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Effect of ethanol consumption on blood pressure 
and rat mesenteric arterial bed, aorta and carotid 
responsiveness 
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Resstel, Fernando M. A. Corrêa, Vera L. Lanchote, Sergio A. Uyemura, 

Cláudia M. Padovan, Ana M. de Oliveira 

Abstract 

This study investigates whether chronic ethanol consumption increases blood pressure and alters
vascular reactivity in different tissues. Changes in reactivity to phenylephrine and acetylcholine
were investigated in the aorta, carotid artery and mesenteric arterial bed (MAB) isolated from rats
pretreated with ethanol for 2 or 6 weeks. Mild hypertension was observed in chronically ethanol-
treated rats, which was due to rises in both systolic and diastolic pressures. Chronic ethanol con-
sumption increased the contractile response to phenylephrine of endothelium-intact and denuded
rat aortic rings from rats pretreated with ethanol for 2 or 6 weeks. Conversely, no differences were
found in acetylcholine-induced relaxation. Neither phenylephrine-induced contraction nor acetyl-
choline-induced relaxation were altered in the rat carotid. Six weeks’ ethanol consumption
enhanced the contractile response to phenylephrine of endothelium-intact, but not denuded rat
MAB. On the other hand, 2 weeks’ ethanol consumption did not affect phenylephrine-induced
increase in perfusion pressure. Moreover, acetylcholine-induced endothelium-dependent relaxation
in the MAB was reduced after treatment with ethanol for 6 weeks but not after 2 weeks. In conclu-
sion, ethanol affects both blood pressure and vessel reactivity, but the effect on vascular reactivity
may take longer to become apparent in MAB than in the aorta, and was not evident in the carotid.
Moreover, we provide evidence that the effect of ethanol depends on the agonist and blood vessel
studied. 

Excessive ethanol intake is a known cardiovascular risk factor in the general population
(Kauhanen et al 1999; Malyutina et al 2002). Some studies have reported that a more-than-
moderate ethanol intake elevates blood pressure in humans (Moore et al 1990) and animals
(Resstel et al 2006). The precise mechanism(s) responsible for the increased blood pressure
associated with ethanol consumption is/are uncertain. Several mechanisms have been postu-
lated, such as enhanced secretion of hormones and neurotransmitters, stimulation of the sym-
pathetic nervous system (Chan et al 1985) and a myogenic mechanism, which involves
alteration in the contractile properties of vascular smooth muscle (Chan and Sutter 1983). Pre-
vious reports have suggested that enhanced vascular reactivity to vasoconstrictor agents
(Pinardi et al 1992) or impairment of vascular relaxation (Kahonen et al 1999) contribute to the
cardiovascular complications associated with ethanol-induced increases in blood pressure. In
fact, increased vascular reactivity to a1-adrenoceptor agonists has been demonstrated in the
aorta (Pinardi et al 1992; Stewart and Kennedy 1999; Tirapelli et al 2006a) and superior
mesenteric artery (Hatton et al 1992) from ethanol-treated rats. Although chronic ethanol con-
sumption is associated with increased vascular responsiveness to a1-adrenoceptor agonists,
contradictory results have also been published, including unchanged (Chan and Sutter 1983;
Utkan et al 2001) and attenuated (Strickland and Wooles 1988) responses. The reasons for
these differences are not entirely clear, but contributing factors may be different experimental
designs, different protocols of ethanol administration, duration of chronic ethanol treatment
and the blood vessel studied (Sahna et al 2000; Utkan et al 2001). 
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Some studies have shown a positive correlation between
the duration and extent of ethanol intake and the development
of hypertension (Abdel-Rahman & Wooles 1987; Strickland
& Wooles 1988). Thus, it appears likely that the period of
exposure to ethanol is a major factor in the development of
hypertension. Recently, by using the same experimental
model for ethanol feeding, we showed increased blood
pressure in conscious rats after 2 weeks’ treatment (Resstel
et al 2006), which coincides with the enhancement of
phenylephrine-induced contraction in the rat aorta (Tirapelli
et al 2006a). 

Based on the aforementioned observations, we investi-
gated whether ethanol consumption induces an increase in
mean arterial pressure (MAP) and changes in the reactivity of
the mesenteric arterial bed (MAB), aorta and carotid artery.
We have also verified whether there is a relationship between
the period of exposure to ethanol and alterations in blood
pressure and vascular reactivity. Using the same protocol for
ethanol feeding, we compared the effect of ethanol consump-
tion for 2 and 6 weeks on blood pressure and changes in reac-
tivity of three different blood vessels to phenylephrine and
acetylcholine. 

Drugs 

The following drugs were used: phenylephrine hydrochloride,
acetylcholine hydrochloride (Sigma, St Louis, MO, USA).
The drugs were dissolved in distilled water. 

Experimental design 

Male Wistar rats (obtained from the animal facility from the
Campus of Ribeirão Preto, University of São Paulo, Ribeirão
Preto-SP) were housed under standard laboratory conditions.
The housing conditions and experimental protocols are in
accordance with the Ethical Animal Committee from the
Campus of Ribeirão Preto (University of São Paulo). 

The rats, initially weighing 300–350 g (80–100 days
old), were randomly divided into three groups: control, iso-
caloric and ethanol. Control rats received tap water ad libi-
tum. Rats in the ethanol group received ethanol 20% (v/v) in
their drinking water (Tirapelli et al 2006a, b). Rats in the
isocaloric-treated group received a solution containing an
isocaloric amount of sucrose (290.50 g L−1) instead of etha-
nol. In order to avoid considerable loss of animals, the rats
in the ethanol-treated group were submitted to a brief and
gradual adaptation period: they received 5% ethanol in their
drinking water in the first week, 10% in the second week
and 20% in the third week. The experimental stage began at
the end of the third week. The same procedure was adopted
for the isocaloric-treated group, where the sucrose was used
to compensate isocalorically for the calorie content of the
ethanol solution. In these groups, the calorie content of the
liquid diet was adjusted to match that of the ethanol-
exposed groups. The isocaloric-treated groups were
included in the study protocol to evaluate whether altera-
tions in calorie intake associated with ethanol consumption

might explain the possible influences of ethanol on arterial
responses. The rats were treated for 2 or 6 weeks and were
weighed weekly. Animals had free access to food (Purina
rat chow). Consumption of solid and liquid intake was
measured weekly. 

Blood ethanol and serum glucose measurements 

Animals were not fasted prior to blood collection. Blood
(5 mL per rat) was collected from the aorta of anaesthetized
rats using heparinized syringes as described previously
(Tirapelli et al 2006a). Samples (1 mL) were placed in 10 mL
headspace vials, to which were added 1.0 g sodium chloride,
1.0 mL water, 100mL internal standard (acetonitrile, 1 mL L−1).
Ethanol analysis was carried out using a CG-17A gas chro-
matography system (Shimadzu, Kyoto, Japan) equipped with
a flame-ionization detector and a HSS-4A headspace sampler
(Shimadzu). Calibration standards (0.10–3.16 mg mL−1) were
prepared in headspace vials. Ethanol concentrations are
expressed in mg mL−1 blood. 

Glucose concentration was measured because elevated
glucose levels have been reported to alter vascular respon-
siveness (Tesfamariam et al 1991). Blood samples (5 mL per
rat) for measurement of glucose concentration were collected
using non-heparinized syringes. Care was taken to avoid
haemolysis. Samples were centrifuged at 8000–10000 g for
10 min at room temperature. The serum (100 mL) was ana-
lysed (in triplicate) for glucose content using commercially
available kits (Labtest Diagnóstica, São Paulo, Brazil) and an
auto-analyzer (ABAA model, Abbott, VP, USA). Glucose
concentrations are expressed in mg dL−1 blood. 

Measurement of blood pressure and heart rate 
in conscious rats 

In-vivo procedures were performed as described previously
(Resstel et al 2006). One day before the measurement of
blood pressure and heart rate (HR), rats were anaesthetized
with tribromoethanol (250 mg kg−1 i.p.) and a catheter (4 cm
segment of PE-10 heat-bound to a 13 cm segment of PE-50,
Clay Adams, Parsippany, NJ, USA) was inserted into the
abdominal aorta via the femoral artery for recording of blood
pressure and HR. The catheter was tunnelled under the skin
and exteriorized at the animal’s dorsum. During the experi-
ment, freely moving rats were kept in individual cages and
MAP and HR were recorded using an HP-7754A amplifier
(Hewlett Packard, Waltham, MA, USA) connected to a signal
acquisition board (Windaq di 190, DATAQ, Akron, OH,
USA) and computer processed. Basal MAP, diastolic arterial
pressure (DAP), systolic arterial pressure (SAP) and HR were
recorded. 

Vessel ring preparation 

Rats were not fasted prior to tissue collection. Animals were
anaesthetized with tribromoethanol (1 mL per 100 g body
weight i.p.) and killed approximately 5 min later by aortic
exsanguination. The thoracic aorta and carotid artery were
quickly removed, cleaned of adherent connective tissue and
cut into four and two rings, respectively (5–6 mm in length).

Material and Methods 
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The endothelium was removed mechanically from some rings
by gently rolling the lumen of the vessel on a thin wire. Two
stainless-steel stirrups were passed through the lumen of each
ring. One stirrup was connected to an isometric force trans-
ducer (Letica Scientific Instruments, Barcelona, Spain) to
measure tension in the vessels. The rings were placed in a
5 mL organ chamber containing Krebs solution gassed with
95% oxygen / 5% carbon dioxide and maintained at 37°C.
The composition of the Krebs solution was as follows (mmol
L−1): NaCl, 118.0; KCl, 4.7; KH2PO4, 1.2; MgSO4, 1.2;
NaHCO3, 15.0; glucose, 5.5; CaCl2, 2.5. The rings were
stretched to an optimal basal tension of 1.5 g (aorta) and 1.0 g
(carotid artery), determined by length–tension relationship
experiments, and were allowed to equilibrate for 60 min. The
bathing solution was changed every 15–20 min. 

Endothelial integrity was assessed qualitatively by the
degree of relaxation caused by acetylcholine (1 mmol L−1) in
the presence of contractile tone induced by phenylephrine
(0.1 mmol L−1). For studies in endothelium-intact vessels,
rings were discarded if relaxation with acetylcholine was not
80% or greater. For studies in endothelium-denuded vessels,
rings were discarded if there was any degree of relaxation. 

Concentration–response curves for 
phenylephrine and acetylcholine 

After 60 min equilibration, each aortic or carotid ring was
exposed three times to phenylephrine (0.1 mmol L−1) to attain
its maximum contractility. Each ring was sequentially
washed and re-equilibrated and was allowed to relax to base-
line. After 30 min, cumulative concentration–response curves
for phenylephrine (10−10–10−5 mol L−1) were obtained. In
another set of experiments, steady tension was evoked by
phenylephrine (0.1 mmol L−1) and then acetylcholine was
added cumulatively (10−10–10−5 mol L−1). Relaxation was
expressed as percentage change from phenylephrine-
contracted levels. The vascular responsiveness to the agonists
was studied in aortic and carotid rings from control, isoca-
loric- and ethanol-treated rats after treatment for 2 or 6
weeks. 

Mesenteric arterial bed perfusion 

The rat isolated MAB perfused in-vitro was used as a model
of vascular resistance, as described previously by Leone and
Coelho (2004) modified from the Macgregor method
(Macgregor 1965). In brief, rats were anaesthetized with
2.5% tribromoethanol (1 mL per 100 g body weight i.p.), the
abdominal cavity was opened and the intestinal loops were
exposed. The superior mesenteric artery was dissected close
to its origin in the abdominal aorta and cannulated with a PE-
50 polyethylene catheter. The MAB was perfused with 1 mL
Krebs solution (composition (mmol L−1): NaCl 120.0, KCl
4.7, NaHCO3 25.0, CaCl2·2H2O 2.4, MgCl2·6H2O 1.4,
KH2PO4 1.17, glucose 11.0) containing 500 IU heparin. The
intestinal loops were removed en bloc, the MAB was sepa-
rated by cutting close to the intestinal loops, and the prepara-
tion was placed in a cuvette warmed to 37°C. The cannulated
superior mesenteric artery was coupled to a perfusion pump
(LKB 2215 Multiperpex pump, LKB, Broma, Sweden) and

the MAB was perfused with Krebs solution bubbled with
95% oxygen / 5% carbon dioxide, pH 7.4, at a constant flow
of 4 mL min−1. A pressure transducer (R 511A, Beckman
Instruments, Schiller Park, IL, USA) was coupled in a ‘y’
arrangement to the system for perfusion pressure recording.
The pre-amplified and filtered outlet signal was coupled to
the data acquisition system (DATAQ DI-150, Akron, OH,
USA) connected to the RS 232 parallel port of a Pentium II
personal computer, and stored for later analysis using the
Windaq software, version 2.5 (DATAQ). 

Vascular reactivity to vasoactive agents 

The MAB was perfused with Krebs solution and left to rest
for 15 min to allow stabilization of the basal perfusion pres-
sure, which was recorded continuously. Increasing bolus
doses of phenylephrine (0.5–80 mg) were then injected with a
50 mL Hamilton syringe. The interval between injections was
5 min or the time needed for perfusion pressure to return to
initial values. In some preparations, the endothelium was
removed with a solution of sodium deoxycholate (2 mL bolus
of a 1 mg mL−1 solution). After 10 min for equilibration, a
dose–response curve was constructed as described above. At
the end of the experiment, the MAB was pre-contracted with
a dose of phenylephrine capable of increasing the basal per-
fusion pressure by 60 mmHg, and a bolus injection of acetyl-
choline (10 nmol L−1) was applied; absence of a dilating
response indicated effective removal of the vascular endothe-
lium. Dose–response curves for acetylcholine were also
obtained. The MAB was pre-contracted with a dose of phe-
nylephrine capable of increasing the basal perfusion pressure
by 60 mmHg. Increasing bolus doses of acetylcholine (0.5–
50 mg) were then injected using a 50 mL Hamilton syringe.
Relaxation was expressed as percentage change from the
phenylephrine-contracted levels. 

Statistical analysis 

Results are expressed as mean ± s.e.m. Statistical analyses
were performed using one- or two-way (treatment vs time)
analysis of variance (ANOVA), as indicated in the text. Post
hoc comparisons were performed using Dunnett’s test. Stu-
dent’s t-test was used to compare the blood ethanol levels
between 2- and 6-week-treated rats. A P value below 0.05
was considered significant. Statistical analysis was performed
using commercially available software (SPSS version 9.0,
Chicago, IL, USA). 

Body weight, food consumption, liquid intake, 
blood ethanol and serum glucose measurements 

Before beginning treatment, control rats had a mean body
weight of 295.8 ± 8.0 g, isocaloric-treated rats weighed
300.8 ± 13 g and ethanol-treated rats weighed 301.4 ± 7.8 g.
After 2 weeks’ ethanol treatment, rats’ body weight
(419.2 ± 7.6 g) was lower than that of control rats
(464.1 ± 7.1 g) and isocaloric-treated rats (473.3 ± 9.2 g)

Results 
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(P < 0.05; ANOVA). Similarly, 6 weeks’ treatment reduced
the body weight of rats in the ethanol group (429.4 ± 15.2 g)
and increased the body weight of rats in the isocaloric-
treatment group (585.9 ± 12.0 g) compared with the control
group (520.1 ± 10.3 g) (P < 0.05; ANOVA). 

Solid food consumption (g per week) was reduced in
ethanol-treated rats (131.7 ± 3.9 g) and isocaloric-treated
rats (132.2 ± 7.4 g) compared with control animals
(274.7 ± 4.5 g) (P < 0.05; ANOVA) in the 2-week treatment
programme. Similarly, treatment for 6 weeks reduced the
solid consumption of rats in the ethanol-treated
(127.8 ± 2.55 g) and isocaloric-treated rats (100.2 ± 1.4 g)
compared with control rats (205.7 ± 8.1 g) (P < 0.05;
ANOVA). Liquid intake (mL per week) at week 2 was
higher in control rats (460 ± 9.6) and isocaloric-treated rats
(490.12 ± 39.0) than in ethanol-treated rats (273.4 ± 8.5 mL)
(P < 0.05; ANOVA). Similarly, liquid intake at week 6 was
reduced in the ethanol group (246.4 ± 5.8) compared with
control (456 ± 6.9) and isocaloric-treated rats (488.2 ± 32.6)
(P < 0.05; ANOVA). 

Blood ethanol levels (in mg mL−1) in the ethanol-treated
rats averaged 1.85 ± 0.18 in the second week (n= 9) and
1.97 ± 0.17 in the sixth week (n = 8). No ethanol was detectable
in the blood of control and isocaloric-treated animals. Blood

ethanol concentrations were not significantly different between
the two different periods of treatment (Student’s t-test). 

In the 2-week treated rats, serum glucose concentrations (in
mg dL−1) in the control (n = 9), isocaloric-treated (n = 8) and
ethanol (n = 10) groups averaged 107.15 ± 5.40, 104.15 ± 5.90,
and 109.10 ± 5.88, respectively. No significant differences
were found in serum glucose levels after 6 weeks’ treatment
(control: 100.06± 6.30, n = 9; isocaloric: 110.22 ± 11.11, n = 11;
ethanol: 115.25 ± 10.75, n = 8) (P < 0.05; ANOVA). These data
indicate that the experimental protocol employed did not
induce an enhancement of glucose levels. 

Effect of chronic ethanol consumption on blood 
pressure and heart rate 

Figure 1 shows representative traces of basal pulsatile arte-
rial pressure, MAP and HR from control, isocaloric- and
ethanol-treated rats at 2 and 6 weeks. Baseline values for
MAP and DAP were increased by chronic ethanol treatment
by approximately 25% after the two different periods of
treatment when compared with control and isocaloric-
treated rats. Similarly, treatment with ethanol for 2 or 6
weeks increased the SAP by approximately 20% compared
with control and isocaloric-treated rats (Table 1). No

Figure 1 Original traces of pulsatile arterial pressure (PAP), mean arterial pressure (MAP) and heart rate (HR) from 2- and 6-week control, isoca-
loric- and ethanol-treated rats. bpm, beats per minute.
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Table 1 Systolic arterial pressure (SAP), diastolic arterial pressure (DAP) and mean arterial pressure (MAP) in rats treated with ethanol or isocaloric
sucrose, and controls 

All values are in mmHg. Numbers in parentheses indicate the number of animals. Values are means ± s.e.m. *P < 0.05 vs control and isocaloric groups
(two-way analysis of variance followed by Dunnett’s test).

 Control  Isocaloric  Ethanol  

 2 weeks 6 weeks 2 weeks 6 weeks 2 weeks 6 weeks 

SAP 122.5 ± 2.87 (5) 120.5 ± 1.44 (4) 122.7 ± 1.93 (4) 123.0 ± 2.48 (4) 144.50 ± 3.57* (4) 148.7 ± 4.11* (4)
DAP 79.5 ± 3.75 (5) 81.0 ± 1.63 (4) 83.3 ± 2.68 (4) 81.5 ± 1.44 (4) 101.5 ± 2.25* (4) 103.5 ± 2.10* (4) 
MAP 96.5 ± 3.86 (5) 97.0 ± 0.70 (4) 101.7 ± 1.93 (4) 100.2 ± 1.65 (4) 121.8 ± 3.03* (4) 122.3 ± 1.88* (4) 
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changes in HR (given in beats per min) were observed
after 2 weeks (control: 336.25 ± 12.35; isocaloric:
331.25 ± 17.76; ethanol: 316 ± 13.20) or 6 weeks (control:
332.25 ± 18.81; isocaloric: 335.75 ± 10.35; ethanol:
310.50 ± 10.10) (two-way ANOVA). MAP, DAP, SAP and
HR values in the isocaloric-treated group were similar to
those in the control group. 

Effect of chronic ethanol consumption on aorta 
and carotid responsiveness 

The maximum effect elicited by an agonist (Emax, given in g)
of the concentration–response curve was significantly higher
in aortic rings from ethanol-treated rats than in those from
control or isocaloric-treated animals but there were no signi-
ficant differences in pD2 (–log EC50, where EC50 is the con-
centration of the agonist that elicits half the maximal
response) values. The Emax and pD2 values for phenyl-
ephrine-induced contraction did not differ significantly

between control and isocaloric-treated animals (Figure 2,
Table 2 ). Mechanical removal of the endothelium signifi-
cantly increased both Emax and pD2 values for phenylephrine
(Table 2) in arteries from control, isocaloric- or ethanol-
treated rats. The concentration–response to phenylephrine
obtained in denuded aortic rings from ethanol-treated rats
showed a significant difference in Emax values compared with
values obtained for denuded arteries from control and isoca-
loric-treated rats (Figure 2, Table 2). The magnitude of the
enhancement observed after ethanol treatment on phenyl-
ephrine-induced contraction did not differ between the two
different periods of treatment in either endothelium-intact or
denuded rings. 

Acetylcholine-induced relaxation in the rat aorta did not
significantly differ between the three groups of rats after
2 weeks’ treatment (control: Emax 99.50 ± 0.84%,
pD2 7.67 ± 0.08, n = 12; isocaloric: Emax 98.19 ± 1.89%, pD2
7.64 ± 0.09, n = 12; ethanol-treated Emax 95.97 ± 1.62%,
pD2 7.82 ± 0.23, n = 6) or 6 weeks’ treatment (control:

Figure 2 Effect of chronic ethanol consumption on phenylephrine-induced contractile response in rat aortic rings. Concentration–response curves
for phenylephrine were determined in endothelium-intact (Endo+, left) or endothelium-denuded (Endo−, right) aortic rings from control, isocaloric-
and ethanol-treated rats. *P < 0.05 vs control and isocaloric groups (two-way analysis of variance followed by Dunnett’s test). 
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Emax 96.75 ± 3.31%, pD2 7.73 ± 0.08, n = 12; isocaloric: Emax
102.57 ± 1.50%, pD2 7.60 ± 0.11, n = 6; ethanol-treated: Emax
100.45 ± 0.50%, pD2 7.64 ± 0.08, n = 7) (two-way ANOVA). 

Phenylephrine-induced contraction in rat carotid rings
was not altered by treatment with ethanol in either endothe-
lium-intact or denuded rings (Table 3). Acetylcholine-
induced relaxation in the carotid artery did not differ
significantly between controls (Emax 111.05 ± 4.07%, pD2
7.00 ± 0.18, n = 8), isocaloric (Emax 103.55 ± 4.09%, pD2
7.29 ± 0.18, n = 6) or ethanol-treated rats (Emax
103.45 ± 2.69%, pD2 7.18 ± 0.13, n = 9) after treatment for
2 weeks. Similarly, treatment for 6 weeks did not alter ace-
tylcholine-induced relaxation in arteries from ethanol-
treated rats (Emax 112.50 ± 3.49%, pD2 7.19 ± 0.09, n = 6)
compared with arteries from control (Emax 101.54 ± 8.30%,
pD2 7.28 ± 0.10, n = 8) or isocaloric-treated rats (Emax
108.46 ± 4.27%, pD2 7.24 ± 0.10, n = 6) (two-way
ANOVA). 

Concentration–response curves for 
phenylephrine and acetylcholine in the MAB 

Baseline perfusion pressure was similar in MAB from 2-week
ethanol-treated (20.25±1.80mmHg), control (20.54±0.50mmHg)

and isocaloric-treated rats (21.12 ± 0.40 mmHg) (P < 0.05;
two-way ANOVA). Similarly, baseline perfusion pressure
did not differ between the groups after 6 weeks’ treatment
(control 19.40±1.44mmHg; isocaloric 21.34±1.50mmHg; eth-
anol 19.71 ± 1.11 mmHg; P < 0.05; two-way ANOVA).
The maximum increase in perfusion pressure (Emax, given
in mmHg) induced by phenylephrine was significantly
higher in the MAB from 6-week ethanol-treated rats than
in tissues from control or isocaloric-treated animals but no
differences in Emax values with phenylephrine were found
after 2 weeks’ treatment. Emax values for phenylephrine-
induced increases in perfusion pressure did not differ sig-
nificantly between control and isocaloric groups after 2 or
6 weeks’ treatment (Table 4). 

Emax values from the concentration–response curves
obtained with phenylephrine were similar in endothelium-
denuded rings from ethanol-treated rats, control and
isocaloric-treated rats, in both 2- and 6-week-treated ani-
mals (Table 4). Acetylcholine-induced endothelium-
dependent relaxation in 2-week-treated rats did not differ
between the groups. On the other hand, the relaxation
induced by acetylcholine (50 mg) in endothelium-intact
MAB from 6-week ethanol-treated rats was significantly
reduced compared with MABs from control or isocaloric-
treated rats (Figure 3). 

Table 2 Maximum response (Emax (g)) and pD2 values for phenylephrine in endothelium-intact (Endo+) or denuded (Endo−) aortic rings from rats
treated with ethanol or isocaloric sucrose, and controls 

Numbers in parentheses indicate the number of preparations. Values are mean ± s.e.m. *P < 0.05 ethanol-treatment vs control and isocaloric-treatment
groups, †P < 0.05 Endo+ vs Endo− groups (two-way analysis of variance followed by Dunnett’s test). 

 Control  Isocaloric  Ethanol  

 Endo+ Endo− Endo+ Endo− Endo+ Endo− 

Emax
2 weeks 1.61 ± 0.05 (10) 2.23 ± 0.13† (8) 1.71 ± 0.12 (7) 2.14 ± 0.10† (8) 2.40 ± 0.12* (6) 2.89 ± 0.14*,† (6) 
6 weeks 1.71 ± 0.09 (8) 2.12 ± 0.07† (4) 1.60 ± 0.18 (6) 2.11 ± 0.14† (6) 2.57 ± 0.11* (5) 2.95 ± 0.22*,† (6) 

pD2       
2 weeks 6.93 ± 0.07 (10) 7.48 ± 0.06† (8) 7.05 ± 0.08 (7) 7.50 ± 0.08† (8) 7.02 ± 0.10 (6) 7.52 ± 0.10† (6) 
6 weeks 6.97 ± 0.07 (8) 7.45 ± 0.05† (4) 7.10 ± 0.09 (6) 7.61 ± 0.05† (6) 7.36 ± 0.15 (5) 7.65 ± 0.07† (6) 

Table 3 Maximum response (Emax (g)) and pD2 values for phenylephrine in endothelium-intact (Endo+) or denuded (Endo−) carotid rings from rats
treated with ethanol or isocaloric sucrose, and controls 

Numbers in parentheses indicate the number of preparations. Values are mean ± s.e.m. *P < 0.05 Endo+ vs Endo− groups (two-way analysis of vari-
ance followed by Dunnett’s test).

Control  Isocaloric  Ethanol  

 Endo+ Endo− Endo+ Endo− Endo+ Endo− 

Emax
2 weeks 0.32 ± 0.03 (10) 0.46 ± 0.03* (9) 0.30 ± 0.03 (10) 0.44 ± 0.03* (6) 0.33 ± 0.03 (8) 0.47 ± 0.03* (8) 
6 weeks 0.33 ± 0.03 (8) 0.44 ± 0.02* (11) 0.32 ± 0.03 (6) 0.43 ± 0.04* (8) 0.34 ± 0.03 (8) 0.45 ± 0.04* (12) 

pD2       
2 weeks 6.95 ± 0.05 (10) 7.42 ± 0.07* (9) 7.10 ± 0.11 (10) 7.55 ± 0.14* (6) 6.96 ± 0.06 (8) 7.44 ± 0.12* (8) 
6 weeks 7.05 ± 0.08 (8) 7.41 ± 0.09* (11) 7.11 ± 0.15 (6) 7.54 ± 0.12* (8) 7.14 ± 0.12 (8) 7.50 ± 0.11* (12) 
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Mild hypertension following chronic ethanol ingestion was
observed in this study, consistent with previous reports (Chan
et al 1985; Resstel et al 2006). Increase in blood pressure after

ethanol feeding, which is the consequence of rises in both
SAP and DAP, was seen within 2 weeks of treatment and
continued over the subsequent 4 weeks. Our data show that
ethanol consumption for 2 or 6 weeks did not affect resting
HR. Therefore, it appears that HR enhancement does not play
an appreciable role in mediating elevation of blood pressure
in ethanol-treated rats. Similarly, Beilin et al (1992) and Resstel
et al (2006) reported that resting HR was not altered by long-
term ethanol consumption. 

The increment in blood pressure coincided with the
enhanced responsiveness to phenylephrine in endothelium-
intact and -denuded rat aortas. We found no relationship
between the period of treatment with ethanol (2 or 6 weeks)
and the magnitude of enhancement of blood pressure and
aorta responsiveness to phenylephrine. Interestingly, the
increase in blood pressure had a similar profile to that of
vascular reactivity, where an increase of similar magnitude
was found in 2- and 6-week-treated animals. As vascular
contractility of the aorta does not contribute largely to
increases in blood pressure, changes to vascular reactivity in
this vessel at week 2 may be coincident with blood pressure
increases. However, from our data it is not possible to estab-
lish a cause and effect relationship where the increased reac-
tivity of the aorta to phenylephrine would be the mechanism
underlying the increased blood pressure induced by ethanol
consumption. It has been suggested that ethanol-induced
increases in blood pressure are responsible for changes in
vascular reactivity in this vessel, or that ethanol works by
different mechanisms to affect both blood pressure and
vascular reactivity. 

The enhanced response to phenylephrine is not the result
of a non-specific increase in the reactivity of the rat aorta
induced by chronic ethanol consumption. Using the same
protocol for ethanol feeding, we previously observed that the
contractile response to endothelin-1 or KCl was not affected
by ethanol consumption (Tirapelli et al 2006a), further
indicating that the effect of ethanol depends on the agonist

Discussion 

Table 4 Maximum response (Emax (mmHg)) with phenylephrine in endothelium-intact (Endo+) or denuded (Endo−) mesenteric arterial beds from
rats treated with ethanol or isocaloric sucrose, and controls 

Values are mean ± s.e.m. of n=5 or 6 preparations *P < 0.05 vs control and isocaloric groups (two-way analysis of variance followed by Dunnett’s
test).

Control  Isocaloric  Ethanol  

 Endo+ Endo− Endo+ Endo− Endo+ Endo− 

2 weeks
0.5 mg 7.6 ± 1.9 13.0 ± 1.2 8.4 ± 2.4 15.0 ± 3.8 6.9 ± 1.2 17.5 ± 3.6 
2.5 mg 48.0 ± 7.9 74.1 ± 11.6 34.9 ± 3.5 58.4 ± 12.8 36.5 ± 3.6 61.5 ± 6.5 
20 mg 104.3 ± 10.4 135.5 ± 11.0 85.2 ± 6.6 112.8 ± 11.9 100.5 ± 4.7 136.2 ± 12.0 
40 mg 118.4 ± 7.7 146.0 ± 11.1 105.5 ± 3.2 132.6 ± 10.3 116.7 ± 4.5 142.5 ± 9.5 
80 mg 112.0 ± 7.1 149.0 ± 12.4 110.8 ± 3.9 140.9 ± 11.5 116.1 ± 5.2 147.5 ± 10.1 

6 weeks       
0.5 mg 6.1 ± 1.2 14.1 ± 0.7 6.5 ± 1.89 11.8 ± 0.7 8.8 ± 2.8 13.0 ± 1.2 
2.5 mg 38.4 ± 5.6 73.5 ± 8.2 40.9 ± 6.9 62.8 ± 5.0 67.3 ± 8.7a 70.0 ± 9.1 
20 mg 103.0 ± 4.2 135.8 ± 9.9 106.3 ± 6.5 127.7 ± 6.3 129.8 ± 2.1a 130.0 ± 12.1 
40 mg 112.0 ± 4.5 140.0 ± 9.1 107.2 ± 3.4 141.1 ± 6.2 142.0 ± 8.1a 137.0 ± 10.4 
80 mg 111.9 ± 3.5 146.3 ± 6.8 107.0 ± 3.7 140.9 ± 3.5 148.6 ± 11.0a 147.5 ± 17.5 

Figure 3 Effect of chronic ethanol consumption on acetylcholine-
induced endothelium-dependent relaxation in rat mesenteric arterial bed
(MAB). Relaxation induced by acetylcholine was determined in endothe-
lium-intact MAB from 2-and 6-week ethanol-treated rats and age-
matched controls. *P < 0.05 vs control and isocaloric groups (two-way
analysis of variance followed by Dunnett’s test).
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studied. The current observation that acetylcholine-induced
relaxation is not altered by chronic ethanol consumption cor-
roborates previous results from our laboratory, namely that
the effect elicited by ethanol on the responsiveness of rat
aorta is endothelium independent (Tirapelli et al 2006a). In
the same study, we verified that endothelium-independent
enhancement of the vascular response to phenylephrine
observed in the aorta of ethanol-treated rats is maintained by
two mechanisms: an increased release of vascular smooth
muscle-derived vasoconstrictor prostanoids (probably throm-
boxane A2) and an enhanced extracellular calcium ion influx
(Tirapelli et al 2006a). 

Interestingly, ethanol intake did not seem to induce a
general alteration in the vascular reactivity, since there were
no differences in phenylephrine-induced contraction or
acetylcholine-induced relaxation in the carotid artery. How-
ever, using the same experimental protocol, we have previ-
ously observed that ethanol consumption for 2 and 6 weeks
enhanced endothelin-1-induced contraction and reduced the
relaxation induced by IRL1620, a selective agonist for
endothelin ETB receptors in the rat carotid (Tirapelli et al
2006b). The effect of ethanol on the endothelinergic system
is probably caused by reduced expression of relaxing
endothelial ETB receptors (Tirapelli et al 2006b). Reasons
for these differences in the effect of ethanol consumption on
blood vessels reactivity to different vasoactive agents are not
clear; however, our findings strengthen the initial observation
in the aorta that the effect of ethanol depends on the agonist
studied. The lack of effect of ethanol treatment on phenyl-
ephrine-induced contraction in the rat carotid was an unex-
pected finding. Previously, we observed that vasoconstrictor
prostanoids mediate the contractile response induced by phe-
nylephrine in rat aorta (Tirapelli et al 2006a). A possible
explanation for the disparity between the findings in the
aorta and carotid could be attributed to the role of the prosta-
noids in mediating the response to phenylephrine in these
arteries. However, further studies are needed to clarify this
point. Thus, although the present observations did not pro-
vide evidence for alterations in the reactivity of the rat
carotid to phenylephrine, we cannot conclude that ethanol
consumption does not alter the reactivity of the rat carotid,
since we previously observed that ethanol alters other path-
ways, such as the endothelinergic system. It is important to
note that the altered vascular reactivity of the aorta described
here, as well as the increased response of carotid arteries to
endothelin-1 described previously (Tirapelli et al 2006b),
were already apparent after 2 weeks’ treatment. Whether the
altered reactivity is a causative factor or a consequence of
the increased blood pressure associated with ethanol con-
sumption remains to be clarified. 

The mesenteric circulation of the rat receives approxi-
mately one-fifth of the cardiac output (Nichols et al 1985);
regulation of this bed therefore makes a significant contribu-
tion to the regulation of systemic blood pressure. The obser-
vation that there is an enhanced responsiveness to
phenylephrine in perfused MAB from 6-week, but not 2-
week, ethanol-treated rats suggests that the altered respon-
siveness to phenylephrine in the MAB is a consequence of the
increased blood pressure associated with ethanol intake. The
enhanced responsiveness to phenylephrine in MAB from

ethanol-treated rats was not observed after endothelium denu-
dation, further indicating a role for the endothelium in the
increased sensitivity of a-adrenoceptors after ethanol treat-
ment. Moreover, the finding that acetylcholine-induced
vasodilatation of the MAB, which is mainly mediated by
nitric oxide (NO) in this tissue, was reduced in vessels from
ethanol-treated rats suggests that endothelial cell receptor-
stimulated NO production/release and/or NO action are influ-
enced by chronic ethanol consumption. 

Some reports suggest that the period of exposure to etha-
nol is a major factor in the development of cardiovascular
abnormalities (Abdel-Rahman & Wooles, 1987; Strickland &
Wooles, 1988). Results presented here demonstrate that
chronic ethanol consumption produced an enhanced respon-
siveness to phenylephrine and a decreased responsiveness to
acetylcholine in the MAB, providing evidence of a relation-
ship between the period of treatment and the enhancement of
phenylephrine-induced contraction. It is important to note
that blood pressure was already increased after 2 weeks’ etha-
nol treatment, whereas increased responsiveness to phenyl-
ephrine was observed only in 6-week-treated rats. As
mentioned above, increased response to phenylephrine was
apparent in isolated aortas from 2-week ethanol-treated rats.
Reasons for these differences are not clear, although they
could be explained by the different role of conduit and
peripheral arteries in the control of blood flow. This observa-
tion supports the notion that ethanol consumption differen-
tially affects the reactivity of blood vessels to the same
agonist, a fact that seems to be dependent on the period of
exposure to ethanol. 

The isocaloric-treatment group was included in the present
study to evaluate whether alteration in calorie intake associ-
ated with ethanol consumption might explain the possible
influences of ethanol on cardiovascular responses. Also, vas-
cular responsiveness to vasorelaxant agents has been reported
to be caused by elevated glucose (Tesfamariam et al 1991).
Sucrose feeding did not affect arterial blood pressure and vas-
cular reactivity, suggesting that the calorie content of the eth-
anol diet did not play a significant role in the present findings.
Furthermore, blood glucose concentrations did not differ
between the groups. Sucrose was used to compensate for cal-
ories provided by ethanol and not for total calorie intake.
However, it is clear from our data that the animals in the etha-
nol group were of lower body weight, a fact that is possibly
associated with the decreased consumption of food. Together,
those observations indicate that total calorie intake may have
been lower in the animals in the ethanol group. Thus, a
decreased intake of essential nutrients from solid food may
account for observed changes in the vascular reactivity. 

Contradictory data regarding the effects of ethanol con-
sumption on vascular reactivity and blood pressure have been
published. The most important contributing factors indicated
in the literature for these discrepancies are: different experi-
mental designs for ethanol feeding, different protocols of eth-
anol administration, duration of chronic ethanol treatment and
the type of blood vessel studied (Sahna et al 2000; Utkan et al
2001). The main contribution of the present investigation is
that it uses the same protocol for ethanol feeding to evaluate
the blood pressure and compare the responsiveness of three
blood vessel types. 
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Conclusion

The major conclusion to be drawn from this study is that eth-
anol affects both blood pressure and vessel reactivity, but the
effect on vascular reactivity may take longer to become
apparent in the MAB than in the aorta, and was not evident in
the carotid. Moreover, considering previous observations
from our group (Tirapelli et al 2006a, b), we can conclude
that the effect of ethanol depends on the agonist studied. Fur-
thermore, ethanol consumption affects different vascular tis-
sues in different ways. The reasons for this observation
remain unclear, but it could be related to differences in func-
tion, localization or the type of vasomodulatory substances
produced by these vessels. Finally, the period of exposure to
ethanol is another factor that determines the altered respon-
siveness of blood vessels, as observed for the MAB, where
the increased vascular reactivity seems to be a consequence
of the increased blood pressure. 

Abdel-Rahman, A. A., Wooles, W. R. (1987) Ethanol-induced
hypertension involves impairment of baroreceptors. Hypertension
10: 67–73 

Beilin, L. J., Hoffmann, P., Nilsson, H., Skarphedinsson, J., Folkow, B.
(1992) Effect of chronic ethanol consumption upon cardiovascular
reactivity, heart rate and blood pressure in spontaneously hyper-
tensive and Wistar-Kyoto rats. J. Hypertens. 10: 645–650 

Chan, T. C., Wall, R. A., Sutter, M. C. (1985) Chronic ethanol con-
sumption, stress, and hypertension. Hypertension 7: 519–524 

Chan, T. C. K., Sutter, M. C. (1983) Ethanol consumption and blood
pressure. Life Sci. 33: 1965–1973 

Hatton, D. C., Bukoski, R. D., Edgar, S., McCarron, D. A. (1992)
Chronic alcohol consumption lowers blood pressure but enhances
vascular contractility in Wistar rats. J. Hypertens. 10: 529–537 

Kahonen, M., Karjala, K., Hutri-Kahonen, N., Wu, X., Jaatinen, P.,
Riihioja, P., Hervonen, A., Porsti, I. (1999) Influence of chronic
ethanol consumption on arterial tone in young and aged rats. Am.
J. Physiol. 276(2 Pt 2): H464–H471 

Kauhanen, J., Kaplan, G. A., Goldberg, G. E., Salonen, R.,
Salonen, J. T. (1999) Pattern of alcohol drinking and progres-
sion of atherosclerosis. Arterioscler. Thromb. Vasc. Biol. 19:
3001–3006 

Leone, A. F. C., Coelho, E. B. (2004) Effects of prostanoids on
phenylephrine-induced contractions in the mesenteric vascular
bed of rats with streptozotocin-induced diabetes mellitus. Life Sci.
76(3): 239–247 

Macgregor, D. D. (1965) The effect of sympathetic nerve stimulation
on vasoconstrictor responses in perfused mesenteric blood vessels
of the rat. J. Physiol. 177: 21 

Malyutina, S., Bobak, M., Kurilovitch, S., Gafarov, V., Simonova,
G., Nikitin, Y., Marmot, M. (2002) Relation between heavy and
binge drinking and all-cause and cardiovascular mortality in
Novosibirsk, Russia: a prospective cohort study. Lancet 360:
1448–1454 

Moore, R. D., Levine, D. M., Southard, J., Entwisle, G., Shapiro, S.
(1990) Alcohol consumption and blood pressure in the 1982 Mar-
yland Hypertension Survey. Am. J. Hypertens. 3: 1–7 

Nichols, A. J., Wilson, A. C., Hilley, C. R. (1985) Effects of sym-
pathectomy with 6-hydroxydopamine on cardiac output and its
distribution in the rat. Eur. J. Pharmacol. 109: 263–268 

Pinardi, G., Brieva, C., Vinet, R., Penna, M. (1992) Effects of
chronic ethanol consumption on a-adrenergic-induced contrac-
tions in rat thoracic aorta. Gen. Pharmacol. 23: 245–248 

Resstel, L. B., Tirapelli, C. R., Lanchote, V. L., Uyemura, S. A.,
de Oliveira, A. M., Correa, F. M. (2006) Chronic ethanol con-
sumption alters cardiovascular functions in conscious rats. Life
Sci. 78(19): 2179–2187 

Sahna, E., Kurcer, Z., Ozturk, F., Cengiz, N., Vardi, N.,
Birincioglu, M., Olmez, E. (2000) Effects of chronic ethanol
consuption on a-adrenergic-induced contractions and endothe-
lium-dependent relaxations in rat thoracic aorta. Pharmacol.
Res. 41: 629–633 

Stewart, C. W., Kennedy, R. H. (1999) Effects of chronic ethanol
consumption on aortic constriction in male and female rats. Eur. J.
Pharmacol. 366: 55–60 

Strickland, J. A., Wooles, W. R. (1988) Effect of acute and chronic
ethanol on the agonist responses of vascular smooth muscle. Eur.
J. Pharmacol. 152: 83–91 

Tesfamariam, B., Brown, M. L., Cohen, R. A. (1991) Elevated
glucose impairs endothelium-dependent relaxation by activating
protein kinase C. J. Clin. Invest. 87: 1643–1648 

Tirapelli, C. R., Al-Khoury, J., Bkaily, G., D’Orleans-Juste, P.,
Lanchote, V. L., Uyemura, S. A., de Oliveira, A. M. (2006a)
Chronic ethanol consumption enhances phenylephrine-induced
contraction in the isolated rat aorta. J. Pharmacol. Exp. Ther. 316:
233–241 

Tirapelli, C. R., Casolari, D. A., Yogi, A., Montezano, A. C., Tostes,
R. C., Legros, E., D’Orleans-Juste, P., Lanchote, V. L., Uyemura,
S. A., de Oliveira, A. M. (2006b) Chronic ethanol consumption
enhances endothelin-1-induced contraction in the isolated rat
carotid. J. Pharmacol. Exp. Ther. 318: 819–827 

Utkan, T., Yildiz, F., Ilbay, G., Ozdemirci, S., Erden, B. F., Gacar, N.,
Ulak, G. (2001) Blood pressure and vascular reactivity to endothe-
lin-1, phenylephrine, serotonin and acetylcholine following
chronic alcohol consumption in vitro. Fundam. Clin. Pharmacol.
15: 157–165 

References 

JPP.book  Page 993  Monday, May 28, 2007  12:41 PM


