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Abstract
An endogenous natriuretic and vasoconstrictor Na/K-ATPase inhibitor, marinobufagenin (MBG), is
implicated in NaCl-induced hypertension and in ethanol addiction. In rats, MBG suppresses
voluntary alcohol intake, while immunization against MBG induces alcohol-seeking behavior. Since
alcohol withdrawal is associated with elevation of blood pressure (BP) and renal sodium retention,
we hypothesized that MBG mediates pressor response to ethanol withdrawal. In male Sprague-
Dawley rats, forced ethanol intake (20% v/v, 2.8±0.2 g/day for 7 days) did not affect BP and MBG
excretion. Ethanol withdrawal was associated with a 21 mm Hg increase in BP, a 10% decrease in
hematocrit, and a three-fold increase in renal MBG excretion. In vivo administration of anti-MBG
antibody to rats prevented withdrawal-induced BP elevation. Therefore, MBG mediates pressor
response to ethanol withdrawal, and may link mechanisms of ethanol dependence and hypertension.

1. INTRODUCTION
Chronic excessive alcohol consumption is a risk factor for hypertension (Di Gennaro et al.,
2002). Endogenous digitalis-like inhibitors of the Na/K-ATPase (cardiotonic steroids - CTS)
are implicated in the mechanisms of NaCl-sensitive hypertension (Haddy, 2006) and in ethanol
tolerance (Bagrov et al, 2002). In the hypertensives, levels of CTS increase with an adaptive
role to induce natriuresis via inhibition of the sodium pump in renal tubuli (Haddy, 2006). In
addition, CTS inhibit the Na/K-ATPase in the vascular smooth muscle and potentiate
vasoconstriction (Haddy, 2006). Marinobufagenin (MBG), a CTS belonging to a class of
bufadienolides, exhibits high affinity to ouabain-resistant α-1 Na/K-ATPase isoform, the main
sodium pump isoform in vascular sarcolemma and an exclusive sodium pump isoform in renal
epithelium (Fedorova et al, 2002, 2005). Accordingly, in vivo MBG acts as a natriuretic and
as a vasoconstrictor (Fedorova et al, 2002, 2005).

MBG is also implicated in the development of ethanol addiction in rats. In our previous
experiments, administration of MBG to rats reduced voluntary ethanol consumption (Kashkin
et al., 2002), while active immunization of rats against MBG facilitated ethanol-seeking
behavior (Bagrov et al., 1999).
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In alcoholics, ethanol withdrawal is associated with a pressor response and renal sodium
retention (Di Gennaro et al., 2002). Since MBG is a natriuretic and a vasoconstrictor (Fedorova
et al., 2002; 2005), and since this hormone exhibits anti-addictive properties (Bagrov et al.,
2002), we hypothesized that MBG may mediate ethanol withdrawal-induced pressor response.

METHODS
The protocol of the study has been approved by the Animal Care and Use Committee of the
National Institute on Aging, NIH. Thirty male Sprague-Dawley rats (251±2 grams) (Charles
River Laboratories, Inc., Wilmington, MA) were housed in individual cages with free access
to standard chow and drinking water and with a 12:12-hour light/dark cycle (t = 21C).

Ethanol withdrawal was induced as reported previously in detail (Spanagel et al., 1996). After
a seven-day period of acclimation, 30 rats were divided into two groups. Six rats from the
control group received drinking water ad libitum during the 10 days of the experiment. In 24
rats, water was replaced by a 20% (v/v) alcohol solution, which was given as the sole drinking
fluid. Animals that drank less than 10 mL of 20% ethanol per day were excluded from the
study. Six rats drank 20% ethanol for 9 days (ethanol group; 2.8±0.2 g/day), and in 18 animals,
the ethanol solution was for two days replaced by water (withdrawal group) at day 7. Six rats
from withdrawal group were observed for 2 days, and the remaining 12 rats from “withdrawal
group” were administered vehicle (n=6) or anti-MBG antibody (a-MBG-P)(n=6)
intraperitoneally 1 hour prior to withdrawal, and observed for 3 hours. The a-MBG-P was used
at concentration, which in vivo blocks 75% of circulating steroid (Fedorova et al, 2002).
Systolic blood pressure was measured via tail plethysmography before ethanol administration
(baseline), at days 1, 3, 5, 7 and 9 during ethanol intake, and at 48 hours following withdrawal.

In a subset of rats from the withdrawal group, treated by a-MBG-P (n=6) or vehicle (n=6),
blood pressure was measured hourly for two hours prior to and three hours following ethanol
withdrawal. At the end of the experiment, rats were anesthetized with ketamine (100 mg/kg)
and sacrificed by exsanguinations from abdominal aorta.

Urinary concentrations of MBG and endogenous ouabain were measured using DELFIA
fluoroimmunoassays, as reported recently in detail (Fedorova et al., 2002).

Results were analyzed statistically using one-way and repeated measures ANOVA followed
by Newman-Keuls multiple comparisons tests (GraphPad Prism 4, GraphPad Software Inc.,
San Diego, CA).

RESULTS
As presented in Figure 1A, systolic blood pressure did not exhibit significant changes in both
“control” and “ethanol” groups during 9 days of observation, while in rats from “withdrawal”
groups, arterial pressure rose by 21 mmHg within 48 hours of replacement of 20% ethanol with
water.

Levels of renal excretion of MBG, endogenous ouabain and sodium, and hematocrit assessed
at day 9 of the experiment are illustrated in Figure 1B-E. Forced ethanol ingestion did not
significantly affect any of the parameters studied. Ethanol withdrawal did not affect renal
excretion of endogenous ouabain, but was associated with a substantial increase in MBG
excretion, accompanied by reduction in renal sodium excretion and drop in hematocrit.

Changes in systolic blood pressure prior to and following 3 hours of ethanol withdrawal are
presented in Figure 1F. As demonstrated in the Figure, in vehicle-treated rats, blood pressure
elevation began within 1 hour following withdrawal, and in 3 hours blood pressure rose by 12

Kashkin et al. Page 2

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2009 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mm Hg. In rats pretreated with anti-MBG antibody, during withdrawal blood pressure not only
did not increase, but exhibited a 6 mm Hg decrease.

DISCUSSION
The main observation of the present experiment is that in rats, acute ethanol withdrawal is
associated with a rise in arterial pressure, with renal sodium retention, volume expansion, and
a drop in hematocrit, and with an increase in renal excretion of MBG, an endogenous
bufadienolide with natriuretic, vasopressor and anti-addictive properties.

The fact that, in a subset of rats, withdrawal-induced pressor response was prevented by in
vivo administration of anti-MBG antibody, indicates that MBG is not only a marker, but a
likely mediator of abstinence-induced hypertension. Recently, the same antibody was reported
to reduce blood pressure in experimental NaCl-sensitive hypertension (Fedorova et al., 2002,
2005). Renal excretion of another CTS, endogenous ouabain, did not change following ethanol
withdrawal, which agrees with the data, indicating that this hormone is not sensitive to plasma
volume expansion (Haddy, 2006).

Ethanol withdrawal induces behavioral stress and is associated with anxiety and depression
(Wetterling, Junghanns, 2006). Likewise, an increasing body of evidence demonstrates that
changes in the activity and expression of brain Na/K-ATPase and in the levels of its endogenous
ligands, CTS, are implicated in behavioral stress, mood control, and depression (Goldstein et
al., 2006, Grider et al, 1999, Mynett-Johnson et al., 1998, de Vasconcellos et al, 2006). Since
MBG exhibits anti-addictive properties (Bagrov et al., 1999, 2002, Kashkin et al., 2002),
enhanced elaboration of this hormone would be anticipated during ethanol withdrawal. Remain
to be understood are the mechanisms linking effects of MBG to the complex chain of central
neurochemical events implicated in ethanol withdrawal.

Previously, NaCl sensitivity was considered a factor contributing to the susceptibility of
alcoholics to cardiovascular diseases (Klatsky, 1995). Recently, Di Gennaro et al. (2002)
demonstrated that in human subjects early alcohol withdrawal is associated with a positive
sodium balance, increased NaCl-sensitivity of arterial pressure, and suppressed plasma renin
activity, i.e., features which alcohol withdrawal shares with NaCl-sensitive hypertension
(Weinberger et al., 1986: Weinberger, 1986). Our unpublished data (Kashkin, 2002, PhD
Thesis) demonstrate that, in detoxified alcoholics, plasma levels of MBG exhibit a 2.5-fold
increase. Since levels of MBG, a vasoconstrictor and a natriuretic, are increased in hypertensive
humans, in experimental NaCl-sensitive hypertension, and during ethanol withdrawal, this
hormone may be one of mediators linking ethanol withdrawal with the development of
hypertension.
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FIGURE 1.
A – times course of changes of systolic blood pressure in rats from control, ethanol and
withdrawal groups. By repeated measures ANOVA and Neuman-Keuls test: P<0.01 for
withdrawal group vs. control and ethanol groups. * - P<0.01 vs. blood pressure in withdrawal
group at days -1 and 7 of the experiment (one way ANOVA followed by Newman-Keuls
multiple comparisons test).
Levels of renal excretion of MBG (B), endogenous ouabain (C), and sodium (D), and
hematocrit (E) in rats from control (CTRL), ethanol (ALC) and withdrawal (WDR) groups on
day 9 of the experiment. Means ± SEM from 6 observations. By one-way ANOVA followed
by Neuman-Keuls test: (*) – P<0.05 and (**) – P<0.01. vs. ALC.
F - acute changes in systolic blood pressure in rats from the withdrawal group administered
anti-MBG antibody or vehicle. By repeated measures ANOVA and Neuman-Keuls test: P<0.01
for antibody treatment vs. vehicle. * - P<0.01 vs. blood pressure prior to withdrawal (one way
ANOVA followed by Newman-Keuls multiple comparisons test).
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