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Abstract

Alcoholic beverages are known to exert a protective effect on atherosclerotic disease. This study aimed to assess the in vivo and in vitro
effects of alcohol on matrix metalloproteinase (MMP) -2 and -9, known to determine atherosclerosis progression. Eighteen healthy volun-
teers, regular drinkers (two standard alcohol servings/day, on average) at first examination (baseline) were asked to abstain from any alco-
holic beverage for one week (abstention), and then to assume two standard alcohol servings of beer daily for 1 week (re-exposure). Activity
of MMP-2 and -9, total antioxidant activity (AOA), glutathione (GSH) plasma levels were carried out at baseline, at the end of abstention,
and after 1 week of re-exposure. To validate the in vivo results, MMP-2 activity and expression, AOA, and GSH, were determined in human
smooth muscle cells treated for 96 h with increasing concentrations (12.5—100 mM) of ethanol. MMP-2, but not MMP-9 plasma activity
was higher at abstention than at baseline or re-exposure (P <.001 and P =.005, respectively). Changes in AOA and GSH throughout the
study were not significant. No correlation was found between MMPs and antioxidant activity. In vitro, ethanol at 25 mM reduced by around
10% MMP-2 activity (P =.003) in smooth muscle cells, whereas MMP-2 expression, AOA, and GSH were unaffected. Alcohol reduces
MMP-2 plasma activity in healthy humans and in isolated vascular smooth muscle cells. This in vitro reduction is unrelated to MMP-2
expression in vascular cells or to antioxidant levels changes. © 2008 Elsevier Inc. All rights reserved.
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Introduction endothelial cells and the increase in plasma HDL choles-
terol are the most acknowledged (Vasdev et al., 2006).
Growth of atherosclerotic plaque, also known as nega-
tive remodeling, requires smooth muscle cell (SMC) prolif-
eration and migration within the arterial wall; this
progression is largely dependent on matrix metalloprotei-
nases (MMP), in particular MMP-2 and MMP-9 (collec-
tively named gelatinases) (Galis et al., 1994), that are
capable to degrade reticular collagen (i.e., type IV and V
collagen) surrounding SMCs. Recent in vitro evidences
showed that ethanol reduces cell migration/proliferation
(Cullen et al., 2005; Ghiselli et al., 2003; Hendrickson
et al., 1999; Liu et al., 1997), inhibits MMP-2 and MMP-
9 activity in isolated animal vascular SMCs when pulse
pressure stimulated (Cullen et al., 2005), and that wine

A moderate regular consumption of alcoholic beverages
is associated to the reduction of atherosclerotic lesion pro-
gression (Kiechl et al., 1998; Schminke et al., 2005), of the
risk of cardiovascular events (Mukamal et al., 2003), and of
mortality (Corrao et al., 2000; Muntwyler et al., 1998). Sev-
eral studies concluded that there is no advantage of one
kind of beverage over another (Mukamal et al., 2003),
therefore ethanol is considered the driving force of these
advantages (Belleville, 2002). Among the alcohol related
mechanisms accounting for such protective activity, the in-
crease of the antioxidant potential in plasma (Stoclet, 2001;
Szmitko & Verma, 2005), the increase of nitric oxide by
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reduces MMP-2 in homocysteine stimulated SMCs (Guo
et al., 2007). In general, all in vitro studies focused on stim-
ulated cells, while MMP-2 is a constitutionally expressed
protease and the in vivo effect is still unknown in humans.
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This study analyzes the changes of MMP-2, -9 activity
in a group of moderate regular drinkers after suspension
of ethanol intake and re-exposure to a moderate regular
beer consumption. These changes were then related to the
antioxidant activity (AOA) and glutathione (GSH) levels
measured at the same time point. A second part of the study
sought for confirmation of in vivo results in isolated human
SMCs and assessment of MMP-2 expression after ethanol
exposure.

Materials and methods
Human study

Volunteers of both sexes were recruited among the staff
members, students or their relatives at the University of
Udine (Italy). Inclusion criteria were to be clinically
healthy and a moderate regular drinker, whereas exclusion
criteria were alcoholism (potential or ascertained) and
pregnancy.

In detail, general conditions and medical history were
assessed at the beginning of the study, this time-point being
defined as ‘““‘Baseline.” Blood samples were obtained at
baseline, when subjects had no restrictions or recommenda-
tions on drinking. The subjects were then asked to abstain
from alcoholic beverages while drinking at least 375 ml
of water per day for 1 week. The same clinical and labora-
tory assessments were carried out at the end of abstention
(time-point named Abstention). Then, subjects had to drink,
as the only alcoholic beverage, 375 ml/day of beer (around
30 g) for 1 week; at the end, a further complete assessment
was performed (time point named Re-exposure). All sub-
jects were recommended to keep constant their physical
activity and diet habits during the whole observation.

Blood was withdrawn from antecubital vein, avoiding
blood stasis, with Vacutainer® vials containing ethylenedia-
minetetraacetic acid or heparin as anticoagulants. Aliquots
of whole blood and plasma (obtained after centrifugation at
1,000g) were frozen (at —20°C) to allow batch analysis.
Plasma samples were used to assess gelatinase activity
(with gelatin substrate zymography), AOA, reduced GSH.
Blood specimen were collected in the afternoon, at least
2 h after the last meal and more than 15 h after the last al-
cohol intake. The collection of the samples was completed
in 4 weeks. The study has been approved by the regional
ethical committee, each participant gave his/her informed
written consent.

In vitro study

Cell culture and ethanol treatment

Primary cultures of human aortic SMCs (Promocell,
Heidelberg, Germany) were grown in a medium containing
one third Smooth Muscle Cell Basal Medium (Promocell,
Heidelberg, Germany), one-third Nutrient Mixture F-12
and one-third Waymouth Medium (Invitrogen, Basel, Swit-
zerland) supplemented with: 15% of heat-inactivated fetal

bovine serum, 100 U/ml penicillin, and 100 pg/ml strepto-
mycin (Euroclone, Celbio, Devon, UK). Smooth muscle
cells were cultured at 37°C in humidified atmosphere with
5% CO, in air.

Ethanol treated cells were seeded in complete medium at
density of 2 x 10* cells in duplicate wells of 24-well plate
and incubated until they reached 70% confluence. Thereaf-
ter, the cells were serum deprived and cultivated in SMC
medium supplemented with 5 pg/ml of insulin (Novo Nor-
disk, Uppsala, Sweden). Ethanol (Sigma-Aldrich, St. Louis,
MO, USA) was added directly to the medium to reach the
final concentrations of 12.5, 25, 50, and 100 mM. Superna-
tants were collected 96 h after ethanol treatment and gelatin
zymography was performed. The results are expressed as
the median result of at least six experiments for each
concentration.

Aliquots of plasma (ethylenediaminetetraacetic acid an-
ticoagulated) from healthy donors have been incubated with
the same concentrations of ethanol used for cell cultures for
6 h at 37°C, and MMP-2 activity has been assessed as
described below.

Gelatin—substrate zymography

Plasma and culture media gelatinase activities (active
MMP-2, MMP-9 and their proenzymes) were measured
by gelatin—substrate zymography under nonreducing
conditions. In brief, plasma samples were placed on 10%
sodium-dodecyl sulfate polyacrylamide minigels copoly-
merized with gelatine (1mg/ml). Gels were washed in
2.5% Triton X-100 to remove sodium-dodecyl sulfate and
allow renaturation of MMPs, after that transferred into de-
veloping buffer (50 mM of Tris pH 7.5, CaCl, 5 mM, ZnCl,
1 uM) and incubated overnight at 37°C under continuous
shaking. Gels were stained with Coomassie Brilliant Blue
solution (Bio-Rad Laboratories, Hercules, CA) and dis-
tained with water, methanol and acetic acid solution
(45:45:10). A standard serum sample was used in each
gel as molecular weight reference and (for active MMP-2
band) as standard for comparisons among gels. Gels were
digitized using a digital camera, and a computer-based
imaging program (NIH freeware Image-J) was used to
quantify lyses areas. To minimize interassay variations,
each subject and each in vitro experiment was performed
in a single gel.

TIMP-1 and TIMP-2 measurements

Tissue inhibitors were determined using the immunoen-
zymatic method (Quantikine Human TIMP-1 and TIMP-2)
according to the manufacturer’s instruction. Lowest detect-
able concentration was 0.08 ng/ml and 0.01 ng/ml for
TIMP-1 and TIMP-2, respectively. All determinations have
been carried out in duplicate. In our hands both methods
gave an intraassay an interassay CV <5% and <9%,
respectively. This method was been used for both plasma
determinations and surnatant of SMC culture.
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Total antioxidant activity determination

The details of the method for total antioxidant activity
have been previously published (Tietze, 1969; Tubaro
et al., 1998). Briefly, plasma samples were diluted 1:20 in
sodium phosphate buffer (75 mmol/l, pH 7), an ABTS™
radical cation solution (200 ul) was mixed with 20 ul of
diluted plasma in 96 well plates and absorbance was read
after 5—75 min in the ThermoMax microplate reader (Mo-
lecular Devices, Sunnyvale, CA). Samples were analyzed in
triplicate determinations. A fresh Trolox standard curve
was prepared with each batch of plasma analysis, and Tro-
lox equivalents in pmol/l were derived from the standard
curve at 5 and 75 min incubation. The same method was
also used for surnatant of SMC cell culture media.

Measurements of GSH

The enzymatic recycling method of (Tietze, 1969) was
used to measure GSH. In brief, for measurements of ‘‘total
GSH,” 200 pl of blood or extract from cultivated cells were
diluted 1:2 with 5% (wt/vol) sulfosalicylic acid. The sam-
ples were immediately vortexed, and centrifuged for 10
min at RT at 5,000 rpm. Supernatants were transferred to
new microcentrifuge tubes and assayed within 2 h. Two ml
volume of 0.1M sodium phosphate buffer/0.6mM ethylene-
diaminetetraacetic acid, 30 pl of 10 mM 5,5’-dithio-bis(2-
nitrobenzoic acid) and 50 pl of 10 mM NADPH were added
to 30 or 60 pl of each sample, followed by the addition of
10 pl of 100 U/ml glutathione reductase. Formation of 5-
thio-2-nitrobenzoic acid, by the reaction of glutathione
and DTNB, was measured at 412 nm, 2 min before and 8
min after adding glutathione reductase versus a standard
curve of glutathione ranging from 0.125 to 1.5 pg/ml. Spec-
trophotometric determinations were performed with Beck-
mann DU 650i spectrophotometer. The same method was
also used for surnatant of SMC cell culture media.

MMP-2 expression

Total RNA was extracted from the human aortic SMC
cultures with the RNeasy Kit (Qiagen GmbH, Germany).
RNA integrity and quality was evaluated by spectrophome-
try and electrophoresis analysis. cDNA was synthesized
from 1 pg of total RNA using the Murine Leukemia Virus
(MuLV) Reverse Transcriptase following the producer’s
protocol (Applied Biosystem, CA, USA).

Real time polymerase chain reaction for quantitative
analysis of mRNA expression was performed using the
SYBR Green dye chemistry and the 7900/HT Sequence De-
tection System (Applied Biosystem, CA, USA). A 81-bp
fragment of MMP-2 c¢cDNA was amplified with human-
specific primers (forward: 5 CCATGATGGAGAGGCA-
GACA 3'; reverse 5 TCCGTCCTTACCGTCAAAGG 3').
In addition, primers to amplify a 83-bp fragment of the
housekeeping gene 28S ribosomal RNA were used
(forward: 5 TGGGAATGCAGCCCAAGG 3'; reverse 5
CCTTACGGTACTTGTTGACTATGC 3'). Amplifications
were performed in 25 pl of SYBR/Master Mix buffer

(Applied Biosystems) containing 0.3 uM primers and 1 pl
of cDNA. The following amplification program was used:
a predenaturation step at 95°C for 10 min, 40 cycles of
95°C for 15 s, 60°C for 1 min, 72°C for 30 s, and a final
extension at 72°C for 10 min. The dissociation stage in-
volved three 15-s steps at 95°C, 60°C, and 95°C. The fluo-
rescence of the green dye in the amplification reactions was
detected and evaluated by the melting curve analysis. Stan-
dard curve was obtained using a dilution series of a standard
mix of cDNAs. Polymerase chain reaction amplification re-
actions were performed in triplicate on material from two
independent reverse transcription reactions. Values have
been normalized for ribosomal 28S and reported as values
standardized for 0 mM ethanol.

Statistic analysis

Results for continuous variables are reported as median
and, in parenthesis, interquartile values. Results for the hu-
man study were analyzed by Generalized Linear Model for
repeated measurements and by Wilcoxon test with Bonfer-
roni correction. Multivariate analysis was carried out to as-
sess the variables influencing MMP-2 activity changes. The
in vitro results were examined by analysis of variance.
When significant differences were found in repeated mea-
sures, post hoc analysis (Bonferroni) was carried out to find
the times or concentrations significantly different. Unless
post hoc test was used, a P-value =.05 was considered as
statistically significant. Association among MMP-2 activ-
ity, expression, GSH, and antioxidant activity was carried
out with Spearman’s rank test. All statistics was carried
out with SPSS 12.0 (SPSS Inc. IL, USA).

Results
Human study

Eighteen volunteers (six women/12 men; in the age
range of 21—65 years old) were recruited. At baseline, sub-
jects were consuming from one to three standard alcohol
servings (Ellison et al., 2004) per day (50% wine, 45%
beer, and 5% spirits). Compliance with the study was good:
no relevant health or diet changes were observed and no
changes in smoking habits and drug medication potentially
interfering with alcohol occurred. All subjects concluded
the protocol. A general description of the study subjects
is provided in Table 1.

Gelatinase activity in plasma showed an important
increase in the active form of MMP-2 at abstention (Base-
line vs. Abstention P =.002) which reversed at re-exposure
(Abstention vs. Re-exposure P =.006, Generalized Linear
Model P =.016), whereas such patterns were not observed
for both MMP-2 proenzyme (proMMP-2) and MMP-9
(Table 2, Fig. 1). An increase in active MMP-2/pro
MMP-2 ratio was consequently observed at Abstention;
TIMP-1 and TIMP-2 levels did not change significantly
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Table 1

General characteristics of the study population

Number (M/W) 18 (12/6)

Age (years) 28 (26—35); range 21—65
Weight (Kg) 75 (58.5—90)

Height (cm) 175 (169—183)

BMI 23 (20—26); range 18—33
Overweight (BMI >25) 6

SBP (mmHg) 120 (110—130)
DBP(mmHg) 80 (70—385)

Drinks/day 2 (1-2.5)

Hypertension 1

Diabetes 0

Current smoker 2

Continuous variables are reported as median and interquartile values.

during the observation. A marginally significant increase
for AOA, was observed at both abstention and re-exposure.
At a lesser extent, a similar trend could be noticed with
glutathione concentration (Table 2). To assess the in vivo
relationships between MMP-2 changes and the other vari-
ables a multivariate analysis has been carried out consider-
ing age, gender, smoking habit, blood pressure, BMI, AOA,
and GSH, as independent variables. The active MMP-2
decrease observed during beer consumption (i.e., Absten-
tion to Re-exposure) has been associated to gender, being
higher in men (1,117; interquartile values 251—1,986) than
in women (—88; interquartile values —314 to 212,
P =.024). Although not significant in multivariate analysis,
also a positive linear correlation was found between MMP-
2 decrease at beer consumption (i.e., Abstention to Re-
exposure) and glutathione at Abstention (Fig. 2). Under
a clinical point of view, also a moderate, but not significant,
decrease in blood pressure was observed at abstention: such
decrease was not correlated either to MMPs activity
changes in plasma or to antioxidant levels. In our study,
we did not find any difference between MMP-2 levels of
subjects previously consuming mainly wine or beer, nor be-
tween the first and the last observation (beer 4+ wine vs.
beer only or among mainly wine drinkers at Baseline and
Re-exposure).

In vitro study

A low grade (~10%) but consistent reduction of MMP-2
activity was observed in vitro at 96 h of incubation with
ethanol at 25 mM (P =.003; Table 3 and Fig. 3). MMP-2
activity reduction observed at ethanol concentrations of
12.5 or 50 mM was only marginally significant (P <.1),
whereas at 100 mM it was similar to 0 mM. In all in vitro
experiments TIMP-1 and TIMP-2 were undetectable, and
plasma incubation with the increasing concentrations of
ethanol did not induce any change in MMP-2 activity (data
not shown). MMP-2 expression did not show any significant
change, compared to 0 mM.

Compared to plasma, very low AOA and GSH could be
detected, and no significant/consistent changes were associ-
ated with ethanol incubation. More relevant, no correlation
could be demonstrated between MMP-2 changes and
antioxidation levels in vitro.

Discussion

This study demonstrates that the moderate consumption
of beer or alcoholic beverages in healthy subjects reduces
MMP-2 plasma activity, and that an analogous effect is ob-
tained incubating human aortic SMCs with ethanol in con-
centrations similar to those reached in vivo by moderate
drinking (Brunelle et al., 2007; Savola et al., 2004). This
in vitro reduction is posttranscriptional and independent
from antioxidant activity.

Human study

Aiming to unravel the mechanisms involved in alcohol
related prevention of vascular diseases, the human study
was designed to reproduce the pattern of alcohol drinking
most likely associated to cardiovascular risk reduction.
The amount of alcohol (30 g per day) and the number of
drinking days per week closely reflects the drinking pattern
of Southern Europe, and is associated in epidemiological
studies, to the reduction of cardiovascular risk. Beer, as

Table 2
Changes in total antioxidant activity and glutathione at the different timepoints

Timepoints
Zymography (arbitrary units) Baseline Abstention Re-exposure P
Pro MMP-2 187 (142—374) 159 (140—412) 131 (79-377) 356
Active MMP-2 1284 (1030—1659) 2617 (1299—3034) 1517 (770—2193) 016
Pro MMP-9 466 (308—521) 769 (400—821) 346 (250—444) .582
Active MMP-9 710 (260—1313) 485 (341-576) 438 (319—1048) 258
TIMP-1 (ng/ml) 84 (72—98) 92 (82—-98) 79 (17-97) 328
TIMP-2 (ng/ml) 103 (93—137) 107 (100—117) 104 (95—120) 944
Antioxidant(uM) 0.84 (0.8—1.04) 1.09 (0.71—1.17) 1.07 (0.9—1.27) 073
Glutathione (uM) 3.46 (3.18—4.74) 3.79 (3.37—-4.07) 3.87 (3.38—4.29) .642
Systolic BP (mm/Hg) 120 (110—130) 117 (110—130) 122 (120—130) .094
Diastolic BP (mm/Hg) 80 (70—85) 80 (70—80) 85 (80—90) 174

Significance = Generalized Linear Method, repeated measures for all three timepoints.

values.

Continuous variables are reported as median and interquartile
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B A RE B A R-E

Fig. 1. Typical zymograms of volunteers showing active MMP-2 at Base-
line (B), at Abstention (A), and at Re-Exposure (R-E).

the beverage for re-exposure, was chosen considering that
there is not a real advantage of wine over beer in prevention
of vascular events, when confounders like socioeconomical
and cultural status are considered (Mortensen et al., 2001;
Nielsen et al., 2004). To our knowledge, this is the first
demonstration that alcohol reduces MMP-2 activity in hu-
mans. This relationship between alcohol consumption and
changes of MMP-2 in vivo has been demonstrated both af-
ter withdrawal and re-exposure, and might be due to a lower
activation rate of MMP-2 in presence of ethanol. Of note,
subjects were recommended to maintain constant all their
own habits, such as diet and physical activity. The compa-
rable MMP-2 activity measured at these two different time
points accounts for the liability of the relationship. The
present study also highlights the differences with in vitro
studies, where a decrease in MMP-9 activity was also re-
ported. Alcohol reduces intimal hyperplasia (Liu et al.,
1996, 1997), SMC migration (Hendrickson et al., 1999),
and acts on phenotype of SMC (Liu et al., 1996). Experi-
mental evidence of MMP-2 role in vascular remodeling de-
rives from knockout mice: double (i.e., MMP-2 and ApoE)
knockout mice show a significant reduction in atheroscle-
rotic burden and SMC accumulation, compared to single
(apoE) knockout (Kuzuya et al., 2006). It seems plausible
that the interplay between alcohol and MMP-2, both influ-
encing SMC motility, can determine vascular remodeling
and plaque progression in drinkers. This alcohol dependent
reduction of MMP-2, could represent a driving force in pro-
tection from atherosclerosis although, in vivo, a role of eth-
anol-dependent inhibition of MMP-2 leading to changes in
vascular remodeling is still missing.

In vitro study

The vascular cells producing MMP-2 are mainly SMC,
therefore, in vitro replica of the human study could provide
some interesting insights on the relationship between alco-
hol and MMP-2, beyond the substantiation of the alcohol
effect on the whole vascular system.

Table 3
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Fig. 2. Univariate analysis of active MMP-2 decrease and glutathione at
Abstention (Spearman’s rtho value 0.674, P =.002).

The first is that alcohol itself can mimic the pattern of
MMP-2 inhibition observed with alcoholic beverages in hu-
mans. In another study, a reduction of MMP-2 was obtained
incubating animal homocysteine-stimulated SMCs with
wine (Guo et al., 2007). The authors attributed such effect
to Chinese yellow wine, but our experience suggests that
ethanol itself can induce the same effect in unstimulated
cells. The second evidence is that this effect was obtained
independently of the well-known mechanisms alleged to
prevent atherosclerosis effects in vivo. Epidemiological
studies demonstrated that alcohol can prevent coronary
heart disease; allegedly through the increase of HDL cho-
lesterol plasma levels, endothelial cell fibrinolysis, nitric
oxide synthesis, in antioxidant activity and the reduction
of fibrinogen, platelet reactivity, advanced glycation prod-
ucts, and insulin resistance (Belleville, 2002; Szmitko &
Verma, 2005; Vasdev et al., 2006). One or more, of these
mechanisms might also account for MMP-2 reduction.
Our in vitro results were obtained in serum free media,
therefore, without any influence of circulating factors like
lipids, nitric oxide, growth and coagulation factors. A rea-
sonable doubt could be put forward for antioxidant level,
provided the evidence that isolated SMC still retain the

Ethanol and smooth muscle cell culture: MMP-2 activity and expression, antioxidant activity (uM), and glutathione (uM)

Ethanol concentration (mM)

0 12.5 25 50 100
MMP-2 activity (%) 100 92 (87—106) 88 (82—-93) 91 (84—99) 92 (89—105)
MMP-2 expression 1 1.08 (.97—1.19) 1.35 (1.34—1.36) 1.17 (97—1.37) 1.17 (1.13—1.22)

(relative to 28S RNA)
Antioxidant activity (uM)
Glutathione (uM)

0.010 (0.005—0.016)
0.016 (0.0—0.06)

0.015 (0.011—-0.032)
0.002 (0.01—0.03)

0.007 (0.004—0.009)
0.02 (0.015—0.027)

0.019 (0.016—0.026)
0.01 (0.005—0.026)

0.013 (0.011-0.017)
0.01 (0.008—0.01)
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Fig. 3. Relative reduction of MMP-2 activity in surnatant of smooth mus-
cle cells compared to 0 mg/mM. Data reported are median (= SD). The
results derive from at least 6 different experiments for each concentration.

possibility to influence their antioxidant activities (Wass-
mann et al., 2006). Antioxidant activity observed in our cell
cultures was very low and unrelated to MMP-2 activity
changes. From an epidemiologic perspective, however, an-
tioxidant activity plays a minor role in cardiovascular pro-
tection: alcoholic beverages consumption consistently
reduced cardiovascular mortality whereas antioxidant ther-
apy failed to achieve such a goal (Hercberg et al., 2004). In
conclusion, this mechanism can be observed without many
of the alleged alcohol dependent factors protecting from
atherosclerosis. A third suggestion derives from the doses
of ethanol required for MMP-2 reduction. In our study,
low ethanol doses have definite effect, whereas the highest
ethanol concentrations (100 mM) did not reduce MMP-2
activity, the final picture resembling a J-shaped curve. This
evidence is in line with the reduced in vivo cardiovascular
risk only for moderate alcohol intake and, in vitro, with an
increased MMP-2 expression in cancer cells incubated
with high ethanol concentration (Luo, 2006). A further
support to the uniqueness and novelty of this effect is that
simple incubation with increasing ethanol concentrations
for up to 4 h did not change the MMP-2 activity in
plasma or media (data not reported).

The last result, that MMP-2 reduction is not due to re-
duced gene expression, is in line with the reduced activation
rate observed in vivo and has further support in the
evidence that MMP-2 is constitutionally expressed and no
inhibitory elements have been detected, so far, in its
promoter. However, the mechanism(s) accounting for alco-
hol-dependent posttranscriptional negative regulation are
still speculative. Alcohol has the capacity to influence
expression of many genes (Uddin & Singh, 2006), but it
is unknown if MMP-2 is among them. Such downregulation
is also invoked for other genes (Wilke et al., 1994), partic-
ularly in those related to GABA receptors, involved in
tolerance to alcohol and benzodiazepines (Klein & Harris,
1996), but the exact mechanisms still remain speculative.

N. Fiotti et al. / Alcohol 42 (2008) 389—395

In conclusion, it is becoming more clear that alcohol
might prevent vascular diseases in humans through modifi-
cation of vascular remodeling. It is desirable that this effect
can be reproduced by other, less toxic, compounds leading
to a more effective management of atherosclerosis.

Acknowledgments

This study has been supported by a grant to S.B. by Re-
gione Friuli Venezia Giulia and by a Grant to C.G. (Fondo
Trieste 2005) and by grants to G.G. (Fondazione Cassa di
Risparmio di Trieste and Fondazione Benefica Kathleen
Foreman Casali of Trieste. We are indebted to Paola Pitacco
for her excellent technical support.

References

Belleville, J. (2002). The French paradox: possible involvement of ethanol
in the protective effect against cardiovascular diseases. Nutrition /8,
173-177.

Brunelle, C., Barrett, S. P, and Pihl, R. O. (2007). Relationship between
the cardiac response to acute intoxication and alcohol-induced subjec-
tive effects throughout the blood alcohol concentration curve. Hum.
Psychopharmacol. 22, 437-443.

Corrao, G., Rubbiati, L., Bagnardi, V., Zambon, A., and Poikolainen, K.
(2000). Alcohol and coronary heart disease: a meta-analysis. Addiction
95, 1505-1523.

Cullen, J. P, Sayeed, S., Kim, Y., Theodorakis, N. G., Sitzmann, J. V.,
Cahill, P. A., and Redmond, E. M. (2005). Ethanol inhibits pulse pres-
sure-induced vascular smooth muscle cell migration by differentially
modulating plasminogen activator inhibitor type 1, matrix metallopro-
teinase-2 and -9. Thromb. Haemost. 94, 639-645.

Ellison, R. C., Zhang, Y., Qureshi, M. M., Knox, S., Arnett, D. K., and
Province, M. A. (2004). Lifestyle determinants of high-density lipopro-
tein cholesterol: the National Heart, Lung, and Blood Institute Family
Heart Study. Am. Heart J. /47, 529-535.

Galis, Z. S., Sukhova, G. K., Lark, M. W., and Libby, P. (1994). Increased
expression of matrix metalloproteinases and matrix degrading activity
in vulnerable regions of human atherosclerotic plaques. J. Clin. Invest.
94, 2493-2503.

Ghiselli, G., Chen, J., Kaou, M., Hallak, H., and Rubin, R. (2003). Ethanol
inhibits fibroblast growth factor-induced proliferation of aortic smooth
muscle cells. Arterioscler. Thromb. Vasc. Biol. 23, 1808-1813.

Guo, H., Wang, P, You, B., Xing, Y., and Lee, J. D. (2007). Chinese yellow
wine inhibits production of homocysteine-induced extracellular matrix
metalloproteinase-2 in cultured rat vascular smooth muscle cells. Clin.
Nutr. 26, 348-354.

Hendrickson, R. J., Okada, S. S., Cahill, P. A., Yankah, E., Sitzmann, J. V.,
and Redmond, E. M. (1999). Ethanol inhibits basal and flow-induced
vascular smooth muscle cell migration in vitro. J. Surg. Res. 84, 64-70.

Hercberg, S., Galan, P., Preziosi, P., Bertrais, S., Mennen, L., Malvy, D.,
Roussel, A. M., Favier, A., and Briancon, S. (2004). The SU.VIL.MAX
Study: a randomized, placebo-controlled trial of the health effects of
antioxidant vitamins and minerals. Arch. Intern. Med. 164, 2335-2342.

Kiechl, S., Willeit, J., Rungger, G., Egger, G., Oberhollenzer, F., and
Bonora, E. (1998). Alcohol consumption and atherosclerosis: what is
the relation? Prospective results from the Bruneck Study. Stroke 29,
900-907.

Klein, R. L., and Harris, R. A. (1996). Regulation of GABAA receptor
structure and function by chronic drug treatments in vivo and with sta-
bly transfected cells. Jpn. J. Pharmacol. 70, 1-15.



N. Fiotti et al. / Alcohol 42 (2008) 389—395 395

Kuzuya, M., Nakamura, K., Sasaki, T., Cheng, X. W., Itohara, S., and
Iguchi, A. (2006). Effect of MMP-2 deficiency on atherosclerotic
lesion formation in apoE-deficient mice. Arterioscler. Thromb. Vasc.
Biol. 26, 1120-1125.

Liu, M. W., Anderson, P. G., Luo, J. E,, and Roubin, G. S. (1997). Local
delivery of ethanol inhibits intimal hyperplasia in pig coronary arteries
after balloon injury. Circulation 96, 2295-2301.

Liu, M. W,, Lin, S. J., and Chen, Y. L. (1996). Local alcohol delivery may
reduce phenotype conversion of smooth muscle cells and neointimal
formation in rabbit iliac arteries after balloon injury. Atherosclerosis
127, 221-2217.

Luo, J. (2006). Role of matrix metalloproteinase-2 in ethanol-induced in-
vasion by breast cancer cells. J. Gastroenterol. Hepatol. 21(Suppl 3),
S65-S68.

Mortensen, E. L., Jensen, H. H., Sanders, S. A., and Reinisch, J. M.
(2001). Better psychological functioning and higher social status
may largely explain the apparent health benefits of wine: a study of
wine and beer drinking in young Danish adults. Arch. Intern. Med.
161, 1844-1848.

Mukamal, K. J., Conigrave, K. M., Mittleman, M. A., Camargo, C. A. Jr.,
Stampfer, M. J., Willett, W. C., and Rimm, E. B. (2003). Roles of
drinking pattern and type of alcohol consumed in coronary heart
disease in men. N. Engl. J. Med. 348, 109-118.

Muntwyler, J., Hennekens, C. H., Buring, J. E., and Gaziano, J. M. (1998).
Mortality and light to moderate alcohol consumption after myocardial
infarction. Lancet 352, 1882—1885.

Nielsen, N. R., Schnohr, P., Jensen, G., and Gronbaek, M. (2004). Is the
relationship between type of alcohol and mortality influenced by
socio-economic status? J. Intern. Med. 255, 280-288.

Savola, O., Niemela, O., and Hillbom, M. (2004). Blood alcohol is the best
indicator of hazardous alcohol drinking in young adults and working-
age patients with trauma. Alcohol Alcohol 39, 340-345.

Schminke, U., Luedemann, J., Berger, K., Alte, D., Mitusch, R., Wood, W. G.,
Jaschinski, A., Barnow, S., John, U., and Kessler, C. (2005). Association
between alcohol consumption and subclinical carotid atherosclerosis:
the Study of Health in Pomerania. Stroke 36, 1746—1752.

Stoclet, J. C. (2001). Wine gladdens a man’s heart. (Bonum vinum laetifi-
cat cor hominum.) Med. Sci. Monit. 7, 842-847.

Szmitko, P. E., and Verma, S. (2005). Antiatherogenic potential of red wine:
clinician update. Am. J. Physiol Heart Circ. Physiol. 288, H2023-H2030.

Tietze, F. (1969). Enzymic method for quantitative determination of
nanogram amounts of total and oxidized glutathione: applications to
mammalian blood and other tissues. Anal. Biochem. 27, 502-522.

Tubaro, F., Ghiselli, A., Rapuzzi, P., Maiorino, M., and Ursini, F. (1998).
Analysis of plasma antioxidant capacity by competition kinetics. Free
Radic. Biol. Med. 24, 1228-1234.

Uddin, R. K., and Singh, S. M. (2006). cis-regulatory sequences of the
genes involved in apoptosis, cell growth, and proliferation may provide
a target for some of the effects of acute ethanol exposure. Brain Res.
1088, 31-44.

Vasdev, S., Gill, V., and Singal, P. K. (2006). Beneficial effect of low
ethanol intake on the cardiovascular system: possible biochemical
mechanisms. Vasc. Health Risk Manag. 2, 263-276.

Wassmann, S., Wassmann, K., and Nickenig, G. (2006). Regulation of
antioxidant and oxidant enzymes in vascular cells and implications
for vascular disease. Curr. Hypertens. Rep. 8, 69-78.

Wilke, N., Sganga, M., Barhite, S., and Miles, M. F. (1994). Effects of
alcohol on gene expression in neural cells. EXS 71, 49-59.



