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Biological Activity of Total Lipids from Red and White Wine/Must
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Wine is an essential component of the Mediterranean diet, and it is thought to exert a protective
effect against coronary heart disease. Although many efforts have been made to determine the
protective compounds in wines, their exact nature and how they are involved in the protection
mechanisms are still unclear. In this study, total lipids, total polar lipids, and total neutral lipids
of five wines and three musts were tested in vitro for their ability to induce washed rabbit platelet
aggregation and/or to inhibit platelet activating factor (PAF) induced aggregation. The results showed
that the biological activity of wine/must total lipids can be attributed mainly to total polar lipids.
In the red wine Cabernet Sauvignon, we fractionated total neutral lipids, total polar lipids, and
pigments by HPLC. Each fraction was tested in vitro for its biological activity. Structural data of
the most active fractions, based on biological, chemical, and spectral methods, are also presented.

Keywords: Wine; must; biologically active lipids; platelet-activating factor; PAF; coronary heart

disease; arteriosclerosis; phenolic compounds

INTRODUCTION

Coronary heart disease is the most significant cause
of death in the industrialized countries. The search for
potential factors influencing the development and the
course of the disease has therefore been of great interest.
Moderate consumption of alcoholic beverages has been
reported to reduce the risk of coronary heart disease
(1, 2), while at higher alcohol intake, the risk of sudden
cardiac death and the overall mortality increased be-
cause of an increased incidence of liver cirrhosis and
cancer (2). It has been noted that the protective effects
of wine might be more potent than those of other
alcoholic beverages. St. Leger (1979) (3) was the first
to describe a strong negative relationship between wine
consumption and mortality from ischemic heart disease,
based on data from 18 countries, with a weak relation-
ship for beer or spirits. Other reports confirmed this
inverse correlation (4—6). Supporting evidence came
from the observation that despite a similar distribution
of other coronary risk factors such as high blood pres-
sure, serum cholesterol, body mass index, and cigarette
smoking, the mortality of coronary heart disease in
France was lower compared with the mortality in the
other industrialized countries (7). This phenomenon was
believed to be due to the frequent consumption of wine
together with the Mediterranean-type diet rich in
vegetables. A similar phenomenon was also noticed in
Crete, where the population followed a traditional diet
with consumption of wine (8).

There is evidence for several mechanisms by which
the protective effects of wine, including alcohol, could
be explained. Several reasons have been proposed for
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this cardioprotective effect of alcohol, with the most
important being the increase in the concentration of
HDL, a well-known negative risk factor for coronary
heart disease (9, 10). Other mechanisms such as reduced
platelet aggregation and blood clotting may be at-
tributed to ethanol. A large number of in vivo and in
vitro experiments provide evidence for the antioxidant
effects of wine phenolic components (2, 11—13). In most
experiments red wine is a more potent antioxidant than
white. However, many studies have noted no difference
between red and white wines (14, 15). Moreover, phe-
nolics seem to modify eicosanoid metabolism (16, 17)
and to inhibit ADP (adenosine diphosphate) and throm-
bin-induced platelet aggregation (18, 19).

In contrast, the response to injury hypothesis explains
atherosclerosis as a chronic inflammatory response to
injury of the endothelium, which leads to complex
cellular and molecular interactions among endothelial
cells, smooth muscle cells, and several blood cell com-
ponents (20, 21). We previously proposed a mechanism
by which platelet-activating factor (PAF) (22) is impli-
cated in atherogenesis (23) based on previous detection
of PAF, which is produced during LDL oxidation (24)
and causes in situ inflammation. Additional evidence
for the implication of PAF in atherogenesis are the
following: (1) PAF is the strongest inflammatory me-
diator; (2) PAF is essential for the activation of leuko-
cytes and its binding in the endothelial cells; (3) studies
show that PAF is a compound of atheromatic plaque
(25); (4) PAF studies in animals indicate the protective
action of PAF antagonist against atherosclerosis (26,
27); and (5) acetylhydrolase, the main enzyme respon-
sible for the degradation of PAF, which exists in an
active form in nature LDL, is converted to an inactive
form in ox-LDL (oxidized low-density lipoprotein) (24).

The detection of lipid compounds (which inhibit PAF
action) in Mediterranean foods could explain their
protective effect against atherogenesis. Previous studies
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Figure 1. Schematic diagram of the extraction and the purification procedure of red wine Cabernet Sauvignon lipids.

in our laboratory demonstrated the existence of such
compounds in olive oil (28), honey and wax (29), milk
and yogurt (30), the Scomber scombrus fish (mackerel)
(31), and more recently red wine (32) and cod (33). In
this investigation we have examined the biological
activity not only in red wine but also in white wine and
must.

MATERIALS AND METHODS

Instrumentation. HPLC was performed on a Hewlett-
Packard (Avondale, PA) series 1100, equipped with a 100 uL
loop Rheodyne (i 7725) injector. A 1100 HP UV spectrometer
was used as detector. The spectrometer was connected to a
Hewlett-Packard (Avondale, PA) model HP-3396A integrator—
plotter.

Separation of lipids was carried out on a cation exchange
column, SS 10 um Partisil 25 cm x 4.6 mm i.d., PXS 10/25
SCX (Whatman; Clifton, NJ), and a 250 mm x 4.6 mm i.d.
reverse-phase C18 Nucleosil-300 column (Analysentechnik) at
room temperature.

The PAF-induced aggregation was measured in a Crono-
Log (Havertown, PA) aggregometer coupled to a Crono-Log
recorder (Havertown, PA). A Varian Cary 3E UV—vis spec-
trometer was used.

Materials. All reagents and chemicals were of analytical
grade supplied by Merck (Darmstadt, Germany). Resveratrol,
quercetin, naringin, hesperidin, rutin, and gallic acid were
purchased from Sigma (St. Louis, MO). High-performance
liquid chromatography (HPLC) solvents were supplied from
Rathburn (Walkerburn, Peebleshire, U.K.). Lipid standards
were obtained from Sigma (St. Louis, MO). Semisynthetic PAF
(80% C-16PAF and 20% C-18PAF) was synthesized in our
laboratory as previously described (22). PAF acetylhydrolase
from human serum was purified according to Stafforini et al.
(34). Bovine serum albumin (BSA), creatine phosphate (CP)/
creatine phosphate kinase (CPK), BN 52021, and indomethacin
were obtained from Sigma (St. Louis, MO). Chromatographic
material used for thin-layer chromatography (TLC) was silica
gel H-60 (Merck). Domaine Hatzimichalis kindly supplied the
following wines and musts: Ambelon (white wine with prin-

ciple grape Rompola, 1998); Chardonnay (white wine principle
grape Chardonnay, 1997); Cuvee Maison (red wine with
principle grapes Cabernet Sauvignon, Xinomauro, Limnio,
1997); Erythros (red wine with principle grapes Carignan,
Grenache, Syrah, Cabernet Sauvignon, 1998); Cabernet Sau-
vignon (red wine with principle grape Cabernet Sauvignon,
1998); Rompola (white must); Rompola with extra yeast (white
must); and Cabernet Sauvignon (red must).

Extraction of Total Lipids. Total lipids of the studied
samples (wines and musts) were extracted according to the
Bligh—Dyer method (35). The lipid fraction was separated into
neutral and polar lipids by countercurrent distribution (36).
The fractions, total lipids, total polar lipids, and total neutral
lipids, were tested for biological activity.

Further Separation of Total Neutral and Total Polar
Lipids of Cabernet Sauvignon. Total neutral lipids were
further fractionated by HPLC (37). Briefly a Nucleosil-300 C18
column and a stepped gradient elution system were used. The
solvents were the following: A, water/methanol 1:4 viv; B,
acetonitrile/methanol 7:5 v/v; C, acetonitrile/tetrahydrofuran
99.5:0.5 v/v; D, 2-propanol/acetonitrile 99:1 v/v; E, cyclohexane.
The elution system consisted of a gradient from solvent A to
solvent B in 10 min, a hold for 5 min, a gradient from solvent
B to solvent C in 10 min, a second hold for 5 min, a gradient
from solvent C to solvent D in 10 min, a third hold for 5 min,
a gradient to solvent E in 10 min, and a finally hold in solvent
E. The flow rate was 1 mL/min, and detection was at 208 nm.

Before the separation of total polar lipids with HPLC, a
preparative TLC was done for the removal of coextracted
pigments with the following system: acetone/methanol/water
40:20:10. Pigments migrated near the solvent front, whereas
phospholipids migrated along the plate.

Total polar lipids, free of pigments, were further fraction-
ation by HPLC (38), with a cation-exchange column and an
isocratic elution system consisting of 60% acetonitrile/40%
aqueous methanol 80%. The flow rate was 1 mL/min, and
detection was at 208 nm.

The purified lipid fractions from the above separations were
collected separately and tested for biological activity.

Separation of Coextracted Pigments from Total Polar
Lipid Fraction of Cabernet Sauvignon. Coextracted polar
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lipids pigments, after the TLC separation (Figure 1), were
further fractionated by HPLC. A Nucleosil-300 C18 column
was used, and a stepped gradient elution system with the
following solvents was used: solvent A, methanol/water (20:
80, v/v); solvent B, acetonitrile (100, v/v). The stepped gradient
elution system was as follows: isocratic elution with solvent
A for 30 min and flow of 1 mL/min; linear gradient to solvent
B at 2 mL/min in 5 min; and finally a hold in solvent B at 2
mL/min for 15 min. The detection was at 208 nm. An amount
from the fraction eluted in 31-40 min was kept and tested
for biological activity, while the rest was rechromatographed
with the same HPLC column and a stepped gradient elution
system from 100% water to 100% methanol in 30 min. The
flow was 1 mL/min, and the detection was at 280 nm.

Biological Assay. PAF, thrombin, and the aggregation
induced by the purified compounds were tested with washed
rabbit platelets according to the method of Demopoulos et al.
(22). Briefly the examined samples or PAF samples were
dissolved in 2.5 mg of bovine serum albumin (BSA)/mL of
saline; thrombin was dissolved in saline. Desensitization
experiments (39) with PAF and thrombin and experiments
with specific inhibitors (0.7 mM creatine phosphate (CP)/
creatine phosphate kinase (CPK), 10 uM indomethacin, and
0.1 uM BN 52021) were also performed. For the sample with
inhibitory activity, the 1Cso value was also calculated, which
is the amount of samples (in mL) that inhibited 50% by PAF-
induced (5 x 107! final concentration in the aggregometer
cuvette) or thrombin-induced (0.025 units in the aggregometer
cuvette) aggregation. The exact procedure of these experiments
was previously described (30, 32).

Treatment with Acetylhydrolase. The effect of PAF
acetylhydrolase of human serum, an enzyme specific to short
or intermediate length sn-2 chains, on the ability of fractions
to induce platelet aggregation, was examined. Briefly Tris
buffer (pH7.4), human serum acetylhydrolase, and the exam-
ined sample in bovine serum albumin (BSA) at 2.5 mg/mL
saline were added to a prewarmed (37 °C) test tube. The
enzymatic system was incubated at 37 °C, and at different time
intervals, aliquots were taken to test their ability to induce
washed rabbit platelet aggregation.

Mild Alkaline Hydrolysis and Acetylation. This proce-
dure was carried out according to the method of Demopoulos
et al. (22). Briefly the sample was dissolved in 1 mL of
chloroform/methanol (1:4 v/v), and then 0.1 mL of 1.2 N NaOH
and 1 N 50% methanol was added and kept for 20 min at 60
°C. The mixture was neutralized with 0.15 mL of 1 N acetic
acid and 2 mL of chloroform/methanol (9:1 v/v), and then 1
mL of methanol and 2 mL water were added. The two phases
were separated, and chloroform was washed with 1 mL of
methanol/water (1:2 v/v). Both phases were separately evapo-
rated to dryness and subjected to reacetylation by the addition
of 1 mL of acetic anhydride and warming at 60 °C for 45 min.
Each reaction mixture from the above phase was evaporated
and extracted by the Bligh—Dyer method (35). All samples
from this procedure were tested for their ability to induce
washed rabbit platelet aggregation.

Chemical Determinations. Phosphorus determination
was carried out according to the method of Bartlett (40).

Sugar determination was carried out according to the
method of Galanos and Kapoulas (41).

Phenol Determination. Phenol content was determined using
a modified method of Singleton and Rossi (42). Samples were
dried under a stream of nitrogen and dissolved in 3.5 mL of
water. An amount of 0.1 mL of Folin—Ciocalteu reagent was
added, and after 3 min, 0.4 mL of 35% aqueous Na,CO3; was
added. The reaction mixture was kept for 1 h, and the intensity
of the blue color was measured at 725 nm. Standards of gallic
acid were prepared similarly.

Ester determination was carried out according to the method
of Renkonen (42).

RESULTS AND DISCUSSION

Extraction of Total Lipids. The extraction and the
purification procedure of the lipids of wines and musts

Fragopoulou et al.

Table 1. Biological Activities of Total Lipid Fractions

ICso (expressed as milliliters
of wine or must)

total total polar total neutral

sample lipids lipids lipids
Chardonnay (white wine) 0.47 0.42 239
Ambelon (white wine) 0.27 0.015 116
Cuvee Maison (white wine) 0.33 0.14 85
Erythros (red wine) 0.54 0.34 63
Cabernet Sauvignon (red wine) 0.24 0.091 45
Rompola (white must) 0.34 0.046 0.091
Rompola with extra 0.35 0.042 0.37

yeast (white must)

Cabernet Sauvignon (red must) 0.34 0.38 0.60

are shown in Figure 1. A portion of the total lipids was
tested for biological activity, while the rest was sepa-
rated in neutral and polar lipids by countercurrent
distribution. By this procedure, the total polar lipid
fraction contains glyco- and phospholipids as well as
pigments, which are coextracted.

Biological Activity of Total Lipid Fractions. The
lipid fractions (total lipid, total polar lipid, total neutral
lipid) of the five wines and the three musts were tested
for their ability to induce washed rabbit platelet ag-
gregation and/or to inhibit PAF-induced platelet ag-
gregation. The results are presented in Table 1. All
fractions inhibited PAF-induced platelet aggregation.
The total neutral lipid fractions of all wines exhibited
very low biological activity, 2—3 orders of magnitude
lower (higher 1Cso value), compared to total lipids and
total polar lipids. On the other hand the total polar
lipids were the most active fractions of lipids, suggesting
that the biological activity of total lipids is attributed
mainly to total polar lipids, while the contribution of
total neutral lipids is rather small. White wine, Ambe-
lon, and red wine, Cabernet Sauvignon, are found to
contain the lipids with the most potent inhibitory
activity against PAF-induced washed platelet aggrega-
tion because their 1Csq values are lower than those of
the other tested wines. Their superiority is more obvious
when comparing the ICsy values of their polar lipids
with ones of the rest wines (1 order of magnitude lower).

In addition, the results of musts, on comparison with
the respective wines that are the fermentation products,
showed that the total neutral lipids of musts exerted a
stronger inhibitory activity than the total neutral lipids
of wines, attaining approximately the same order of
magnitude with the total lipids and total polar lipids.
This dramatic decrease in biological activity of total
neutral lipids from must to wine may be attributed to
chemical modifications during fermentation. Also, the
changes in biological activity of total polar lipids show
significant differences in white and red musts during
fermentation. Specifically, in the white wine Ambelon,
the biological activity remained practically unchanged
before and after fermentation, while in red wine Cab-
ernet Sauvignon the biological activity increased. The
above results indicate that although the polar lipids of
white grape must Rompola are more potent inhibitors
than the lipids of red grape must Cabernet Sauvignon,
after fermentation red wine corresponding lipids possess
the same or even higher biological activity than those
of the white wine lipids.

Separation and Biological Activity of Total Neu-
tral Lipids of Cabernet Sauvignon. Although the
total neutral lipids seem to have much less biological
activity than total polar lipids, they were further
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Figure 2. Reverse-phase HPLC separation, with a gradient elution, of total neutral lipids from wine Cabernet Sauvignon: MG,
monoglyceride; RH, hydrocarbons; FA, fatty acids; VitE, vitamine E; BAL, batylic alcohol; FAME, methylesters of FA; DG,

diglycerides; TG, triglycerides; CE, cholesterol esters.

Table 2. Biological Activities of Most Potent Neutral
Lipid Fraction of Cabernet Sauvignon after Separation
with HPLC

Table 3. Biological Activities of Each Polar Lipid
Fraction of Cabernet Sauvignon after Separation with
HPLC

1Cs0? expressed as
milliliters of red wine

fraction® biological action PAF thrombin

M inhibition 3.1

NL2 inhibition 59 40
NL4 inhibition 138 38
NL22 inhibition 255 93
NL23 inhibition 141 76
NL24 inhibition 155 15
NL25 inhibition 163 53
NL26 inhibition 45 27
NL27 inhibition 83

NL28 inhibition 71

a 1Csp value is expressed as milliliters of wine/must that inhibit
50% of the PAF- or thrombin-induced aggregation. ® Other frac-
tions have 1Csq values for both PAF and thrombin greater than
100.

fractionated on a reverse-phase HPLC (37). A typical
profile of neutral lipids separated from red wine Cab-
ernet Sauvignon is shown in Figure 2. Thirty-six frac-
tions were collected and tested for their biological
activity.

All fractions of total neutral lipids were tested for
their ability to induce aggregation and/or to inhibit PAF-
induced and/or thrombin-induced aggregation. All frac-
tions exhibited inhibitory effects against the aggregating
agents, as shown in Table 2. The most potent inhibitors
against PAF and thrombin were fractions NL2, NL26.
Additionally potent inhibitors only against PAF were
NL27 and NL28, while potent inhibitors only against
thrombin were NL4, NL24, and NL25. The solvent front
(M), which exerted the strongest inhibitory activity of
all the others neutral lipids fractions, was kept for
further study.

Separation and Biological Activity of Pigment-
Free Total Polar Lipids of Cabernet Sauvignon.
After the removal of pigments with TLC, as described
previously, the pigment-free total polar lipids were
further separated on HPLC (38). Twenty fractions were
collected and tested for their biological activity. In this
system according to standards, fraction 3, 7, 12, and 15
eluted in the same retention time with lyso-phospha-

1Cs0? expressed in aggregation

milliliters of red wine

biological [PAFI  milliter
fractions action PAF thrombin  x107*' M of wine
PL2 inhibition 250 90
PL3 inhibition 209 234
PL4 inhibition 124 no
PL5 inhibition 247 no
PL6 inhibition 320 no
PL7 none
PL8 aggregation 0.51 270
PL9 inhibition 175 162
PL10 aggregation 0.85 90
PL11 inhibition 323 561
PL12 inhibition 27 155
PL13 inhibition 306 314
PL14 aggregation 0.86 225
PL15 aggregation 0.83 135
PL16 inhibition 117
PL17 inhibition 50
PL18 aggregation 0.71 90

PL19 inhibition 243 -
PL20 inhibition 449 -

2 |Csp value is expressed as milliliters of wine/must that inhibit
50% of the PAF- or thrombin-induced aggregation. ® [PAF]: equiva-
lent concentration of PAF that exerts in platelets the same
biological activity as the amount (milliliters of wine) of fraction.

tidylethanolamine, with phosphatidylcholine, with
sphingomuelin, and with lyso- phosphatidylcholine,
respectively.

Five of the peaks (peaks 8, 10, 14, 15, 18) induced
rabbit platelet aggregation with a dose-dependent ag-
gregation pattern similar to that of PAF with the
exception of fraction 10, in which the aggregation curve
showed a slight slope and was not reversed even in
lower doses. Experiments with specific inhibitors were
carried out on these fractions, as well as cross desen-
sitization experiments, and the results are summarized
in Table 4. In accord with the experimental data fraction
8 acts mostly through PAF receptors. Fraction 10 does
not seem to act through the PAF receptor or arachidonic
pathway or through secretion of ADP, since the specific
inhibitors do not influence its activity, while fractions
14, 15, 18 seem to act in a nonspecific way. Thirteen of
them exerted inhibitory activity (Table 3), and fractions
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Figure 3. (A) Typical reverse-phase HPLC separation of pigments resulting from total polar lipids of wine Cabernet Sauvignon
and (B) further separation of fraction 21 on a reverse-phase HPLC: Gall, gallic acid; Sucr, sucrose; Hesp, hesperidin; Rut, rutin;

Nar, narigin; Querc, quercetin; sulp, sulfatides; Resv, resveratrol.

12, 16, 17 seem to be the most potent inhibitors, while
only one, fraction 7, did not exert any biological activity.

Fraction PL10. The UV spectrum of this fraction
shows two peaks at 210 and 281 nm and a shoulder at
231 nm, suggesting the presence of a phenolic compo-
nent. This was also confirmed with phenolic determi-
nation (0.646 umol of gallic acid/total fraction), while

determinations of fatty acid ester and sugar were
negative. Moreover, 3P NMR excluded the existence of
phosphorus. Treatment with acetylhydrolase did not
affect the biological activity of this fraction, indicating
that no acetic group(s) or other small esterified acid(s)
is present in this molecule. Alkaline hydrolysis rendered
it inactive, while reacetylation of chloroform and water
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phases from the hydrolysis mentioned above did not
reinstate the lost activity. These data suggest the
presence of an ester bond(s), but the molecule has no
esterified fatty acid(s). The ester bond(s) seems to be
important for the expression of the biological activity
of the molecule. The hydrolysis of this ester bond seems
to break the main skeleton of the molecule. Acetylation
of the intact fraction shows a dramatic decrease of the
biological activity, suggesting the existence of a free
hydroxyl group(s) in the molecule that contributes to
the biological activity of this molecule.

Fraction PL16. The UV spectrum of this fraction
shows two peaks at 204 and 281 nm and a shoulder at
231 nm, suggesting the presence of a phenolic compo-
nent. This was also confirmed with phenolic determi-
nation (0.829 umol of gallic acid/total fraction). Deter-
minations of sugar (0.617 umol of glucose/total fraction)
and fatty acid ester (2.29 umol/total fraction) were also
positive, while the phosphorus determination was nega-
tive. This fraction inhibits PAF-induced platelet ag-
gregation. After alkaline hydrolysis of the amount that
inhibits 100% of the action of PAF, both chloroform and
water phases continue to inhibit 100% PAF-induced
platelet aggregation. In contrast, acetylation of the
chloroform and water phases from the above hydrolysis
rendered them to induce platelet aggregation. These
data suggest that the molecule probably consists of two
parts, one rather polar and one nonpolar that are linked
to an ester bond. Acetylation of hydrolysis products
leads to new molecules, which induce platelet aggrega-
tion.

Fraction PL8. This fraction is from our previous work
with the same wine Cabernet Sauvignon. Briefly we
followed the same extraction procedure except that we
removed the pigment with two TLC runnings before the
countercurrent distribution (32). This fraction resulted
from the cation exchange HPLC separation of polar
lipids and was eluted at 32—36 min. The UV spectrum
of this fraction shows two peaks at 204 and 281 nm and
a shoulder at 231 nm. 31P NMR excluded the occurrence
of phosphorus in this molecule. Sugar determination
(0.198 umol of glucose/total fraction) was positive, while
the amount of this fraction was not enough for other
chemical determinations. Acetylation of the intact frac-
tion resulted in loss of the activity, suggesting that there
is a free hydroxyl group(s) that contributes to the
biological activity of the molecule. Alkaline hydrolysis
rendered it inactive, while acetylation of the chloroform
phase of the above hydrolysis did not reinstate the lost
activity. These data indicate the existence of an ester
bond(s) such that its hydrolysis breaks the main skel-
eton of the molecule and the resulting products are not
biologically active. The ester bond(s) is not an acetyl
group; acetylation does not reinstate the initial activity.
Treatment with acetylhydrolase did not affect its ability
to induce aggregation, confirming the absence of acetic
or other small esterified fatty acid groups.

Separation and Biological Activity of Pigments
Resulting from Total Polar Lipids of Cabernet
Sauvignon. The pigments resulting from the prepara-
tive TLC of total polar lipids of Cabernet Sauvignon was
further fractionated on HPLC. All fractions were tested
for their biological activity. Fraction 21 was further
separated on HPLC, and the resulting fractions were
also tested for their biological activity. Typical separa-
tion profiles are shown in Figure 3. All fractions of
pigments exerted biological activity. Some of them
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Table 4. Biological Characterization of Fractions from
Total Polar Lipids and Pigments of Cabernet Sauvignon
That Induced Rabbit Platelet Aggregation

fraction that

% desensitized % inhibition

induced [ttt

aggregation PAF thrombin BN indomethacin CP/CPK
PL8 100 32
PL10 0 0 0 0
PL14 74 45 100 65
PL15 55 82 100 62 70
PL18 42 100 100 100
Pg2 62 100 57 50
Pg3 100 100 36 33
Pg8 100 100 36
Pg21/10 7 24 18 23
dPg21/15 82 100 97
Pg21/25 100 84 95

inhibited PAF-induced platelet aggregation, and some
induced rabbit platelet aggregation in a dose-dependent
manner. Experiments with specific inhibitors were
carried out for a number of these fractions (Table 4).
Fraction Pg2 seems to act mostly through PAF receptors
and secondarily through an arachidonic way and through
secretion of ADP. Fraction Pg21/10 seems to act, in a
small percentage, through all the ways.

In this work, biological activity of total, neutral, and
polar lipids of several wines and musts were compared.
The results showed that the biological activity is at-
tributed mainly to total polar lipids, while the contribu-
tion of total neutral lipids is rather small. Two wines
were the most potent, including one red wine, Cabernet
Sauvignon, and one white wine, Ambelon (principal
grape: Rompola). In Cabernet Sauvignon the existence
of a variety of PAF and thrombin inhibitors was
demonstrated along with weak PAF-like agonist action,
which minimized the biological effects of PAF in several
cells and/or tissues.

The findings support the beneficial effects of moderate
wine consumption because wines and musts contain a
significant number of lipid-like components with anti-
thrombotic and antiatherogenic action in vitro. It is of
interest to trace the origin and source (i.e., grape, yeast,
or fermentation products) of the biologically active
compounds, which will be the subject of future study.
These data in correlation with our proposed mechanism
of atherogenesis may offer a biochemical insight into
the well-known “French paradox”.

LITERATURE CITED

(1) Rimm, E. B.; Giovannucci, E. L.; Willett, W. C.; Colditz,
G. A.; Ascherio, A.; Rosner, B.; Stampfer, M. J. Prospec-
tive study of alcohol consumption and risk of coronary
disease in men. Lancet 1991, 338, 464—468.

(2) Klatsky, A. L.; Armstrong, M. A.; Friedman, G. D.
Alcohol and mortality. Ann. Intern. Med. 1992, 117,
646—654.

(3) St. Leger, A. S.; Cochrane, A. L.; Moore, F. Factors
associated with cardiac mortality in developed countries
with particular reference to the consumption of wine.
Lancet 1979, 1, 1017—1020.

(4) Naniji, A. A.; French, S. W. Alcoholic beverages and coro-
nary heart disease. Atherosclerosis 1986, 60, 197—198.

(5) Hegstedt, D. M.; Ausman, L. M. Diet, alcohol and
coronary heart disease in men. J. Nutr. 1988, 118,
1184—1189.

(6) Criqui, M. H.; Rinkel, B. L. Does diet or alcohol explain
the French paradox? Lancet 1994, 344, 1719—-1723.

(7) Renaud, S.; De Lorgeril, M. Wine, alcohol, platelets, and
the French paradox for coronary heart disease. Lancet
1992, 339, 1523—-1526.



5192

®)

©)

(10

(11

(12

(13)

(14)

(15)

(16)

an

(18)

(19)

(20)

(1)

(22)

(23)

(24)

(25)

J. Agric. Food Chem., Vol. 49, No. 11, 2001

Renaud, S.; De Lorgeril, M.; Delaye, J.; Guidollet, J.;
Jacguard, F.; Mamelle, N.; Martin, J. L.; Monjaud, I.;
Salen, P.; Touboul, P. The Cretan Mediterranean diet
for prevention of coronary heart dease. Am. J. Clin.
Nutr. 1995, 61 (Suppl.), 1360S—1367S.

Suh, I.; Shaten, B. J.; Cutler, J. A.; Kuller, L. H. Alcohol
use and mortality from coronary heart disease: the role
of high-density lipoprotein cholesterol. The multiple risk
factor intervention trial research group. Ann. Intern.
Med. 1992, 116, 881—887.

Gaziano, J. M.; Buring, J. E.; Breslow, J. L.; Goldhaber,
S. Z.; Rosner, B.; VanDenburgh, M.; Willett, W.; Hen-
nekens, C. H. Moderate alcohol intake, increased levels
of high-density lipoprotein and its subfractions, and
decreased risk of myocardial infarction. N. Engl. J. Med.
1993, 329, 1829—1834.

Frankel, E. N.; Waterhouse, A. L.; Kinsella, J. E.
Inhibition of human LDL oxidation by resveratrol.
Lancet 1993, 341, 1103—1104.

Di Carlo, G.; Mascolo, N.; lzzo, A. A.; Capasso, F.
Flavonoids: old and new aspects of a class of natural
therapeutic drugs. Life Sci. 1999, 65, 337—353.
Yamanaka, N.; Oda, O.; Nagao, S. Prooxidant activity
of caffeic acid, dietary non-flavonoid phenolic acid, on
Cu?™-induced low density lipoprotein oxidation. FEBS
Lett. 1997, 405(2), 186—190.

Goldberg, D. M; Garovic-Kocic, V.; Diamandis, E. P.;
Pace-Asciak, C. R. Wine: does the colour count? Clin.
Chim. Acta 1996, 246, 183—193.

Pace-Asciak, C. R.; Rounova, O.; Hahn, S. E.; Diamandis,
E. P.; Goldberg, D. M. Wines and grape juices as
modulators of platelet aggregation in healthy human
subjects. Clin. Chim. Acta 1996, 246, 163—182.
Corvazier, E.; Maclouf, J. Inteference of some flavonoids
and non-steroidal drugs with oxidative metabolism of
arachidonic acid by human platelets and neutrophils.
Biochim. Biophys. Acta 1985, 835, 315—321.

German, J. B. Differential effects of small and large
molecular weight wine phytochemicals on endothelial
cell eicosanoid release, J. Agric. Food Chem. 1998, 46,
1900—1905.

Pace-Asciak, C. R.; Hahn, S.; Diamandis, E. P.; Soleas,
G.; Goldberg, D. M. The red wine phenolics trans-
resveratrol and quercetin block human platelet aggrega-
tion and eicosanoid synthesis: implications for protec-
tion against coronary heart disease. Clin. Chim. Acta
1995, 235(2), 207—219.

Orsini, F.; Pelizzoni, F.; Verotta, L.; Aburjai, T.; Rogers,
C. B. Isolation, synthesis, and antiplatelet aggregation
activity of resveratrol 3-O-beta-p-glucopyranoside and
related compounds. J. Nat. Prod. 1997, 60, 1082—1087.
Ross, R. The pathogenesis of atherosclerosis: a perspec-
tive for the 1990s. Nature 1993, 362, 801—809.

Ross, R. Cell biology of atherosclerosis. Annu. Rev.
Physiol. 1995, 57, 791—-804.

Demopoulos, C. A.; Pinckard, R. N.; Hanahan, D. J.
Platelet-Activating Factor. Evidence for 1-O-alkyl-2-
acetyl-sn-glyceryl-3-phosphorylcholine as the active com-
ponent (a new class of lipid chemical mediators). J. Biol.
Chem. 1979, 254, 9355—9358.

Antonopoulou, S.; Demopoulos, C. A. On the Mediter-
ranean Diet. INFORM 1997, 8, 776—777.

Liapikos, T. A.; Antonopoulou, S.; Karabina, S.-A. P.;
Tsoukatos, D. C.; Demopoulos, C. A.; Tselepis, A. D.
Platelet-activating factor formation during oxidative
modification of low-density lipoprotein when PAF-
acetylhydrolase has been inactivated. Biochim. Biophys.
Acta 1994, 1212, 353—360.

Mueller, H. W.; Haught, C. A.; McNatt, J. M.; Cui, K
Gaskell, S. J.; Johnston, D. A.; Willerson, J. T. Measure-
ment of platelet-activating factor in a canine model of
coronary thrombosis and in endarterectomy samples

(26)

27)

(28)

(29)

(30)

(CHY)

(32

(33)

(34)

(35)

(36)

@7

(38)

39)

(40)

(41)

Fragopoulou et al.

from patients with advanced coronary artery disease.
Circ. Res. 1995, 77, 54—63.

Feliste, R.; Perret, B.; Braquet, P.; Chap, H. Protective
effect of BN 52021, a specific antagonist of platelet-
activating factor (PAF-acether) against diet-induced
cholesteryl ester deposition in rabbit arta. Atheroscle-
rosis 1989, 78, 151—158.

Subbanagounder, G.; Leitinger, N.; Shih, P. T.; Faull,
K. F.; Berliner, J. A. Evidence that phospholipid oxida-
tion products and/or platelet-activating factor play an
important role in early atherogenesis: in vitro and in
vivo inhibition by WEB 2086. Circ Res. 1999, 85, 311—
318.

Koussissis, S. G.; Semidalas, C. E.; Antonopoulou, S.;
Kapoulas, V. M.; Demopoulos, C. A.; Kalyvas, V. PAF
antagonists in foods: Isolation and identification of PAF
in virgin olive oil. Rev. Fr. Corps Gras 1993, 40, 323—
327.

Koussissis, S. G.; Semidalas, C. E.; Hadzistavrou, E. C.;
Kalyvas, V.; Antonopoulou, S.; Demopoulos, C. A. PAF
antagonists in foods: Isolation and identification of PAF
in honey and wax. Rev. Fr. Corps Gras 1994, 41, 127—
132.

Antonopoulou, S.; Semidalas, C. E.; Koussissis, S. G.;
Demopoulos, C. A. Platelet-activating factor (PAF)
antagonists in foods. A study of lipids, with PAF or anti-
PAF like-activity, in cow’s milk and yoghurt. J. Agric.
Food Chem. 1996, 44, 3047—3051.

Rementzis, J.; Antonopoulou, S.; Demopoulos, C. A.
Identification and study of gangliosides from Scomber
scombrus muscles. J. Agric. Food Chem. 1997, 45, 611—
615.

Fragopoulou, E.; Nomikos, T.; Antonopoulou, S.; Mitso-
poulou, C. A.; Demopoulos, C. A. Separation of biologi-
cally active lipids from red wine. J. Agric. Food Chem.
2000, 48, 1234—1238.

Panayiotou, A.; Samartzis, D.; Nomikos, T.; Fragopo-
ulou, E.; Karantonis, H. C.; Demopoulos, C. A.; Zabe-
takis, I. Lipid fractions with aggregatory and antiag-
gregatory activity toward platelets in fresh and fried cod
(Gadus morhua): Correlation with platelet-activating
factor and atherogenesis. J. Agric. Food Chem. 2000,
48, 6372—6379.

Stafforini, D. M.; MclIntyne, T. M.; Carter, M. E.;
Prescott, S. M. Human plasma platelet-activating factor
acetylhydrolase. J. Biol. Chem. 1987, 262, 4223—4230.
Bligh, E. G.; Dyer, W. J. A rapid method of total lipid
extraction and purification. Can. J. Biochem. Physiol.
1959, 37, 911-917.

Galanos, D. S.; Kapoulas, V. M. Isolation of polar lipids
from triglyceride mixtures. J. Lipid Res. 1962, 3, 134—
137.

Antonopoulou, S.; Andrikopoulos, N. K.; Demopoulos, C.
A. Separation of the main neutral lipids into classes and
species by PR-HPLC and UV detection. J. Liq. Chro-
matogr. 1994, 17, 633—648.

Andrikopoulos, N. K.; Demopoulos, C. A.; Siafaka-
Kapadai, A. High-performance liquid chromatographic
analysis of platelet-activating factor on a cation-
exchange column by direct ultraviolet detection. J.
Chromatogr. 1986, 363, 412—417.

Lazanas, M.; Demopoulos, C. A.; Tournis, S.; Koussissis,
S.; Labrakis-Lazanas, K.; Tsarouxas, X. PAF of biologi-
cal fluids in desease IV. Levels in blood in allergic
reactions induced by drugs. Arch. Dermatol. Res. 1988,
280, 124—-126.

Bartlett, G. R. Phosphorus assay in column chromatog-
raphy. J. Biol. Chem. 1959, 234, 466—468.

Galanos, D. S.; Kapoulas, V. M. Preparation and analy-
sis of lipid extracts from milk and other tissues. Bio-
chim. Biophys. Acta 1965, 98, 278—292.



Biological Activity of Wine/Must Lipids

(42) Renkonen, O. A note on spectrophotometric determina-
tion of ester groups in lipids. Biochim. Biophys. Acta
1961, 54, 361.

(43) Singleton, V. L.; Rossi, J. A. Colorimetry of total
phenolics with phosphomolybdic-phosphotungstic acid
reagents. Am. J. Enol. Vitic. 1965, 144—158.

J. Agric. Food Chem., Vol. 49, No. 11, 2001 5193

Received for review May 15, 2001. Revised manuscript received
September 7, 2001. Accepted September 8, 2001. This work
was partially supported by the Research Committee of Na-
tional and Kapodistrian University of Athens.

JF0106392



