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Abstract

Background—Aldehyde dehydrogenase 2 (ALDHZ2) protects against alcohol-evoked cardiac
dysfunction in male rodents but its role in the estrogen (E)-dependent hypersensitivity of female
rats to alcohol-evoked myocardial oxidative stress and dysfunction is not known.

Study design—We addressed this question by studying the effect of cyanamide (ALDH2
inhibitor) on cardiac function, blood pressure, alcohol metabolizing enzymes (alcohol
dehydrogenase, cytochrome P450 2E1, catalase and ALDH2) activities and cardiac redox status
(reactive oxygen species, ROS; malondialdehyde, MDA) in the absence or presence of ethanol in
female sham-operated (SO) and ovariectomized (OVX) rats.

Results—Cyanamide attenuated the ethanol-evoked myocardial dysfunction (reduced dP/dtax
and LVDP) in SO rats. Ethanol, cyanamide or their combination did not alter dP/dt,,«x or LVDP in
OVX rats. Cyanamide induced cardiac oxidative stress and abrogated the subsequent alcohol-
evoked increases in ROS and MDA levels in SO rats. Neither ethanol nor cyanamide influenced
ROS or MDA levels in OV X rats. Importantly, cyanamide exaggerated ethanol-evoked
hypotension in SO and uncovered this hypotensive response in OV X rats, which implicates
ALDH2 in the vasodilating effect of ethanol.

Conclusions—Contrary to our hypothesis, cyanamide attenuated the E,-dependent cardiac
dysfunction caused by alcohol, likely by preconditioning the heart to oxidative stress, while
exacerbating the vasodilating effect of alcohol. The latter might predispose to syncope when
cyanamide and alcohol are combined in females.
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Introduction

The role of aldehyde dehydrogenase 2 (ALDH2) in the sex/estrogen (E,)-dependent
hypersensitivity to alcohol-induced cardiac dysfunction is poorly understood. ALDH2
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detoxification of acetaldehyde and other alcohol-evoked reactive aldehydes such as
malondialdehyde (MDA) (Zimatkin et al., 2006) supports its cardioprotective role as a redox
enzyme (Chen et al., 2014). This premise is specifically supported by the enhanced (Choi et
al., 2011) and attenuated (Li et al., 2006) cardiotoxic effects of alcohol in cardiac myocytes
isolated from male mice lacking and overexpressing ALDH2, respectively. Further, the
induction of cardiac ALDH2, which is expressed in the heart (Stewart et al., 1996), protects
against cardiac dysfunction in male rats in vivo (EI-Mas and Abdel-Rahman, 2015).
However, cyanamide (ALDH2 inhibitor) mitigation of ethanol-evoked oxidative stress in
hepatocytes from male rats infers a pro-oxidant role for ALDH2 (Bailey and Cunningham,
1998). On the other hand, cyanamide, as alcohol deterrent therapy, caused liver dysfunction
in some studies (Tamai et al., 2000, Yokoyama et al., 1995). Collectively, the effects of
ALDH2 inhibition alone and in the presence of alcohol are complex and might be
confounded by sex/ovarian hormones.

Consistent with faster ethanol metabolism in females (Cole-Harding and Wilson, 1987,
Thomasson, 1995), our studies implicated Eo-dependent enhancement of ethanol
metabolism to acetaldehyde in the exacerbated cardiac oxidative stress and dysfunction in
female rats (Yao and Abdel-Rahman, 2016, Yao and Abdel-Rahman, 2017b). Similar
findings along with higher HNE and MDA (lbrahim et al., 2014) are puzzling because they
occur in the presence of Ep-dependent higher cardiac ALDH2 (Steagall et al., 2017). It is
likely that the higher cardiac ALDH?2 activity (faster acetaldehyde/MDA elimination)
prevents further deterioration of cardiac function in ethanol-treated female rats.
Alternatively, it is possible that the higher acetaldehyde-derived acetate levels contribute to
the adverse cardiac effects of alcohol because acetate depresses cardiac function animal
cohorts of both sexes (Kirkendol et al., 1978), but not in healthy men (Suokas et al., 1988).
Currently, there are no studies on the consequences of ALDH2 inhibition (cyanamide) to
understand its role in the E>-dependent hypersensitivity to alcohol-evoked cardiac
dysfunction and hypotension. It will also be important to determine if cyanamide, which is
used as alcohol deterrent (DeMaster et al., 1998), contributed to the hypotensive shock
associated with combining cyanamide with alcohol (Kondo et al., 2013), and if this clinical
problem is exacerbated in the presence of Es.

In present study, we discerned the effects of ALDH2 inhibition (cyanamide) on alcohol-
induced myocardial dysfunction and hypotension in proestrous (highest endogenous E,
level) and ovariectomized (OVX) rats. Ex vivo measurements of the activities of alcohol
metabolizing enzymes (alcohol dehydrogenase, ADH; cytochrome P450 2E1, CYP2EZ;
catalase and ALDH2) and the levels of oxidative stress mediators (ROS and MDA) were
conducted to facilitate data interpretation.

Material and Methods

Animals

Sprague-Dawley female rats (170-200 g; 12-14 weeks old) were purchased from Charles
River (Raleigh, NC). The rats were housed in the animal facility of East Carolina University.
Surgical anesthesia was induced by i.p. ketamine (90 mg/kg) and xylazine (10 mg/kg) and
s.c. buprenorphine (0.03 mg/kg) was administrated for pre- and post-operative analgesia. All
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surgical procedures were approved by the East Carolina University Institutional Animal
Care and Use Committee and were consistent with the Guide for the Care and Use of
Laboratory Animals (2011).

Ovariectomy

We followed the method described in our previous studies (EI-Mas and Abdel-Rahman,
2000, Yao and Abdel-Rahman, 2017b). Briefly, the ovaries were isolated and removed via an
incision in lower part of the back. The rats in the SO group were subjected to the same
procedure without removing the ovaries.

Vascular and Left Ventricular Catheterizations

Two weeks after OV X or SO, femoral artery and left ventricular (via right carotid artery)
catheters (Konigsberg Instruments Inc., Pasadena, CA) were inserted, under anesthesia and
pre- and post-operative analgesia (as detailed above), for blood pressure and myocardial
function measurements, respectively. A femoral venous catheter was inserted for i.v.
administration as detailed in our previous studies (Yao and Abdel-Rahman, 2016, Yao and
Abdel-Rahman, 2017b).

Hemodynamic Measurements

After one-day recovery from surgery, the hemodynamic measurements were conducted on
conscious freely moving rats as detailed in our previous studies (Yao and Abdel-Rahman,
2016, Ibrahim et al., 2014). Blood pressure and left ventricular function were continuously
recorded by ML870 (PowerLab 8/30, AD Instruments, Colorado Spring, CO) via Gould-
Statham pressure transducers (Oxnard-CA).

Blood Ethanol Concentration

Blood ethanol concentration was measured by reaction with alcohol dehydrogenases in a 96-
well plate as in our studies (Yao and Abdel-Rahman, 2016, EI-Mas et al., 2008, Yao and
Abdel-Rahman, 2017b). The absorbance was detected at 340 nm with a microplate reader
(Tencan Group Ltd., Mannedorf, Schweiz).

Measurement of ALDH2 and Catalase Activities

Cardiac ALDH2 and catalase activities were measured by commercial kits for ALDH2
activity assay kit (Abcam, Ann Arbor, MI) and colorimetric CAT assay kit (Sigma-Aldrich,
St. Louis, MO), respectively. We followed the manufacturer’s protocols and our reported
studies (EI-Mas et al., 2012, Ibrahim et al., 2014, Yao and Abdel-Rahman, 2016, Yao and
Abdel-Rahman, 2017b).

Measurement of ADH and CYP2E1 Activities

As detailed in our study (Yao and Abdel-Rahman, 2017b), 20 ul of the supernatant of heart
tissue homogenate was used for measuring ADH activity. The reaction was conducted in a
96-well plate. Absorbance, measured at 340 nm, was used to calculate the ADH activity
from the standard curve. Based on our (Yao and Abdel-Rahman, 2017b) and other (Zhang et
al., 2011) studies, CYP2EL1 activity was measured by the method of oxidation of p-
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nitrophenol (PNP) by CYP2EL in the presence of NADPH in a 96-well plate. The optical
density was read at 546 nm.

Measurement of ROS Level

Myocardial ROS level was measured by a fluorometric assay using DCFH-DA (Molecular
Probes-Thermo Fisher Scientific Inc, Raleigh, NC) as in our previous studies (Yao and
Abdel-Rahman, 2016, McGee and Abdel-Rahman, 2012, Yao and Abdel-Rahman, 2017b).
Briefly, the supernatant of the left ventricular tissue homogenate was used to react with
DCFH-DA. The fluorescence intensities were read at 485/530 nm (excitation/emission) at
37°C.

Measurement of NADPH Oxidase (Nox) Activity

As described (La Favor et al., 2013), the left ventricular tissue was homogenized in ice-cold
lysis buffer with cOmplete™ Protease Inhibitor Cocktail (Sigma Aldrich, St. Louis, MO)
and centrifuged at 10,000 rpm for 10 min. The supernatant (100 pug protein) was incubated
with 10 pM Amplex Red (Molecular Probes, OR; 120 pl), 2.0 U/ml horseradish peroxidase
(Sigma Aldrich, St. Louis, MO), 30 U/ml superoxide dismutase (Sigma Aldrich, St. Louis,
MO) and 100 uM NADPH (Sigma Aldrich, St. Louis, MO) in PBS for 90 min at 37°C.
Fluorescence intensity (530 nM ex/590 nM em) was then measured with a microplate reader
every 5 min with shaking. Total NADPH-dependent hydrogen peroxide generated in the
sample was used as an index of Nox activity, which was normalized to the total protein
content, as determined by Bradford assay (Bio-Rad).

Measurement of MDA Level

TBARS Assay Kit (Cayman Chemical, Ann Arbor, MI, USA) was used to measure
myocardial and plasma MDA level following the manufacturer’s protocol and the method
described in our studies (Yao and Abdel-Rahman, 2016, Yao and Abdel-Rahman, 2017b).
The MDA-TBA adduct was detected colorimetrically at 530-540 nm.

Western Blot

ERKZ1/2 phosphorylation in myocardial tissue was measured by western blot as detailed in
our studies (Yao and Abdel-Rahman, 2016, Ibrahim et al., 2014, Yao and Abdel-Rahman,
2017b). Briefly, 40 pg of protein was separated in a 4-12% gel electrophoresis (Novex Tis-
Glycine gel, Life Technologies, CA), and transferred to nitrocellulose membrane (Bio-Rad,
Hercules, CA). The membranes were incubated with mouse anti p-ERK1/2 and rabbit anti-
ERK1/2 primary antibody (1:500, Cell Signaling, Danvers, MA) overnight at 4°C, and then
incubated with IRDye680/800-conjugated anti-mouse/rabbit secondary antibody (1:15000,
LI-COR Biosciences, Lincoln, NE). Odyssey Infrared Imager and Odyssey application
software version 3 (LI-COR Biosciences, Lincoln, NE) were used to detect and quantify the
protein bands.
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Experimental Protocols

Effect of Cyanamide (ALDH2 Inhibition) on Ethanol-evoked Hemodynamic Responses

The experimental protocol is depicted in Fig. 1 and the number of rats per group is shown in
Table 1. All rats were allowed at least 30 min for hemodynamic variables to stabilize at
baseline in the conscious state. SO (n = 26) and OV X (n = 28) rats were each divided into 4
groups (n = 5-8) to receive cyanamide (10 mg/kg, i.v) or saline 30 min before the 30 min i.v.
infusion of ethanol (0.05 g/kg/min) or saline as follows: saline-saline, saline-ethanol,
cyanamide-saline and cyanamide-ethanol. The hemodynamic variables were monitored for
additional 60 min after the completion of ethanol or saline infusion (Fig. 1). The doses of
ethanol (EI-Mas and Abdel-Rahman, 2014, EI-Mas and Abdel-Rahman, 2015) and
cyanamide (Kinoshita et al., 2001) were based on reported studies. Maximum rate of left
ventricular pressure rise (dP/dtnax), left ventricular developed pressure (LVDP) and mean
arterial pressure (MAP) were extracted from the cardiac function and blood pressure
recordings, respectively, using LabChart software.

Effect of ALDH2 Inhibition (Cyanamide) on Cardiac Ethanol Metabolizing Enzymes, ROS
and MDA in Presence or Absence of Ovarian Hormones

Results

Blood was obtained before (baseline) and at 30, 60 and 90 min after starting ethanol or
saline infusion. At the conclusion of the hemodynamic measurements in the 8 groups of SO
and OV X rats, the rats were euthanized, hearts were collected and kept at —80°C until used
for conducting the molecular studies. Blood and cardiac tissues were used for the
measurements of blood alcohol level, ethanol metabolizing enzymes (ADH, catalase,
CYP2E1 and ALDH?2) activities and the levels of myocardial oxidative stress mediators
(ROS, MDA, Nox activity, and ERK1/2 phosphorylation) in control and treatment groups.

Drugs—Ethanol (Midwest Grain Products Co. (Weston, MO) and cyanamide (Sigma
Aldrich, St. Louis, MO) were diluted in saline.

Data Analysis and Statistics—The hemodynamic indices and biochemical data in
ethanol vs. saline treatment were analyzed by one-way ANOVA followed by post-hoc
Tukey’s t-test comparison (table 1). The hemodynamic responses to ethanol in the presence
or absence of cyanamide were analyzed by t-test (table 1). All statistical analyses were run
with Prism version 5 (GraphPad Software, Inc. La Jolla, CA). Values are presented as mean
+ SEM. p < 0.05 was considered significant.

Cyanamide Alleviated Ethanol-evoked Myocardial Dysfunction in SO rats

Compared with saline, ALDHZ2 inhibition (cyanamide; 10 mg/kg) had no effect on dP/dty,,x
or LVDP either in SO or OV X rats (Table 1; Figs. 2 and 3). Ethanol (1.5 g/kg) caused
myocardial dysfunction, presented as reductions (p < 0.05) in dP/dtnax (Figs. 2A and 2C)
and LVDP (Figs. 3A and 3C) in SO, but not in OVX (Figs. 2B and 2D, 3B and 3D), rats.
Prior ALDH2 inhibition virtually abolished (p < 0.05) ethanol-evoked reductions in dP/dtmax
(Figs. 2A and 2C) and LVDP (Figs. 3A and 3C) in SO rats, but its combination with ethanol
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remained without effect on dP/dtyax (Figs. 2B and 2D) and LVDP (Figs. 3B and 3D) in
OVXrats.

Cyanamide Exacerbated Ethanol-evoked Hypotension in SO Rats and Uncovered it in OVX
Rats

Cyanamide alone had no effect on mean arterial pressure (MAP) either in SO or OV X rats
(Table 1; Fig. 4). Consistent with our previous findings, ethanol reduced (p < 0.05) MAP in
SO (Figs. 4A and 4C), but not in OV X (Figs. 4B and 4D), rats. In the presence of
cyanamide, the hypotensive effect of ethanol was substantially (o < 0.05) enhanced in SO
rats (Figs. 4A and 4C) and occurred (p < 0.05) in OV X rats (Figs. 4B and 4D). In the
presence of cyanamide, the magnitude of ethanol-evoked hypotension was similar regardless
of the hormonal status (Fig. 4).

Cyanamide Elicited Divergent Effects on Ethanol Metabolism in SO and OVX Rats

The same ethanol regimen (1.5 g/kg over 90 min) lead to a lower (p < 0.05) blood ethanol
concentration in SO than in OV X rats (Fig. 5). This finding coincided with greater (p < 0.05)
ethanol-induced activation of three of its metabolizing enzymes, ALDH2 (Fig. 6A), ADH
(Fig. 6B) and catalase (Fig. 6C) in the hearts of SO, while in OV X rats, ethanol only
increased (p < 0.05) CYP2EL1 activity (Fig. 6D). Further, basal cardiac ALDH2 and CYP2E1
were higher (p < 0.05) in SO than in OV X rats (Figs. 6A and 6D).

In addition to inhibiting (p < 0.05) ALDH2 activity (Fig. 6A), cyanamide inhibited (p <
0.05) catalase (Fig. 6C) and CYP2E1 (Fig. 6D) in the hearts of SO, but had no effect on any
of these enzymes in OV X (Figs. 6A and 6D), rats. Compared to saline, ethanol only reduced
(0 < 0.05) cardiac CYP2EL1 activity in cyanamide-treated OV X rats (Fig. 6D).

Cyanamide Abrogated the E>-dependent Ethanol-induced Myocardial Oxidative Stress

Ex vivo studies showed higher (p < 0.05) myocardial ROS level (Fig. 7A), Nox activity (Fig.
7B), MDA (Fig. 7C) and plasma MDA (Fig. 7D) in OV X rats than in SO rats, supporting a
dampening effect of ovarian hormones/E; on these mediators of oxidative stress. Cyanamide
or ethanol increased (p < 0.05) these mediators of oxidative stress in SO, but not in OV X rats
(Fig. 7). However, in cyanamide-treated SO rats, ethanol did not increase the level of any
these mediators of oxidative stress (Fig. 7).

Cyanamide Abrogated Ethanol-induced Myocardial ERK1/2 Phosphorylation in SO Rats

Myocardial ERK1/2 phosphorylation level was similar in SO and OV X rats and was not
influenced by cyanamide (Fig. 8). Ethanol enhanced (p < 0.05) ERK1/2 phosphorylation
only in SO rats, and this effect was abrogated by cyanamide (Fig. 8).

Discussion

We showed that inhibition of metabolic oxidation to acetaldehyde mitigates the E,-
dependent hypersensitivity to ethanol-evoked cardiac oxidative stress and dysfunction (Yao
and Abdel-Rahman, 2016, Yao and Abdel-Rahman, 2017b). Here, we hypothesized that
acetaldehyde accumulation (following ALDHZ2 inhibition with cyanamide) exacerbates this
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ovarian hormones/E,-dependent adverse cardiac effect of ethanol. The most important
findings of the present study are: (i) Contrary to our hypothesis, cyanamide alleviated the
ethanol-evoked cardiotoxicity in SO rats; (ii) When administered alone, cyanamide
increased cardiac oxidative stress (Nox, ROS and MDA) in SO, but did not add to the higher
oxidative stress mediators in OVX, rats; (iii) Cyanamide exacerbated, and uncovered,
ethanol-evoked hypotension in SO and OV X rats, respectively; (iv) At the dose used,
cyanamide caused greater suppression of cardiac ALDH2, catalase and CYP2EL1 activities,
along with higher blood alcohol levels in SO than in OV X rats. Collectively, ALDH2
inhibition with the alcohol deterrent drug cyanamide paradoxically mitigated the E-
dependent cardiotoxic effect of alcohol. However, the occurrence of severe hypotension,
irrespective of the hormonal status, may have clinical ramifications in individuals who
combine cyanamide with alcohol.

The ability of ALDHZ2 inhibition (cyanamide) to mitigate the Eo-dependent cardiotoxic
effect of ethanol contradicts current knowledge on ALDH2 biology. ALDH2 detoxifies
ethanol-derived acetaldehyde (Stornetta et al., 2018) and confers cardio-protection (Budas et
al., 2010) via reduction in oxidative stress (Ohsawa et al., 2003, Choi et al., 2011).
Therefore, the higher myocardial ROS and MDA in saline-treated OV X rats and in
cyanamide-treated SO rats (Fig. 7) are consistent with these reported studies and support the
dependence of the anti-oxidant role of ALDH2 on ovarian hormones/E,. This premise is
further supported by the higher ALDH2 activity in SO than in OV X rats (Fig. 6A), our
previous preclinical findings (Steagall et al., 2017), the positive correlation between E, and
antioxidant status during the menstrual cycle (Massafra et al., 2000) as well as the reversal
of the higher oxidative stress by E, replacement after surgical menopause (Bellanti et al.,
2013). It is possible that the effective dose of cyanamide was higher in OV X than in SO rats
due to the lower ALDH2 activity in OV X rats. While this possibility might constitute a
potential limitation, it is notable that the chosen cyanamide dose has been used in reported
studies on male rats, which exhibit lower ALDH2 activity than SO rats (Kinoshita et al.,
2001). It is also important to comment on the potential influence of the duration of the OVX
as well as the age on the outcome of our study. To limit such potential impact, we allowed 2
weeks after conducting OV X, which is adequate for wash out of the most ovarian hormones
based on reported studies including ours (Mohamed et al., 1999, Dougherty et al., 2017),
and we used rats of similar age to those used in our previous studies to facilitate data
interpretation.

ALDH2 catalysis of ethanol-derived acetaldehyde metabolism into acetate is associated with
ROS production (Bosron and Li, 1986, Zimatkin et al., 2006). It is noteworthy that oxidative
stress and other reactive molecules such as MDA contribute to alcohol-evoked cardiotoxicity
(Richardson et al., 1998, Zhang et al., 2004), which along with hypotension, is exacerbated
in female rats (Ibrahim et al., 2014, EI-Mas and Abdel-Rahman, 2014, Yao and Abdel-
Rahman, 2016) in Ep-dependent manner (EI-Mas and Abdel-Rahman, 2000, EI-Mas and
Abdel-Rahman, 2015). However, the role of ALDH2 in these E,-dependent cardiotoxic
effect of ethanol is unknown. ALDH2 overexpression confers protection against alcohol-
induced cardiomyocyte injury both in vitro (Li et al., 2006) and in vivo (Doser et al., 2009)
while ALDH2 knockout exacerbates ethanol-induced cardiac dysfunction (Eom et al., 2007,
Ma et al., 2010). Further, earlier preclinical and clinical findings suggest that
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pharmacological ALDHZ2 inhibition (cyanamide) leads to acetaldehyde accumulation and
enhances ethanol-evoked cardiovascular toxicity, mostly observed as significant hypotension
(Chen et al., 2014, Koppaka et al., 2012). However, the majority of these earlier studies were
conducted in male rodents or men.

Based on ALDHZ2 function, we were puzzled by cyanamide mitigation of the ethanol-evoked
myocardial dysfunction in SO rats (Figs. 2A and 3A). Interestingly, cyanamide also
dampened ethanol-evoked increases in myocardial ROS and MDA, Nox activity and
ERK1/2 phosphorylation (Figs. 6-8). The absence of the hemodynamic and molecular
responses in OV X rats, under the same conditions (Figs. 2B, 2D; 3B, 3D, and 7-9), further
implicates these molecular responses in ethanol-evoked myocardial dysfunction and their
dependence on ovarian hormones/E,. While differences in ALDH2 activity in SO and OVX
rats might explain the ovarian hormones/E,-hypersensitivity to alcohol-evoked
cardiotoxicity, differences in other ethanol metabolizing enzymes cannot be ignored. For
example, the higher activities of ADH (Fig. 6B) and CYP2EL1 (Fig.6D) and the additional
activation by ethanol of ALDH2 and catalase in SO, compared with OV X, rats suggest faster
formation and elimination of acetaldehyde in SO rats. Further, it is important to consider the
off-target effects of cyanamide on other ethanol metabolizing enzymes.

The demonstrated (Fig. 6), and reported (Koppaka et al., 2012), ALDH2 inhibition by
cyanamide results in higher ethanol-derived acetaldehyde levels (Tambour et al., 2007).
Importantly, cyanamide inhibition of cardiac catalase (Fig. 6) agrees with its ability to mimic
3-amino triazole (3-AT) as inhibitor of hepatic catalase in vivo (DeMaster et al., 1986). It is
likely that this off-target effect and CYP2EL inhibition, which were greater in SO rats (Fig.
6), contributed, at least partly, to cyanamide attenuation of ethanol-evoked myocardial
dysfunction in SO rats. This premise is supported by our findings that 3-AT partly attenuated
ethanol-evoked cardiac dysfunction in SO rats (Yao and Abdel-Rahman, 2017a). It is also
possible that cyanamide-evoked elevations in ROS and MDA levels (Figs. 7A, C and D) and
in reported studies (Yokoyama et al., 1995, Zhang et al., 2011) explain, at least partly, the
lack of ethanol-evoked myocardial dysfunction following ALDH2 inhibition. It is
noteworthy that oxidative stress plays a critical role in ethanol-evoked myocardial
dysfunction in the presence of ovarian hormones or E; (Ibrahim et al., 2014, El-Mas and
Abdel-Rahman, 2014, Yao and Abdel-Rahman, 2016). This evidence is further supported by
ethanol’s inability to cause myocardial dysfunction (Figs. 2 and 3) in the presence of higher
cardiac oxidative stress in OVX and in cyanamide-treated SO rats (Fig. 7).

It is imperative to note that E, exacerbates ethanol-evoked oxidative stress in OVX and in
male rats (EI-Mas and Abdel-Rahman, 2014, EI-Mas and Abdel-Rahman, 2015). This
counterintuitive exacerbation of oxidative stress is mediated, at least partly, via E;
enhancement of catalase activity, which catalyzes ethanol oxidation to acetaldehyde (Yao
and Abdel-Rahman, 2017a). Further, pharmacological interventions that circumvented
oxidative stress abrogated the E,-dependent myocardial dysfunction caused by ethanol in
our model system (EI-Mas and Abdel-Rahman, 2014, Ibrahim et al., 2014). It is also
important to reconcile the paradoxical protective effect of cyanamide against ethanol-evoked
cardiac dysfunction along with cyanamide-evoked cardiac oxidative stress. The latter effect
observed in saline-treated SO, but not in OV X, rats (Fig. 7) is consistent with the
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physiological function of ALDH2 and its higher activity in SO than in OV X rats (Fig. 6A) in
E,-dependent manner (Steagall et al., 2017). Notably, the higher oxidative stress levels
following the loss of ovarian hormones/E, (Fig. 7) was associated with attenuated ethanol-
induced cardiac oxidative stress and dysfunction in OV X rats, compared with SO rats (Figs.
2 and 3). These findings suggest that a pre-existing higher oxidative stress might increase the
tolerance to ethanol-evoked cardiac dysfunction. On this basis, it is likely that cyanamide-
induced oxidative stress served a protective role against ethanol-evoked cardiac dysfunction.

An interesting finding is the cyanamide exacerbation, and uncovering of, ethanol-evoked
hypotension in SO and OV X rats, respectively (Fig. 4). Ethanol-evoked hypotension occurs
in female or male rats only in the presence of E, as a consequence of depressed cardiac
function (Ibrahim et al., 2014, EI-Mas and Abdel-Rahman, 2014, Yao and Abdel-Rahman,
2016, El-Mas and Abdel-Rahman, 2000, EI-Mas and Abdel-Rahman, 2015). This
explanation, however, does not apply to the occurrence of ethanol-evoked hypotension in
cyanamide treated OV X rats in the absence of any reduction in cardiac function (Figs. 2A,
2C and 3A, 3C). It is notable that in the presence of cyanamide, the accumulated ethanol-
derived acetaldehyde, which elicits vasodilation leading to hypotension (Tottmar and
Hellstrom, 1979), suggests that, in cyanamide-pretreated rats, ethanol-evoked hypotension
occurs independent of ovarian hormones. This premise is supported by the findings that
cyanamide-dependent effects of alcohol in female rats agree with increased cardiovascular
toxicity in male rats (Hillbom et al., 1983) and humans (Kupari et al., 1983); both studies
attribute these effects to acetaldehyde accumulation. Nonetheless, as discussed earlier, in the
presence of ovarian hormones, or following E, administration in OV X rats, ethanol causes
greater cardiovascular toxicity under the same experimental conditions in our reported
studies (EI-Mas and Abdel-Rahman, 2014, EI-Mas and Abdel-Rahman, 1999). It is likely,
therefore, that ethanol-induced vascular relaxation, which involves redox-sensitive (ROS)
(Rocha et al., 2012) and endothelial factors such as endothelial nitric oxide synthase (eNOS)
(Duarte et al., 2004, Venkov et al., 1999), nitric oxide (NO) (Puddey et al., 2001, Rocha et
al., 2012) and prostaglandin (Greenberg et al., 1993) contribute to the present findings.

In conclusion, the current study provides evidence that cyanamide alleviates ethanol-evoked
myocardial dysfunction in female SO rats in ovarian hormones/E, dependent manner. The
findings implicate the inhibition of the targeted enzyme, ALDHZ2, as well as the other
ethanol metabolizing enzymes, catalase and CYP2EL, in the unexpected protective effect of
cyanamide against ethanol-evoked cardiotoxicity in E,-replete rats. Nonetheless, it is
imperative to also note that, irrespective of the hormonal status, combining cyanamide with
ethanol precipitated substantial hypotension. The latter, which likely leads to syncope,
deserves further investigation to understand the roles of ALDH2 and the final oxidative
ethanol metabolite, acetate, in this clinically serious problem.
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Abbreviations

ALDH2 aldehyde dehydrogenase 2

E> estrogen

ROS reactive oxygen species

SO sham-operated

OovX ovariectomized

MDA malondialdehyde

ADH alcohol dehydrogenase

CYP2E1 cytochrome P450 2E1

Nox NADPH oxidase

dP/dtmax maximum rate of left ventricular pressure rise
LVDP left ventricular developed pressure

MAP mean arterial pressure

ERK 12 extracellular signal-regulated kinases 1/2
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The experimental protocol and schedule showing time of surgery, vivo and ex vivo studies
employed to investigate the effect of cyanamide (ALDHZ2 inhibitor) on ethanol (1.5 g/kg)-
evoked myocardial dysfunction in conscious female sham operated (SO) and ovariectomized

(OVX) rats.
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Prior ALDH2 inhibition (cyanamide; 10 mg/kg) prevented ethanol (1.5 g/kg)-evoked
reduction in the maximum rate of left ventricular pressure rise (dP/dtn,ax) in sham operated
(SO) rats, presented as time course responses (A) and area under the curve (C); alcohol had
no effect on dP/dty,x in ovariectomized (OVX) rats (B and D). Values are presented as mean
+ SEM. Data were analyzed by one-way ANOVA followed by post-hoc Tukey’s t-test
comparison. *p <0.05, versus saline-saline. #p <0.05, versus saline-ethanol.
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Figure 3.
Prior inhibition of ALDH2 (cyanamide; 10 mg/kg) prevented ethanol (1.5 g/kg)-evoked

reduction in left ventricular developed pressure (LVDP) in sham operated (SO) rats,
presented as time course responses (A) and area under the curve (C); alcohol had no effect
on LVDP in ovariectomized (OVX) rats (B and D). Values are presented as mean + SEM.
Data were analyzed by one-way ANOVA followed by post-hoc Tukey’s t-test comparison.
*p <0.05, versus saline-saline. #p <0.05, versus saline-ethanol.
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Figure 4.
Prior inhibition of ALDH2 (cyanamide; 10 mg/kg) exacerbated the reduction in mean

arterial pressure (MAP) caused by ethanol (1.5 g/kg) in sham operated (SO) rats, presented
as time course responses (A) and area under the curve (C). Alcohol caused substantial
reduction in MAP only in cyanamide-treated ovariectomized (OVX) rats (B and D). Values
are presented as mean + SEM. Data were analyzed by one-way ANOVA followed by post-
hoc Tukey’s t-test comparison. *p <0.05, versus saline-saline. #p <0.05, versus saline-
ethanol. &p <0.05, versus cyanamide-saline.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yao and Abdel-Rahman

250

200

150

100

Blood ethanol (mg/dl)

50

600
<)
= 500
o
=]
< 400
P
5
= 300
=
&
o 200
P
<

100

Figure5.

Page 18

—©-S0-Saline
—@-S0O-Cyanamide
—A—0VX-Saline

—A— OVX-Cyanamide

OSaline
W Cyanamide

¥

SO OVX

Prior inhibition of ALDH2 (cyanamide; 10 mg/kg) elevated and reduced blood ethanol
concentration in sham operated (SO) and ovariectomized (OVX) rats, respectively, presented
as time course (A) and area under the curve (B). Values are presented as mean + SEM. Data
were analyzed by one-way ANOVA followed by post-hoc Tukey’s t-test comparison. *p <
0.05, versus saline-saline in SO rats. #p <0.05, versus saline-saline in OV X rats.
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Figure 6.

In the absence of ethanol, cyanamide (10 mg/kg) inhibited ALDH2 (A), catalase (C) and
CYP2EL1 (D) activities and abrogated the ethanol (1.5 g/kg)-evoked increases in ALDH2,
ADH and catalase (A-C) in the hearts of sham operated (SO) rats. Cyanamide had no effect
on these enzymes in ovariectomized (OVX) rats (A-C) except for increasing and reducing
CYP2EL1 activity in the absence and presence of ethanol, respectively (D). Values are
presented as mean + SEM. Data were analyzed by one-way ANOVA followed by post-hoc
Tukey’s t-test comparison. *p <0.05 versus saline-saline in SO rats. #p <0.05, versus

saline-saline in OVX rats.
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Figure 7.

SO OVX

Cyanamide (10 mg/kg) alone increased ROS (A), NADPH oxidase, Nox (B) and
malondialdehyde, MDA (C) and prevented their increases by ethanol (1.5 g/kg) in the hearts
and MDA in the plasma (D) of sham operated (SO) rats. Cyanamide had no effect on the
higher levels of these mediators of oxidative stress in ovariectomized (OVX) rats in the
absence or presence of ethanol (A-D). Values are presented as mean = SEM. Data were
analyzed by one-way ANOVA followed by post-hoc Tukey’s t-test comparison. *p <0.05

versus saline-saline in SO rats.
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Figure 8.
Cyanamide (10 mg/kg) alone had no effect on cardiac ERK1/2 phosphorylation in sham

operated (SO) or ovariectomized (OVX) rats but attenuated the ethanol (1.5 g/kg)-evoked
induction of cardiac ERK1/2 phosphorylation in SO rats. Values are presented as mean +
SEM. Data were analyzed by one-way ANOVA followed by post-hoc Tukey’s t-test
comparison. *p <0.05 versus saline-saline in SO rats.
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The effect of cyanamide pretreatment on maximum rate of left ventricular pressure rise (dP/dtmax), left

Table 1.

Page 22

ventricular developed pressure (LVDP) and mean arterial pressure (MAP) prior to ethanol or saline infusion.
Values are mean = SEM.

Groups Hemodynamic Variable | Basdline After cyanamide pretreatment
dP/dt ey (MMHg/s) 7870+1032 | 7647+1066
Saline LVDP (mmHg) 166.7+5.1 167.3+5.8
Saline MAP (mmHg) 94.7£1.7 97.0+£2.7
dP/dt,z, (MMHg/s) 7827+1236 | 7752+1299
Ethanol LVDP (mmHg) 159.3+11.1 | 159.5+11.2
SO MAP (mmHg) 95.4+8.2 94.4+7.8
dP/dtyz, (MMHg/s) 7992+1323 | 778241226
Saline LVDP (mmHg) 161.0£13.7 | 159.2+13.6
Cyanamide MAP (mmHg) 92.846.1 92.746.6
dP/dtyz, (MMHg/s) 8667+774 | 87074835
Ethanol LVDP (mmHg) 1752495 | 171.3+9.8
MAP (mmHg) 100.8+5.6 | 99.4+6.4
dP/dtya, (MMHg/s) 8808598 | 8837701
Saline LVDP (mmHg) 174136 | 176.8+4.4
Saline MAP (mmHg) 103.5+7.4 102.9+6.5
dP/dtya, (MMHg/s) 8189+688 | 8913+720
Ethanol LVDP (mmHg) 167.1+6.8 | 168.0¢7.5
ovX MAP (mmHg) 97.945.1 96.8+4.8
dP/dtya, (MMHg/s) 8768+312 | 8311450
Saline LVDP (mmHg) 172.7+4.0 | 169.7+7.4
Cyanamide MAP (mmHg) 101.8+4.5 98.4+4.7
dP/dtya, (MMHg/s) 8160+750 | 8496+721
Ethanol LVDP (mmHg) 163.029.1 | 166.6+8.5
MAP (mmHg) 96.5+4.3 96.6+4.9
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