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A number of epidemiological studies have demonstrated that moderate
red wine consumption significantly decreases the risk of ischemic heart dis-
ease. Our earlier studies provide evidence that Italian red wine modulates
primary hemostasis and prevents experimental venous thrombosis in rats, in-
dependently of its alcohol content, by a nitric oxide (NO)-mediated mecha-
nism. In the present study, we have tested whether Bulgarian red and white
wines can influence thrombotic process and primary hemostasis in rats. NO
and PGI2 were evaluated as possible mediators of these effects. We have
found that red wine treatment (for 10 days) induced a marked prolongation
of bleeding time, decrease in platelet adhesion to fibrillar collagen, reduction
in venous thrombus weight and shortening of occlusion time in arterial
thrombosis model. The fall in venous thrombus weight was also observed af-
ter white wine supplementation. Red wine affects hemostasis and venous
thrombosis after its iv injection 15 min before experiment. These effects
were prevented by NO inhibitor (L-NAME) and PGI2 inhibitor (indometha-
cin). Our results demonstrate the ability of Bulgarian wines to modulate pri-
mary hemostasis and prevent venous and arterial thrombosis in rat.
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INTRODUCTION

A number of epidemiological studies have dem-
onstrated that moderate red wine consumption sig-
nificantly decreases the risk of ischemic heart dis-
ease (IHD), especially in Mediterranean countries,
where wine is usually drunk with meals [23, 32]. In
eastern European countries mortality due to IHD
and cerebrovascular disease (CVD) remains ex-
ceedingly high in comparison to Mediterranean
countries [25]. However, over the past few years in
Poland and the Czech Republic mortality from both
IHD and CVD has declined [12]. This result of
European survey of coronary heart disease pa-
tients could be attributed to a higher prevalence of
healthy lifestyles. It can be explained by the change
in style of life including improvement in eating-
habits. Moreover, an increase in wine intake over
that of spirits (strong alcoholic drinks) has been ob-
served as well. Bulgarian wines have been avail-
able on the Polish market for many years and their
present consumption is higher comparing to Italian
and French wines which results, among others,
from the economical reasons.

Our earlier studies provide evidence that Italian
red wine modulates primary hemostasis and pre-
vents experimental venous thrombosis in rats, inde-
pendently of its alcohol content, by a nitric oxide
(NO)-mediated mechanism [38, 39]. A number of
hypotheses have been proposed to explain that pro-
tective effect of red wine. Until now, the exact
mechanism and the active component of wine that
may be responsible for the protective effects on
IHD are not well known. There are some data sug-
gesting that the influence of red wine on IHD can-
not be attributed only to its alcohol content, since
wine contains many other compounds that may
play a role in the abovementioned properties [3].

There are no experimental and clinical data
concerning the influence of Bulgarian wines on he-
mostasis and thrombosis. Therefore, we aimed to
determine the effect of red and white wines (Bul-
garian commercial wines) on primary hemostasis
and experimental thrombosis in rats.

MATERIALS and METHODS

Animals

Male Wistar rats weighing 300–350 g were
used in this study. The animals were housed in
a room with a 12-h light/dark cycle, in group cages

as appropriate and were given tap water and fed a
standard rat chow. Twenty four hours before the ex-
periments the animals were deprived of food but
had free access to water. The study was approved
by The Local Ethics Committee for Animal Ex-
periments in Bia³ystok. Procedures involving the
animals and their care were conducted in confor-
mity with the institutional guidelines that are in
compliance with national and international laws
and Guidelines for the Use of Animals in Biomedi-
cal Research [15].

Chemicals

Indomethacin (RBI, USA), L-NAME (NG-ni-
tro-L-arginine methyl ester, RBI, USA), collagen
(Chronolog, USA), trisodium citrate, citric acid,
glucose, sodium chloride, potassium chloride, mag-
nesium chloride, sodium bicarbonate (all from Po-
lish Chemical Reagents, Poland), HEPES (N-(2-
hydroxyethyl)piperazine-N’-(2-ethanosulfonic acid),
Sigma, USA), apyrase (Sigma, USA) and pentobar-
bital (Vetbutal, Polfa, Poland) were used in the
study.

Experimental design

Chronic oral administration

Red wine (1997, Sophia Merlot, Bulgaria),
white wine (1997, Sophia Muscat, Bulgaria) both
with 12% alcohol content and ethyl alcohol (95%
vol., Polmos, Poland) were given to animals. Ani-
mals were administered by 10 days with water, red
wine (12% alcohol by volume), white wine (12%
alcohol by volume) or ethyl alcohol (12%). Drink-
ing solutions were prepared by adding one part of
red wine, white wine or ethyl alcohol to three parts
of drinking water. Since rats drunk an average of
32.8 ± 0.7 ml/day of these solutions, the daily
amount of wines or ethyl alcohol was 8.2 ± 0.8 and
8.3 ± 0.9 ml/day of red and white wines, respec-
tively and 8.3 ± 0.2 ml/day of ethyl alcohol. On the
11th day template bleeding time, ex vivo platelet
adhesion to fibrillar collagen and experimental ve-
nous and arterial thrombosis were determined.

Acute intravenous administration

One part of red wine or ethyl alcohol was di-
luted in NaCl 0.9% (final conc. 3%). Solutions at
the dose of 1 ml/kg were injected in rats (tail vein).
To study the role of NO or PGI2, the appropriate
groups of animals were pretreated with L-NAME
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at the dose of 30 mg/kg or with indomethacin at the
dose 2.5 mg/kg iv 2 min before wine or ethyl alco-
hol infusion. Fifteen minutes after the treatments
with wine or ethyl alcohol, template bleeding (BT)
time was measured, inferior vena cava ligature was
performed or blood was drown from the heart for
ex vivo platelet study.

Platelet adhesion to fibrillar collagen

Preparation of washed platelets. Blood sam-
ples were taken from the heart on anticoagulant
(170 mM trisodium citrate, 130 mM citric acid and
101 mM glucose) in a volume ratio 9:1. Platelet
washing was carried out as described with slight
modifications [28]. In brief, platelet rich plasma
(PRP) was obtained by centrifugation of blood at
180 × g for 20 min at room temperature. PRP was
then centrifuged at 400 × g for 15 min and the ob-
tained platelets were washed with calcium-free Ty-
rode’s buffer (137 mM NaCl, 2.6 mM KCl, 12 mM
NaHCO3, 0.9 mM MgCl2, 5.5 mM glucose, 0.35%
albumin, apyrase 0.5 U/ml, pH 6.5) by a centrifu-
gation at 400 × g for 15 min. The washed platelets
were finally suspended in a calcium-free Tyrode –
HEPES buffer (137 mM NaCl, 2.6 mM KCl, 5 mM
HEPES, 0.9 mM MgCl2, 5.5 mM glucose, 0.35%
albumin, pH 7.4). The final concentration of plate-
lets was 3 × 105 platelets/�l.

Platelet adhesion was assayed according to Ra-
domski et al. [30]. The 250 �l of washed platelet
samples were incubated in an Elvi aggregometer at
37°C and stirred at 900 rpm with EDTA (5 mM) to
prevent platelet aggregation. After 5 min preincu-
bation, collagen (50 �g/ml) was added and platelets
were further incubated for 15 min. Samples of the
suspension were obtained before and 15 min after
adding the collagen, and platelets were counted in
a hemocytometer after dilution with Unopette sys-
tem. Index of adhering platelets was calculated us-
ing a formula [(platelet count before adding the
collagen – platelet count after adding the collagen)/
platelet count before adding the collagen] × 100%.

Template bleeding time

BT was measured before the operation accord-
ing to Dejana et al. [8]. The rats were placed in
a plastic cylinder and the standardized cutting was
applied longitudinally on the dorsal part of the tail
between 6 and 9 cm from the tip, taking care to
avoid the large veins. Immediately after injury, the
tail was placed into the cylinder with isotonic sa-

line at 37°C. Bleeding time was measured from the
moment the tail was surgically cut until bleeding
stopped completely (no rebleeding within 30 s). BT
was expressed in seconds.

Experimental venous thrombosis

Venous thrombosis was induced according to
Reyers et al. [33] in our modification [16]. Briefly,
the animals were anesthetized with pentobarbital
(40 mg/kg, ip), the abdomen was opened, the vena
cava inferior was carefully separated from sur-
rounding tissues and ligated tightly with a cotton
thread just below the left renal vein. The abdomen
was then closed with a double layer of sutures.
After 2 h the abdomen was reopened, the vena cava
was dissected longitudinally and the formed throm-
bus was removed. The obtained thrombi were kept
at 37°C for 24 h and after this time their dry weight
was measured.

Experimental arterial thrombosis

Arterial thrombosis was induced according to
the Hornstra and Vandelmans-Starrenburg method
[18]. The rats were anesthetized with pentobarbital
(40 mg/kg, ip). Thereafter, the abdomen was surgi-
cally opened along the median line. The section of
the aorta between the renal arteries and the com-
mon iliac arteries was detached from the surround-
ing tissue. The section between the spermatic and
iliolumbar arteries was also carefully cleaned. The
aorta was clamped above the spermatic arteries and
below the iliolumbar arteries. A loop-shaped poly-
thene cannula (1 mm internal diameter, 2 mm ex-
ternal diameter, Portex, Hythe, Kent, England) was
inserted into this section of the abdominal aorta.
The aorta loop was fixed by two ligatures, the
clamps were removed and the blood flow was re-
stored via the loop. The muscles and the skin were
sutured allowing the loop to protrude out of the ab-
dominal wall. By damaging the vascular wall and
by changing the blood flow the loop insertion trig-
gered thrombus formation at the site of the vascular
damage. When an occluding thrombus was formed,
the color of the loop changed from light-red via
dark-red to blue or black. The time between inser-
tion and complete obstruction of the loop, called
“occlusion time” (OT), was a measure of arterial
thrombosis development. The loop was inspected
twice daily (every 12 ± 3 h).
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Ethyl alcohol concentration in blood

The concentration of ethyl alcohol in the blood
was analyzed by headspace gas chromatography
technique according to the procedure recommen-
ded by the manufacture with our modification. The
Hewlett-Pacard 5890 chromatograph (Series II)
was used. The blood was obtained from rats ten
days after red wine supplementation and 15 min af-
ter its iv injection.

Statistical analysis

All data are expressed as means ± SEM and
represent the results of at least 6 experiments. Dif-
ferences between groups were evaluated using non-
parametric Mann-Whitney U-test as the data were
not normally distributed according to Kolmogo-
rov-Smirnov test. A p < 0.05 was considered sig-
nificant.

RESULTS

Chronic oral administration

Experimental arterial thrombosis

The OT of the loop in the control animals was
38 ± 6 h. Chronic administration of red wine in-
duced the 2-fold prolongation of the OT (p < 0.05)
(Tab. 1).

Experimental venous thrombosis

Red and white wines showed a significant anti-
thrombotic activity, by reducing thrombus weight
by 60% (p < 0.05) and 80% (p < 0.05), respectively
(Tab. 1). Ethyl alcohol induced a slight but not sig-
nificant reduction in thrombus weight.

Primary hemostasis

Neither alcohol nor white wine administration,
showed any effect on BT. In contrast, red wine sup-
plementation significantly prolonged BT in rats (by
240%, p < 0.01) (Tab. 1). Ex vivo platelet adhesion
to fibrillar collagen significantly decreased in rats
given red wine compared to control (p < 0.001).

Acute intravenous administration

Experimental venous thrombosis and primary he-

mostasis

Venous thrombus weight was reduced by about
50% after acute red wine injection (p < 0.01). Red
wine significantly prolonged BT in rats if com-
pared with control (p < 0.05). Acute administration
of red wine inhibited by 30% platelet adhesion to
fibrillar collagen (p < 0.05) (Tab. 2).
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Table 2. Effect of inhibition of NO and PGI2 synthesis on the in-
fluence of acute red wine administration on primary hemostasis
and venous thrombosis

Treatment n Thrombus
weight (mg)

Bleeding
time (s)

Platelet
adhesion (%)

Control 6 2.2 ± 0.4 105 ± 11 37 ± 3

Red wine 8 1.1 ± 0.2** 203 ± 9* 27 ± 2*

Red wine +
L-NAME

8 1.9 ± 0.4 138 ± 12 32 ± 4

Red wine +
indomethacin

8 1.6 ± 0.2 134 ± 10 35 ± 5

L-NAME 7 2.8 ± 0.3 100 ± 8 40 ± 4

Indomethacin 7 2.5 ± 0.3 111 ± 6 35 ± 3

* p < 0.05, ** p < 0.01 vs. control (ethyl alcohol)

Table 1. Effects of chronic administration of red wine, white wine and ethyl alcohol on arterial thrombosis, venous thrombosis, bleed-
ing time and platelet adhesion

Treatment n Occlusion time (h) Thrombus weight (mg) Bleeding time (s) Platelet adhesion (%)

Control 10 38 ± 6 2.1 ± 0.4 115 ± 13 34 ± 2

Red wine 10 80 ± 10 * 0.8 ± 0.2 * 279 ± 17** 17 ± 1***

White wine 10 42 ± 3 0.4 ± 0.1* 135 ± 12 26 ± 4

Ethyl alcohol 10 58 ± 11 1.3 ± 0.8 127 ± 6 37 ± 4

* p < 0.05 ** p < 0.01, *** p < 0.001 vs. control (0.9% NaCl)



Role of NO and PGI2 in red wine effects

The effects of acute red wine administration on
platelet adhesion, BT and venous thrombus reduc-
tion were abolished by L-NAME or indomethacin
pretreatment. L-NAME and indomethacin when gi-
ven alone did not modify these parameters (Tab. 2).

Ethyl alcohol concentration in blood

The ethanol concentration in blood after 10 days
of oral treatment with red wine was 10.3 ± 3 �g/ml
(mean ± SEM, n = 5). Iv administration of 1 ml/kg
of red wine diluted with water at 1:4 (v) resulted in
blood ethanol concentration of 6.9 ± 2 �g/ml when
measured 15 min after the injection (mean ± SEM,
n = 5).

DISCUSSION

We have previously reported that Italian red
wine modulates primary hemostasis and prevents
venous thrombosis via NO-dependent mechanism
in rats [38]. In the present study, we tested whether
a Bulgarian wine, similarly to an Italian one can in-
fluence thrombotic process and primary hemostasis
in rats. The role of NO and PGI2 in effects of red
wine was also investigated. The present studies
were performed according to the same experimental
schedule as our previous investigations [38]. Since
ethyl alcohol concentration was the same in studies
with Italian and Bulgarian wines, in case of differ-
ences between both studies, only non-alcoholic com-
pounds of wines could be essential for such action.

Our results have shown that intake of commer-
cially available Bulgarian red wine decreased pla-
telet adhesion to fibrillar collagen, prolonged BT
and prevented experimental arterial and venous
thrombosis in rats. White wine and alcohol were in-
effective in modifying primary hemostasis and pre-
venting arterial thrombosis, while white wine re-
duced the venous thrombus weight. Similarly as in
our previous study, blockade of NO synthesis re-
versed the effect of red wine on BT, platelet adhe-
sion and venous thrombosis [38]. We have also
proved the role of PGI2 in the antithrombotic and
antihemostatic action of red wine after its acute ad-
ministration.

The first step of a hemostatic plug formation is
an adhesion of circulating platelets to the subendo-
thelial matrix of a damaged vessel wall [1]. Bulga-
rian red wine supplementation, either after 10-day

oral treatment or acute iv administration markedly
inhibited platelet adhesion to fibrillar collagen. The
blockade of NO synthase reversed the decrease in
a number of adhering platelets caused by red wine
which is consistent with the previous study [38].
This points to the role of endothelium-derived NO
in the observed action. However, beside endothelial
cells, NO is synthesized also by platelets and plays
an important role in an intra-platelet negative feed-
back mechanism which modulates their response
after stimulation [31]. In our study, we did not
measure the influence of red wine on platelet acti-
vation in vitro, but the others have shown that ac-
tive substances isolated from wine inhibited colla-
gen-induced platelet aggregation and adhesion by
blunting hydrogen peroxide production in platelets,
increasing in this way NO release [26, 29].

In our study, chronic and acute Bulgarian red
wine administration markedly prolonged BT simi-
larly as Italian red wine [38]. We have shown that
NO is involved in the control of BT by inhibiting
platelet adhesion [40]. In addition, in our experi-
ments, NO-dependent inhibition of platelet adhe-
sion seems to be responsible for BT prolongation.
Moreover, beneficial effects of wine on primary he-
mostasis may also be due to its vasodilatory prop-
erties. Effects of different red and white wines on
vascular tension and cGMP content were studied
on human coronary arteries and rat aortic rings in
vitro [2, 4]. Some French and Italian red wines, but
not white ones, decreased tension of precontracted
vascular rings and increased vascular cGMP con-
tent. Thus, endothelium-dependent vasodilatory ef-
fects appear to be specific only for red barrique
wines, possibly because of their high content of
phenolic substances [14]. There are no clinical data
regarding the red wine drinking and the risk of
bleeding. Therefore, it is an open question if mod-
erate red wine consumption followed by prolonga-
tion of BT could be a positive event in patients with
ischemic heart disease and major prothrombotic ac-
tivity.

The finding that red wine strongly inhibited
platelet adhesion allowed us to check its influence
on arterial thrombotic process. We used the well-
characterized model of arterial thrombosis in rats.
As we have shown before [5], activated platelets
spread on the internal surface of the cannula 1min
after its insertion into the aorta, indicating the
platelet activation is a critical step in this model.
We found that only red wine, after its chronic ad-
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ministration, significantly prolonged occlusion time.
Since NO is a potent inhibitor of platelet adhesion
to collagen and extracellular matrix [30], it may,
therefore, be speculated that in the present experi-
ments, the inhibition of platelet adhesion was re-
sponsible for the antithrombotic action of red wine
in arterial thrombosis. The inhibition of experimen-
tal arterial thrombosis by red wine has also been re-
ported in stenosed canine coronary arteries [9] and
in rats with artificial prosthesis inserted into the ab-
dominal aorta treated with alcohol-free red wine [7].

Bulgarian red wine reduced venous thrombus
weight after chronic administration. L-NAME and
indomethacin prevented the antithrombotic effect
of red wine indicating the involvement of NO and
PGI2 in inhibition of venous thrombus growth. In
the present experiment, also chronic white wine ad-
ministration significantly inhibited thrombus for-
mation in venous thrombosis model. It is known
that polymorphonuclear leukocytes adhere to the
venous endothelium at the first step of thrombus
development, being crucial for its destruction and
exposure of procoagulant components [34]. NO
plays a role in the leukocyte-endothelial cell inter-
action [20]. NO-donors reduce the expression of
adhesion molecules [6], which is important for the
connection of white blood cells with the endothe-
lium. Therefore, the possible mechanism of the an-
tithrombotic effect of red and white wines in ve-
nous thrombosis, in addition to the inhibition of
platelet adhesion, can also be explained by inhibi-
tion of leukocyte adhesion [13] and limitation of
platelet/leukocyte interactions at the site of the vein
damage [35]. However, further studies are neces-
sary to identify the molecular compounds responsi-
ble for the antithrombotic effect of red and white
wines in venous thrombosis.

The mechanism of increase in NO and PGI2
level induced by red wine seems to be complex.
Wine is a mixture of components which possess
wide spectrum of biological activity. Polyphenolic
constituents of red wine may decrease degradation
of basal levels of NO preventing its destruction by
superoxides [17, 37]. What is more, quercetin,
catechin and resveratrol augmenting eNOS expres-
sion can increase the NO production [4, 24]. In ad-
dition, by removing superoxide anions, which are
strong inhibitors of prostacyclin production, poly-
phenolic constituents facilitate also PGI2 formation
[19, 34, 41]. By inhibiting synthesis of thrombox-
ane B2, they may also change the thromboxane/

prostacyclin ratio, which may contribute to their
beneficial effects on thrombotic process [27].

The analysis of levels of phenolic compounds,
mostly catechins and phenolic acids in different
wines showed the high antioxidant capacity of red
wines but also to lesser extent of sweet and dry
white wines [22]. We have no data characterizing
the polyphenolic profile of Bulgarian red and white
wines used in our studies, nevertheless they have,
to similar extent as Italian wine, the antithrombotic
potency in the applied models. Moreover, accord-
ing to our findings, the antithrombotic effect of
white wine only in venous thrombosis, may suggest
that the inhibition of mechanisms controlling arte-
rial thrombotic process requires a grater amount of
NO and PGI2, which could be attributed only to
higher concentration of polyphenols in red wine.

In our study, chronic ethyl alcohol administra-
tion, at the same doses and concentration as in red
wine resulted in a tendency to prolongation of time
of total loop occlusion and reduction of venous
thrombus weight. This is compatible to findings in-
dicating that primary hemostasis is impaired in
man after ingestion of moderate amounts of alcohol
[11] which in turn may lead to inhibition of throm-
botic process [21]. Moreover, moderate alcohol
consumption had an elevated risk of subarachnoid
hemorrhage [10]. It is likely that the effects of
chronic red wine administration observed by us is
a sum of effects of ethyl alcohol and nonalcoholic
wine compounds [3]. This can be corroborated by
our previous observation that alcohol-free red wine
exerted the weaker effect on BT, platelet adhesion
and venous thrombus weight in comparison with
red wine [38].

In conclusion, it was shown that commercial
Bulgarian red wine and to the lesser extent also
white wine influenced primary hemostasis and
thrombotic process in rats by mechanisms involv-
ing NO and PGI2. From clinical point of view, our
results are consistent with the notion that red wine
may play a protective role against coronary heart
disease. It is likely that progressive increase in the
moderate consumption of Bulgarian wines may
have a beneficial effect in the prevention of cardio-
vascular disease in Eastern Europe.
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