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The concept of a circulating digitalis-like inhibitor of the 
sodium pump, Na+, K+-ATPase, evolved from studies per-

formed in the 1960s. De Wardener et al1 addressed the ques-
tion of whether a small increase in the glomerular filtration rate 
together with changes in the concentration of the more recently 
discovered hormone aldosterone could explain the natriuresis 
that generally followed salt (sodium) loading. In their stud-
ies, dogs had their renal blood flow reduced significantly by 
constricting the aorta above the renal arteries and were given 
supramaximal doses of fludrocortisone, a synthetic analogue 
of aldosterone, and vasopressin before being challenged with 
intravenous saline. Their ability to develop a natriuresis clearly 
demonstrated that a third factor (beyond changes in glomerular 
filtration rate and aldosterone concentrations) was involved in 
the natriuresis of salt loading. Subsequent experiments dem-
onstrated that the responsible agent could be transmitted by 
the plasma of the volume-expanded animal.2 Although we may 
now ask whether in these experiments the effect was mediated, 
at least in part, by the release of atrial and B-type natriuretic 
peptide from the heart, it was nearly 2 decades before those hor-
mones were discovered during which time it was demonstrated 
that the plasma of volume-expanded animals had the ability 
to inhibit the sodium pump3—which is not a target of atrial 
natriuretic peptide and B-type natriuretic peptide. Essentially 
parallel studies were performed by Welt and colleagues4 in ure-
mia where inhibition of the sodium pump of erythrocytes was 
demonstrated along with the ability of uremic plasma to induce 
such a defect in normal erythrocytes.

In 1975, it was shown that patients with essential hyperten-
sion had, as a group, reduced activity of the sodium pump of 
leukocytes, with corresponding elevated values for intracel-
lular sodium.5 This finding proved to be reproducible in vari-
ous laboratories, and once again the effect was transmissible 
by exposing normal cells to the plasma of hypertensives. It 
was also shown that there was a crude correlation between the 
elevated blood pressure and the depression of the activity of 
the sodium pump as measured by the efflux rate constant.6 It 
was then clear that under certain conditions humans and other 
animals had the ability to secrete an inhibitor of the sodium 
pump and that this may well be of importance in the physiol-
ogy/pathophysiology of salt overload, uremia, and essential 
hypertension.

Long overdue is a review of De Wardener’s third factor and 
the proposition that it or a similar compound acts by inhibition 

of the sodium pump in a manner akin to digitalis and related 
materials, and that this compound plays a role under physi-
ological circumstances and in the pathophysiology of circula-
tory and renal disorders. In the current brief review, we have 
focussed on a narrow component of this broad field: the ques-
tion of whether, as claimed below, authentic ouabain or an 
isomer of ouabain is present in human circulation.

By the late 1970s, the reasonable question was that, given 
the repeated demonstration of the phenomena noted above, 
what was the circulating agent involved? Despite investiga-
tions from many laboratories, the identity of the inhibitor 
compound(s) remained elusive until 1991 when Hamlyn 
and colleagues from the Upjohn Laboratories in Kalamazoo, 
Michigan, and the Department of Physiology at the University 
of Maryland addressed this issue by concentrating large vol-
umes of human plasma and subjecting them to liquid chro-
matography coupled to mass spectrometry. In that year, they 
produced a series of articles suggesting convincingly that 
their highly concentrated sample contained an inhibitor of 
Na+, K+-ATPase that was structurally, biochemically, and 
immunologically indistinguishable from ouabain or an isomer 
of ouabain.7–10 These workers went on to show that their iso-
lated material had cardiotonic and vasotonic activity similar 
to authentic plant-derived ouabain.11 They also developed an 
immunoassay for measurement of ouabain in plasma.9 The 
Lancet greeted these reports with an editorial article entitled 
“Welcome to Ouabain – a New Steroid Hormone.”12 Studies 
thereafter reported that endogenous ouabain (EO), as has 
become the common term, was secreted by bovine zona glo-
merulosa cells from the adrenal cortex under the control of 
adrenocorticotrophic hormone and angiotensin II, the latter 
via angiotensin type II receptors.13–15

A different approach to the isolation of a circulating inhibitor 
of the sodium pump in humans was also pursued. Following on 
from a criminal trial in Canada in which a nurse was accused of 
causing the death of a newborn when digoxin was discovered 
in the plasma despite the drug never having been prescribed, 
Valdes et al16 observed that immunoassayable digoxin was 
regularly present in neonatal plasma. Because it was unlikely 
(although not impossible) that the immunoassay was measur-
ing authentic digoxin, this could imply that cord blood con-
tained a sodium pump inhibitor. Following this lead, our group 
in London saw weak sodium pump inhibitory action in a large 
series of cord blood samples17; however, the amounts were 
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insufficient to characterize the material from that source. We 
argued that the likely target of the inhibitor was the placenta 
and attempted to extract it from this source. Multiple extrac-
tions yielded an inhibitory fraction, which, when examined by 
mass spectrometry, revealed a compound of mass 370 Da run-
ning in positive ion mode as material of m/z 371 (protonated), 
393 (sodiated), and 409 (potassiated).18,19 Accurate mass stud-
ies indicated an empirical formula of C

24
H

34
O

3
, and the mass 

spectrometer in negative ion mode showed fragmentation to a 
compound of m/z 97 and subsequently 80. Allowing that this 
ion was neither a sulfate nor a phosphate resulted in the view 
that it represented the loss of a dihydropyrone from the origi-
nal compound, suggesting that it was a bufenolide. In multiple 
placental tissue extractions, which showed inhibition of the 
sodium pump, no trace of ouabain was ever seen on mass spec-
trometry. Both this study and that of Hamlyn were conducted 
using fast atom bombardment ionization coupled with tradi-
tional magnetic sector detectors, which were considered state-
of-the-art equipment at the time but, as described below, have 
since been repeatedly superseded in sensitivity and ease of use.

On the assumption that the ion seen by Hamlyn and col-
leagues was indeed ouabain, an immunoassay to this com-
pound was developed and commercialized by Du Pont–New 
England Nuclear. Using this or similar immunoassays, at least 
13 research groups reported plasma levels of immunoreactive 
ouabain in healthy volunteers, which, as we noted in an earlier 
article, varied widely between 2.5±0.5 (mean±SEM) nmol/L 
(and up to 176±68 nmol/L with exercise) and undetectable.20 
The plasma levels (and especially those achieved with exer-
cise) reported by some groups would likely prove fatal if 
indeed the measured compound was authentic ouabain. With 
regard to these wide variations in reported levels of plasma 
ouabain, it is important to keep in mind the potential pitfalls 
of immunoassays. In particular, cross-reactivity is an everpre-
sent risk. For example, it is possible to quote a plasma con-
centration of prednisolone using an immunoassay for cortisol 
and factoring in the known cross-reactivity and near certainty 
that high-dose prednisolone administration will almost totally 
inhibit cortisol secretion in most circumstances. Along simi-
lar lines, we have had the opportunity to study an antibody 
raised against ouabain that gave significant concentrations to 
virtually any small cyclic compound, for example, tyrosine, 
catecholamines, and creatinine (unpublished data). This expe-
rience suggests that the characteristics of any antibody raised 
against such a substituted steroid needs to be investigated 
thoroughly to avoid confusion as to what the resulting immu-
noassay is actually measuring. In this regard, 3 groups (2 from 
the United States and 1 from Christchurch, New Zealand) that 
published their data in the same year (1994) were unable to 
detect immunoreactive ouabain after high-performance liquid 
chromatography separation of human plasma,21–23 raising the 
possibility that EO as measured by available immunoassays 
did not represent authentic ouabain.

Subsequent to the 1991 reports, data largely but not exclu-
sively from the University of Maryland workers and their 
Italian colleagues have suggested that the human adrenal 
gland produces EO, which plays a role in the regulation of 
sodium balance, vascular smooth muscle tone, and arterial 
pressure under normal circumstances and may contribute to 

the pathophysiology of cardiac failure, chronic renal failure, 
essential hypertension,24 as well as other disorders including 
pregnancy-induced hypertension and preeclampsia,25 kidney 
injury after cardiac surgery,26 Meniere disease,27 and poly-
cystic kidney disease.28 Furthermore, plasma EO levels were 
reported to be higher in the offspring of families with a posi-
tive history of hypertension than in subjects with no such fam-
ily history, to correlate with blood pressure levels, and relate 
to some indices of diastolic left ventricular structure and func-
tion.29 Whereas review articles in several high-profile journals, 
often but not uniquely from the University of Maryland and 
Milan workers, have taken for granted that EO exists and is 
of pathophysiological importance,24,25,29–32 questions have 
been raised by us and several other research groups. At an 
Endocrine Society meeting in 1995, opinions were divided 
as to whether authentic ouabain circulates in human plasma 
and is of adrenocortical origin.33 This debate was aired again 
and in considerably more detail in 199634,35 and in 2009.20,24 
To summarize the major points of uncertainty in the latest of 
these debates,20,24 first, serious questions were raised regarding 
the physical evidence obtained in the early 1990s to support 
the authenticity of ouabain in human plasma; second, the abil-
ity of the human adrenals to produce immunoreactive ouabain 
had been called into question and details of the adrenal bio-
synthetic pathway remained to be defined; third, the DuPont/
NEN ELISA kit for measuring ouabain was withdrawn from 
the market because of lack of commercial interest,24 which, 
we surmise, reflected widespread uncertainty as to what the 
assay was measuring; and fourth, the relatively sparse tempo-
ral profile of reports on EO contrasted with B-type natriuretic 
peptide, for example, which, since its discovery 3 years ear-
lier than ouabain, had been the subject of a tsunami of reports 
based, in most cases, on well-established and widely avail-
able commercial assays. At the time of our review in 2009, we 
pointed to several discrepancies between the properties of the 
circulating sodium pump inhibitor and ouabain and suggested 
that the position of EO as an adrenally produced regulator of 
the sodium pump in human needed either to be put on a more 
secure footing or to lose its current status.20

So what advances have been made since the debate in 2009? 
We think there are 3 noteworthy observations to be made. First, 
there has been no substantial progress to address the question 
as to whether or not immunoreactive EO is produced by the 
adrenal glands in humans, and an adrenal biosynthetic path-
way for EO remains to be established. The observations by 2 
research groups in the mid-1990s, which disputed an adrenal 
origin for immunoreactive ouabain,21,36 remain unchallenged. 
Some 23 years after the existence of EO was reported and in 
an age when the entire genome is sequenced and genes can 
be identified computationally, its adrenal biosynthetic path-
way remains undiscovered. This raises questions regarding the 
biosynthetic machinery. Furthermore, involvement in mam-
malian metabolism of rhamnose, the sugar moiety of ouabain, 
is most unusual. Second, as mentioned already, articles con-
tinue to be published largely but not exclusively by workers 
at the University of Maryland and their colleagues claiming 
that EO not only exists but is of pathophysiological impor-
tance.24,25,29–32,37,38 It is a rare article amongst such papers that 
makes mention, even in passing, that there is some uncertainty 
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regarding the structure and source of EO.39 Third and most 
importantly, as discussed below, recent evidence from German 
workers using techniques not available in the early 1990s con-
tradicts the original reports in 1991 that authentic ouabain 
exists in human plasma.40

As an aside and in relation to the potential pathophysi-
ological role of EO, it is worthy of note that, whereas some 
researchers have reported clearcut biological effects of 
administered authentic ouabain in various animal models and 
human, in particular to raise arterial pressure, other work-
ers, including those in Christchurch, have failed to see such 
effects.20 In this regard and as summarized by Ferrari et al,41 
the drug rostafuroxin that selectively displaces ouabain from 
the Na+, K+-ATPase receptor has been reported to lower arte-
rial pressure in Milan hypertensive rats and select humans, 
and in deoxycorticosterone acetate salt hypertensive rats, it 
reduced blood pressure while also ameliorating endothelial 
dysfunction and oxidative stress in resistance arteries.42 These 
observations raised the possibility that if indeed EO exists and 
contributes to the development or maintenance of hyperten-
sion, inhibitors of EO mechanisms of action might provide a 
new class of antihypertensive drugs.42 When compared with 
placebo, however, rostafuroxin had no effect on systolic or 
diastolic pressure (using both office and 24-hour ambulatory 
recordings), plasma renin activity, 24-hour urinary sodium, 
and aldosterone excretion or plasma immunoreactive EO 
levels in 435 patients with systolic hypertension,43 although 
a subset of patients with a specific genetic profile was said 
to have shown an antihypertensive effect (data not shown). 
Although the outcome of this trial does not disprove the exis-
tence and pathophysiological importance of EO in the major-
ity of patients with essential hypertension, it does not support 
the underlying premise. Additional studies are underway on 
the effects of rostafuroxin on arterial pressure in a subgroup of 
essential hypertensive patients with a specific genetic profile.43

Returning to the issue of whether or not authentic ouabain 
exists in the human circulation, mass spectrometry has under-
gone a series of remarkable changes since the early 1990s, 
particularly in its sensitivity or limit of detection. It is now 
possible using these purely physical techniques to detect 
a molecule such as ouabain down to below even the lowest 
(nonzero) concentrations previously reported by immunologic 
assays. A recent article from workers in Germany has docu-
mented their attempt to do just that using state-of-the-art mass 
spectrometry.40 Their technique was rigorously validated and 
benefited from an internal standard of D3 ouabain where 3 of 
the hydrogen atoms are replaced by deuterium, giving a com-
pound of virtually indistinguishable physical and chemical 
characteristics but with a mass of 587 as opposed to 584 Da 
for the natural compound. Ouabain was undetectable in any 
sample of plasma from either control subjects or patients with 
heart failure.40 These data, produced by particularly experi-
enced workers, cannot be dismissed. When added to earlier 
observations by ourselves and several other research groups, it 
seems highly likely that the plasma EO concentrations quoted 
by immunoassay do not represent authentic ouabain.

Proving that something does not exist, especially in a com-
plex milieu such as plasma, is no easy matter. Although none 
of the findings noted above can be taken alone as definitive 

evidence against the existence of circulating EO, we think 
that the new report by Baecher et al40 together with earlier 
observations and the unknowns enumerated above render it 
untenable and misleading to persist with the term EO. We 
endorse the view of the workers at the University of Maryland 
and their colleagues in 2009 that more experimental work is 
needed to allay lingering concerns24 and challenge those who 
remain convinced that EO exists in human to provide incon-
trovertible evidence to this effect. Ideally all compounds with 
an inhibitory action on Na+, K+-ATPase detected in plasma or 
tissue, including the 370 Da compound isolated from human 
placenta and a volume-expanded patient,18,19 should now be 
studied using the latest technology to determine their struc-
ture. Unfortunately, moves toward this end are compromised, 
while the existence of EO continues to be taken as fact.

Acknowledgments
We thank the many research technicians, scientists, and clinicians 
who have worked on studies of ouabain and other inhibitors of the 
sodium pump with our groups in London and Christchurch.

Disclosures
None.

References
 1. De Wardener HE, Mills IH, Clapham WF, Hayter CJ. Studies on the effer-

ent mechanism of the sodium diuresis which follows the administration of 
intravenous saline in the dog. Clin Sci. 1961;21:249–258.

 2. Nutbourne DM, Howse JD, Schrier RW, Talner LB, Ventom MG, Verroust 
PJ, De Wardener HE. The effect of expanding the blood volume of a dog 
on the short-circuit current across an isolated frog skin incorporated in the 
dog’s circulation. Clin Sci. 1970;38:629–648.

 3. Clarkson EM, Talner LB, De Wardener HE. The effect of plasma from 
blood volume expanded dogs on sodium, potassium and PAH transport of 
renal tubule fragments. Clin Sci. 1970;38:617–627.

 4. Cole CH, Balfe JW, Welt LG. Induction of a ouabain-sensitive ATPase 
defect by uremic plasma. Trans Assoc Am Physicians. 1968;81:213–220.

 5. Edmondson RP, Thomas RD, Hilton PJ, Patrick J, Jones NF. Abnormal 
leucocyte composition and sodium transport in essential hypertension. 
Lancet. 1975;1:1003–1005.

 6. Hilton PJ. Factors influencing leucocyte sodium transport in hypertension. 
Klin Wochenschr. 1985;63(suppl 3):49–51.

 7. Ludens JH, Clark MA, DuCharme DW, Harris DW, Lutzke BS, Mandel F, 
Mathews WR, Sutter DM, Hamlyn JM. Purification of an endogenous dig-
italislike factor from human plasma for structural analysis. Hypertension. 
1991;17(6 Pt 2):923–929.

 8. Mathews WR, DuCharme DW, Hamlyn JM, Harris DW, Mandel F, Clark 
MA, Ludens JH. Mass spectral characterization of an endogenous digital-
islike factor from human plasma. Hypertension. 1991;17(6 Pt 2):930–935.

 9. Harris DW, Clark MA, Fisher JF, Hamlyn JM, Kolbasa KP, Ludens JH, 
DuCharme DW. Development of an immunoassay for endogenous digital-
islike factor. Hypertension. 1991;17(6 Pt 2):936–943.

 10. Hamlyn JM, Blaustein MP, Bova S, DuCharme DW, Harris DW, Mandel 
F, Mathews WR, Ludens JH. Identification and characterization of a 
ouabain-like compound from human plasma. Proc Natl Acad Sci U S A. 
1991;88:6259–6263.

 11. Bova S, Blaustein MP, Ludens JH, Harris DW, DuCharme DW, Hamlyn 
JM. Effects of an endogenous ouabainlike compound on heart and aorta. 
Hypertension. 1991;17(6 Pt 2):944–950.

 12. Editorial. Welcome to ouabain – a new steroid hormone. Lancet. 
1991;338:543–544.

 13. Laredo J, Hamilton BP, Hamlyn JM. Ouabain is secreted by bovine adre-
nocortical cells. Endocrinology. 1994;135:794–797.

 14. Laredo J, Hamilton BP, Hamlyn JM. Secretion of endogenous ouabain 
from bovine adrenocortical cells: role of the zona glomerulosa and zona 
fasciculata. Biochem Biophys Res Commun. 1995;212:487–493.

 15. Laredo J, Shah JR, Lu ZR, Hamilton BP, Hamlyn JM. Angiotensin II stim-
ulates secretion of endogenous ouabain from bovine adrenocortical cells 
via angiotensin type 2 receptors. Hypertension. 1997;29(1 Pt 2):401–407.

 by guest on January 29, 2017
http://hyper.ahajournals.org/

D
ow

nloaded from
 

http://hyper.ahajournals.org/


Lewis et al  Endogenous Ouabain Is Not Ouabain  683

 16. Valdes R Jr, Graves SW, Brown BA, Landt M. Endogenous substance in 
newborn infants causing false positive digoxin measurements. J Pediatr. 
1983;102:947–950.

 17. Morris JF, McEachern MD, Poston L, Smith SE, Mulvany MJ, Hilton PJ. 
Evidence for an inhibitor of leucocyte sodium transport in the serum of 
neonates. Clin Sci (Lond). 1987;73:291–297.

 18. Hilton PJ, White RW, Lord GA, Garner GV, Gordon DB, Hilton MJ, 
Forni LG, McKinnon W, Ismail FM, Keenan M, Jones K, Morden WE. 
An inhibitor of the sodium pump obtained from human placenta. Lancet. 
1996;348:303–305.

 19. Wright DA, Lord GA, White RW, Hilton MJ, Gordon DB, Hilton PJ. 
Evidence for circulating bufenolide in a volume-expanded patient. Lancet. 
1997;350:409.

 20. Nicholls MG, Lewis LK, Yandle TG, Lord G, McKinnon W, Hilton PJ. 
Ouabain, a circulating hormone secreted by the adrenals, is pivotal in car-
diovascular disease. Fact or fantasy? J Hypertens. 2009;27:3–8.

 21. Doris PA, Jenkins LA, Stocco DM. Is ouabain an authentic endog-
enous mammalian substance derived from the adrenal? Hypertension. 
1994;23:632–638.

 22. Gomez-Sanchez EP, Foecking MF, Sellers D, Blankenship MS, Gomez-
Sanchez CE. Is the circulating ouabain-like compound ouabain? Am J 
Hypertens. 1994;7(7 Pt 1):647–650.

 23. Lewis LK, Yandle TG, Lewis JG, Richards AM, Pidgeon GB, Kaaja RJ, 
Nicholls MG. Ouabain is not detectable in human plasma. Hypertension. 
1994;24:549–555.

 24. Manunta P, Ferrandi M, Bianchi G, Hamlyn JM. Endogenous ouabain in 
cardiovascular function and disease. J Hypertens. 2009;27:9–18.

 25. Jacobs BE, Liu Y, Pulina MV, Golovina VA, Hamlyn JM. Normal preg-
nancy: mechanisms underlying the paradox of a ouabain-resistant state 
with elevated endogenous ouabain, suppressed arterial sodium calcium 
exchange, and low blood pressure. Am J Physiol Heart Circ Physiol. 
2012;302:H1317–H1329.

 26. Bignami E, Casamassima N, Frati E, et al. Preoperative endogenous oua-
bain predicts acute kidney injury in cardiac surgery patients. Crit Care 
Med. 2013;41:744–755.

 27. Manunta P, Messaggio E, Casamassima N, Gatti G, Carpini SD, Zagato 
L, Hamlyn JM. Endogenous ouabain in renal Na(+) handling and related 
diseases. Biochim Biophys Acta. 2010;1802:1214–1218.

 28. Blanco G, Wallace DP. Novel role of ouabain as a cystogenic factor in 
autosomal dominant polycystic kidney disease. Am J Physiol Renal 
Physiol. 2013;305:F797–F812.

 29. Manunta P, Iacoviello M, Forleo C, Messaggio E, Hamlyn JM, Lucarelli 
K, Guida P, Romito R, De Tommasi E, Bianchi G, Rizzon P, Pitzalis MV. 
High circulating levels of endogenous ouabain in the offspring of hyper-
tensive and normotensive individuals. J Hypertens. 2005;23:1677–1681.

 30. Adrogué HJ, Madias NE. Sodium and potassium in the pathogenesis of 
hypertension. N Engl J Med. 2007;356:1966–1978.

 31. Manunta P, Hamlyn JM, Simonini M, Messaggio E, Lanzani C, Bracale 
M, Argiolas G, Casamassima N, Brioni E, Glorioso N, Bianchi G. 
Endogenous ouabain and the renin-angiotensin-aldosterone system: dis-
tinct effects on Na handling and blood pressure in human hypertension. J 
Hypertens. 2011;29:349–356.

 32. Blaustein MP, Leenen FH, Chen L, Golovina VA, Hamlyn JM, Pallone 
TL, Van Huysse JW, Zhang J, Wier WG. How NaCl raises blood pressure: 
a new paradigm for the pathogenesis of salt-dependent hypertension. Am 
J Physiol Heart Circ Physiol. 2012;302:H1031–H1049.

 33. Nicholls MG, Richards AM, Lewis LK, Yandle TG. Ouabain: a new ste-
roid hormone? Lancet. 1995;346:1381–1382.

 34. Hamlyn JM, Hamilton BP, Manunta P. Endogenous ouabain, sodium 
balance and blood pressure: a review and a hypothesis. J Hypertens. 
1996;14:151–167.

 35. Pidgeon GB, Lewis LK, Yandle TG, Richards AM, Nicholls MG. 
Endogenous ouabain, sodium balance and blood pressure. J Hypertens. 
1996;14:169–171.

 36. Naruse K, Naruse M, Tanabe A, Yoshimoto T, Watanabe Y, Kurimoto F, 
Horiba N, Tamura M, Inagami T, Demura H. Does plasma immunoreac-
tive ouabain originate from the adrenal gland? Hypertension. 1994;23(1 
suppl):I102–I105.

 37. Dvela M, Rosen H, Ben-Ami HC, Lichtstein D. Endogenous oua-
bain regulates cell viability. Am J Physiol Cell Physiol. 2012;302: 
C442–C452.

 38. Hamlyn JM, Blaustein MP. Salt sensitivity, endogenous ouabain and 
hypertension. Curr Opin Nephrol Hypertens. 2013;22:51–58.

 39. Funder JW. Aldosterone, sodium, and hypertension: lessons from torcetra-
pib? Hypertension. 2010;55:221–223.

 40. Baecher S, Kroiss M, Fassnacht M, Vogeser M. No endogenous ouabain is 
detectable in human plasma by ultra-sensitive UPLC-MS/MS. Clin Chim 
Acta. 2014;431:87–92.

 41. Ferrari P, Ferrandi M, Valentini G, Bianchi G. Rostafuroxin: an ouabain 
antagonist that corrects renal and vascular Na+-K+- ATPase alterations in 
ouabain and adducin-dependent hypertension. Am J Physiol Regul Integr 
Comp Physiol. 2006;290:R529–R535.

 42. Wenceslau CF, Rossoni LV. Rostafuroxin ameliorates endothelial dys-
function and oxidative stress in resistance arteries from deoxycortico-
sterone acetate-salt hypertensive rats: the role of Na+K+-ATPase/ cSRC 
pathway. J Hypertens. 2014;32:542–554.

 43. Staessen JA, Thijs L, Stolarz-Skrzypek K, et al. Main results of the oua-
bain and adducin for Specific Intervention on Sodium in Hypertension 
Trial (OASIS-HT): a randomized placebo-controlled phase-2 dose-find-
ing study of rostafuroxin. Trials. 2011;12:13.

 by guest on January 29, 2017
http://hyper.ahajournals.org/

D
ow

nloaded from
 

http://hyper.ahajournals.org/


Gary Nicholls
Lynley K. Lewis, Timothy G. Yandle, Philip J. Hilton, Berit P. Jensen, Evan J. Begg and M.

Endogenous Ouabain Is Not Ouabain

Print ISSN: 0194-911X. Online ISSN: 1524-4563 
Copyright © 2014 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Hypertension 
doi: 10.1161/HYPERTENSIONAHA.114.03919

2014;64:680-683; originally published online July 7, 2014;Hypertension. 

 http://hyper.ahajournals.org/content/64/4/680
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

  
 http://hyper.ahajournals.org//subscriptions/

is online at: Hypertension  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer this process is available in the

click Request Permissions in the middle column of the Web page under Services. Further information about
Office. Once the online version of the published article for which permission is being requested is located, 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the EditorialHypertensionin
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on January 29, 2017
http://hyper.ahajournals.org/

D
ow

nloaded from
 

http://hyper.ahajournals.org/content/64/4/680
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://hyper.ahajournals.org//subscriptions/
http://hyper.ahajournals.org/

