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Endothelial AT1 and AT2 pathways in aortic responses to angiotensin II
after stress and ethanol consumption in rats
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Abstract

Stress and ethanol are important cardiovascular risk factors. Their vascular and blood pressure
(BP) effects were evaluated alone and in combination. Adult male Wistar rats (8–10 per group)
were separated into control, ethanol (ethanol 20% in drinking water for 6 weeks), stress
(restraint 1 h/d 5 d/week for 6 weeks), and ethanol/stress (in combination) groups. Systolic BP
was evaluated weekly. Concentration–response curves for contractile responses to angiotensin
II in the absence and the presence of losartan (AT1-blocker), PD123-319 (AT2-blocker), L-NAME
(nitric oxide synthase inhibitor), or indomethacin (cyclooxygenase inhibitor) were obtained in
isolated intact and endothelium-denuded aortas. Effective concentration 50% (EC50) and
maximum response (MR) were compared among groups using MANOVA/Tukey tests. Stress
and stress plus ethanol increased BP. Ethanol and stress, alone and in combination, did not alter
angiotensin responses of intact aortas. PD123-319 decreased MR to angiotensin II in intact
aortas from the ethanol and ethanol/stress groups relative to control in the presence of PD123-
319. Losartan increased MR to angiotensin II in intact aortas from the stress and ethanol/stress
groups relative to control in the presence of losartan. None of the protocols altered angiotensin
responses of denuded aortas. Neither indomethacin nor L-NAME altered angiotensin responses
of intact aortas from the experimental groups. Thus ethanol and ethanol plus stress may alter
endothelial signaling via AT1-receptors, without changing systemic BP. Stress and stress plus
ethanol may alter endothelial signaling via AT2-receptors, and thereby increase BP. Knowledge
of such vascular changes induced by stress and/or ethanol may contribute to understanding
adverse cardiovascular effects of stress and ethanol consumption in humans.
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Introduction

Chronic stress is an important risk factor for the development

of cardiovascular pathologies such as atherosclerosis and

arterial hypertension (Chung et al., 2010; Cordellini &

Vassilieff, 1998; Diaconu et al., 2011; Ghiadoni et al.,

2000). Moreover, the severity of the cardiovascular damage

caused by stress exposure depends on the nature of the

stressor, as well as on its intensity and duration (Hjemdahl,

2002). The literature reports that chronic stress impairs

endothelial function, as evidenced by the increase of angio-

tensin-induced vasoconstriction in the aorta due to reduced

endothelial nitric oxide (NO) buffering capacity via the

angiotensin/AT2 receptor pathway (Loria et al., 2011).

Oxidative stress, via activation of the angiotensin/AT1

receptor pathway, has also been shown to impair endothelial

function (Chung et al., 2010).

Similarly, ethanol consumption may cause cardiocircula-

tory alterations that contribute to the development of

cardiovascular diseases (Tirapelli et al., 2007, 2008b). In

this regard, chronic ethanol consumption induces activation of

the renin–angiotensin system (Wakabayashi & Hatake, 2001).

Moreover, the arterial hypertension reported in this condition

seems to be correlated with the activation of nicotinamide

adenine dinucleotide phosphate (NADPH) oxidase causing

endothelial injury and impairment of the endothelial

NO-generating system (Husain et al., 2005, 2008, 2010).

Our current understanding of the development of cardio-

vascular diseases recognizes the significance of multiple risk

factors, which have been shown to be directly implicated in

the genesis, progression, and occurrence of future cardiovas-

cular events. Two of these cardiovascular risk factors are

ethanol consumption and stress exposure. While many studies

examine the effects of ethanol consumption alone, this

condition usually happens in the context of various risk

factors, including stress exposure able to modify the impact of

ethanol consumption on the body. However, the consequences

of chronic ethanol consumption in association with stress

exposure on vascular function remain to be determined.

Moreover, the literature has shown that although long-term

ethanol consumption can affect cardiovascular functions,

early damage caused by ethanol consumption on the
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cardiovascular system also needs to be considered (Resstel

et al., 2006).

Thus, the purpose of the present study was to evaluate the

cardiovascular risk of stress exposure and ethanol consump-

tion, alone and in combination, through the investigation

of possible changes in arterial blood pressure and vascular

reactivity to angiotensin II, assessed in vitro. The second

purpose was to evaluate in detail the mechanisms underlying

the effects of long-term ethanol consumption and stress

exposure, alone and in combination, on angiotensin-induced

contraction of the aorta. This evaluation was conducted with

a focus on NO, cyclooxygenase, and endothelial AT1/AT2-

signaling pathways, as well as plasma antioxidant capacity.

Methods

Experimental design

Experiments were performed on adult male Wistar rats (90 to

120-d old) obtained from UNESP – Univ Estadual Paulista

facilities. They were housed in individual plastic cages under

a 12-h light–dark cycle (lights on/off at 07:00/19:00 h) at

23 ± 2 �C and fed with regular lab chow. The rats were

separated into four groups (8–10 rats per group): control

(received water ad libitum), stress (restraint for 1 h/d 5 d/week

for 6 weeks), ethanol [20% (v/v) ethanol solution instead of

tap water for 6 weeks (Tirapelli et al., 2006)], and ethanol/

stress (20% ethanol solution and restraint stress for 6 weeks).

Rats from the ethanol and ethanol/stress groups were adapted

to ethanol consumption by gradually increasing the concen-

tration of ethanol in their drinking water (5% in the first week,

10% in the second week, 20% in the third week, and 20% for 6

additional weeks).

Rats were restrained, but not immobilized, in a cylindrical

metallic tube measuring 27.0 cm long� 6.1 cm internal

diameter containing ventilation holes, individually adapted

to completely restrict movements, preserving only their

breathing. A slotted opening allowed for free mobility of

the tail. Exposure to this stressful stimulus took place

between 08:00 h and 10:00 h. Restraint is a well-validated

method to induce stress (Buynitsky & Mostofsky, 2009). The

duration of the stressor used, i.e. the length of time of

exposure during each session, was based on the work of Marin

et al. (2007).

During the stress sessions, rats from the control and

ethanol groups remained in their cages. Twenty-four hours

after the last stress session, the rats were killed by decapi-

tation, without anesthesia, and the aorta was removed for

different experimental protocols.

Animal procedures were in accordance with the principles

and guidelines of the National Council of Control of Animal

Experimentation, and the study was approved by the Ethical

Committee for Animal Experimentation (protocol number:

295-CEEA).

Measurement of blood pressure

Systolic blood pressure (mmHg) was determined weekly

during the adaptation and exposure periods. Measurements

were taken from conscious rats using the tail-cuff plethysmo-

graphic method (Narco Bio-Systems, Inc., Houston, TX). The

rats were pre-warmed in a Bio-Heater (Insight Ltda. Ribeirão

Preto, Brazil) at �40 �C for 5–10 min and then placed into a

restrainer tube for blood pressure measurement. Three

consecutive recordings (�1 min apart) were performed, and

the mean of these three measurements was recorded.

Vascular reactivity protocol

Immediately after the rat had been decapitated, the descend-

ing thoracic aorta was excised and trimmed free of adhering

fat and connective tissue. Two transverse rings of the aorta,

each about 4 mm in length, were cut. One ring served as a

control (intact aorta), while the endothelium was mechanic-

ally removed from the other by gently rubbing the luminal

surface (denuded aorta). The rings were mounted into a 2-ml

organ chamber containing the Krebs–Henseleit solution, with

a composition (in mM) of NaCl 130.0, KCl 4.7, CaCl2 1.6,

KH2PO4 1.2, MgSO4 1.2, NaHCO3 15.0, and glucose 11.1.

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 (AD Instruments,

Castle Hill, NSW, Australia). Prior to the collection of

contractile responses to increasing agonist concentrations, to

construct concentration–response curves, the rings were

equilibrated for 60 min under a resting tension of 1.5 g,

which is optimal for inducing a maximum response. All drugs

were obtained from Sigma Chemical Co., St Louis, MO. They

were dissolved in the Krebs–Henseleit solution and the

concentrations were expressed in molarity.

The functional state of the endothelium was tested at the

beginning of the concentration–response curve measurements

by the ability of 10�4 M acetylcholine to elicit vasodilator

responses in preparations pre-contracted by 10�5 M phenyl-

ephrine. Preparations that presented more than 80% of

relaxation were considered as having an intact endothelium,

whereas those that showed no relaxation were considered

completely devoid of endothelium. Preparations with and

without endothelium were studied in parallel.

Angiotensin II (10�10–10�6 M) was cumulatively added to

the organ bath, and the evoked responses (g of tension) were

plotted to obtain the cumulative concentration–response

curves. At the end of obtaining these curves, a single dose

of sodium nitroprusside (10�4 M) was used to test the

integrity of the smooth muscle layer.

Involvement of endothelial AT1/AT2-signaling
pathway

Cumulative concentration–response curves to angiotensin II

were also obtained in intact and denuded aortas in the

presence of losartan (10�7 M, specific AT1-receptor blocker)

or PD123-319 (10�7 M, specific AT2-receptor blocker)

introduced into the organ bath 20 min before starting meas-

urement of angiotensin II responses.

Involvement of NO and cylooxygenase pathways

In another series of experiments, angiotensin II responses

were obtained in intact aortas pretreated with L-NG-

nitroarginine methyl ester (L-NAME; 10�4 M, non-selective
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nitric oxide synthase inhibitor) or indomethacin (10�5 M,

non-selective cyclooxygenase inhibitor) added to the organ

bath 20 min before measuring angiotensin II responses.

Plasma corticosterone concentration

Immediately after the rat had been decapitated, the trunk

blood was collected in plastic tubes containing heparin

solution 5000 IU/ml (10 ml/ml blood). The whole blood was

centrifuged at 3000g for 20 min at 4 �C and the plasma was

separated for later extraction. Plasma corticosterone concen-

trations, a classic index for a stressful paradigm, were

determined by using the Vecsei (1979) method, modified by

the previous extraction of the steroid with 1 ml of ethanol. For

the assay, the anti-corticosterone antibody, AB-cort-17984,

was used. The antibody was sourced from rabbit, with the

hormone conjugated to bovine albumin. The specificity of the

antibody was tested for cross-reactivity with cortisol (1%),

17-OH-progesterone (1%), and dehydroepiandrosterone sul-

fate (12%). Tritium-labeled corticosterone was used as the

labeled hormone and the separation of the bound and free

fraction was carried out with a solution of charcoal/dextran

0.5/0.05%. The minimum detectable concentration was

0.4mg/dl. The coefficients of intra- and inter-assay variations

were 2.8% and 17.8%, respectively.

Plasma antioxidant capacity

Ferric-reducing ability of plasma (FRAP) measurements were

taken using a slightly modified version of the methods

outlined by Benzie & Strain (1996).

The FRAP technique is based on the ability of plasma to

reduce Fe+++ ions to Fe++ in the presence of 2,4,6-tripyridyl-

s-triazine at low pH, forming an Fe++ complex tripyridyl-

s-triazine; the blue coloring is measured as a change of

absorbance at 593 nm. The working reagent was prepared by

adding 25 ml of acetate buffer pH 3.6, 2.5 ml 2,4,6-tripyridyl-

s-triazine, 10–40 mM HCl, and 2.5 ml of FeCl3.6H2O 20 mM.

For measurements, 300 ml of the working reagent was

placed in a cuvette and incubated in a water bath at 37 �C
for 5 min. Next, 10 ml of plasma were added, followed by 30 ml

of H2O. The solution was then incubated in a water bath at

37 �C for exactly 15 min. Subsequently, changes in the optical

density were recorded in a spectrophotometer (Quimis,

Madrid, Spain) against a reagent blank. The values of the

antioxidant capacity of plasma were calculated by comparing

the absorbance with the absorbance of Fe++ solutions of

known concentrations (100–1000 mM), which were tested

in parallel.

Data analysis and statistics

The concentration of angiotensin II producing a response that

was 50% of the maximum (EC50) was calculated in each

experiment. Data are presented as mean ± SEM or SD. The

maximal responses and EC50 values were compared by the

two-way ANOVA followed by Tukey’s post-test (SigmaStat

3.2, SPSS Inc., Chicago, IL). The factors in the analysis

were ethanol consumption and stress exposure. p50.05 was

considered statistically significant. If necessary, variables

were log transformed prior to parametric testing.

Results

Blood pressure

Exposure to stress, alone and in combination with ethanol,

resulted in an increase in the blood pressure in the last

week of exposure (sixth week) when compared with the

control group. On the contrary, no change in the blood

pressure was observed after chronic ethanol consumption

alone (Figure 1).

Aorta reactivity to angiotensin II

In the absence of receptor blockers, the vasoconstriction

induced by angiotensin II in intact and denuded aortas was

not altered by any of the experimental protocols, i.e.

chronic ethanol consumption and stress exposure alone and

in combination (Table 1).

Involvement of endothelial AT1/AT2-signaling
pathway

In intact aortas taken from the control and ethanol groups, the

presence of the AT1-receptor blocker, losartan, determined a

similar decrease in the maximum response to angiotensin II

compared with the same preparations in the absence of a

blocker (Table 1). However, the presence of this antagonist

did not cause any change in the reactivity to angiotensin II in

intact aortas from rats submitted to stress – whether alone or

in combination – compared with the same preparations in the

absence of a blocker (Table 1).

The presence of AT2-receptor blocker, PD123-319, caused

a similar decrease in the maximum response to angiotensin II

in intact aortas from ethanol and ethanol/stress groups

compared with the same preparations in the absence of a

blocker (Table 1). However, the presence of this antagonist

did not cause any change in the reactivity to angiotensin II in
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Figure 1. Evolution of caudal systolic blood pressure of adult male rats
submitted to chronic ethanol consumption and exposed to stress, alone
and in combination. Control – received water ad libitum; stress –
restraint 1 h/day 5 d/week for 6 weeks; ethanol – 20% ethanol solution
instead of tap water for 6 weeks; ethanol/stress – restraint stress and 20%
ethanol solution for 6 weeks. ‘‘Basal’’ – the adaptation period for ethanol
intake. Values are means ± SEM. The two-way ANOVA followed by
Tukey’s post-test. (*) p50.05 relative to control. The number of rats per
group¼ 8–10.
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the intact aortas of rats from the control and stress groups

compared with the same preparations in the absence of a

blocker (Table 1).

In the absence of blockers, the EC50 values for angiotensin

II in aortas did not differ among different experimental

groups, either in the absence or in the presence of endothe-

lium (Table 1). The presence of losartan, but not PD123-319,

increased the EC50 values for angiotensin II in intact and

denuded aortas, with similar values in all experimental groups

(Table 1).

The removal of endothelium increased the maximum

response to angiotensin II that reached similar values among

all experimental groups and protocols, without altering the

EC50 values (Table 1).

Involvement of NO and cyclooxygenase pathways

The presence of indomethacin did not cause any change in

the reactivity to angiotensin II in intact aortas from

all experimental groups (Table 2). The presence of

L-NAME determined a similar increase in the reactivity

to angiotensin II in intact aortas from all experimental groups

(Table 2).

Corticosterone concentration

The plasma concentration of corticosterone was higher in rats

submitted to stress, both alone and in combination with

ethanol, but was not altered by ethanol consumption alone

[mean ± SEM: control 2.26 ± 0.20 mg/dl; stress 4.03 ± 0.50*

mg/dl; ethanol 2.27 ± 0.27 mg/dl; ethanol/stress 4.44 ± 0.53y
mg/dl; n¼ 8–12; *p¼ 0.0195 and yp¼ 0.0059 compared with

control (the two-way ANOVA followed by Tukey’s post-

test)].

Plasma antioxidant capacity

No statistically significant alteration in plasma antioxidant

capacity was observed in any of the experimental groups

[mean ± SEM: control 762.6 ± 37.4 mmol/l Fe+2; stress

817.6 ± 50.0 mmol/l Fe+2; ethanol 736.2 ± 31.9 mmol/l Fe+2;

ethanol/stress 686.3 ± 38.0 mmol/l Fe+2; n¼ 10–12; p40.05

compared with control (the two-way ANOVA followed by

Tukey’s post-test)].

Discussion

The present study demonstrated that chronic exposure to

restraint stress, regardless of ethanol consumption, increased

Table 1. Maximum response and EC50 values to angiotensin II in the absence and presence of losartan or PD123-319
obtained in thoracic aorta rings, with and without endothelium, isolated from adult male rats submitted or not to ethanol
consumption and restraint stress, alone and in combination.

Maximum response* (g of tension) EC50y (�10�8 M)

Groups With endothelium Without endothelium With endothelium Without endothelium

Absence of blocker
Control 0.17 ± 0.02A 0.68 ± 0.07B 0.10 ± 0.02A 0.16 ± 0.02A

Ethanol 0.20 ± 0.04A 0.57 ± 0.07B 0.18 ± 0.03A 0.31 ± 0.02A

Stress 0.25 ± 0.03A 0.74 ± 0.07B 0.11 ± 0.02A 0.22 ± 0.02A

Ethanol/stress 0.20 ± 0.04A 0.50 ± 0.08B 0.10 ± 0.01A 0.15 ± 0.02A

Losartan presence
Control 0.07 ± 0.01C 0.60 ± 0.09B 6.17 ± 0.26B 9.44 ± 0.16B

Ethanol 0.08 ± 0.01C 0.56 ± 0.11B 5.37 ± 0.37B 6.84 ± 0.20B

Stress 0.22 ± 0.06A 0.66 ± 0.15B 11.9 ± 2.74B 17.52 ± 2.68B

Ethanol/stress 0.20 ± 0.11A 0.55 ± 0.08B 19.3 ± 2.65B 8.21 ± 0.21B

PD123-319 presence
Control 0.24 ± 0.06A 0.79 ± 0.08B 2.04 ± 1.14A 0.44 ± 0.02A

Ethanol 0.09 ± 0.02C 0.68 ± 0.07B 0.12 ± 0.05A 0.33 ± 0.02A

Stress 0.18 ± 0.05A 0.84 ± 0.13B 0.45 ± 0.05A 0.42 ± 0.02A

Ethanol/stress 0.08 ± 0.01C 0.66 ± 0.09B 0.20 ± 0.04A 0.42 ± 0.02A

EC50 – effective concentration 50%. Losartan (10�7 M) – AT1 receptor blocker; PD123-319 (10�7 M) – AT2 receptor
blocker; control – received water ad libitum; stress – restraint in a metallic tube 1 h/d 5 d/week for 6 weeks; ethanol –
received a 20% ethanol solution instead of tap water for 6 weeks; ethanol/stress – submitted to restraint stress and
received a 20% ethanol solution for 6 weeks; inside the same parameter, i.e. maximum response and EC50, mean values
sharing a common letter (A, B, or C) were not statistically different (p40.05, the two-way ANOVA followed by Tukey’s
post-test); the number of rats per group¼ 8–10.

*Values are means ± SEM.
yValues are means ± SD.

Table 2. Maximum response and EC50 to angiotensin II values in the
presence of indomethacin or L-NAME obtained in intact aorta rings
isolated from adult male rats submitted or not to ethanol consumption
and restraint stress, alone and in combination.

Maximum response*
(g of tension) EC50y (�10�8 M)

Groups Indomethacin L-NAME Indomethacin L-NAME

Control 0.34 ± 0.04 0.47 ± 0.05 0.16 ± 0.02 0.19 ± 0.02
Ethanol 0.26 ± 0.06 0.47 ± 0.07 0.22 ± 0.03 0.12 ± 0.02
Stress 0.33 ± 0.06 0.56 ± 0.09 0.15 ± 0.02 0.11 ± 0.02
Ethanol/stress 0.24 ± 0.03 0.48 ± 0.08 0.17 ± 0.02 0.20 ± 0.02

EC50 – effective concentration 50%. Indomethacin (10�5 M) –
cyclooxygenase inhibitor; L-NAME (10�4 M) – nitric oxide synthase
inhibitor; control – received water ad libitum; stress – restraint in a
metallic tube 1 h/d 5 d/week for 6 weeks; ethanol – received a 20%
ethanol solution instead of tap water for 6 weeks; ethanol/stress –
submitted to restraint stress and received a 20% ethanol solution for
6 weeks; the two-way ANOVA (p40.05); the number of rats per
group¼ 8–10.

*Values are means ± SEM.
yValues are means ± SD.
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blood pressure and impaired the aortic endothelial AT2

pathway that mediates endothelium-dependent relaxation of

smooth muscle to angiotensin II. Conversely, chronic ethanol

consumption, regardless of exposure to stress, impaired the

endothelial AT1 pathway that mediates endothelium-

dependent constriction of smooth muscle to angiotensin II,

but did not alter blood pressure.

Experimental and epidemiological evidence suggests that

both stress and ethanol play an important role in the

development of cardiovascular disease (Chung et al., 2010;

Husain et al., 2010; Rozanski et al., 2005). However, there are

discrepancies in the literature regarding the effects of ethanol

consumption and stress exposure on regulatory cardiovascular

responses.

Low concentrations of ethanol seem to be beneficial to

endothelial function and, therefore, may decrease blood

pressure (Jones et al., 2013; Toda & Ayajiki, 2010).

However, high doses of ethanol or its chronic consumption

can determine a loss in function and impaired viability of

endothelial cells (Toda & Ayajiki, 2010) as well as significant

changes in the heart and circulatory functions. These findings

have identified high/chronic ethanol consumption as a

significant risk factor in the development of cardiovascular

diseases such as arterial hypertension (Husain et al., 2005,

2008; Sun & Mayhan, 2001; Tirapelli et al., 2007, 2008a).

However, Hatton et al. (1992) and Kleinhenz et al. (2008)

reported a decrease in blood pressure of rats subjected to

chronic ethanol consumption. In the present study, however,

no change in blood pressure was observed among rats

submitted to chronic ethanol consumption alone.

In men, alcohol consumption has been categorized as light

(0.1–9.9 g/d, or 51 drink daily), moderate (10.0–29.9 g/d, or

1–2 drinks daily), and heavier (�30.0 g/d, or �3 drinks daily)

(Mukamal et al., 2005). In the present study, the use of 20%

ethanol corresponded to a daily intake of 6.0–8.0 g. Thus, the

chronic ethanol consumption protocol employed in this study

might be considered a light daily intake of alcohol, which

could partially explain the lack of alteration in blood pressure

observed after this protocol alone.

The literature is also not in agreement in regard to

cardiovascular adaptive responses induced by stress exposure.

Increase or decrease in blood pressure depends on the stressor

and the duration and/or frequency of stress exposure (Chung

et al., 2010; Matthews et al., 2001; Sparrow et al., 1987). In

the present study, chronic exposure to restraint stress alone

and in combination with ethanol consumption resulted in

hypertension in the last week of exposure.

The most common responses to stress involve activation of

the sympathetic nervous system, hypothalamic–pituitary–

adrenal axis, and renin–angiotensin system (Hjemdahl,

2002; McEwen, 1998; Viau & Meaney, 1991). As a conse-

quence, elevations in serum corticosterone and catecholamine

concentrations can be seen after stress exposure (Pacák &

Palkovits, 2001). Corroborating the literature, the chronic

exposure to stress alone and in combination with ethanol

consumption caused a significant increase in plasma cortico-

sterone concentration. As the chronic stress state has been

defined as persistent visceral arousal coupled with behavioral

abnormalities (Ottenweller et al., 1992), the increase in

corticosterone concentration partially meets the assumption of

the chronic stress paradigm and thus validates our procedure.

On the contrary, chronic ethanol consumption did not alter the

plasma corticosterone concentration suggesting that this

protocol did not represent a stressogenic condition.

Both stress and chronic ethanol consumption induce

activation of the renin–angiotensin–system. This endocrine

system has angiotensin II as one of its main effectors whose

effects are experienced by interacting with the specific

receptors, subtype-1 (AT1) and subtype-2 (AT2) (Leung,

2004; Wakabayashi & Hatake, 2001).

Angiotensin II induces constriction of the vascular wall by

a direct action on smooth muscle cells, but this effect might

be modulated by the action of angiotensin II on endothelial

cells. Similar to smooth muscle, the endothelial cells present

AT1 and AT2 receptors that are involved in the release of

endothelium-derived relaxing and/or contracting factors

(Pueyo & Michel, 1997). The relative predominance of one

or other of the AT-receptor pathways may determine the final

action of angiotensin II in these cells.

Normally, the contractile response overcomes relaxation.

In several vascular beds, activation of AT1- and AT2-receptors

leads to antagonistic effects, promoting a counterbalance in

vasoactive responses (Fyhrquist & Saijonmaa, 2008). This is

evident in the aorta of rats that have had the gene for the AT2-

receptor deleted, where the contractile response to angioten-

sin II was higher compared with the control group (Akishita

et al., 1999). Moreover, the blockade of AT1-receptors lowers

while the AT2 blockade increases blood pressure in rats,

indicating again a counterbalance in response to angiotensin

II (Munzenmaier & Greene, 1996). Thus, AT2 signaling is

antagonistic to AT1 signaling and results in bradykinin and

NO formation (Rush & Aultman, 2008). However, AT1

signaling results in increased superoxide production via

NADH/NADPH oxidase activation and enhanced gener-

ation of endothelium-derived constricting factors, such as

endothelin-1 (MacKenzie, 2011; Toda et al., 2007). In this

context, it should be considered that the AT1-receptor

blockade leaves uncovered the endothelial signaling pathway

through AT2-receptors that becomes a brake for the constric-

tion caused by angiotensin II acting directly on the smooth

muscle cell. Furthermore, the blockade of AT2-receptors

leaves uncovered the endothelial signaling pathway through

AT1-receptors that increases the vasoconstriction by angio-

tensin II acting directly on the smooth muscle cells.

Corroborating these findings, angiotensin II-induced vaso-

constriction was potentiated by the removal of endothelium

and L-NAME presence, regardless of the protocols of

exposure.

It is noteworthy that the increase in blood pressure of rats

chronically treated with ethanol is related to increased

angiotensin II concentration in plasma and aorta (Husain

et al., 2008). Angiotensin II is also responsible for the

amplification of the actions of the sympathetic nervous

system (Kawasaki et al., 1984; Malik & Nasjletti, 1976).

Moreover, chronic angiotensin II signaling induces vascular

dysfunction; however, pharmacological management of the

renin–angiotensin system can not only control blood pressure

but also correct endothelial dysfunction (Rush & Aultman,

2008). In this context, the effects of chronic ethanol consump-

tion and stress exposure – alone and in combination – were
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investigated. This investigation was conducted through

analysis of vasomotor responses of aorta to angiotensin II

in the absence and presence of losartan, PD123-319,

indomethacin, or L-NAME.

Neither ethanol consumption nor stress exposure, alone or

in combination, caused any change in aortic responses to

angiotensin II. Nevertheless, previous studies from our

laboratory have shown that the decrease in the vascular

reserves determined by the presence of inhibitors such as

L-NAME and indomethacin may unveil vascular changes that

are below the level of security of vascular function (Grizzo &

Cordellini, 2008). In this context, the final responses to

angiotensin II in aortas of rats submitted to stress and/or

ethanol intake may vary considering the changes in the

endothelial cell output determined by the presence of

AT-receptor blockers, L-NAME, or indomethacin. However,

in the present study, the presence of neither inhibitors nor

blockers unveiled any change in vascular reactivity to

angiotensin II in denuded aortas of adult rats exposed to

stress and ethanol consumption, alone and in combination.

In contrast, in intact aorta, the presence of losartan showed

an impairment of AT2-receptor endothelial signaling induced

by chronic exposure to stress, which was seen regardless of

ethanol consumption. The impairment of this signaling was

inferred from the observation that the presence of losartan

resulted in similar degrees of hyperreactivity to angiotensin II

in intact aortas from the stress and stress/ethanol groups when

compared with the control group in the same condition, i.e.

the presence of losartan. Moreover, this difference was

abolished by the removal of endothelium. Conversely, the

presence of PD123-319 did not show any stress-induced

alteration in endothelial signaling via AT1-receptors, as the

aortic reactivity to angiotensin II was similar in the control

and stress groups in the presence of this blocker. These data

indicate a decrease in the bioavailability of endothelial-

derived relaxing factors via AT2-receptor as a result of stress

exposure, alone and in combination with ethanol. Moreover,

the change in the endothelial cell output could be responsible

for the etiology and/or maintenance of the hypertensive state

observed in the stress condition. Taken in conjunction, these

findings raise concern about the higher cardiovascular

vulnerability of stress-exposed individuals in the presence

of associated pathologies that impair the endothelial AT2-

signaling pathway.

In addition, the presence of PD123-319 showed an

impairment of AT1-receptor endothelial signaling induced

by chronic ethanol consumption, alone and in combination

with stress. The impairment of this signaling was inferred

from the observation that the presence of PD123-319 resulted

in similar degrees of hyporeactivity to angiotensin II in intact

aortas from the ethanol and ethanol/stress groups when

compared with the control group in the same condition, i.e.

the presence of PD123-319. Moreover, this difference was

abolished by the removal of endothelium. Conversely, the

presence of losartan did not show any ethanol-induced

alteration in endothelial signaling via AT2-receptors, as the

aortic reactivity to angiotensin II was similar in the control

and ethanol groups in the presence of this blocker. These data

indicate that ethanol consumption, alone and in combin-

ation with stress, induces a decreased bioavailability of

endothelium-derived contracting factors via AT1-receptors.

This beneficial effect might be partially responsible for there

being no change in the blood pressure among rats submitted

to chronic ethanol consumption. Thus, this finding expands on

previous reports showing the beneficial cardiovascular effects

of low concentrations of alcohol consumption (Jones et al.,

2013; Toda & Ayajiki, 2010).

Although the results show that chronic ethanol in associ-

ation with stress exposure alters endothelial signaling via

AT1- and AT2-receptors in intact rat aortas, there was no sign

of interaction between these factors. This conclusion was

reached based on the finding that the hyperreactivity to

angiotensin in the aortas of stressed rats in the presence of

losartan, as well as the hyporeactivity displayed in those

subjected to chronic ethanol consumption in the presence of

PD123-319, of similar magnitudes to those observed in rats

from the ethanol/stress group in the presence of the same

antagonists. Thus, in this study, chronic consumption of

ethanol and stress exposure did not constitute additional

cardiovascular risk factors, reinforcing the literature reports

showing that moderate alcohol consumption might reduce

cardiovascular disease (Jones et al., 2013).

The question arises about whether changes in vascular

reactivity to stress and ethanol consumption are specific for

the angiotensin system. However, previous studies in our

laboratory have shown that a similar protocol of stress

exposure, alone and in combination with ethanol consump-

tion, increases noradrenaline-induced contraction in rat aorta

(Baptista et al., 2014). Moreover, Tirapelli et al. (2008b)

reported that a similar protocol of ethanol consumption

increases phenylephrine-induced contraction, as well as

decreases acetylcholine-induced relaxation, in the rat mesen-

teric arterial bed. It is also important to consider that the

vascular reactivity alterations may be blood pressure depend-

ent since the stress-exposed rats were hypertensive at the

point of the ex vivo experiments with the vascular tissue.

However, further studies are necessary to clarify this

correlation.

The literature has also reported the involvement of

cyclooxygenase and/or nitric oxide pathways in changes to

vascular reactivity as a result of chronic ethanol consumption

and stress exposure (Cordellini et al., 2006; Loria et al., 2011;

Tirapelli et al., 2006). In order to investigate the role, these

pathways may play in the alteration of aortic reactivity to

angiotensin II, indomethacin and L-NAME were used.

However, in our experiments, the presence of these inhibitors

did not change aortic reactivity to angiotensin II in any of the

experimental groups. This outcome effectively ruled out the

involvement of cyclooxygenase and nitric oxide pathways in

the endothelial alterations induced by ethanol consumption

and stress exposure alone and in combination. These data also

corroborate previous reports from our laboratory showing no

change in the plasma concentration of nitrites/nitrates in rats

submitted to the same protocols of exposure (Baptista et al.,

2014). Similarly, the FRAP method did not show any change

in plasma antioxidant capacity throughout all experimental

groups, suggesting that the antioxidant system is not involved

in the changes in bioavailability of endothelial factors induced

by the ethanol and stress conditions. Taking these data into

consideration, the identity of the endothelial factors involved
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in the aortic adaptive response brought on by stress exposure

and ethanol consumption alone and in combination requires

further investigation.

Conclusions

Chronic ethanol consumption alone and in combination with

stress altered endothelial signaling via AT1-receptors, result-

ing in aortic hyporeactivity to angiotensin II in the presence

of an AT2-receptor blocker. Ethanol consumption alone

resulted in no change in blood pressure. Meanwhile, exposure

to stress alone and in combination with ethanol altered

endothelial signaling via AT2-receptors, resulting in aortic

hyperreactivity to angiotensin II in the presence of an AT1-

receptor blocker, as well as increased blood pressure.

However, the mechanisms involved in these alterations

remain to be elucidated. Thus, data presented here may

contribute to the body of evidence about disordered cardio-

vascular function induced by chronic stress and ethanol

intake.
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