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Abstract

Background: Stress and ethanol are both, independently, important cardiovascular risk factors.

Objective: To evaluate the cardiovascular risk of ethanol consumption and stress exposure, isolated and in association, 
in male adult rats.

Methods: Rats were separated into 4 groups: Control, ethanol (20% in drinking water for 6 weeks), stress (immobilization 
1h day/5 days a week for 6 weeks) and stress/ethanol. Concentration-responses curves to noradrenaline - in the absence 
and presence of yohimbine, L-NAME or indomethacin - or to phenylephrine were determined in thoracic aortas with and 
without endothelium. EC50 and maximum response (n=8-12) were compared using two-way ANOVA/Bonferroni method. 

Results: Either stress or stress in association with ethanol consumption increased the noradrenaline maximum responses 
in intact aortas. This hyper-reactivity was eliminated by endothelium removal or by the presence of either indomethacin 
or yohimbine, but was not altered by the presence of L-NAME. Meanwhile, ethanol consumption did not alter the 
reactivity to noradrenaline. The phenylephrine responses in aortas both with and without endothelium also remained 
unaffected regardless of protocol.

Conclusion: Chronic stress increased rat aortic responses to noradrenaline. This effect is dependent upon the vascular 
endothelium and involves the release of vasoconstrictor prostanoids via stimulation of endothelial alpha-2 adrenoceptors. 
Moreover, chronic ethanol consumption appeared to neither influence noradrenaline responses in rat thoracic aorta, 
nor did it modify the increase of such responses observed as a consequence of stress exposure. (Arq Bras Cardiol. 2014; 
102(3):211-218)
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Chronic ethanol consumption may also cause cardiocirculatory 
modifications that contribute to the development of cardiovascular 
diseases8,9. In line with this possible association, the consumption 
of 20% ethanol over the course of 6 weeks increased the 
mesenteric vascular bed response to phenylephrine in Wistar rats8. 
Ethanol consumption also increased responses to sympathetic 
agonists within vessels of conductance - vessels of which 
endothelial mechanisms of modulation work differently from 
those of resistance vessels. In fact, consumption of 20% ethanol 
for 6 weeks increased the aorta responses to phenylephrine in 
Wistar rats9. The consumption of 36% ethanol over 18 weeks also 
elevated the noradrenaline responses in rat mesenteric artery10. 
Moreover, the chronic consumption of 10% ethanol increased 
noradrenaline response in the aorta of male Sprague-Dawley11 

rats. On the other hand, the chronic consumption of 20% 
ethanol either decreased12 or did not influence13 phenylephrine 
responses in rat aortas. These discrepancies may be attributed 
to differences between experimental protocols or characteristics 
of the animal model14.

Although both ethanol and stress play important roles in 
the development of cardiovascular disease, doubts still persist 
about their effects upon vascular responsiveness, specifically. 

Introduction 
Chronic stress is an important risk factor for the development 

of cardiovascular pathologies1 such as atherosclerosis2 endothelial 
dysfunction3 and hypertension4. However, the severity of the 
cardiovascular damage caused by stress exposure depends on 
the nature of the stressor, as well as its intensity and duration5.

The literature reports that chronic stress impairs endothelial 
function, evidenced by a decrease of acetylcholine-induced 
vasorelaxation2, as well as a reduction in aortic nitric oxide 
synthase (NOS) activity6. In turn, acute stress exposure 
reduces noradrenaline-induced contraction and increases 
acetylcholine-induced relaxation of rat aorta1,7.
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These doubts are even more numerous when considering the 
effects of both of these factors in association. Thus, the goal of 
this study was to address these persisting questions. Specifically, 
the aim of this study was to investigate, in adult rats, the 
vascular adaptive response to sympathetic agonists induced by 
ethanol consumption and exposure to stress (both alone and 
in association) and to examine its mechanism.

Methods

Experimental design
Adult male Wistar rats (100 to 120 days old) were housed 

in plastic cages under a 12 hour light-dark cycle at (23±2˚C) 
and fed regular lab chow. For the entirety of the 6 weeks, 
these animals were separated into four groups: control, which 
received water “ad libitum”; stress, which were immobilized 
in a metallic containment tube (1 hour/day, 5 days/week) to 
completely restrict their movements, preserving only breathing; 
ethanol, which received a 20% ethanol solution instead of 
drinking water15; stress/ethanol, which was submitted to 
immobilization stress and received a 20% ethanol solution. 
Animals from the ethanol and stress/ethanol groups were 
adapted to ethanol consumption by gradually increasing the 
concentration of ethanol in their solution (5% in the first week, 
10% in the second week and 20% from the third week onward).

All experiments and procedures were performed in 
accordance with the Guide for the Care and Use of Laboratory 
Animals, published by the U.S. National Institutes of Health16 
and were approved by the Research Ethics Committee of the 
Biosciences Institute of Botucatu, Universidade Estadual Paulista.

Blood ethanol
Blood (5 mL per rat) was collected from the aorta of 

anesthetized rats using heparinized syringes. Samples (1 mL) 
were placed in 10 mL headspace vials, to which were added 
- 1.0 g sodium chloride, 1.0 mL water, and 100 mL internal 
standard (acetonitrile, 1 mL L−1). Ethanol analysis was carried 
out using a CG-17A gas chromatographer (Shimadzu, Kyoto, 
Japan) equipped with a flame-ionization detector and an 
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.

Aorta rings
Animals were killed using a guillotine device. After 

thoracotomy, the descending thoracic aortas were removed 
and dissected in 3-4 mm segments (two rings). The rings 
were mounted into a 2-mL organ chamber containing Krebs–
Henseleit solution (NaCl 130; KCl 4.7; CaCl2 1.6; KH2PO4 
1.2; MgSO4 1.2; NaHCO3 15; glucose 11.1; in mmol/L). 
In the organ chamber, rings were fixed to a stainless-steel 
hook that was attached to a stationary support, as well as to 
a second hook, which was connected to an isometric force 
transducer. The Krebs–Henseleit solution was kept at pH 7.4 
and 37 °C and bubbled continuously with a mixture of 95% 
O2 and 5% CO2. Tension was monitored continuously and 
recorded using a Powerlab 8/30 data-acquisition system 

(ADInstruments, Castle Hill, NSW, Australia). Prior to the 
concentration–response curve to agonists, the rings were 
equilibrated for 60 min under a resting tension of 1.5 g, 
which is optimal for inducing maximum contraction.

The functional state of the endothelium was tested at 
the beginning of the concentration–response curve by the 
ability of 10-4M acetylcholine to elicit vasodilator responses 
in preparations pre-contracted by 10-5M phenylephrine. 
Preparations that showed more than 80% of relaxation were 
considered as having an intact endothelium, whereas those 
that showed no relaxation were considered completely devoid 
of endothelium. Some rings were submitted to mechanical 
endothelium denudation. Preparations with and without 
endothelium were studied in parallel.

Organ bath assay
Noradrenaline (10-10 M to 10-4 M; Sigma-Aldrich) or 

phenylephrine (10-10 M to 10-4 M; Sigma-Aldrich) were 
cumulatively added into the organ bath, and the evoked 
responses (g) were plotted to obtain a concentration–response 
curve. When appropriate, the noradrenaline responses were 
also determined in preparations pretreated for 30 min with 
10–4M L-NAME (Sigma-Aldrich) or 10–5M indomethacin 
(Sigma-Aldrich) - non-selective inhibitors of NOS and 
cyclooxygenase (COX), respectively. In another series of 
experiments, noradrenaline responses were determined in 
rings pretreated for 30 min with 10–6 M yohimbine (Sigma-
Aldrich), and α2-adrenoceptor antagonist. The inhibitors and 
the antagonist were added during the last 30 min stabilization 
period and remained in contact with preparations until the 
end of the experiment.

Non-linear regression (variable slope) of the obtained 
concentration-effect curves revealed the Rmax (maximal 
response; highest point of each concentration–response curve) 
and the EC50 (negative logarithm of the concentration that 
evoked 50% of the maximal response). The EC50 is indicative 
of sensitivity to the drug studied.

Determination of nitrite/nitrate (NO2/NO3)
100 µL aliquots of plasma samples from different 

experimental groups were deproteinated with 200 µL 
absolute ethanol, in the freezer (-20˚ C) for 30 minutes. 
They were then submitted to centrifugation (10000 rpm 
for 5 minutes) and the supernatant was collected. In order 
to determine total (NO2/NO3) in plasma, the following 
mixture was used as a reaction medium: sodium phosphate 
buffer 20 mM pH 7.4, cofactors (final concentration 
100µM NADPH and FAD 5 mM) and nitrate reductase 
of Aspergillus (Sigma) at a concentration of 0.1 U/mL. 
The samples were then incubated for 3 hours in a water 
bath at 37° C before being added to Griess Reagent I (1% 
sulfanilamide in 5% phosphoric acid) and Griess Reagent 
II (naftil-ethylenediamine 0.1%). Next, the compound’s 
chromophore was read using a spectrophotometer at 
540 nm. The concentration of the samples were calculated 
using a standard curve with known concentrations of 
NaNO2 (0.40 – 200 µl) and expressed in mM/L.
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Statistical analysis
The concentration of vasoactive agents producing a response 

that was 50% of the maximum (EC50) was calculated in each 
experiment. Data are presented as mean ± SEM. The maximal 
responses (Rmax) and EC50 values were compared by two-way 
ANOVA followed by Bonferroni’s post-test, as one variable was 
ethanol consumption and the other, exposure to immobilization 
stress. P < 0.05 was considered statistically significant.

Results
The noradrenaline responses observed in intact aortas 

taken from animals exposed to both stress and stress/ethanol in 
combination, were higher than those observed in intact aortas 
taken from control animals. These outcomes resulted in increased 
values of Rmax. Animals exposed to ethanol alone, however, did 
not demonstrate higher responses than controls (Figure 1A). 
The presence of L-NAME increased the noradrenaline Rmax in 
aortic rings taken from control and ethanol groups, permitting 
responses of similar magnitude with preparations taken from stress 
and stress/ethanol groups (Figures 1B). Inversely, indomethacin 

abolished the elevation of noradrenaline responses in aortas 
from stress and stress/ethanol groups, thereby resulting in values 
of Rmax at the level of the control group (Figure 1C). Similarly, 
yohimbine also abolished the hyper-reactivity to noradrenaline 
in thoracic aorta taken from stress and stress/ethanol animals 
(Figure 1D). Finally, regarding EC50, no differences were detected 
among groups regardless of absence or presence of L-NAME, 
indomethacin or yohimbine (Table 1).

The removal of the endothelium increased the sensitivity 
to noradrenaline in relation to the respective aorta with 
intact endothelium (Table 1). Moreover, the removal of 
the endothelium eliminated the aortic hyper-reactivity to 
noradrenaline observed in stress and stress/ethanol groups 
(Figure 2A). None of the protocols altered the reactivity to 
noradrenaline in denuded aortas (Figures 2B, 2C and 2D), nor 
did they affect the reactivity to phenylephrine (Figures 3A and 
3B) in intact or denuded aortas. Similar phenylephrine EC50 
were also observed among the groups (Table 2). 

Blood ethanol concentration reached 0.42 ± 0.09 mg/mL in 
rats exposed to ethanol for 6 weeks, n=8, while concentrations 
reached 0.57 ± 0.13 mg/mL in the stress/ethanol group, n = 10. 
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Figure 1 – Concentration-response curves to noradrenaline obtained from intact thoracic aorta rings taken from animals exposed to ethanol consumption and/or stress, 
in the absence or presence of L-NAME (10-4 M), indomethacin (10-5 M) or yohimbine (10-6 M). Values are expressed as means ± SEM. The number of independent 
determinations was 8-10. *Indicates a significant difference (p < 0.05) in relation to the control animals.
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The concentration in plasma of nitrite/nitrate, determined 
by the Griess Reaction, was not significantly different among 
groups (Figure 4).

Discussion
Experimental and epidemiological evidence suggests 

that both ethanol and stress play an important role in the 
development of cardiovascular diseases2,17,18. However, there 
are discrepancies in the literature about the effects of chronic 
ethanol consumption, as well as exposure to stress, on the 
vascular responses to vasoactive agents. Furthermore, the 
literature is scarce regarding the cardiovascular risks of the 
association of these factors.

The data reported herein have shown that, regardless of 
ethanol consumption, stress induced aortic hyper-reactivity to 
noradrenaline. This response appears to have been dependent 
upon endothelial cell integrity, as it was abolished by the removal 
of the endothelium. On the other hand, chronic ethanol 
consumption did not influence the noradrenaline responses in 
rat thoracic aorta. Ethanol consumption also showed no signs of 
influence in the stress-induced noradrenaline hyper-reactivity. 
Considering that the absence of endothelium potentiates the 
contractile response to noradrenaline in rats not exposed to 
stress, the heightened response to noradrenaline observed in 
intact aorta from stressed rats could indicate an endothelial 
dysfunction in this condition. These findings corroborate 
previous reports showing that stress promotes endothelial 
dysfunction2,3,19,20. However, other studies reported that 
exposure to stress may actually enhance, rather than impair, 
endothelial function1,21,22. 

Additionally, the presented data corroborate studies 
showing that the consumption of 20% ethanol for 12 weeks 
did not alter the phenylephrine responses in aorta of Fisher 
rats13. On the other hand, it contradicts studies showing 
increased response to noradrenaline in aorta taken from 

Sprague-Dawley rats after being exposed to 10% ethanol 
for 5 months10. Moreover, previous studies have reported 
increased phenylephrine responses in aorta taken from Wistar 
rats also exposed to 20% ethanol for 6 weeks8,9,15. Interestingly, 
although using exactly the same experimental protocol, 
lower blood ethanol concentrations were determined in the 
present study. It is possible that these lower blood ethanol 
concentrations were not sufficient to elicit the aortic responses 
to norepinephrine or phenylephrine that have been seen in 
previous research. Indeed, the potential for ethanol-induced 
modifications to aortic responses to norepinephrine or 
phenylephrine in rats was not completely discarded by the 
present findings. Rather, these discrepancies demonstrate the 
need for complementary studies, in which differences of blood 
ethanol concentrations should also be assessed.

Many studies have shown that the modulation of vascular 
tonus may involve endothelium-derived vasoconstrictor and 
vasodilator prostanoids23. Although the rate of production 
of COX metabolites in normal cells appears to facilitate 
vasodilators, it is possible that this rate may vary in response to 
certain disease states, such as hypertension24.

In order to investigate the involvement of prostanoids in 
the stress-induced modifications of noradrenaline responses, 
experiments were performed in aortas pretreated with 
indomethacin. The presence of this COX inhibitor abolished 
the increase of the maximum response to noradrenaline 
observed in intact aorta of stressed rats. After being restored, 
this response reached a value similar to that observed 
in rat aorta with endothelium taken from control rats in 
the absence of indomethacin. These data suggest that 
the aortic hyper-reactivity to noradrenaline induced by 
chronic immobilization stress occurs due to the release of 
vasoconstrictor prostanoids. The release of vasoconstrictor 
prostanoids has been previously observed in micro and 
macrovessels of spontaneously hypertensive rats25 and in the 
aorta of DOCA-salt hypertensive rats23,24. 

Table 1 - Values of EC50 to noradrenaline obtained from aortic rings with and without endothelium, in presence of absence of L-NAME, 
indomethacin or yohimbine from adult male rats exposed or not to chronic stress and ethanol, alone or in combination

Control
EC50 (x10-7 M)

Stress
EC50 (x10-7 M)

Ethanol
EC50 (x10-7 M)

Stress/ethanol
EC50 (x10-7 M)

With endothelium

Saline 3.97± 0.06 (10) 3.85 ± 0.04 (10) 4.88 ± 0.06 (10) 4.29 ± 0.08 (10)

L-NAME (10-4 M) 2.48 ± 0.05 (09) 2.36 ± 0.05 (09) 2.60 ± 0.04 (09) 2.64 ± 0.08 (09)

Indomethacin (10-5 M) 3.85 ± 0.05 (08) 3.56 ± 0.06 (08) 5.39 ± 0.05 (08) 3.58 ± 0.06 (08)

Yohimbine (10-6 M) 10.76 ± 0.06 (09) 10.19 ± 0.06 (09) 10.23 ± 0.04 (09) 9.00 ± 0.06 (09)

Without endothelium

Saline 0.61 ± 0.10* (10) 0.83 ± 0.07* (10) 0.64 ± 0.06 (10) 0.67 ± 0.09* (10)

L-NAME (10-4 M) 0.77 ± 0.06* (09) 1.18 ± 0.11* (09) 1.10 ± 0.07* (09) 0.90 ± 0.06* (09)

Indomethacin (10-5 M) 0.83 ± 0.05* (08) 1.88 ± 0.06* (08) 1.47 ± 0.05* (08) 1.30 ± 0.08* (08)

Yohimbine (10-6 M) 1.82 ± 0.05* (09) 1.94 ± 0.08* (09) 2.10 ± 0.05* (09) 2.75 ± 0.07* (09)

Control: received water “ad libitum”; ethanol: received ethanol solution 20% instead of drinking water; stress: immobilization in a metallic containment tube 
(1 hour/day, 5 days/week for 6 weeks); chronic stress/ethanol: submitted to immobilization stress and exposed to 20% ethanol. Data expressed as mean ± SEM 
and, between parentheses, the number of independent determinations. *p < 0.05 in relation to the respective aorta with endothelium.
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Figure 2 - Concentration-response curves to noradrenaline obtained from denuded thoracic aorta rings taken from animals exposed to ethanol consumption and/or 
stress, in the absence or presence of L-NAME (10-4 M), indomethacin (10-5 M) or yohimbine (10-6 M). Values are expressed as means ± SEM. The number of independent 
determinations was 8-10.
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Table 2 - Values of EC50 to phenylephrine obtained from aortic rings with and without endothelium from adult male rats exposed or not to 
chronic stress or ethanol, alone or in combination

Control
EC50 (x10-7 M)

Stress
EC50 (x10-7 M)

Ethanol
EC50 (x10-7 M)

Stress/Ehanol
EC50 (x10-7 M)

With endothelium 1.58 ± 0.15 (09) 2.25 ± 0.12 (09) 1.14 ± 0.10 (09) 1.79 ± 0.10 (09)

Without endothelium 0.88 ± 0.09* (09) 0.67 ± 0.08* (09) 0.80 ± 0.04* (09) 1.10 ± 0.07* (09)

Control: received water “ad libitum”; ethanol: received ethanol solution 20% instead of drinking water; stress: immobilization in a metallic containment tube (1 hour/day, 5 days/
week for 6 weeks); chronic stress/ethanol: submitted to immobilization stress and exposed to 20% ethanol. Data expressed as mean ± SEM and, between parentheses, the 
number of independent determinations. *P < 0.05 in relation to the respective aorta with endothelium.
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Figure 3 – Concentration-response curves to phenylephrine obtained from rings of thoracic aorta with and without endothelium taken from animals exposed to ethanol 
consumption and/or stress. Values are expressed as means ± SEM. The number of independent determinations was 8-10.

Figure 4 – Plasma concentration of nitrite/nitrate determined by the Griess Reaction taken from animals exposed to ethanol consumption and/or stress. Values are 
expressed as means ± SEM. The number of independent determinations was 10-12.
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Once the influence of vasoconstrictor prostanoids in 
the stress-induced increase of noradrenaline responses in 
rat aorta is established, it is pertinent to examine “how” 
this sympathetic agonist is able to activate this endothelial 
mechanism. Previous studies report that α1 and α2-
adrenoceptors are expressed either in smooth muscle or 
in endothelial cells26-28. Furthermore, the stimulation of α2-
adrenoceptors located in the endothelium releases nitric 
oxide (NO)29,30 and/or prostanoids29, thus counterbalancing 
the vasoconstrictive effects of noradrenaline mediated 
by α1-adrenoceptors present in the smooth muscle layer. 
It has also been shown that thoracic aortic responses 
to clonidine, a selective α2-adrenoceptor agonist, may 
be modulated negatively by NO and positively by 
vasoconstrictive prostanoids31.

In the present study, the presence of yohimbine abolished 
the stress-induced increase of noradrenaline responses in 
rat thoracic aorta. Moreover, neither exposure to stress nor 
ethanol consumption altered the thoracic aorta responses 
to phenylephrine, a selective α1-adrenoceptor agonist.  
These data suggest that endothelial α2-adrenoceptor stimulation 
may release vasoconstrictor prostanoids, thus increasing the 
noradrenaline responses in aortas from stress-exposed rats.

The literature reports the release of mediators that induce 
not only contraction, but also relaxation in aorta of DOCA-salt 
hypertensive rats23,24,32. Therefore, it is not yet clear in the 
present study whether only vasoconstrictor prostanoids are 
responsible for the increased response to noradrenaline in 
aorta of stressed animals, or if they act in conjunction with 
L-arginine/NO mechanisms.
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Given this uncertainty, we investigated the role of the 
L-arginine/NO pathway in the aortic response to noradrenaline in 
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L-NAME increased the noradrenaline Rmax in thoracic aortas taken 
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In summary, the present study found that chronic stress 
increased rat aortic responses to noradrenaline. This effect 
is dependent upon the vascular endothelium and involves 
vasoconstrictor prostanoids released by stimulation of 
endothelial alpha-2 adrenoceptors. Moreover, chronic ethanol 
consumption appeared to neither influence noradrenaline 
responses in rat thoracic aorta, nor did it modify the increase 
of such responses observed in consequence of stress exposure.
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