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Abstract

There are no studies on the acute effect of ethanol on peripheral N-methyl-D-aspartate receptor
(NMDAR)-mediated increases in reactive oxygen species (ROS) and blood pressure (BP). We
tested the hypothesis that ethanol antagonism of peripheral NMDAR dampens systemic NMDA-
evoked increases in vascular ROS and BP. We investigated the effect of ethanol (1 g/kg) on BP
and heart rate (HR) responses elicited by systemic bolus (125-1000 pg/kg, intra-venous [i.v.]) or
infused (180 pg/kg/min) NMDA in conscious male Sprague-Dawley rats. We also hypothesized
that peripheral NMDAR blockade with DL-2-Amino-5-phosphonopentanoic acid (AP-5; 5 mg/kg,
i.v.) uncovers an ethanol- (1 or 1.5 g/kg) evoked hypotensive response. Ethanol attenuated the
peripheral NMDAR-mediated pressor and bradycardic responses caused by NMDA infusion, and
ex vivo studies revealed parallel ethanol attenuation of peripheral NMDAR-mediated increases in
vascular ROS. While ethanol (1 or 1.5 g/kg) alone had no effect on BP, the higher dose caused a
hypotensive response in the presence of NMDAR blockade (AP-5). Blood ethanol concentrations
were not statistically different in the groups that received ethanol alone or along with NMDA or
AP-5. These findings are the first to demonstrate ethanol attenuation of peripheral NMDAR-
mediated pressor response, and the uncovering of ethanol-evoked hypotension in the presence of
peripheral NMDAR blockade.
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Introduction

Previous studies have focused on central N-methyl-D-aspartate receptor (NMDAR)
involvement in behavioral as well as cardiovascular function (Vyklicky et al., 2014).
Further, numerous studies have reported on the ethanol-NMDAR interaction within the

© 2015 Published by Elsevier Inc.

Corresponding Author: Dr. Abdel A. Abdel-Rahman, Department of Pharmacology, Brody School of Medicine, East Carolina
University, Greenville, NC 27834, USA, Telephone: +1 252 744 3470, Fax: +1 252 744 3203, abdelrahmana@ecu.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McGee and Abdel-Rahman Page 2

central nervous system (Carpenter-Hyland & Chandler, 2007; Mdykkynen & Korpi, 2012;
Toropainen et al., 1997). However, the NMDAR is also expressed within peripheral tissues
including the kidney, sex organs, keratinocytes, and the cardiovascular system (Deng,
Valdivielso, Munger, Blantz, & Thomson, 2002; Gill & Pulido, 2001; Morhenn, Murakami,
O'Grady, Nordberg, & Gallo, 2004). Specifically, the NMDAR is localized within the heart
and vascular (aorta and mesenteric arteries) tissues (Carlton, Chung, Ding, & Coggeshall,
1998; Gill & Pulido, 2001; Leung et al., 2002; McGee & Abdel-Rahman, 2012), and its
activation causes dose-related pressor responses in conscious rats (McGee & Abdel-
Rahman, 2012). Similar to its neuronal action (Gunasekar, Kanthasamy, Borowitz, & Isom,
1995; Reyes, Brennan, Shen, Baldwin, & Swanson, 2012), peripheral NMDAR mediates
vascular oxidative stress (McGee & Abdel-Rahman, 2010).

Reported findings highlight the NMDAR as a prominent molecular target for ethanol
(Lovinger, White, & Weight, 1989; Xu, Smothers, Trudell, & Woodward, 2012). While
acute ethanol attenuates central NMDA-evoked behavioral and cardiovascular responses
(Allgaier, 2002; EI-Mas & Abdel-Rahman, 1993; Kumari, 2001; Lin, Hsieh, Shiu, Chiu, &
Lai, 2003; Mao & Abdel-Rahman, 1995), NMDA or ethanol produces oxidative stress
(Augustyniak, Michalak, & Skrzydlewska, 2005; Collins & Neafsey, 2012). It has not been
investigated whether acute ethanol interaction with the peripheral NMDAR influences the
NMDA-evoked cardiovascular responses and vascular oxidative stress. It is also not known
if prior blockade of peripheral NMDAR influences the BP and HR responses elicited by
moderate doses of ethanol. Importantly, in male conscious rats (EI-Mas & Abdel-Rahman,
1999) and normotensive humans (Abdel-Rahman, Merrill, & Wooles, 1987), moderate
doses of ethanol do not change BP because the sympathoexcitatory action of ethanol (Abdel-
Rahman, Carroll, & EI-Mas, 1992) is counterbalanced by its peripheral vasodilating effects.
Further, excitatory NMDA receptors are expressed in sympathetic innervation of resistance
vessels, the heart, and in the adrenal medulla (Carlton et al., 1998; Schwendt & Jezov4,
2001).

Here, we tested the hypothesis that peripheral NMDAR blockade by acute ethanol dampens
the peripheral NMDA-evoked increases in vascular ROS and BP. We adopted two
approaches to investigate the effect of ethanol (1 g/kg by gavage) in conscious unrestrained
rats to circumvent the potential confounding effects of anesthetics on the cardiovascular
responses. First, we investigated the effect of ethanol on the dose-pressor response curves
constructed with bolus i.v. injections of NMDA (125-1000 pg/kg). Second, we investigated
the effect of ethanol on the pressor response elicited by sustained activation of peripheral
NMDAR with NMDA infusion (180 pg/kg/min). Further, we tested the hypothesis that prior
peripheral NMDAR blockade might uncover a dose-dependent hypotensive effect of ethanol
(1 or 1.5 g/kg); the selective NMDAR blocker AP-5, which does not cross the blood-brain
barrier (Itoh, Sakata, Watanabe, Aikawa, & Fujii, 2008), was used in this experiment. In
addition, we conducted ex vivo studies on vascular tissues to elucidate the effects of acute
ethanol-NMDAR interaction on vascular NO and oxidative stress.
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Materials & methods

Male Sprague-Dawley rats (Charles River Laboratories, Raleigh, NC) weighing 275-325
grams (10-11 weeks old) were used in this study. Rats were housed individually in separate
cages and allowed free access to Purina chow and water. The temperature was maintained at
22 £1°C, and a 12-12 hour light-dark cycle was maintained with the lights automatically
turned off at 7:00 PM. Surgical procedures and animal experiments were conducted in
accordance with the institutional animal use and care guidelines and the Institute of
Laboratory Animal Resources.

Intravascular catheterization

Femoral artery and vein catheterization was performed as previously done in our laboratory
(Abdel-Rahman, 1994). Animals received buprenorphine (0.03 mg/kg) 30 min prior to
surgery and were anesthetized with an intra-peritoneal injection of ketamine (9 mg/100 g)
and xylazine (1 mg/100 g). Catheters consisting of 5-cm PE-10 tubing bonded to 15-cm
PE-50 tubing were placed into the abdominal aorta and vena cava via the left femoral
vessels for measurement of arterial pressure and intravenous injections, respectively. Two
venous catheters were inserted into the femoral vein to permit i.v. bolus administration
and/or infusion of drugs. Catheters were tunneled subcutaneously and exteriorized at the
back of the neck between the scapulae. Vascular catheters were flushed with heparinized
saline and plugged by stainless-steel pins. Incisions were closed with surgical clips and
swabbed with povidine-iodine solution. Postoperative care included buprenorphine (0.03
mg/kg) and penicillin G procaine (100,000 U/kg). The animals were allowed 2 days
following surgery before conducting experiments.

On the day of the experiment, the arterial catheter was connected to a pressure transducer for
measurement of blood pressure in conscious freely moving rats. At least 30 min were
allowed for stabilization of blood pressure and heart rate at the beginning of an experiment.
Blood pressure (BP) was recorded by ML870 (PowerLab 8/30) and analyzed by LabChart
(v.6) pro software (AD Instruments, Colorado Springs, CO). Heart rate was extracted from
the BP recording by the LabChart (v.6) blood pressure analysis module, and both variables
were continuously recorded and stored for offline analysis.

Quantification of aortic reactive oxygen species

The 2/, 7’-dichlorofluorescein (DCF) biochemical assay was utilized for quantification of
ROS as reported (Zou, Jung, Kim, Yu, & Chung, 2004) with the following modifications.
Homogenization was performed using Radnoti tissue grinders (Radnoti Glass Technology,
Monrovia, CA) to increase protein yield, and kinetic readings were taken at 5-min intervals
for 30 min at 37 °C. ROS levels were calculated by relative DCF fluorescence per ug
protein.

Measurement of nitrite/nitrate (NOx) level

The NOX (nitrite/nitrate) content was measured using a colorimetric assay kit according to
manufacturer’s instructions (Cayman Chemical Company, Ann Arbor, MI) and as detailed
(Misko, Schilling, Salvemini, Moore, & Currie, 1993).
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Blood alcohol concentration

Blood alcohol concentrations were determined in blood samples (0.2 mL/sample), which
were drawn from each rat 30 and 60 min after ethanol administration. Blood samples were
centrifuged at 5000 rpm for 10 min. The supernatant was aspirated and stored at °80 °C until
analyzed. The plasma alcohol content was measured by the enzymatic method based on
reported studies (including ours) utilizing a 7-point standard curve (Bender & Abdel-
Rahman, 2010; Bernt & Guttman, 1974). Absorbance was measured at 340 nm using the
Biotek Synergy HT microplate reader.

Experimental groups and protocols

Experiment 1: Effect of ethanol on peripheral NMDA-mediated pressor response

Two groups (n = 5 each) of conscious male rats were used to investigate the effect of ethanol
(1 g/kg by gavage) on blood pressure and heart rate. Following MAP and HR stabilization,
saline (vehicle for AP-5 in Experiment 2) was administered 30 min before ethanol (1 g/kg;
10 mL/kg of 13% ethanol diluted in water by gavage) or its vehicle (water). In two
additional groups of rats (n = 5-6 each), we investigated the effect of oral ethanol (1 g/kg) or
its vehicle (water), administered 30 min earlier, on the dose-related pressor response elicited
by systemic NMDA (125, 250, 500, or 1000 ug/kg; i.v.). The pre-NMDA MAP and HR
constituted the average values over the 30-min period that followed ethanol or water
administration. NMDA was administered at 15-min intervals to allow full recovery from the
preceding dose except for the final (1000 pg/kg) dose. The dose of ethanol is based on a
previous study (El-Mas & Abdel-Rahman, 1999). The vascular tissues were collected at the
conclusion of the integrative studies and stored for subsequent molecular studies; in NMDA-
treated rats, the aortas were collected at the peak of the pressor response caused by the
highest NMDA dose. Blood samples (0.2 mL) were collected at baseline, following ethanol
in the absence or presence of NMDA or AP-5 for blood ethanol concentration
measurements.

Experiment 2: Effect of ethanol on the cardiovascular responses elicited by sustained
NMDAR activation

Four groups (n = 5 each) of conscious male rats were used to investigate the effect of
ethanol (1 g/kg by gavage) on the cardiovascular responses elicited by sustained activation
of peripheral NMDAR. The optimal NMDA dose/infusion rate that produced an
approximately 25-mmHg increase in BP was established in our recent study (McGee &
Abdel-Rahman, 2012). The rats were pretreated with water (vehicle) or ethanol (1 g/kg; 10
mL/kg of 13% ethanol diluted in water) 30 min prior to NMDA (180 pg/kg/min) or saline
infusion at a rate of 9 uL/min (Harvard compact pump, Model 975) for 30 min. As in the
previous experiment, the pre-NMDA MAP and HR constituted the average values over the
30-min period that followed ethanol or water administration. Blood pressure and heart rate
were measured for an additional 30 min during the NMDA infusion.
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Experiment 3: Effect of prior NMDAR blockade on the cardiovascular responses elicited by

ethanol

Four groups (n = 4-6 each) of rats were used to investigate the effect of pretreatment with
the selective NMDAR antagonist, DL-AP-5, on the cardiovascular effects of ethanol (1 or
1.5 g/kg). The selected DL-AP-5 dose (5 mg/kg, i.v.), which does not cross the blood-brain
barrier, caused no change in BP or HR, but virtually abolished the pressor response elicited
by NMDA infusion (McGee & Abdel-Rahman, 2012). Groups 1 and 2 received AP-5, 30
min before ethanol (1 g/kg) or water; notably, the effects of ethanol (1 g/kg), compared to
water, on BP and HR were investigated under Experiment 1. Groups 3 and 4 received saline
(vehicle for AP-5) or AP-5 30 min before ethanol (1.5 g/kg). The pre-ethanol or water MAP
and HR constituted the average values over the 30-min period that followed AP-5 or saline
administration. BP and HR were measured for 30 min following ethanol or water
administration before euthanasia and tissue collection.

Ex vivo studies

Drugs

Blood samples (0.2 mL) were collected at baseline and following ethanol administration in
the absence or presence of DL-AP-5 or NMDA for measurements of blood ethanol
concentration. The vascular tissues collected at the peak of the pressor response elicited by
the 1000 pug/kg NMDA or at the end of the 15-min NMDA infusion were used for
measurements of vascular NO and ROS, as detailed in our recent study (McGee & Abdel-
Rahman, 2012).

N-M ethyl-D-Aspartic Acid was purchased from Sigma Aldrich (St. Louis, MO). DL-2-
Amino-5-phosphonopentanoic acid was purchased from Tocris Biosciences (Bristol, United
Kingdom). Ethanol was purchased from Ultrapure (Darien, CT) and sterile saline was
purchased from B.Braun Medical (Irvine, CA).

Data analysis & statistics

Results

Values were expressed as means + SEM. Mean Arterial Pressure (MAP) was computed as
[1/3 x (Systolic ° Diastolic)] + Diastolic. Statistical analyses were conducted using a two-
way repeated-measures ANOVA with Tukey’s post hoc test and Student’s t test. Graphpad
Prism 5.0 software was used to perform statistical analyses. p < 0.05 was considered
significant.

Ethanol attenuates NMDA-evoked pressor response

Ethanol (1 g/kg), compared to its vehicle (water), had no effect on BP or HR (Fig. 1), and
had no effect on the dose-dependent pressor response or the dose-independent tachycardia
elicited by bolus NMDA injections (125-1000 ug/kg, i.v.) (Fig. 2A, B). Representative
tracings of BP and HR elicited by bolus NMDA in the absence or presence of ethanol are
shown (Fig. 2C, D). NMDA infusion (180 ug/kg/min) caused increases in blood pressure
that reached a significant (p < 0.05) peak (~25 mmHg) at 10 min before its gradual decline

Alcohol. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McGee and Abdel-Rahman Page 6

(Fig. 3A). The BP response was associated with a drastic bradycardic response (Fig. 3B).
Ethanol (1 g/kg) significantly (p < 0.05) attenuated the peripheral NMDAR-mediated
pressor (Fig. 3A) and bradycardic (Fig. 3B) responses caused by NMDA infusion.

Prior peripheral NMDAR blockade uncovers dose-related hypotensive effect of ethanol

Consistent with our previous findings (McGee & Abdel-Rahman, 2012), AP-5 had no effect
on MAP or HR during the 30-min pre-treatment period (data not shown). Further, the lower
(1 g/kg) and higher (1.5 g/kg) doses of ethanol had no effect on MAP (Figs. 1A and 4C) or
HR (Figs. 1B and 4D). However, while prior peripheral NMDAR blockade (AP-5) did not
influence BP or HR in the presence of the lower (1 g/kg) dose of ethanol (Fig. 4A, B), it
uncovered a significant (p < 0.05) hypotensive response when combined with the higher (1.5
g/kg) dose of ethanol (Fig. 4C).

Ethanol attenuates NMDA-evoked increases in vascular NOx and ROS

Ethanol (1 g/kg) alone had no effect on vascular NOx (Fig. 5A), but significantly (p < 0.05)
increased vascular ROS (Fig. 5C). Vascular (aortic) tissues collected at the peak of the
pressor response caused by a bolus of NMDA (1000 pg/kg) exhibited significant (p < 0.05)
increases in vascular NOx (Fig. 5A) and ROS (Fig. 5C) levels. Similarly, NMDA infusion
caused significant (p < 0.05) increases in vascular ROS (Fig. 5D), but caused a reduction in
vascular NOx (Fig. 5B). Pretreatment with ethanol (1 g/kg) attenuated the increases in
vascular NOx (Fig. 5A) and ROS (Fig. 5C) caused by bolus NMDA injection and resulted in
NOx and ROS values that were not significantly (p > 0.05) different from the corresponding
control values (Fig. 5). Further, ethanol (1 g/kg) significantly (p < 0.05) attenuated the
increase in vascular ROS caused by NMDA infusion (Fig. 5D). Compared to saline
pretreatment, AP-5 did not alter the increase in vascular ROS caused by the higher (1.5
g/kg) dose of ethanol (Fig. 6). Blood ethanol concentrations were not statistically different in
the groups that received ethanol alone or along with NMDA or AP-5 (Table 1).

Discussion

The following are the most important findings of the present study, which is the first to deal
with acute ethanol interaction with peripheral (vascular) NMDAR: i) ethanol attenuated the
pressor responses caused by infused NMDA, ii) prior NMDAR antagonism (AP-5)
uncovered a modest, but significant, hypotensive response caused by ethanol (1.5 g/kg), iii)
ethanol had no effect on vascular NOx (index of NO), but significantly increased vascular
ROS, and iv) ethanol attenuated the increase in vascular ROS elicited by NMDA infusion.
Collectively, abrogation of vascular oxidative stress underlies ethanol attenuation of the
peripheral NMDAR-mediated pressor response.

The present study dealt with the cardiovascular consequences of ethanol interaction with the
peripheral NMDAR in conscious male rats. It is imperative to note that the selected doses of
ethanol (1 or 1.5 g/kg) had no significant effect on BP, which agrees with our reported
findings in conscious normotensive male rats (EI-Mas & Abdel-Rahman, 1999) and humans
(Abdel-Rahman et al., 1987). Therefore, the use of the same model system in the present
study circumvented potential confounding effects of ethanol-evoked changes in baseline BP,
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and its potential impact on the pressor response elicited by peripheral NMDAR. The
NMDAR is a prominent molecular target for ethanol within the brain (Méykkynen & Korpi,
2012). Notably, our recent study is the first to suggest a mechanistic role for vascular
oxidative stress in the peripheral NMDAR-mediated pressor response (McGee & Abdel-
Rahman, 2012). Given the ability of acute ethanol to attenuate a number of central
NMDAR-mediated neurobiological effects (Lovinger et al., 1989; Woodward, 1999), we
hypothesized that ethanol would attenuate the peripheral NMDAR-mediated pressor
response. While consistent with this view, ethanol attenuation of the NMDA dose-dependent
pressor responses did not achieve statistical significance. The latter most likely resulted from
the variability in BP responses when presented as an absolute value (Fig. 2). However, our
hypothesis is unequivocally supported by the drastic ethanol-evoked attenuation of the
sustained pressor response elicited by infused NMDA (Fig. 3). These new findings agree
with reported findings (including our own), which demonstrated ethanol’s ability to
attenuate BP responses elicited by NMDAR activation in cardiovascular-controlling nuclei
in the brainstem (El-Mas & Abdel-Rahman, 1993; Lai, Chang, & Lin, 2004).

A second objective of the current study was the elucidation of the role of the peripheral
NMDAR in the acute cardiovascular effects of ethanol. We hypothesized that peripheral
NMDAR blockade might uncover a hypotensive effect of moderate doses of ethanol that
have little effect on BP when administered alone. Therefore, we selected a dose of the
selective NMDAR blocker AP-5 (5 mg/kg, i.v.), which had no effect on BP, but attenuated
the NMDAR-evoked pressor response in our recent study (McGee & Abdel-Rahman, 2012).
Contrary to our hypothesis, prior peripheral NMDAR blockade (AP-5) did not uncover BP
reduction by subsequently administered ethanol (1 g/kg) (Fig. 4A). We then considered the
possibility that a higher ethanol dose is needed to uncover its hypotensive effect in AP-5
pretreated rats. This possibility was confirmed when a higher (1.5 g/kg) dose of ethanol was
administered in the presence of peripheral NMDAR (Fig. 4C). Importantly, in male
conscious rats (EI-Mas & Abdel-Rahman, 1999) as well as in humans (Abdel-Rahman et al.,
1987), similar doses (0.5-1.5 g/kg) of ethanol had no effect on BP but elicited a tachycardic
response. In the present study, ethanol (1 g/kg) had no effect on HR (Fig. 1B), but attenuated
the bradycardic response caused by NMDA infusion (Fig. 3B), along with the virtual
abolition of the NMDA-evoked pressor response (Fig. 3). Future studies are warranted to
elucidate the molecular mechanisms of the bradycardia caused by NMDA infusion,
particularly in the presence of ethanol.

Recently, we provided the first evidence that neuronal NOS-derived NO contributed to
peripheral (vascular) NMDAR-mediated pressor response (McGee & Abdel-Rahman, 2012).
However, since ethanol modulates the NMDAR-NOS signaling pathway (Deng & Deitrich,
2007), we hypothesized that ethanol might influence the NMDAR-mediated NO (vascular
nitrate/nitrite; NOX) release in a manner that might explain ethanol attenuation of the
peripheral NMDAR-mediated pressor response. In agreement with our recent findings
(McGee & Abdel-Rahman, 2012), NOx was significantly increased in vascular tissue
collected at the peak of the pressor response caused by the highest NMDA bolus dose (Fig.
5A), and this response was attenuated by ethanol (Fig. 5A). The current biochemical
findings are consistent with acute ethanol’s ability to attenuate NMDAR-mediated nNOS
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activation in neuronal tissues in vitro (Chandler, Guzman, Sumners, & Crews, 1994;
Czapski, Sun, & Strosznajder, 2002). However, this relevance of this effect may be tissue-
specific because ethanol had no impact on the pressor response caused by bolus NMDA
injections. Further, NOx level was not altered in the vasculature of rats during the pressor
response caused by NMDA infusion in the absence or presence of ethanol (Fig. 5B). These
findings argue against a role for vascular NO in the sustained pressor response caused by
NMDAR infusion or in ethanol attenuation of such a response. It was important, therefore,
to elucidate the role of vascular ROS in ethanol-peripheral NMDAR interaction.

Systemic NMDA (bolus injection or infusion) generated substantial increases in vascular
ROS (Fig. 5), consistent with our recent findings in the same tissue (McGee & Abdel-
Rahman, 2012, 2014) and in other tissues (Gunasekar et al., 1995). In agreement with
reported findings (Krenz & Korthuis, 2012; Yogi et al., 2010), ethanol produced modest, but
significant increases in ROS, at least partly, via its oxidative metabolites, acetaldehyde and
acetate (Deng & Deitrich, 2007; Seitz & Stickel, 2007). Interestingly, despite ethanol’s or
NMDA’s ability to increase vascular ROS, ethanol pretreatment significantly attenuated the
peripheral NMDAR-mediated increases in ROS. Together, the present findings suggest that
attenuation of vascular oxidative stress contributes, at least partly, to ethanol attenuation of
the pressor effect caused by systemic NMDA infusion. Finally, vascular ROS generation
caused by the higher (1.5 g/kg) dose of ethanol was NMDAR-independent because it
persisted in the presence of AP-5 (Fig. 6). Future studies are needed to elucidate the
mechanisms of these intriguing biochemical findings.

It is important to acknowledge a limitation of the present study and to comment on the
biological relevance of the present findings. First, the ex vivo biochemical studies were not
conducted on resistance vessels. We used the aorta because it provided the needed amount
of tissue (protein) to conduct the biochemical studies. Notably, similar to the resistance
vessels (Carlton et al., 1998), the aorta also expresses NMDAR and exhibits NMDA-evoked
contraction in vitro (McGee & Abdel-Rahman, 2012). Second, while the endogenous ligand
for the peripheral NMDAR remains elusive, the location of NMDAR in sympathetic
innervation of resistance vessels (Carlton et al., 1998) seems to implicate the NMDAR in the
regulation of vascular tone. Based on this premise, future studies are warranted on the effect
of ethanol on NMDAR signaling in resistance vessels in animal models that exhibit tonically
enhanced peripheral NMDAR signaling.

In summary, the present study yields new insight into ethanol’s interaction with peripheral
(vascular) NMDAR and its impact on cardiovascular responses elicited by NMDA and
ethanol in conscious rats. We demonstrated ethanol’s ability to attenuate the peripheral
NMDAR-mediated pressor response caused by NMDA infusion, at least partly, via
attenuation of ROS generation. Further, prior peripheral NMDAR blockade (AP-5)
uncovered a hypotensive response caused by a relatively high ethanol dose. Collectively,
these findings support a protective role for ethanol against NMDA-mediated oxidative
stress. More studies are warranted to investigate the molecular mechanisms that underlie the
reciprocal interaction between ethanol and peripheral NMDAR.
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Fig. 1.
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Effect of ethanol (EtOH, 1 g/kg by gavage) or equal volume of water (H,O) on A) mean
arterial pressure (MAP) and B) heart rate (HR) in conscious male Sprague-Dawley rats.
Values are means + SEM of 4-6 observations.
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injections NMDA-evoked (125, 250, 500, or 1000 pg/kg; i.v.) changes in mean arterial

pressure (MAP; A) and heart rate (HR; B) in conscious male Sprague-Dawley rats.

Representative tracings show the effect of NMDA on mean arterial pressure (MAP; C) and
heart rate (BPM; D) in the absence or presence of ethanol. Values are means = SEM of 4-6

observations.
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Fig. 3.
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Effect of ethanol (EtOH) on mean arterial pressure (MAP; A) and heart rate (BPM; B)
elicited by 30-min NMDA infusion (180 pg/kg/min; 9 uL/min) in conscious male Sprague-
Dawley rats. Values are means £ SEM of 4-6 observations. *p < 0.05 vs. water (H,0) +

NMDA.
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Fig. 4.
Effect of NMDAR antagonist DL-AP-5 (5 mg/kg, i.v.) in the absence or presence of ethanol

(EtOH 1 or 1.5 g/kg by gavage), or equal volume of water (H,0O), on mean arterial pressure
(MAP; A, C) and heart rate (BPM; B, D) in conscious male Sprague-Dawley rats. Values
are means + SEM of 4-6 observations.*p < 0.05 vs. saline (Sal) + ethanol.
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Fig. 5.
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Effect of i.v. bolus NMDA (1000 pg/kg; A) or infusion (180 pg/kg/min; 9 uL/min; B) on
aortic nitrite/nitrate (NOXx) content in the absence or presence of ethanol (1 g/kg; 10 mL/kg
of 13% ethanol in water). ROS generation, measured by DCFH-DA, in aortas obtained from
rats treated with: water (vehicle), NMDA, ethanol, ethanol + NMDA using the bolus C) or
infusion D) paradigm for activating peripheral NMDAR. Aorta homogenates were incubated
at 37 °C with DCFH for 30 min. Kinetic readings were recorded at 5-min intervals; relative
fluorescence units were normalized to protein. Values are means + SEM of 4-6
observations. *p < 0.05 vs. saline (control); #p < 0.05 vs. NMDA.
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Fig. 6.
ROS generation, measured by DCFH-DA, in aortas obtained from rats treated with ethanol

(1.5 g/kg) 30 min following AP-5 (5 mg/kg, i.v.) or its vehicle (saline). Aorta homogenates
were incubated at 37 °C with DCFH for 30 min. Kinetic readings were recorded at 5-min
intervals; relative fluorescence units were normalized to protein. Values are means + SEM
of 4-6 observations.
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Blood ethanol concentrations (mg/dL) following ethanol (1 g/kg; 10 mL/kg of 13% ethanol in water) in

Table 1

conscious male Sprague-Dawley rats

Time (min)
Group 30 60
Ethanol + Saline 42+6.0 42+97
Ethanol + NMDA 26+13" 24%6

Ethanol + NMDA infusion 36+26 29+17
Saline + Ethanol (1 g/kg) 39+81 27+29
AP-5 + Ethanol (1 g/kg) 28+6.7 21+54
Saline + Ethanol (1.5 g/kg)  83+5.1
AP-5 + Ethanol (1.5 g/kg) 91+53
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Values are means + standard error of the mean of 4-6 observations. AP-5, DL-2-Amino-5-phosphonopentanoic acid; NMDA, N-Methyl-D-
Aspartate

*

p < 0.05 versus ethanol + saline treatment group (Student’s t test)
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