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Abstract – Although obstructive sleep apnea (OSA) is an independent risk factor for hypertension, the underlying 
mechanisms are not clearly understood. Apnea and hypopnea episodes during sleep lead to sympathoactivation, 
decrease plasma pH, and predispose to sodium and volume retention. We hypothesized that, the latter could stimulate  
digitalis-like natriuretic/vasopressor hormones, endogenous ouabain (EO) and marinobufagenin (MBG). Overnight 
polysomnography (Embletta) and 24hrs blood pressure monitoring (SpaceLab 90207) was conducted in 52 
consecutive patients with OSA (51±8 years; 40 males, 12 females) and in 48 age-matched hypertensive subjects 
without OSA. According to the polysomnography data, 17 patients had a mild degree of OSA (apnea/hypopnea index 
(AHI) 5-15), 17 patients-moderate (IAH 15-30) and 18 - severe OSA (IAH >30). Levels of MBG excretion co-varied 
with OSA severity (0.5±0.1, 0.9±0.04 and 1.2±0.06nmoles per 24hrs, respectively), while excretion of EO did not 
differ in patients with different degrees of OSA severity. Our observations suggest that MBG may be involved in the 
pathogenesis of hypertension in OSA, and may be a marker of OSA severity. 
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INTRODUCTION 
Obstructive sleep apnea (OSA) is an independent 
risk factor for hypertension (19,22). One of the 
established mechanisms of blood pressure (BP) 
elevation in OSA is activation of sympathetic 
nervous system (26). The repetitive episodes of 
apnea/hypopnea during sleep are accompanied by 
hypoxia/hypercapnia, which results in 
sympathoactivation through reflex activation of 
chemoreceptors (15,18,26). Additionally, in 
patients with OSA, hypoxia/hypercapnia 
produces elevation in the end-tidal CO2 
(PETCO2) (16). Heightened PETCO2 leads to 
plasma acidification and activation of the Na-H 
exchanger (24,25). Accordingly, the activity of 
lymphocyte Na-H exchange was found to be 
increased in patients with OSA (28). Renal 
sodium retention and plasma volume expansion, 
which occur due to activation of renotubular Na-
H exchange (1,2,11), are known to be the stimuli 
for endogenous digitalis-like Na/K-ATPase 
inhibitors, i.e., cardiotonic steroids (CTS) (5). 

 

Abbreviations: OSA: obstructive sleep apnea; BP: blood 
pressure; SBP: systolic blood pressure; DBP: diastolic blood 
pressure; CTS: cardiotonic steroids; MBG: 
marinobufagenin; EO: endogenous ouabain; PETCO2: 
partial pressure of CO2; AHI - apnea/hypopnea index; 
Na/K-ATPase: sodium-potassium-activated adenosine 
triphosphatase; SaO2: arterial hemoglobin O2 saturation. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

During plasma volume expansion, CTS 
become stimulated to promote natriuresis via 
inhibition of the Na/K-ATPase in renal tubules 
(9). The excessive CTS response results in the 
inhibition of the Na/K-ATPase in the vascular 
smooth muscle cells, activation of sodium-
calcium exchange and vasoconstriction (8). 

We hypothesized that in hypertensive patients 
with OSA, CTS may contribute to enhanced 
vascular tone, and investigated 24hrs renal 
excretion of two CTS, marinobufagenin (MBG) 
and endogenous ouabain (EO) and their 
relationships with the arterial pressure and other 
clinical parameters in patients OSA. 
 

MATERIALS AND METHODS 
Study population 

The study population included 67 male and 33 female 
patients with at least 1 year history of arterial 
hypertension, aged 45 to 65 years (mean age 51.8±6.5 
years), BMI more than 25kg/m2. Exclusion criteria were 
as follows: secondary hypertension, chronic pulmonary 
diseases, cardiovascular diseases (ischemic heart disease, 
heart failure, arrhythmias, valve diseases), cerebral 
vascular diseases, neoplasy, any medication not allowing 
a washout time of two weeks, chronic concurrent 
diseases (renal, liver failure, diabetes, etc). All 
previously treated patients underwent 2 weeks of 
washout period. The study was approved by the local 
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Medical Ethics Committee, and written informed consent was 
obtained from all subjects before the study. 
 
Experimental procedures 

Subjects were examined in out-patient clinic. The standard 
examination included determination of weight and height, 
calculation of body-mass index, and office measurement of BP. 
Following examination, BP has been monitored for 24hrs. On the 
same day, the patients underwent an overnight sleep study, and 
24hrs urines were collected. Next morning, after 12hrs of fasting 
venous blood samples were drawn for hormones measurement. 
 
Blood pressure monitoring 
Ambulatory 24hrs BP was measured by oscillometric method 
using a device «SpaceLabs 90027» («SpaceLabs medical», 
USA). The BP readings were obtained every 15min during the 
day (7 am to 11 pm) and every 30min during the night (11 pm to 
7 am). The mean daytime and nighttime BP were calculated 
using real waking and sleeping times of each individual patient. 

 

Sleep studies 

Overnight polysomnography was performed using a portable 
recording device (Embletta, Australia). An episode of cessation of 
both nasal and oral airflow for a period of ≥10s has been defined 
as apnea. Hypopneas were defined as a decrease in arterial 
hemoglobin O2 saturation (SaO2) > 4% associated with a 
reduction in oronasal airflow to <50% of baseline. The apnea–
hypopnea index (AHI) was calculated as follows: (total number 
of apneas + hypopneas)/(total sleep time in hours). OSA was 
diagnosed in patients with AHI ≥ 5 events per hour. According to 
AHI index, severity of OSA has been defined as mild (AHI = 5-
15), moderate (AHI = 15-30), or severe (AHI > 30). 

 
Imuunoassays 

Urinary concentrations of MBG and EO were measured via 
competitive DELFIA fluoroimmunoassay base on polyclonal 
rabbit anti-MBG (serum aMBG-P) and rabbit anti-ouabain 
(serum aOU-SPB) antibodies, as reported previously in detail 
(13). Plasma insulin level was determined using AxSym Insulin 
kit (Abbott Diagnostics, USA). Plasma concentrations of leptin 
were measured using Active Human Leptin IRMA DSL-23100i 
(Diagnostic Systems Laboratories, Inc., USA). 

The results were analyzed statistically using one-way 
ANOVA and Bonferroni test, two-tailed t-test, and linear 
regression analysis (GraphPad Prism 3 software). 
 

RESULTS 
The values for age, body mass index, and 

systolic and diastolic blood pressure for patients 
with OSA and hypertensive subjects from control 
group are presented in table 1. Anthropometrical 
data and values of office systolic BP (SBP) and 
diastolic BP (DBP) did not differ in both groups. 
There was no difference between average daytime 
SBP between patients with OSA and controls, 
while levels of average daytime DBP in patients 
with OSA were slightly, but significantly, higher 
than that in hypertensive subjects without OSA. 
The nighttime levels of both SBP and DBP in 
patients with OSA substantially exceeded those in 
the control group. 

Table 1 Clinical data for patients with OSA and 
control group. 

Variables 
OSA 

patients 
(n=52) 

Control 
group 
(n=48) 

P 

Apnea/hypopnea 
index 38.9±23.7 2.8±1.5 <0.001 

Age (years) 54.1±7.4 53.6±7.4 >0.05 

Weight (kg) 106.5±18.
4 

104.2±19.
5 >0.05 

Height (cm) 171.8±7.8 170.7±9.6 >0.05 
BMI (kg/m²) 35.1±5.9 34.3±6.7 >0.05 
Hypertension 
duration (years) 11.5±8.0  12.1±8.6 >0.05 

Office SBP (mm 
Hg) 160±7.4 158±8.6 >0.05 

Office DBP (mm 
Hg) 98±7.2 96±8.4 >0.05 

Daytime SBP 
(mm Hg) 157±14.7 152±10.7 >0.05 

Daytime DBP 
(mm Hg) 98±6.9 94±4.8 <0.05 

Nighttime SBP 
(mm Hg) 160±14.6 138±10.9 <0.01 

Nighttime DBP 
(mm Hg) 96±6.9 82±5.7 <0.001 

Means±SD. Two-tailed t-test. 
 
Levels of renal MBG excretion in patients 

with OSA were greater than those in  
hypertensive subjects without apnea (0.85 ± 
0.07nmoles vs. 0.34 ± 0.05nmoles, P < 0.0001), 
and increased progressively with the severity of 
OSA (fig. 1).  

 

 
Fig. 1 Renal excretion of MBG (a) and EO (b), 
and plasma concentration of insulin (c) and leptin 
(d) in hypertensive patients from control group 
(Ctrl) and hypertensive patients with various degrees 
of OSA severity. AHI – apnea/hypopnea index 
Means ± SEM. By one-way ANOVA followed by 
Bonferroni test: * - P < 0.05; ** - P < 0.01, *** - P 
< 0.001 vs. Ctrl. 
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Unlike MBG, levels of EO excretion did not 
differ between OSA and control groups (0.51 ± 
0.07nmoles vs. 0.39 ± 0.05nmoles), and did not 
vary in subgroups of patients with different OSA 
severity (fig. 1B). 

As illustrated in fig. 1C and D, plasma 
concentrations of both insulin and leptin were 
elevated in patients with OSA as compared to control 
group. Similar to that of MBG, levels of insulin and  

leptin rose with the progression of OSA severity. 
As presented in table 2, levels of 24hrs MBG 

excretion in patients with OSA exhibited a 
positive linear correlation with the severity of 
OSA, with levels of office, daytime, and 
nighttime DBP, and with plasma concentrations 
of insulin and leptin. None of these parameters 
exhibited significant correlations with levels of 
MBG excretion in the control group. 
 

Table 2 Pearson correlations of 24hrs renal MBG excretion in hypertensive patients with and without OSA 

Variables MBG excretion in patients with OSA MBG excretion in control group 
r P r P 

AHI 0.70 <0.0001 0.23 0.10 
Office SBP 0.46 0.06 0.24 0.70 
Daytime SBP 0.37 0.06 0.28 0.60 
Nighttime SBP 0.46 0.07 0.30 0.60 
Office DBP 0.48 0.03 0.22 0.20 
Daytime DBP 0.68 <0.01 0.22 0.10 
Nighttime DBP 0.60 <0.01 0.20 0.20 
Plasma leptin 0.44 0.03 0.30 0.10 
Plasma insulin 0.37 0.04 0.28 0.10 

 
DISCUSSION 

The major observation of our study is that levels 
of MBG, but not EO, become elevated in 
hypertensive patients with OSA, and co-vary with 
the severity of OSA. This observation is in 
agreement with previous data obtained by Paci et al 
and demonstrating that hypertensive subjects with 
OSA exhibit elevated plasma levels of an 
unidentified endogenous Na/K-ATPase inhibitor, 
which, by its chromatographic behavior, is different 
from EO and resembles MBG (21). Furthermore, in 
another study, it has been observed that in healthy 
humans, the pressor response to voluntary 
hypoventilation is associated with a substantial 
inhibition of Na/K-ATPase in the erythrocytes, and 
with a simultaneous increase in plasma levels of 
marinobufagenin (5). Similar to that in the present 
study, levels of EO in these studies did not increase 
either in subjects with OSA (21), or during voluntary 
hypoventilation (5). 

In NaCl-sensitive hypertension, MBG is 
stimulated with a primarily adaptive aim, of reducing 
the volume of circulating fluid, and to induce 
natriuresis via inhibition of renotubular Na/K-
ATPase (4,9,13). An excessive MBG production 
also evokes a maladaptive response, i.e., inhibition 
of the sodium pump in the vascular smooth muscle 
membranes, which potentiates vasoconstriction (13). 
In OSA, repeated episodes of apnea/hypopnea lead 
to an increase in PETCO2 (16). Previously both 
human and animal studies have demonstrated that 
heightened PETCO2 levels decrease plasma pH, and 
stimulate renotubular Na-H exchange, which results 
in renal sodium retention, a major stimulus for MBG 

production (1,2,5,13). Thus, in patients with OSA, 
MBG may be an important link in the vicious circle 
underlying development of hypertension. In support 
of this notion, levels of MBG excretion in the 
present study positively correlated the severity of 
OSA, and with levels of DBP, while no such 
correlations were found in hypertensive subjects 
from control group. 

In the present study, in patients with OSA, levels 
of MBG excretion co-varied with plasma levels of 
insulin and leptin. Insulin may contribute to renal 
sodium retention via stimulatory effect on the Na/K-
ATPase, and via activation of renotubular epithelial 
sodium channels (27). We hypothesize that, at least 
in part, enhanced production of MBG observed in 
the present study might have occurred in an attempt 
to override sodium retention caused by insulin. OSA 
is associated with impaired glucose tolerance 
(17,23), and dysregulation of the Na/K-ATPase has 
been shown to contribute to the pathogenesis of 
diabetes mellitus (20,27). Recently, we have 
demonstrated that in diabetic patients and in rats with 
streptozotocin-induced with type 1 and type 2 
diabetes mellitus, levels of MBG increase and 
contribute to Na/K-ATPase inhibition (6,7). In 
healthy rats, in vivo blockade of MBG with a 
specific antibody impaired glucose tolerance during 
oral glucose challenge (7). We hypothesize that 
MBG may be one of the factors linking mechanisms 
of pathogenesis of hypertension and insulin 
resistance in patients with OSA. 

MBG is a potent vasoconstrictor and at 
physiologically relevant concentrations it induces 
Na/K-ATPase inhibition and elicits contractile 
responses in isolated human arteries (3,10). Since 
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enhanced MBG production in OSA is likely to be 
one of the factors contributing to enhanced vascular 
tone, pharmacological antagonism of the 
prohypertensive effects of this hormone may be one 
of the approaches to the treatment of hypertension 
patients with OSA. The strategies for therapeutic 
intervention against MBG and other CTS include 
disrupting the interaction of CTS and vascular 
sodium pump either via blockade of digitalis 
receptor on the sodium pump (12) or, by reduction 
of CTS sensitivity of the Na/K-ATPase via 
modulation of its protein kinases-induced 
phosphorylation (14). 
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