 hours of urine collection since the beginning of the treat-
ment, followed by a 72 hour washout period. Finally, after the
washout period, the crossover was developed, collecting the
urine of the volunteers in the following 48 hours. Afterwards,
each stage was in turn separated by washout periods of

Table 1 Physical and clinical parameters of the participants (N = 18)

Parameters Mean SD

Age (years) 22.5 6.3
Weight (kg) 64.3 16.4
Height (cm) 164.1 17.7
BMI (kg m−2) 23.54 1.07
Glucose (mg dL−1) 87.2 7.7
Urea (mg dL−1) 28.7 6.6
Creatinine (mg dL−1) 0.7 0.1
Uric acid (mg dL−1) 3.8 0.8
Cholesterol (mg dL−1) 190.1 31.7
Triglycerides (mg dL−1) 87.5 39.3
HDL-Cholesterol (mg dL−1) 70.9 18.8
LDL-Cholesterol (mg dL−1) 101.1 24.7
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72 hours too. The graphical distribution of the different stages
developed in the present study is shown in Fig. 1.

Urine samples were obtained equally in all the stages of the
study (graphically represented in Fig. 1). At 0 hours, the first
urine in the morning was obtained both before and after the
crossover. Additionally, urine samples were collected from 0 to
48 hours in order to establish the in vivo effects of the intake
of the different beverages. Importantly, although the measure-
ments were performed in the urine of 48 hours, the data
obtained are expressed in µg 24 h−1 in order to facilitate the
comparison with previously reported data.

Extraction and determination of melatonin and phenolics by
UHPLC-QqQ-MS/MS

The methods used for the characterization of the samples were
described in our previous reports.28,29 The different phenolic
compounds detected in the samples of wine and must were
identified by their UV-Vis spectra and chromatographic com-
parison with authentic commercial markers.18,30 Anthocyanins
were quantified at 520 nm by comparison with malvidin-3-
glucoside (LOD = 0.074 ppm, LQD = 0.240 ppm) and flavonols
were quantified at 360 nm by comparison with quercetin-3-

rutinoside (LOD = 0.123 ppm, LQD = 0.409 ppm).
Hydroxycinnamic acid derivatives were quantified at 320 nm
by comparison with caffeic acid (LOD = 0.064 ppm, LQD =
0.212 ppm) and finally, E-stilbenes were quantified by com-
parison with trans-resveratrol (LOD = 0.024 ppm, LQD =
0.074 ppm).

For the determination of OHTyr and its metabolites, a
UHPLC coupled to a 6460 QqQ-MS/MS (Agilent Technologies,
Waldbronn, Germany) was used, following the method
designed by Domínguez-Perles et al. (2015).31

For the analysis of MEL and serotonin, the extraction pro-
cedure for the wines and musts was as previously described.32

The separation and determination of MEL and serotonin was
performed using a UHPLC coupled to a 6460 QqQ-MS/MS
(Agilent Technologies, Waldbronn, Germany) and a Waters
Acquity UHPLC BEH C18 1.7 µm 2.1 × 50 mm column.

Sample preparation for eicosanoid analysis

The extraction of eicosanoids in urine was carried out follow-
ing the method developed by ref. 33. All solutions were stored
at −80 °C. The eicosanoid concentrations were calculated from
standard curves freshly prepared each day.

Fig. 1 Graphical representation of the in vivo assay, divided into four stages. Stages 2, 3 and 4 were similar but the beverage drunk changed
between stages. A period of 72 hours was included both between stages and before the crossover. CMW/CMM: carbonic maceration wine/must;
AW/AM: aged wine/must; HEW/HEM: high expression wine/must.
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For the enzymatic hydrolysis to remove the glucuronide and
sulfate conjugates, the enzyme β-glucuronidase from Helix
pomatia was used according to ref. 33. Before the analysis by
UHPLC-QqQ-MS/MS, the samples were subjected to solid
phase extraction (SPE) using a Strata X-AW cartridge (100 mg
3 mL−1) according to the procedure described by Medina et al.
(2015).33 The analytes were eluted with 1 mL of MeOH and
dried under vacuum using a SpeedVac concentrator (Savant
SPD121P, Thermo Scientific, MA, USA). The dry extracts were
reconstituted with A : B phases (90 : 10, v : v) and filtered
through a 0.45 μm filter (Millipore, MA, USA). Samples were
finally injected and analyzed by UHPLC-QqQ-MS/MS.

UHPLC-QqQ-MS/MS analysis of urinary eicosanoids

LC-MS/MS has demonstrated to be the most specific and versa-
tile method to determine the biomarkers of lipid peroxi-
dation.34 Eicosanoids were separated using a UHPLC system
coupled to a 6460 triple quadrupole tandem mass spectro-
meter (Agilent Technologies, Waldbronn, Germany).
Chromatographic separation was carried out on an ACQUITY
BEH C18 column (2.1 × 50 mm, 1.7 μm pore size) (Waters, MA,
USA), and the column temperatures were 6 °C both left and
right. Sample analysis was carried out following the method
previously reported by Medina et al. (2015);33 the multiple
reaction monitoring (MRM) mode was performed using the
negative electrospray ionization (ESI) mode. The mobile
phases used were A (water) and B (methanol), both containing
0.01% of acetic acid (v : v). The operating conditions for MS
parameters and flow rate were defined by Medina et al.
(2015).33 The injection volume was 20 μL in UHPLC-QqQ-MS/
MS. Data acquisition and processing was performed using
MassHunter software version B.04.00 (Agilent Technologies,
Walbronn, Germany). Finally, the amount of eicosanoids in
urine was calculated from the area ratio of the ion peaks of the
compounds over the corresponding standards.

Statistical analysis

The analysis of variance (ANOVA; Duncan) was applied to
establish significant differences between the means obtained
during the fermentation process. In order to understand the
changes observed in the different samples and the influence

of the different bioactive compounds, a statistical procedure
was developed that has been described in our previous
studies.28,29 Simple regression was performed and the results
obtained were compared with the results of multiple
regression analysis in stepwise mode, in order to establish a
realistic relationship. These analyses were performed with
SPSS version 21 software (SPSS Inc., Chicago, IL, USA).

Results
Qualitative and quantitative analysis of melatonin and
phenolics in wines and musts

The results relating to the content of bioactive compounds in
different wine and must samples have been reported and dis-
cussed in our previous studies.28,29 In order to help under-
stand the study, the results are summarized in the present
paper. The concentrations of the different bioactive com-
pounds are shown in Table 2 (describing the content of MEL,
OHTyr and its metabolites) and Table 3 (showing the content
of phenolic compounds).

Briefly, the wines showed a higher content of MEL, while
the musts contained very small amounts of this compound. In
wines, the highest MEL concentration was found in carbonic
maceration wine (CMW) (161.83 ± 7.14 ng mL−1), while aged
wine (AW) (26.31 ± 1.35 ng mL−1) and high expression wine
(HEW) (19.63 ± 1.14 ng mL−1) showed minor contents (p <
0.01) but similar concentrations (p > 0.05).

Musts showed high amounts of HV-Acid, but minor con-
tents of HV-Alc and a very slight presence of OHTyr. HV-Alc fol-
lowed a trend opposite to that of HV-Acid, with its concen-
tration increasing after winemaking for CMW and AW, but not
HEW (Table 2). The most important difference between the
wines and musts was the increment of OHTyr after vinification
(p < 0.05). As shown in Table 2, HEW showed the highest
OHTyr concentration of all the beverages (35.11 ± 2.51
ng mL−1), followed by AW (29.65 ± 0.46 ng mL−1) and CMW
(16.13 ± 2.98 ng mL−1).

The concentration of phenolic compounds from the wines
and musts is shown in Table 3. Anthocyanins were the major
phenolic compounds found in the wines and musts, underlin-
ing malvidin-3-O-glucoside as the major anthocyanin both in

Table 2 Characterization of the bioactive compounds of red wines and musts and the white rum ethanol content

Hydroxytyrosol metabolites (ng mL−1)

Tryptophan (ng mL−1) Melatonin (ng mL−1) Ethanol (gram per dose*) Homovanillic acid Homovanillic alcohol Hydroxytyrosol

WR — — 4.14 — — —
CMW 79.13 ± 2.26c 161.83 ± 7.14a 4.14 83.46 ± 13.59c 189.23 ± 8.71a 16.13 ± 2.98b

CMM 155.72 ± 14.69b 0.41 ± 0.039d — 130.76 ± 1.32a 14.63 ± 0.17c 0.53 ± 0.05c

AW 2.79 ± 0.30e 26.31 ± 1.35b 4.14 74.38 ± 0.68c 65.51 ± 1.31b 29.65 ± 0.46a

AM 144.29 ± 11.02b 1.24 ± 0.13c,d — 112.41 ± 3.12a,b 16.22 ± 1.02c 0.96 ± 0.09c

HEW 17.71 ± 1.76d 19.63 ± 1.14b 4.14 75.94 ± 7.29c 51.56 ± 6.27b 35.11 ± 2.51a

HEM 573.08 ± 38.01a 0.03 ± 0.004d — 101.04 ± 2.21a,b 60.59 ± 1.31b 0.54 ± 0.03c

WR: white rum; CMW/CMM: carbonic maceration wine/must; AW/AM: aged wine/must; HEW/HEM: high expression wine/must. *It is considered
as the total dose ingested during 48 hours: 74 mL of white rum and 200 mL of wine and must.
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the wines and musts (p < 0.05), followed by delphinidin-3-O-
glucoside and petunidin-3-O-glucoside which also highlighted
from the rest of the anthocyanins. The most abundant hydro-
xycinnamic acid derivatives were caftaric acid and coutaric
acid, mainly found in the wines. On the contrary, p-coumaric
acid and fertaric acid were minor compounds in the wines and
undetectable in the musts. Moreover, quercetin-3-O-rutinoside
and kaempferol-3-O-glucoside were identified as the major fla-
vonols. Finally, the major stilbene was trans-resveratrol, both
in the wines and musts.

Qualitative analysis of isoprostanes in urine from healthy
volunteers

The qualitative profile of the IsoPs analyzed in this study is
shown in Table 4. F2-IsoPs are reliable oxidative stress markers
and they are considered gold standard markers by the
European Food Safety Authority (EFSA).3,5 IsoPs found in every
48 h urine sample for the whole treatment are as follows:
15-F1t-IsoP, 5-epi-15-F2t-IsoP, 15-F2t-IsoP, 9-epi-15-F2t-IsoP, 5-F2t-
IsoP, 5-epi-5-F2t-IsoP, ent-15-epi-15-F2t-IsoP, ent-PGF2α, 15-E1t-

Table 3 Polyphenolic content of red wines and musts

CMW CMM AW AM HEW HEM

Delphinidin-3-O-glucoside 55.97 ± 2.18a 12.11 ± 0.56c,d 39.81 ± 0.48b 12.96 ± 1.10c,d 11.36 ± 0.47d 14.63 ± 1.14c

Cyanidin-3-O-glucoside 2.45 ± 0.05b,c 4.03 ± 0.17b 3.44 ± 0.09b,c 3.69 ± 0.08b 0.60 ± 0.04c 7.29 ± 0.88a

Petunidin-3-O-glucoside 54.73 ± 1.26a 9.13 ± 0.59d 30.21 ± 0.27b 9.12 ± 0.98d 8.17 ± 0.20d 13.85 ± 0.95c

Peonidin-3-O-glucoside 11.77 ± 1.04b 7.36 ± 1.52c 10.96 ± 0.35b 7.38 ± 0.74c 3.37 ± 0.04d 14.66 ± 1.39a

Malvidin-3-O-glucoside 236.87 ± 10.00a 35.80 ± 2.30d 90.10 ± 5.09b 38.53 ± 20.00d 35.19 ± 0.61c 74.16 ± 3.29d

Total anthocyanins 361.79 ± 11.27a 68.43 ± 3.71d 174.53 ± 5.98b 71.68 ± 3.25d 58.68 ± 0.74c 124.59 ± 4.56d

Caftaric acid 45.09 ± 4.52b,c 0.59 ± 0.02d 48.81 ± 0.03a,b 0.31 ± 0.02d 55.70 ± 4.73a 2.35 ± 0.12d

p-Coumaric acid 1.30 ± 0.07c ND 10.59 ± 0.73b ND 14.42 ± 1.04a ND
Fertaric acid 0.76 ± 0.04c ND 2.40 ± 0.08b ND 5.20 ± 0.30a ND
Coutaric acid 40.82 ± 1.75a 0.39 ± 0.06d 13.69 ± 0.32c 0.28 ± 0.02d 20.54 ± 0.71b 1.13 ± 0.10d

Total hydroxycinnamic derivatives 87.96 ± 6.39a 0.98 ± 0.08c 75.50 ± 1.15b 0.59 ± 0.04c 95.85 ± 6.77a 3.48 ± 0.22c

Myricetin-3-O-glucoside 3.96 ± 0.06a 1.06 ± 0.04c 4.21 ± 0.23a 1.00 ± 0.04c 2.84 ± 0.26b 1.22 ± 0.05c

Quercetin-3-O-glucoside 2.33 ± 0.21c 0.63 ± 0.10d 3.36 ± 0.12b 0.60 ± 0.09d 6.88 ± 0.25a 0.73 ± 0.12d

Quercetin-3-O-rutinoside 33.37 ± 1.88b 2.15 ± 0.14d 24.93 ± 3.32c 2.03 ± 0.14d 49.77 ± 5.24a 2.49 ± 0.17d

Kaempferol-3-O-glucoside 10.19 ± 1.27b 2.54 ± 0.13d 6.49 ± 0.34c 2.39 ± 0.12d 18.82 ± 1.28a 2.93 ± 0.15d

Myricetin 5.08 ± 0.16a 1.83 ± 0.17d 2.30 ± 0.14c 1.73 ± 0.16d 3.71 ± 0.18b 2.12 ± 0.19c,d

Quercetin 3.23 ± 0.13b 1.79 ± 0.24c,d 1.25 ± 0.03d 1.69 ± 0.23c,d 4.82 ± 0.16a 2.06 ± 0.28c

Total flavonols 58.15 ± 1.31b 10.01 ± 0.32c 42.54 ± 4.18b 9.43 ± 0.30c 86.84 ± 4.22a 11.55 ± 0.36c

Piceatannol 0.26 ± 0.02b 0.08 ± 0.01c 0.20 ± 0.01b 0.08 ± 0.01c 0.57 ± 0.04a 0.27 ± 0.03b

trans-Resveratrol 4.85 ± 1.03a 0.84 ± 0.06d 2.10 ± 0.15c 0.79 ± 0.08d 3.37 ± 0.25b 0.82 ± 0.06d

Total E-stilbenes 5.12 ± 1.05a 0.92 ± 0.07c 2.30 ± 0.16b 0.87 ± 0.09c 3.94 ± 0.29a 1.09 ± 0.09b,c

Total phenolic compounds (TPC) 513.02 ± 20.02a 80.34 ± 4.18c.d 294.87 ± 11.47b 82.57 ± 3.68c.d 245.31 ± 12.02b 140.71 ± 5.23c

WR: white rum; CMW/CMM: carbonic maceration wine/must; AW/AM: aged wine/must; HEW/HEM: high expression wine/must. Results are
expressed in μg mL−1.

Table 4 Isoprostane content in urine measured after the different treatments

Control WR CMW CMM AW AM HEW HEM

15-F1t-IsoP 0.79 ± 0.09 0.70 ± 0.20 0.34 ± 0.09 0.59 ± 0.15 0.23 ± 0.03 0.65 ± 0.12 0.39 ± 0.06 0.62 ± 0.09
5-epi-15-F2t-IsoP 4.82 ± 1.70 4.36 ± 1.17 2.30 ± 0.60 4.72 ± 1.03 2.42 ± 0.61 5.36 ± 0.89 2.05 ± 0.42 4.39 ± 0.9
15-F2t-IsoP 2.95 ± 0.52 2.66 ± 0.37 1.69 ± 0.41 2.21 ± 0.58 1.72 ± 0.29 3.46 ± 0.58 1.55 ± 0.28 2.84 ± 0.39
9-epi-15-F2t-IsoP 6.93 ± 1.55 5.97 ± 1.84 4.00 ± 1.07 6.34 ± 0.88 2.02 ± 0.38 4.15 ± 0.70 2.23 ± 0.40 3.47 ± 0.50
5-F2t-IsoP 15.55 ± 3.30 14.07 ± 4.07 10.36 ± 2.68 14.33 ± 3.33 16.41 ± 2.39 16.34 ± 2.88 10.14 ± 2.85 15.93 ± 2.43
5-epi-5-F2t-IsoP 33.05 ± 7.82 32.54 ± 9.59 22.93 ± 5.63 27.83 ± 6.57 23.63 ± 5.68 32.33 ± 6.44 20.43 ± 4.40 26.70 ± 4.46
ent-15-epi-15-F2t-IsoP 21.96 ± 5.26 17.70 ± 5.23 10.62 ± 2.85 17.37 ± 3.35 7.83 ± 1.72 14.30 ± 2.24 7.56 ± 1.68 14.57 ± 2.73
ent-PGF2α 1.96 ± 0.45 1.70 ± 0.30 1.24 ± 0.32 1.64 ± 0.46 0.65 ± 0.18 1.17 ± 0.13 0.53 ± 0.12 1.01 ± 0.17
15-E1t-IsoP 11.25 ± 1.58 9.39 ± 1.43 8.35 ± 1.96 9.13 ± 1.32 7.43 ± 1.53 12.42 ± 1.78 7.15 ± 1.13 12.66 ± 1.57
8-F3t-IsoP 2.61 ± 0.54 2.40 ± 0.30 1.32 ± 0.34 2.24 ± 0.44 1.48 ± 0.30 2.82 ± 0.39 1.19 ± 0.13 2.25 ± 0.36
2,3-Dinor-15-F2t-IsoP 88.89 ± 20.74 59.35 ± 14.21 35.81 ± 8.94 64.52 ± 18.94 52.24 ± 6.87 31.51 ± 5.32 29.24 ± 4.52 52.32 ± 7.96
2,3-Dinor-15-epi-15-F2t-IsoP 7.71 ± 1.89 7.37 ± 2.06 3.47 ± 0.87 6.46 ± 1.59 5.15 ± 0.72 5.15 ± 0.88 5.15 ± 0.47 5.15 ± 0.77

Means are expressed in μg 24 h−1. WR: white rum; CMW/CMM: carbonic maceration wine/must; AW/AM: aged wine/must; HEW/HEM: high
expression wine/must.
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IsoP, 8-F3t-IsoP, 2,3-dinor-15-F2t-IsoP, and 2,3-dinor-15-epi-15-
F2t-IsoP. These markers helped us to describe the protection
grade against systemic oxidative stress (in vivo antioxidant
capacity) after the intake of the different musts and wines by
healthy volunteers included in this study. Other IsoPs were not
found in any urine sample: 15-keto-15-F2t-IsoP, 15-keto-15-E2t-
IsoP, 15-epi-15-E2t-IsoP, and 8-epi-8-F3t-IsoP.

Quantitative analysis of isoprostanes after the intake of red
wines by healthy volunteers

Total urinary IsoPs are shown in Fig. 2. As can be observed,
the control period largely exhibited the major total IsoP
content of all stages (198.46 ± 45.43 μg 24 h−1). Statistically,
minor urinary concentrations of total IsoPs were found after
the intake of the three assayed wines (p < 0.05). Therefore, the
IsoP content decreased until 102.43 ± 25.77 μg 24 h−1, 98.38 ±
20.72 μg 24 h−1, and 85.21 ± 16.48 μg 24 h−1 upon the adminis-
tration of a cup of carbonic maceration wine (CMW), aged
wine (AW), and high expression wine (HEW), respectively.

The administration of an ethanol control – marked by the
intake of white rum (WR) – also presented a minor concen-
tration of total IsoPs (158.22 ± 40.75 μg 24 h−1) compared to
that in the control period. However, contrary to the intake
of the wines, the differences were not statistically significant
(p > 0.05).

A similar trend was found after the intake of the three
primary musts assayed in the current trial. All three musts led
to a minor total IsoP content compared with that in the
control period. However, they did not reach the lowest total
IsoP concentration, noticeable for the wine treatments (p >
0.05). So, the intake of the primary musts for carbonic macera-
tion wine (CMM), aged wine (AM) and high expression wine
(HEM) led to 157.39 ± 36.62 μg 24 h−1, 150.81 ± 25.36 μg
24 h−1 and 141.85 ± 22.41 μg 24 h−1 respectively.

Therefore, ethanol intake and must treatments showed anti-
oxidant protection observed by total IsoP excretion. However,

they exhibited minor antioxidant protection compared to the
treatments with their respective wines.

The disparity of individual IsoPs between the control stage
and other periods has also been studied. A total of 12 IsoPs
were identified in urine (Table 4). The most abundant com-
pounds were 2,3-dinor-15-F2t-IsoP, 5-epi-5-F2t-IsoP and ent-15-
epi-15-F2t-IsoP. As expected, the trend followed by total IsoPs
was concomitant but more deeply marked than that of the
individual IsoP content.

Largely, the higher content of every individual IsoP was
mainly found after the control period. However, different
trends could be observed in the different IsoPs. Two IsoPs
were found to have similar urinary contents over the whole
study. Both 5-F2t-IsoP and 5-epi-5-F2t-IsoP did not present sig-
nificant differences after any of the treatments (p > 0.05). The
content of 2,3-dinor-15-F2t-IsoP in urine at baseline was 27.40
± 6.24 μg 24 h−1, presenting a statistical decrease after the
intake of every beverage of the study (p < 0.05). After the
control period, 15-F1t-IsoP (0.79 ± 0.09 μg 24 h−1), ent-15-epi-
15F2t-IsoP (21.96 ± 5.96 μg 24 h−1), 2,3-dinor-15-F2t-IsoP (88.89
± 20.74 μg 24 h−1) and 2,3-dinor-15-epi-15-F2t-IsoP (7.71 ±
1.89 μg 24 h−1) were detected at higher amounts than after the
intake of CMW, AW and HEW (p < 0.01). In the control period,
the 9-epi-15-F2t-IsoP and ent-PGF2α contents were 6.93 ±
1.55 μg 24 h−1 and 1.96 ± 0.45 μg 24 h−1, respectively, but after
the intake of AW and HEW, these decreased significantly (p <
0.05). As reflected by the results, the wine treatments were able
to considerably reduce the IsoP content marked by the control
period. In fact, only 15-epi-15-F2t-IsoP was found in a minor
concentration after the ingestion of AM and HEM compared to
the control period (p < 0.05) (Table 6).

The differences between the treatments with wines and
their main musts were also studied. The intake of AW led to a
smaller urinary content of 15-F1t-IsoP, 15-epi-15-F2t-IsoP,
15-E1t-IsoP, 8-F3t-IsoP and 15-F2t-IsoP than the intake of AM
(p < 0.05). The intake of HEW also reported a lower amount of
some IsoPs than its corresponding must. 15-E1t-IsoP, 8-F3t-IsoP
and 15-F2t-IsoP were also found in a lower quantity after the
intake of HEW compared to the intake of HEM (p < 0.05).

Finally, WR intake only caused a significant reduction in
the case of 2,3-dinor-15-F2t-IsoP. In fact, after the intake of
CMW and AW, 15-F1t-IsoP showed significantly smaller urinary
values than that after the intake of WR (p < 0.05). The same
trends were found after the intake of AW and HEW when quan-
tifying 9-epi-15-F2t-IsoP, ent-15-F2t-IsoP, ent-PGF2α and 2,3-
dinor-15-F2t-IsoP. The same behavior was found for 8-F3t-IsoP
after the intake of CMW and HEW, and for 2,3-dinor-15-epi-15-
F2t-IsoP after the intake of CMW, AW and HEW.

Qualitative analysis of prostaglandins after the intake of red
wines by healthy volunteers

In order to clarify the health effects of the different treatments,
PG series were divided into groups, according to their main
precursor in the corresponding physiological pathway
(Table 5). Therefore, the groups were defined as shown in
Table 6. The individual PGs found in the urine samples were:

Fig. 2 Total IsoPs found in urine. Means are expressed in μg 24 h−1.
WR: white rum; CMW/CMM: carbonic maceration wine/must; AW/AM:
aged wine/must; HEW/HEM: high expression wine/must. *Represents
statistical differences.
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for PG-D series, 11-β-PGF2α, PGDM, Tetranor PGDM, 2,3-dinor-
11-β-PGF2, tetranor-PGDM lactone and tetranor PGJM; for
PG-E series, tetranor PGAM, tetranor PGEM, 20-OH-PGE2 and
PGE2; and for PG-F series, 20-OH-PGF2α, 19(R)-OH-PGF2α, and
tetranor PGFM. Finally, PGs proceeding from dihomo-
γ-linolenic acid and eicosapentaenoic acid were represented by
PGF1α, PGE1 and 17-trans-PGF3α.

Quantitative analysis of prostaglandins in 24 h urine from
healthy volunteers

Regarding total PG content, Fig. 3 and 4 present the variation
of the different PG families over the whole clinical trial. Total
PG-D series presented a dramatic decrease in their concen-

tration after the intake of the different beverages compared
with the control period (Fig. 3). The decrease in the urinary
excretion of PGs was not common to all PG series. In fact, total

Table 6 Determination coefficients derived from the study of simple
regression and multiple regression of the urinary excretion of total IsoPs
and PGE1

Total IsoPs PGE1

Simple regression (R2)
MEL 0.060 0.538
OHTyr 0.334 0.139
HV-Acid 0.029 0.062
HV-Alc 0.254 0.390
TPC 0.101 0.407

Multiple regression
R2 Tot. 0.424 0.609
R2 Select. 0.405 (OHTyr) 0.599 (MEL, OHTyr)

MEL: melatonin; OHTyr: hydroxytyrosol; HV-Acid: homovanillic acid;
HV-Alc: homovanillic alcohol; TPC: total phenolic compounds. R2 Tot.:
coefficient of regression which expresses the statistical significance of
all the compounds studied with respect to each biomarker. R2 Select.:
coefficient of determination of compounds selected by the statistical
robustness model. All these values have to be treated as % of influence
on the final concentration.

Table 5 Prostaglandin content in urine measured after the different treatments

Control WR CMW CMM AW AM HEW HEM

PGs SERIE D
11-β-PGF2α 2.03 ± 0.38 2.42 ± 0.62 1.85 ± 0.51 2.12 ± 0.44 1.82 ± 0.41 2.61 ± 0.57 1.77 ± 0.38 2.24 ± 0.44
PGDM 7.88 ± 2.15 8.36 ± 2.35 8.66 ± 2.40 6.60 ± 1.75 8.34 ± 1.72 10.74 ± 1.65 6.16 ± 1.51 8.46 ± 2.38
Tetranor-PGDM 40.16 ± 9.44 41.88 ± 9.61 35.05 ± 7.35 34.80 ± 5.82 34.12 ± 7.17 34.23 ± 7.59 24.59 ± 6.27 23.22 ± 4.39
2,3-Dinor-11-β-PGF2 100.95 ± 22.09 56.40 ± 10.27 32.92 ± 6.71 37.09 ± 5.77 39.64 ± 7.20 44.21 ± 8.64 26.53 ± 3.86 29.22 ± 7.04
Tetranor-PGDM lactone 46.16 ± 11.86 45.17 ± 12.50 33.60 ± 8.51 25.81 ± 7.01 39.67 ± 7.44 39.41 ± 6.82 35.24 ± 6.55 47.80 ± 10.19
Tetranor-PGJM 0.88 ± 0.19 1.48 ± 0.34 0.86 ± 0.16 0.90 ± 0.18 0.64 ± 0.12 1.13 ± 0.21 0.75 ± 0.18 0.89 ± 0.11
PGs SERIE E
Tetranor-PGAM 5.69 ± 1.13 5.02 ± 0.76 4.67 ± 1.20 6.87 ± 1.67 4.54 ± 0.98 7.04 ± 1.40 4.43 ± 0.85 6.70 ± 0.75
Tetranor-PGEM 9.01 ± 2.53 8.50 ± 2.14 10.10 ± 1.82 8.89 ± 2.44 16.11 ± 3.39 23.17 ± 4.05 7.75 ± 1.86 10.26 ± 0.17
20-OH-PGE2 10.56 ± 1.71 14.20 ± 3.62 14.58 ± 3.84 11.10 ± 2.66 11.25 ± 2.38 12.42 ± 4.05 11.52 ± 2.56 13.39 ± 3.67
PGE2 0.81 ± 0.21 1.11 ± 0.29 0.96 ± 0.25 0.82 ± 0.17 0.59 ± 0.14 0.96 ± 0.20 0.75 ± 0.15 0.88 ± 0.17
PGs SERIE F
20-OH-PGF2α 36.91 ± 10.10 26.45 ± 3.62 44.29 ± 16.6 52.94 ± 15.44 27.13 ± 7.84 41.11 ± 15.53 27.45 ± 8.60 40.29 ± 11.25
19(R)-OH-PGF2α 54.60 ± 11.87 45.71 ± 7.68 57.92 ± 13.25 48.19 ± 2.28 55.45 ± 10.88 68.00 ± 16.80 45.09 ± 8.6 44.58 ± 7.48
Tetranor-PGFM 9.03 ± 2.34 8.25 ± 2.06 7.69 ± 2.03 7.33 ± 1.83 8.56 ± 2.12 9.22 ± 1.51 7.74 ± 2.00 7.82 ± 2.01
PGs SERIE Ω3/6
PGF1α 2.36 ± 0.53 2.79 ± 0.68 2.00 ± 0.49 1.71 ± 0.38 1.90 ± 0.45 2.91 ± 0.58 2.88 ± 0.61 1.80 ± 0.44
PGE1 0.24 ± 0.11 0.78 ± 0.21 2.10 ± 0.58 0.73 ± 0.13 1.90 ± 0.45 0.71 ± 0.10 1.44 ± 0.52 0.76 ± 0.17
17-trans-PGF3α 3.26 ± 0.81 2.55 ± 0.70 1.65 ± 0.46 2.41 ± 0.36 1.42 ± 0.32 2.11 ± 0.37 1.33 ± 0.30 1.37 ± 0.26

Means are expressed in μg 24 h−1. WR: white rum; CMW/CMM: carbonic maceration wine/must; AW/AM: aged wine/must; HEW/HEM: high
expression wine/must.

Fig. 3 Total PG-H and PG-G found in urine. Means are expressed in μg
24 h−1. WR: white rum; CMW/CMM: carbonic maceration wine/must;
AW/AM: aged wine/must; HEW/HEM: high expression wine/must.
*Represents statistical differences.
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PG-E series and total PG-F series did not show a uniform
decrease pattern. In contrast, the contents of urinary PG-E and
PG-F series were smaller after the control period than those
after the intake of all beverages except for HEM (Fig. 4). Total
Ω3/6-PG series provided a uniform pattern among all the treat-
ments (Fig. 3). Nonetheless, only the urinary content of total
PG-D series showed significant statistical variation. After the
intake of CMW and HEW and their corresponding musts
(CMM and HEM), the urinary content of total PG-D series
was smaller during these treatments than that at the baseline
(p < 0.05).

The individual content of the different prostaglandin series
was also studied (Table 6). The urinary excretion of PGs did
not vary widely. In fact, only the urinary content of 2,3-dinor-
11β-PGF2, tetranor PGEM, PGE1 and 17-trans-PGF3α presented
statistically significant modifications. After the control period,
2,3-dinor-11-β-PGF2 showed a higher urinary content (100.95 ±
22.09 μg 24 h−1) than after the intake of the three musts and
their finished wines (p < 0.05). Therefore, the urinary content
of 2,3-dinor-11-β-PGF2 after the intake of musts was 37.09 ±
5.77 μg 24 h−1 for CMM, 44.21 ± 8.64 μg 24 h−1 for AM and
29.22 ± 7.04 μg 24 h−1 for HEM. Finally, the content of 2,3-
dinor-11-β-PGF2 after the intake of the wines was 32.92 ±
6.71 μg 24 h−1 for CMW, 35.68 ± 7.20 μg 24 h−1for AW and
26.53 ± 3.86 μg 24 h−1 for HEW.

Two PGs – PGE1 and 17-trans-PGF3α – from the enzymatic
oxidation of Ω3/6 fatty acids were the last individual PGs
which showed a statistical variation with respect to the control

period. The intake of all three wines was able to increase the
urinary content of PGE1 (p < 0.05), with respect to the control
period (0.24 ± 0.11 μg 24 h−1). After the intake of CMW, the
PGE1 content was 2.10 ± 0.58 μg 24 h−1 and it was 1.23 ±
0.25 μg 24 h−1 and 1.44 ± 0.52 μg 24 h−1 after the intake of AW
and HEW, respectively. 17-trans-PGF3α seemed to be modified
by the intake of HEM and its corresponding wine, HEW. After
the control period, the content of 17-trans-PGF3α was 3.26 ±
0.81 μg 24 h−1. However, after the intake of HEM, its content
was 1.37 ± 0.26 μg 24 h−1, achieving similar results for HEW
(1.33 ± 0.30 μg 24 h−1).

Finally, despite some individual PGs showing variations
(cited above) after the intake of the beverages, no variations
related to the intake of WR were found in any of the cases.

Discussion

Moderate consumption of red wine has been related to the
cardioprotective and antioxidant benefits for human beings,
mainly attributed to polyphenols.18 However, the scientific lit-
erature has widely shown their poor absorption at the intesti-
nal level,35–37 limiting their activity in vivo. However, anthocya-
nins, which are the most important polyphenol in wines, are
directly absorbed in the intestine, exerting the major
benefits.38 In the present work, the individual intake of hydro-
xytyrosol and total polyphenols – not including colon deriva-
tives (only hydroxytyrosol microflora metabolites) – has been
related to the formation of lipid peroxidation products and the
enzymatic formation of oxylipins. Moreover, other anti-inflam-
matory compounds such as phytoprostanes are well absorbed
in the intestine, showing health benefits despite colonic
metabolites not being reported yet.4,39

Therefore, this preliminary intervention may help to under-
stand the role of certain wine compounds in the oxidation of
AA and the formation of enzymatic oxylipins.

Isoprostanes after the intake of wine and must by healthy
volunteers

The urinary content of IsoPs decreased after the ingestion of
the three types of wine. Red wine has shown in vivo protection
against oxidative stress (related to antioxidant capacity).
However, this was mainly attributed to its content of bioactive
compounds and their antioxidant capacity.40–42 Not only
wines, but also the intake of musts proved to be able to reduce
the excretion of IsoPs. Finally, the oral administration of
ethanol – shown as WR in the figures and tables – also
reduced the urinary excretion of IsoPs, emphasizing the in vivo
antioxidant capacity of ethanol.

However, the amount of bioactive compounds present in
the wine is greater and more varied than that observed in their
musts. Moreover, the intake of wine leads to the ingestion of
ethanol (similar amount to WR). Red wines provide a varied
amount of bioactive compounds; the intake of CMW provides
a greater amount of MEL, while the intake of AW and HEW
provides a higher content of OHTyr. Given the antioxidant

Fig. 4 Total PG-E and PG-F found in urine. Means are expressed in μg
24 h−1. WR: white rum; CMW/CMM: carbonic maceration wine/must;
AW/AM: aged wine/must; HEW/HEM: high expression wine/must.
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capacity of both compounds, the intake of every wine led to an
increase in the protection against oxidative stress by the
accumulation of antioxidant compounds. Due to the greater
amount of bioactive compounds and the presence of ethanol,
red wine intake decreased the urinary excretion of IsoPs more
than the intake of the primary musts (without ethanol) and
the intake of WR (non-bioactive compounds).

The characterization of the samples allowed the establish-
ment of a relationship between bioactive compounds and the
urinary excretion of lipid peroxidation markers, and vascular
function and inflammation markers. The total urinary
excretion of IsoPs was individually associated with the
different bioactive compounds and TPC of the samples, as
shown in Table 6. OHTyr has shown its antioxidant capacity
in vivo.19,43 Indeed, the simple regression analysis showed an
inverse relationship between the content of OHTyr of wines
and musts, and the urinary excretion of IsoPs. OHTyr is
responsible for 33.4% of the observed change in the excretion
of IsoPs. Moreover, the HV-Alc administration was also inver-
sely related to the urinary excretion of IsoPs (25.4% of the
effect). Although less marked, TPC intake was also shown to
be inversely related to IsoP excretion, accounting for 10.1% of
the change observed. Finally, the oral administration of MEL
and HV-Acid was also inversely correlated with the total IsoP
excretion, accounting for 6% and 2.9% of the observed
changes, respectively.

Finally, multiple regression analysis showed that 42.4% of
the change in the urinary excretion of IsoPs can be explained
by the combined intake of the different compounds present in
wine and must. However (as shown in Table 6), when analyz-
ing the data simultaneously, the content of OHTyr seems to be
the key factor producing the observed changes in the excretion
of IsoPs. OHTyr was responsible for 40.5% of the observed
variations in the IsoP urinary excretion, when it was simul-
taneously compared with the other compounds.

Prostaglandins after the intake of wine and must by healthy
volunteers

The biological functions of PGs have been extensively studied.
Depending on the studied family, a wide variety of actions can
be attributed.44 PG functions depend on the family to which
they belong. PG-D series can exert both vasoconstrictor effects
and vasodilator effects in the organism.10,44–48 PG-I series
could not be quantified in urine because they were not
detected during this study; however, they are capable of exert-
ing platelet, antiplatelet and vasodilator effects, with the con-
sequent prevention of cardiovascular diseases.49,50 Another
family of PGs, PG-E series, demonstrated neuroprotective
capacity, as well as pro-inflammatory and anti-inflammatory
actions.51–53 Finally, PG-F-series could be partly responsible
for the pro-inflammatory effects of PGs.44

Urinary excretion of the PG-D family was affected to a
greater extent than that of the PG-H family. The intake of three
wines and three musts caused a decrease in the excretion of
the PGs of series D (Fig. 3). Particularly, 2,3-dinor-11-β-PGF2α
decreased significantly (p < 0.01) within the PG-D family

(Table 5). The biological activity of 2,3-dinor-11-β-PGF2α is very
similar to that of 11-β-PGF2α, increasing bronchoconstric-
tion54,55 and inhibiting adipose differentiation.56,57

The levels of the PG-E family in urine remained stable
throughout the study except after the ingestion of AM (Fig. 4),
resulting in a particularly important increase in the excretion
of tetranor PGEM (Table 5). The biological action of tetranor
PGEM has not been investigated enough, but it is a representa-
tive marker of the synthesis of PGE1 and PGE2. PGE1 exerts
vasodilator effects, while the effects of PGE2 are variable, and
depending on the receiver, it can exert vasoconstriction or
vasodilatation, as well as bronchoconstriction and bronchodi-
lator effects.58 Therefore, an increase in the excretion of tetra-
nor PGEM can be representative of a vasodilator effect exerted
by PGE1 and PGE2.

From the two remaining PG families, PG-F levels remained
constant (p > 0.05) in urine throughout the study (Fig. 4).
However, the excretion of –the Ω3/6-PG series presented
marked differences. After the intake of HEM, the levels of
PGF1α and 17-trans-PGF3α in urine decreased considerably.
Finally, the urinary excretion of PGE1 increased considerably
after the ingestion of the three types of wine (Table 6). The bio-
logical activity of PGE1 is relevant, as already mentioned,
acting as a vasodilator, and it may act as an important com-
pound for the cardiovascular balance.59–61

The effects of PGs as individual compounds may be even
more diverse. They can exert anti- or pro-inflammatory effects,
depending upon the compound and the receptor, in addition
to depending upon the tissue where the action occurs.44

Thus, the intake of red wines was able to decrease the
urinary excretion of pro-inflammatory prostaglandin (acting as
pro-aggregating compounds and vasoconstrictors) such as 2,3-
dinor-11-β-PGF2α. In turn, wine intake increased the excretion
of another vasodilator prostaglandin, PGE1. These results
strengthen the cardioprotective effects of red wine intake in
particular and an ingredient of MD in general.

In response to these findings, statistical analysis was per-
formed to describe the relationship of the bioactive com-
pounds in red wine and musts and the actions described
above. In this way, it was found that the relationship of PGs
with bioactive compounds was widely distributed, and some
relationships are noteworthy.

OHTyr intake also showed a relationship with the urinary
excretion of some PGs. The specific PGs that were inversely
related (p < 0.05) to the contents of OHTyr were 11-β-PGF2α, tet-
ranor PGJM, tetranor PGAM, 20-OH-PGF2α and 17-trans-PGF3α.

Based on these results, statistical relationships were estab-
lished in the same way as that used for studying the relation-
ship with IsoPs. Thus, it was found that the ratio of PG with
bioactive compounds was very irregular, and there is no
pattern to define it. However, the statistical relationship of
PGE1, which, as described above, can exert vasodilator
capacity,59–61 with the different compounds present in wines
and musts was noticeable (Table 6).

From simple regression, the urinary excretion of PGE1 was
dependent on a 53.8% by the intake of MEL, 13.9% by OHTyr,
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6.2% by HV-Acid, 39% by HV-Alc and 40.7% by TPC. In turn,
the study of multiple regression showed that the observed vari-
ations in the excretion of PGE1 are dependent in a 60.9% by
the whole of the compounds studied simultaneously. However,
the intake of MEL and OHTyr was determinant, both being
responsible for 59.9% of the observed increase in the excretion
of PGE1.

The cardioprotective effects of PGE1, and the direct relation-
ship found between the ingestion of bioactive compounds and
their excretion in urine may be important in the understand-
ing of the cardioprotective effects of red wine. On the other
hand, the intake of musts and WR (providing bioactive com-
pounds and ethanol, respectively) cannot provide the cardio-
protective effects as provided by the intake of red wines (contri-
buting ethanol and bioactive compounds) measured by
urinary PGE1.

These results reinforce the findings of the previous publi-
cations, and exalt the role of red wine as a supporter of the
beneficial actions of MD. Finally, it is apparent that the
content of OHTyr and MEL is a key factor in the antioxidant
protection of red wines. Furthermore, the cardioprotective
capacity of red wine can be related to the increase of PGE1.

Conclusions

Wine treatments are more effective in reducing in vivo oxi-
dative stress than the treatments with their corresponding
musts and/or white rum (ethanol). Specifically, HEW showed
to be the most effective wine reducing total IsoPs.

The capacity of wine and musts to decrease the concen-
tration of IsoPs is statistically related to their content of
OHTyr. Therefore, the wine showing a higher OHTyr concen-
tration was able to provide a higher reduction of the oxidative
status of the organism. To a small extent (p > 0.05), MEL was
also related to the antioxidant protection of the treatments, so
that the treatments which provided more MEL led to higher
protection against oxidative stress.

Both alcohol and bioactive compounds seem to be partly
responsible for the antioxidant capacity of the beverages. Red
wines containing both bioactive compounds and alcohol
became the best treatment for reducing the organism’s oxi-
dative status measured by total IsoPs (p < 0.05) compared to
musts and alcohol. In fact, the correlation between the
different bioactive compounds present in the three wines and
the drop in total IsoPs is statistically significant. In contrast,
alcohol and bioactive compounds separately are not enough to
reduce lipid peroxidation. In addition, the intake of red wine
led to cardioprotective effects by reducing the urinary excretion
of the pro-inflammatory prostaglandin 2,3-dinor-11-β-PGF2α,
besides increasing the vasodilator prostaglandin PGE1,
mediated by the melatonin (p < 0.05) and hydroxytyrosol
(p < 0.05) contents.

Therefore, MEL and OHTyr and their derivatives can be
important compounds in wine and must for the reduction of
oxidative injury. However, other compounds such as poly-

phenol colon derivatives and newly discovered phytoprostanes
may also be effective compounds for reducing oxidative
damage. Moreover, chemical reactions that occur during the
winemaking process (oxidation or polymerization) make the
comparison between wine musts and wine more difficult,
because the changes produced in their chemical and phenolic
composition make the two beverages completely different
from each other.18,30 Therefore, further studies will help to
understand the effect of other bioactive compounds on redu-
cing lipid peroxidation and prostaglandin formation.
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