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Abstract

Changes in redox state are described in the early stages of ethanol-induced cardiac toxicity. Here, we evaluated whether
nebivolol would abrogate ethanol-induced redox imbalance in the heart. Male Wistar rats were treated with a solution of
ethanol (20% v/v) for 3 weeks. Treatment with nebivolol (10 mg/kg/day; p.o. gavage) prevented the increase of both super-
oxide (0,*) and thiobarbituric acid reactive substances (TBARS) in the left ventricle of rats chronically treated with etha-
nol. Neither ethanol nor nebivolol affected the expression of Nox4, p47P"°*, or Rac-1. Nebivolol prevented ethanol-induced
increase of Nox2 expression in the left ventricle. Superoxide dismutase (SOD) activity as well as the concentration of reduced
glutathione (GSH) was not altered by ethanol or nebivolol. Augmented catalase activity was detected in the left ventricle
of both ethanol- and nebivolol-treated rats. Treatment with nebivolol, but not ethanol increased eNOS expression in the left
ventricle. No changes in the activity of matrix metalloproteinase (MMP)2 or in the expressions of MMP2, MMP?9, and tissue
inhibitor metalloproteinase (TIMP)1 were detected after treatment with ethanol or nebivolol. However, ethanol increased the
expression of TIMP2, and this response was prevented by nebivolol. Our results provided novel insights into the mechanisms
underlying the early stages of the cardiac injury induced by ethanol consumption. We demonstrated that Nox2/NADPH
oxidase-derived ROS play a role in ethanol-induced lipoperoxidation and that this response was prevented by nebivolol. In
addition, we provided evidence that MMPs are not activated in the early stages of ethanol-induced cardiac toxicity.
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Introduction

Alcoholic cardiomyopathy is a term used to describe a
specific heart muscle disease that is induced by long-term
consumption of high doses of ethanol [1]. The period of
exposure to ethanol is directly related to the development of
alcoholic cardiomyopathy, suggesting that the cardiac effects
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of ethanol are time related. In this sense, longer periods of
ethanol consumption are more often associated with heart
failure symptoms such as diastolic and systolic dysfunc-
tion [2, 3]. Although excessive consumption of ethanol is
regarded to be detrimental to cardiovascular health, several
studies provided evidence that low-to-moderate doses of eth-
anol display cardioprotective effects, further confirming the
observation that the effects of ethanol are dose related [4, 5].

Oxidative stress is described as one of the primary mech-
anisms whereby ethanol initiates the array of its adverse
cardiac changes [3]. Ethanol induces redox imbalance in
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cardiomyocytes by increasing the generation of superoxide
(0,°7). This response is mediated by nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase, which is a multi-
subunit enzyme composed by membrane and cytosolic com-
ponents [6, 7]. There are seven catalytic subunits of NADPH
oxidase (Nox 1-5 and Duox 1-2) [8]. In the myocardium,
up-regulation of Nox2 has been associated with overpro-
duction of ROS and cardiac dysfunction [9]. Importantly,
ethanol consumption was found to increase the expression of
Nox2 in the heart, suggesting that this is one mechanism by
which ethanol increases ROS generation in the myocardium
[10, 11]. Lipid peroxidation is one important consequence of
ethanol-induced ROS generation in cardiomyocytes [7, 12].
Elevated levels of ROS may also reduce the bioavailability
of nitric oxide (NO) [13]. In addition, ethanol consumption
alters the enzymatic and nonenzymatic antioxidant systems
in the myocardium [14, 15]. Altogether, these observations
show that in cardiomyocytes alterations of the redox state
arise from distinctive actions of ethanol [3].

Collagen accumulation and fibrosis are common struc-
tural changes found in the late stages of the cardiac dam-
age induced by ethanol [16, 17]. Matrix metalloproteinases
(MMPs) are tissue-remodeling enzymes that are critically
involved in extracellular matrix recycling. Both MMP2 and
MMP?9 play an essential role in cardiac remodeling and left
ventricle dysfunction associated with cardiovascular disor-
ders [18, 19]. The activity of MMPs can be augmented by
intracellular ROS. This response results in increased extra-
cellular matrix remodeling, which will ultimately contribute
to cardiac hypertrophy [19]. However, the expression/activ-
ity of MMPs during the initial stages of the cardiac injury
induced by ethanol has not been studied.

Nebivolol is a selective B,-receptor antagonist, which
is widely used in the management of cardiovascular dis-
eases such as heart failure, hypertension and ischemic
heart disease. This drug displays additional effects includ-
ing blockade of o;-receptors, NO production and antioxi-
dant activity [20]. The latter is mainly mediated by direct
0,°” scavenging and inhibition of NADPH oxidase activ-
ity/expression [21]. Additionally, nebivolol decreases the
activity of MMPs in the heart of hypertensive rats leading
to a reduction in collagen deposition and hypertrophy [19].
Of note, treatment with antioxidants is described to exert
cardioprotective effects by controlling ethanol-induced
redox imbalance [16, 22]. Considering that nebivolol dis-
plays cardioprotective effects due to its antioxidant proper-
ties, we hypothesized that nebivolol would prevent etha-
nol-induced changes in oxidative state. Here, we sought to
determine whether nebivolol would prevent redox changes
during the early stages of the cardiac toxicity induced by
ethanol. The harmful effects of ethanol in the heart are
related to the duration of drinking and the dose of ethanol.
In this context, long periods of consumption of high doses

of ethanol are more often associated with cardiac toxicity
[3]. Since our goal was to evaluate the cardiac changes
during the early stages of ethanol consumption, animals
were treated for a short period with a high dose of ethanol.

Materials and Methods
Animals and Grouping

The detailed protocol for treatment of male Wistar rats
with ethanol or nebivolol has been previously described
[23, 24]. Briefly, rats (40- to 50-day old) were randomly
distributed in the following groups (n = 18 for each group):
control, ethanol, nebivolol, and ethanol + nebivolol. Rats
from the nebivolol group had free access to water and
were treated with nebivolol (10 mg/kg/day, p.o., gavage).
Rats from the control group had free access to water and
received vehicle orally (carboxymethylcellulose 0.25%,
gavage). Animals from the ethanol groups had free access
to solutions of ethanol of 5% and 10% (v/v) during the
first and second weeks of treatment, respectively. From the
third to the fifth weeks of treatment, rats had free access
to a solution of ethanol of 20% (v/v). Animals from the
ethanol group received an oral solution of carboxymethyl-
cellulose 0.25%, while rats from the ethanol + nebivolol
group were treated with nebivolol (10 mg/kg/day, p.o.,
gavage). At the end of the treatment, half of animals of
each group (n = 9) was used for biochemical analysis and
half (n = 9) for protein isolation. The left ventricle of each
animal was isolated and fragmented. For protein determi-
nation, the whole left ventricle was used. The dose and
route of administration of nebivolol were chosen based
on previous reports describing that nebivolol decreases
heart rate and exerts antioxidant effects in the heart [19,
25, 26]. The animals were weighed, and the consumption
of standard laboratory chow and liquid (water or ethanol
solution) was measured weekly. Urethane (1.25 g/kg, i.p.,
Sigma-Aldrich, St. Louis, IL, USA) was used to anaes-
thetize the rats which were then killed by aortic exsan-
guination. The left ventricle was isolated and maintained
at — 80 °C. Blood samples were collected from vena cava
using heparinized syringes and then centrifuged at 6500xg
for 15 min (at 4 °C). Serum was separated and stored at
— 80 °C for creatine kinase (CK)-MB determination. All
protocols were approved by the Animal Ethics Commit-
tee of the University of Sdo Paulo—Campus of Ribeirdo
Preto (#14.1.357.53.2). Animal experiments comply with
the ARRIVE guidelines and were carried out in accord-
ance with the National Institutes of Health guide for the
care and use of Laboratory animals (NIH Publications No.
8023, revised 1978).
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Determination of Serum CK-MB Activity 2
Elektrs
The activity of CK-MB (U/1) was evaluated to estimate car- :é " (:| I
diac damage. The activity of CK-MB was determined colori- FI3E 8=
metrically using a commercially available kit (#118, Labtest
Diagnostica, Lagoa Santa, MG, Brazil). _g
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A glass-to-glass homogenizer was used to homogenize the 2IEIS SIS Té
left ventricle. The samples (50 pl) were then transferred 2 E
to 96-wells white plates. The luminescence that results é ssgs| 8
from the reaction of O,° with lucigenin was used to esti- B HHHH A2
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Luminescence [relative light units (RLU)/mg protein] was . ‘g
determined using an Orion II luminometer (Berthold Detec- = %
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strate Amplex®Red (#A22188, Invitrogen, Carlsbad, CA, % N PSSR E :“;’
USA) as previously described [20]. A colorimetric assay Z | AR g 2
kit (#780001, Cayman Chemical, Ann Arbor, MI, USA) 2lg|d 2733 % g
was used to determine the concentration of NOx (nmol/mg © ; %
protein) in the left ventricle. A commercially available kit § 5ok . ox é f;
(#10009055, Cayman Chemical, Ann Arbor, MI, USA) was :.5 ‘j:l :I :I EI :I ¢ %
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homogenized in 300 pl of phosphate buffered saline (PBS, 5 © “E g
pH 7.4) and centrifuged (10,000xg, 15 min, 4 °C). Then, § £ 4 = a o« 7@ f’/
supernatants were incubated with 5,5'-dithiobis-(2-nitroben- ) <l BRI g S
zoic acid) (DTNB) which oxidizes GSH forming 5’-thio- .§ % LeaQ8|x &
2-nitrobenzoic (TNB), a yellow product that is detected at g‘ A ; &
415 nm. 2 9 2C
In order to determine SOD activity, the left ventricle was § g T2 g v o L;:J §
homogenized in 300 pl of PBS (pH 7.4) and centrifuged % E SEI 5‘ é‘ Ertl é‘ 2' E
(10,000%xg, 12 min, 4 °C). The supernatants were used for = Ofla aaaa g fs
the determination of total SOD activity (% inhibition rate/mg z ~ | g £
protein) using a commercially available kit (#19160, Sigma- g Tg £ TI i TI T § §
Aldrich, St. Louis, IL, USA). The activity of catalase (nmol/ g 5 § g 223a & g
min/mg protein) was determined based on the consumption A § g
of H,0, using a spectrophotometer (at 240 nm) as previously % % é g
described by Gonzaga et al. [28]. Sz T -
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Fig. 1 Effects of chronic ethanol
consumption and nebivolol on
serum CK-MB levels, ROS
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Western Immunoblotting

Samples were prepared as previously described by Gonzaga
et al. [28]. Proteins (60 pg) were separated by electrophore-
sis (90 min at 150 V) on 10% polyacrylamide gels and then
transferred (90 min at 100V) onto nitrocellulose membranes.
In order to block nonspecific binding, the membranes were
exposed to skimmed milk (7%) and then washed out three
times in Tris-buffered saline containing Tween 20 (TBS-
T). The membranes were incubated overnight with one of
the following primary antibodies: anti-gp91phox (1:250,
sc-5827, Santa Cruz Biotechnology, Dallas, Texas, USA),
anti-Nox4 (1:250, sc-30141, Santa Cruz Biotechnology),
anti-p47P1°* (1:500, sc-14015, Santa Cruz Biotechnology),
anti-Rac-1 (1:500, sc-217, Santa Cruz Biotechnology), anti-
eNOS (1:500, N3893, Sigma-Aldrich, St. Louis, IL, USA),
anti-MMP2 (1:500, ab110186, Abcam), anti-MMP9 (1:500,
ab38898, Abcam), anti-TIMP1 (1:500, sc-21734, Santa Cruz
Biotechnology), or anti-TIMP2 (1:500, sc-21735, Santa Cruz
Biotechnology). After incubation with primary antibodies,
membranes were washed out three times in TBS-T and incu-
bated with secondary antibodies at room temperature for 90

min. Signals were revealed using a chemiluminescent rea-
gent and visualized using a ChemiDoc™ XRS+ (Bio-Rad,
Hercules, CA, USA). Proteins were quantified by densitom-
etry, and p-actin (1:1000, sc-4778, Santa Cruz Biotechnol-
ogy) was used as an internal control.

Determination of MMP2 Activity in the Left Ventricle
by Gelatin Zymography

The activity of MMP2 isoforms (64, 72 and 75 kDa) was
determined by gelatin zymography as previously described
[29]. In brief, proteins (30 pg) were separated by electro-
phoresis on 12% polyacrylamide gel electrophoresis (SDS-
PAGE) co-polymerized with gelatin (1%). After electropho-
resis, gels were incubated (1 h at room temperature) in a
Triton X-100 solution (2%). Then, the gels were incubated
at 37 °C for 18 h in Tris-HCI buffer (Tris 50 mM and ZnCl,
1 pM, pH 7.4) and CaCl, (10 mM). Gels were stained with
0.05% Coomassie Brilliant Blue (CBB) G-250 and then
destained using a solution of methanol (30%) and acetic acid
(10%). Gelatinolytic activity was detected as an unstained
band against the background of gelatin stained by CBB. The
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ChemiDoc™ XRS+ (Bio-Rad, Hercules, CA, USA) was
used to quantify band densitometry. The results were given
as arbitrary units.

Statistical Analysis

Data shown as means =+ standard error of the mean (S.E.M.)
were analyzed using two-way analysis of variance (ANOVA)
followed by Bonferroni’s comparison test. Statistical tests
with p < 0.05 were considered as significant. All statisti-
cal analyses were performed using the program GraphPad®
Prism 5.01 (GraphPad Software Inc., San Diego, CA, USA).

Results
Body Mass, Chow Consumption, and Liquid Intake

Before treatment, rats showed mean body masses of
370 + 10 g (control group), 374 + 7 g (ethanol group),
371 + 7 g (nebivolol group), and 374 + 8 g (ethanol + nebiv-
olol group). Rats from the ethanol groups showed reduced
weight gain when compared to rats from control and nebiv-
olol groups (Table 1). Both chow and liquid intake were
reduced in rats from the ethanol groups when compared to
rats from control and nebivolol groups (Table 1).

@ Springer
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Effects of Chronic Ethanol Consumption
and Nebivolol on CK-MB Activity, ROS Generation,
and Lipoperoxidation in the Rat Left Ventricle

Ethanol consumption did not alter CK-MB activity (Fig. 1a).
Treatment with ethanol increased lucigenin-derived chemi-
luminescence in the left ventricle, and this response was
prevented by nebivolol (Fig. 1b). No changes in the con-
centration of H,0, were detected after treatment with either
ethanol or nebivolol (Fig. 1¢). Treatment with nebivolol
prevented ethanol-induced increase in cardiac TBARS con-
centration (Fig. 1d).

Effects of Chronic Ethanol Consumption
and Nebivolol in the Expression of Nox2, Nox4,
Rac-1, and p47°"°% in the Rat Left Ventricle

Nebivolol prevented the increase of Nox2 expression
detected in the left ventricle of ethanol-treated rats (Fig. 2a).
Neither ethanol nor nebivolol affected the expression of
Nox4 (Fig. 2b), Rac-1 (Fig. 2c) or p47P'°* (Fig. 2d) in the
left ventricle.
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Fig.3 Effects of chronic ethanol consumption and nebivolol treat-
ment in NOx levels and eNOS expression in the rat left ventricle. The
concentration of NOx was evaluated colorimetrically (a). Top panels:
representative immunoblots for eNOS. Bottom panels: corresponding
bar graph shows densitometric data for protein expression of eNOS
(b). Results are given as means + S.E.M. of 7 to nine animals. *Com-
pared to control and ethanol groups (p < 0.05, two-way ANOVA fol-
lowed by Bonferroni’s comparison test)

Effects of Chronic Ethanol Consumption
and Nebivolol in NOx Levels and eNOS Expression
in the Rat Left Ventricle

Neither ethanol nor nebivolol affected the concentrations of
NOx in the left ventricle (Fig. 3¢). No changes in the expres-
sion of eNOS were found in the left ventricle of ethanol-
treated rats. However, increased expression of eNOS was
found in the left ventricle of nebivolol-treated rats (Fig. 3b).

Effects of Chronic Ethanol Consumption

and Nebivolol in the Activities of SOD and Catalase
and in the Concentration of GSH in the Rat Left
Ventricle

No changes in total SOD activity were detected in the left
ventricle of rats treated with either ethanol or nebivolol
(Fig. 4a). Treatment with ethanol or nebivolol increased
catalase activity in the left ventricle (Fig. 4b). No changes
in the concentration of GSH were found in the left ventricle
of rats treated with ethanol or nebivolol (Fig. 4c).

Effects of Chronic Ethanol Consumption
and Nebivolol in the Expression of MMP2, MMP9,
TIMP1, and TIMP2 in the Rat Left Ventricle

No changes in the expression of MMP2 (Fig. 5a), MMP9
(Fig. 5b), or TIMP1 (Fig. 5¢) were detected in the left ven-
tricle of rats treated with ethanol or nebivolol. Conversely,
increased expression of TIMP2 (Fig. 5d) was found in the
left ventricle of ethanol-treated rats.

Effects of Chronic Ethanol Consumption
and Nebivolol in the Activity of MMP2 isoforms
in the Rat Left Ventricle

No differences were found in the activities of MMP2 iso-
forms (Fig. 6a—d). Similarly, no changes of total MMP2
activity were detected after treatment with ethanol or nebiv-
olol (Fig. 6e).

Discussion

The existence of a potential cause-and-effect relationship
between oxidative stress and ethanol-induced cardiac dam-
age has been described. Redox imbalance is pointed out as
an early and initiating mechanism by which ethanol induces
heart muscle injury [3]. Corroborating previous studies, we
found that exposure to ethanol for a short period did not
induce heart muscle injury but increased ROS generation
within the myocardium [16, 17, 30].

NADPH oxidase is the major source of ROS in cardio-
myocytes [31, 32]. In the heart, up-regulation of Nox2 (a
catalytic subunit of NADPH oxidase) is associated with
overproduction of ROS [9]. We detected an increase in
the expression of Nox2, but not Nox4 in the left ventri-
cle of ethanol-treated rats. This finding corroborated pre-
vious studies showing up-regulation of Nox2 in the heart
of ethanol-treated rats [10, 11]. Based on such finding, we
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Fig.4 Effects of chronic ethanol consumption and nebivolol treat- » A
ment in the activities of SOD and catalase and in the concentration of 1 Control
GSH in the rat left ventricle. Total SOD activity was determined by B Ethanol
colorimetric assay (a). Catalase activity was determined spectropho- 30+
tometrically by measuring H,0, decomposition (b). The concentra- —
tion of GSH was determined colorimetrically (c). Results are given g
as means + S.E.M. of eight to nine animals. *Compared to control S
group; **Compared to S:ontrol, ethanol, and pebivolol groups < E o —— o
0.05, two-way ANOVA followed by Bonferroni’s comparison test) = & 204
E
Q=
may suggest that Nox2/NADPH oxidase mediates ethanol- 8 .S
induced O,°” generation in the left ventricle. Treatment with = E 104
nebivolol prevented the up-regulation of Nox2 as well as the 5 %
increase in O,°~ generation, suggesting that nebivolol may = 3
exert cardioprotective effects by attenuating Nox2/NADPH é
oxidase-derived ROS. However, our results do not exclude 0
the possibility that the antioxidant effect of nebivolol was Vehicle Nebivolol
due to its direct ROS-scavenging action. In addition, clini-
cal and experimental studies have shown that the beneficial
effects of nebivolol are associated to its capacity of decreas- B
ing cardiac work [33, 34]. Using the same dose and route
of administration used in the present investigation, G6rska 400-
et al. [26] described that nebivolol decrease heart rate in ek
both normotensive and hypertensive rats. Thus, it is possible —_
that nebivolol-induced decrease in cardiac work may also be I ~§ 300
contributing to its beneficial effects in our model. RS %
The seven members of the Nox family (Nox1-5 and § & T
Duox1-2) are distinctly activated. While Nox4 is constitu- Q %D 200+ *
tively active, Nox2 activation requires cytoplasmic subu- S g
nits including Rac-1 and p47°"* [8]. Our present findings § é
showed that neither ethanol nor nebivolol altered the expres- O 5 1004
sion of Rac-1 or p47P"** suggesting that up-regulation of =
regulatory subunits of NADPH oxidase did not play a role in
ethanol-induced ROS generation. In some tissues, nebivolol 0 ) )
impairs the assembly of NADPH oxidase by decreasing the Vehicle Nebivolol
expression of its regulatory subunits [23, 35]. However, the C
antioxidant activity of nebivolol here described is not medi-
ated by down-regulation of Rac-1 and p47Pho*,
The redox system is essential in maintaining cellular 20+
homeostasis. Loss of redox balance favors lipid peroxida-
tion, a metabolic process that is initiated by the reaction ’E
of ROS (e.g., O,°7) with a lipid substrate [36]. The con- ﬂ_.g 154
sequences of the oxidative degradation of lipids include 5
decreased lipid fluidity, altered membrane permeability, and en T —=
changes in ion transport. These are initial steps found in the %{)
cardiac toxicity induced by ethanol [12, 22]. Here, we found 3
increased concentrations of TBARS in the left ventricle of T 5
ethanol-treated rats, suggesting an increase in lipid peroxi- 8
dation. NADPH oxidase-derived O,*~ may be responsible
for the increase in lipid peroxidation induced by ethanol. 0
This idea is strengthen by the fact that nebivolol prevented Vehicle Nebivolol

the increase in the concentration of both O,*~ and TBARS.
Oxidative stress may reduce NO bioavailability by
affecting eNOS expression. Reaction of O,*~ with NO is
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also a mechanism whereby oxidative stress decreases NO
levels [37]. In the heart, NO influences both inotropic and
chronotropic responses [38]. Our findings demonstrated that
ethanol consumption did not alter NO levels or the expres-
sion of eNOS in the left ventricle. These observations are
in accordance with previous findings of Silva et al. [30].
Corroborating previous studies where nebivolol was shown
to increase eNOS expression in distinctive tissues [34, 39,
40], we found up-regulation of eNOS in the left ventricle of
nebivolol-treated rats. Using the same protocol for nebivo-
lol treatment, we have previously described that this drug
increased the concentration of reduced glutathione (GSH)
in plasma and decreased the expression of PKCd and Rac-
1, which are regulatory subunits of the enzyme NADPH
oxidase [23, 24]. Altogether these findings show that the
protocol for treatment with nebivolol was effective.
Accumulation of oxidizing molecules may lead to disrup-
tions of redox homeostasis. For this reason, enzymatic and
nonenzymatic antioxidant systems balance the intracellu-
lar levels of oxidizing molecules [41]. A number of studies
have provided evidence that ethanol changes cell antioxidant
defenses in a tissue-specific manner [23, 24, 42]. Antioxi-
dant defense mechanisms may be trigged soon after ethanol
drinking to protect the myocardium against the oxidative
damage induced by ethanol. For example, increased activ-
ity of catalase was found in cardiomyocytes in early stages

Fig.5 Effects of chronic ethanol
consumption and nebivolol A
treatment in MMP2, MMP9,
TIMP1, and TIMP2 expres-
sion in the rat left ventricle.
Top panels: representative
immunoblots for MMP2,
MMP9, TIMP1, and TIMP2.
Bottom panels: corresponding
bar graphs show densitometric
data for protein expression of
MMP2 (a), MMP9 (b), TIMP1
(¢), and TIMP2 (d). Results 0.0
are given as means + S.E.M.
of five to six animals. *Com-
pared to control, nebivolol,
and ethanol+nebivolol groups
(p < 0.05, two-way ANOVA
followed by Bonferroni’s com-
parison test) 0.6
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Fig.6 Effects of chronic ethanol consumption and nebivolol treat-
ment in MMP2 isoforms activities in the rat left ventricle. Repre-
sentative SDS-PAGE gelatin zymogram of left ventricle extracts
(a). Molecular weights of MMP2 bands (75, 72, and 64 kDa) were
identified after electrophoresis on 12% SDS-PAGE. Bar graphs show
the values for the activity of MMP2 isoforms at 75 kDa (b), 72 kDa
(c), and 64 kDa (d) and total (75 + 72 + 64 kDa) MMP2 activity
(e). Results are given as means + S.E.M. of four to six animals. BFS
bovine fetal serum

of ethanol-induced cardiac toxicity [14, 15]. Corroborating
these previous studies, we found increased catalase activ-
ity in the left ventricle of ethanol-treated rats. Treatment
with nebivolol also increased catalase activity as previously
shown by El-Sheikh et al. [43] and Gao et al. [44]. The com-
bination of ethanol and nebivolol showed synergistic effects
in augmenting catalase activity. A possible explanation for
such result is that these drugs act through distinctive mecha-
nisms to increase catalase activity. Catalase is an enzyme
that decomposes H,0, into water and oxygen. However,
despite the increase in catalase activity, we detected no
changes in the concentration of H,0, in the left ventricle of
ethanol-treated rats.

The three isoforms of superoxide dismutase (SOD1-3)
are expressed in different subcellular compartments where
they catalyze the dismutation of O,*” to molecular oxygen
and H,0O,. Thus, these enzymes are considered the first line
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Fig.7 Schematic illustration

of the possible mechanisms
whereby nebivolol acts in the
initial stages of ethanol-induced
toxicity in the mice heart. Nox2
catalytic subunit of the enzyme
NADPH oxidase, O," super-
oxide, eNOS endothelial nitric
oxide synthase, TIMP?2 tissue
inhibitor metalloproteinase

Ethanol

of defense against the cellular damage induced by ROS [45].
The effects of ethanol in SOD activity are time related, and
for this reason, increases, decreases, and no changes in SOD
activity were reported in the myocardium after treatment
with ethanol [7, 46]. Here, we found no changes in total
SOD activity in the left ventricle of ethanol-treated rats.
Similarly, ethanol consumption did not alter the levels of
GSH, a nonenzymatic antioxidant peptide [47]. Both SOD
and catalase buffer free radicals using H,0, as an intermedi-
ate. Thus, given that oxidant levels are increased by ethanol,
one might have expected an increased activity of both cata-
lase and SOD. The reason for a catalase-specific response
to ethanol is unclear. As mentioned earlier, the contribu-
tion of each enzyme for detoxification may be related to the
period of exposure to ethanol. Ribiere et al. [46] described
increased SOD activity in the heart of rats treated with etha-
nol for 4 weeks. Since SOD acts as the first line of defense
against oxidative stress, it is possible that SOD was activated
prior to catalase in our model.

MMPs are tissue-remodeling enzymes that recycles
cardiac extracellular matrix. Increased activity and/or
expression of these enzymes results in fibrosis and car-
diac remodeling. Both MMP2 and MMP9 play an essential
role in cardiac remodeling and left ventricle dysfunction
associated with cardiovascular disorders [18, 19]. Ethanol
consumption was found to increase the activity/expression
of MMPs in distinctive tissues [48, 49]. Here, we found no

Ethanol consumption

ﬁ Nox2 /

.
-
e

piTphox
NADPH ﬁ eNOS
NADP* <
[0y Catalase
10, il
ﬁ TIMP2 activity
Catalase
ﬁ Lipoperoxidation activity

changes in the expression or activity of MMPs, suggesting
that these enzymes do not play a role in the initial steps of
the cardiac injury induced by ethanol. TIMPs are endog-
enous inhibitors of MMPs, and decreased expression of
these proteins may lead to an increased activity of MMPs
[18]. Ethanol consumption did not alter TIMP1 expression
in the left ventricle, while increased expression of TIMP2
was found after treatment with ethanol. Reasons for such
response are unclear, but they may be part of a regulatory
mechanism to prevent an overactivity of MMP2.

Using this model of ethanol feeding, we have previously
found blood ethanol levels in the range of 35-40 mM [24,
35]. Thus, the effects of ethanol on the cardiac oxidative
stress as well as the protective action of nebivolol here
described are physiologically relevant since this concen-
tration of ethanol is within that found in the bloodstream
of humans after ethanol consumption [50].

In summary, our results provided novel insights into
the mechanisms underlying the early stages of the cardiac
injury induced by ethanol consumption. We demonstrated
that Nox2/NADPH oxidase-derived ROS play a role in
ethanol-induced lipoperoxidation and that this response
was prevented by nebivolol. In addition, we provided evi-
dence that MMPs are not activated in the early stages of
ethanol-induced cardiac toxicity. A schematic representa-
tion of the possible events that follows ethanol consump-
tion is shown in Fig. 7.
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