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Endogenous mammalian bufadienolides

Bagrov et al, 1994
Mar inobufagenin

Komiyama, et al 2005
Telocinobufagin

Lichtstein et al, 1993
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MARINOBUFAGENIN, A  
VASOCONSTRICTOR BUFADIENOLIDE

Clin Exp Hypertens 1998; 20 : 617
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In hypertensive DS, acute administration of MBG 
antibody lowers the blood pressure
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Angiotensin II in supraoptical nucleus of hypothalamus

ATII staining in the supraoptical nucleus of hypothalamus following acute NaCl loading of DS, and
intrahippocampal administration of 60 pg ouabain. Scale bar = 10 µm.

Acute NaCl loading Intrahippocampal ouabain injection
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CENTRAL ADMINISTRATION OF OUABAIN MIMICS NaCl LOADING

Renal excretion of MBG
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- PRESSOR AND DIURETIC RESPONSE,
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THESE EFFECTS WERE PREVENTED
BY PRETREATMENT OF RATS WITH
ANTI-MBG ANTIBODY



CENTRAL ADMINISTRATION OF OUABAIN MIMICS NaCl LOADING
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ACTIVATION OF PKC INDUCES PHOSPHORYLATION OF ALPHA-1, 
BUT NOT ALPHA-3 ISOFORM OF THE Na/K-ATPase
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HOW DO LOW CONCENTRATIONS OF ENDOGENOUS DIGITALIS WORK?
Isoform-sepcific phosphorylation of the Na/K-ATPase
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ACTIVATION OF PKC BY PHORBOL
DIACETATE SENSITIZES THE
Na/K-ATPase FROM HUMAN MESENTERIC
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CICLETANINE ANTAGONIZES MBG-INDUCED VASOCONSTRICTION AND Na/K-ATPase
INHIBITION VIA PKC-SENSITIVE MECHANISM AND DIRECTLY INHIBITS PKC

VASORELAXATION

VASOCONSTRICTION

Na/K-ATPase INHIBITION

PKC INHIBITION

J Hyper tens. 2000; 18: 209



In Dahl-S rats on a high NaCl intake cicletanine lowers the
blood pressure and reduces LV weight
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HYPOTHESIS: ANP potentiates MBG-induced natriuretic effect, but may 
offset the deleterious MBG-induced vasoconstriction

J Hypertens 2002; 20: 1189

1 2 3 4
20

30

40

50

60

70

**

*

*

LV ejection fraction

NYHA stages

%

1 2 3 4
0

1

2

3

**

*

*

aaaa-hANP

NYHA stages

n
g

/m
L

1 2 3 4
0.0

0.5

1.0

1.5

2.0

*
*

*
*

MBG

**

NYHA stages

n
m

o
l/L



-11 -10 -9 -8 -7 -6 -5 -4 -3
0

25

50

75

100

Na/K-ATPase in aortic sarcolemma

  MBG
+ ANP

  MBG

MBG (-logC mol)

%
 r

es
id

ua
l a

ct
iv

it
y

-12 -11 -10 -9 -8 -7 -6 -5 -4 -3
0

25

50

75

100 MBG

Na/K-ATPase in renal medulla

  MBG + ANP

MBG (- log C mol)

%
 r

es
id

ua
l a

ct
iv

it
y

Impact of ANP-induced Na/K-ATPase phosphorylation on the effect of MBG
ANP reduces MBG-induced inhibition of vascular Na/K-ATPase, but
potentiates MBG-induced inhibition of Na/K-ATPase in renal medulla

Hypertension 2006



Activation of PKG isoforms differentially affects phosphorylation
of vascular and renal Na/K-ATPase
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In aged rats

ANP does not potentiate MBG-induced inhibition of renal Na/K-ATPase 
ANP does not reverse MBG-induced inhibition of vascular Na/K-ATPase
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PREECLAMPSIA COMPLICATES 5-10% OF 
PREGNANCIES WORLDWIDE AND REPRESENTS 
A MAJOR FACTOR OF MATERNAL AND FETAL 
MORTALITY AND MORBIDITY

Circulating vasoactive substances in preeclampsia:

� Nitric oxide deficiency

� Elevated plasma levels of endothelin 

� Vasoconstrictor PGA2 increased and vasodilator PGI2 decreased

� PRA and plasma ATII lower than normal

� Heightened plasma levels of endogenous digitalis-like 
Na/K-ATPase inhibitors



DIGIBIND lowers blood pressure in a patient with preeclampsia
Redrawn from Goodlin, NEJM 1988: 318; 5185
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Lopatin DA, Ailamazian EK, Dmitr ieva RI , Shpen VM, Fedorova OV, 
Dor is PA, Bagrov AY. Circulating bufodienolide and cardenolide sodium 
pump inhibitors in preeclampsia. J of Hyper tension. 1999; 17: 1179-1187.
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3E9 (1.7 ´́́́  10-7 mol/L)
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• Meet ACOG preeclampsia criteria for hypertension and proteinuria
• At least one ACOG criteria for severe PE
• Gestational age 23 5/7 to 34 weeks
• Delivery probably required in 72 hours

DEEP study, Protherics, UK



EXPERIMENTAL PREECLAMPSIA IN RATS
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DIGIBIND in cerebral salt wasting syndrome
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Classical vs. novel functions of Na/K-ATPase and 
of endogenous cardiotonic steroids



Uremic cardiomyopathy and oxidant stress
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Effect of 5/6 nephrectomy and of immunization against MBG on arterial 
pressure, cardiac weight, left ventricular performance and markers of 

oxidant stress
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Chronic MBG treatment of rats (10 mmmmg/kg/day) mimics effects
of 5/6 nephrectomy

Hypertension, 2006

Contr MBG
0

20

40

60

Renal MBG excretion

*

n
m

o
l 

/ 
24

 h
o

u
rs

Contr MBG
0

25

50

75

100

125

150

175
SBP

*

m
m

 H
g

Contr MBG
0

200

400

600

LV carbonylated protein

*

p
m

o
l 

/ 
m

g
 p

ro
t

Contr MBG
0

200

400

600

Plasma MDA

nm
ol

/L

*



5/6 nephrectomy and MBG chronic infusion induces cardiac fibrosis. 
Immunization of nephrectomized rats against MBG prevents fibrosis
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Fli-1, a member of ETS family, a potential novel factor in the
profibrotic effect of cardiotonic steroids
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Novel functions of Na/K-ATPase and 
of endogenous cardiotonic steroids
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