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Disclosure statement 

It is much ado about something, we know not what. 
We like it because without controversy we are out of 
jobs. A “hard-endpoint” trial seems unlikely. Thus, we 
can believe whatever we want! 
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Renal-pressure natriuresis from the Selkurt data Fig. 1. 
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What raises 
the pressure? 

Variable renal-pressure natriuresis 



Does pressure natriuresis hold up? 

(Blood vessels and interstitium receive little attention) 

1.  Renal blood flow and perfusion 

2.  Afferent and efferent tone 

3.  T-G feedback 

4.  Plasma oncotic pressure 

5.  Bowman’s capsular pressure 

6.  Intra-renal blood flow  
        distribution and pressure 
 
7.    Conformational changes in  
        ion channels 
 
8.     Aquaporin-2 expression 



Supplemental Figure to everything 
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John Hall is on the left; Ted Kurtz is on the right. 
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John Hall is on the left; Ted Kurtz is on the right. 



Recent support for the vasodysfunctioners from  
Hans Oberleithner and Paul Sanders 

Glycocalyx, endothelium, NO dysfunction and no dilatation 

J Am Soc Nephrol 2017 
Pflugers Arch 2015 



Schuster et al. Nat Genet 1996 

A salt-independent Mendelian hypertension 

!

cAMP responsive element  
binding protein 

Maass et al. Nat Genet 2015 

How does mutated  
PDE3A work? 

Vasodilator-stimulated 
phosphoprotein 



E I 

We teach this: 

Rose. Regulation of water and electrolyte balance. 1994 

3 5 8 11 

Studies lasted for about 1 week; however,  
life lasts longer than 1 week. 

What we studied  
in 1979 

What we are studying now 



The finding of sodium gain without weight gain is in 
contradiction to the widely accepted theory that changes in 
TBNa+ levels are accompanied by changes in extracellular 
volume. We suggest the existence of a sodium reservoir with 
the ability to store significant amounts of sodium in an 
osmotically inactive form. This reservoir might be located in 
bone, dense connective tissue, or cartilage. 

But, where is the salt? 
Titze et al. Am J Kidney Dis 2002  

UAldoV 

TBNa+ 

TBNa+ 

But not Bwt. 

Abstract 



ECF = 13 L ICF = 27 L 
Na 140 
K 5 
Cl 100 
HCO3 25 
etc 

Totals 1820 mmol Na+  
(where is the rest?) 

K 140 
Na <5 
Cl < 5 
HCO3 ? 
Phosphate &  
proteins 

Not very exchangeable – 
Titze et al. Am J Physiol 2002, 2003 Charged glycosaminoglycans  Synthesis is salt-dependent 

Complete ashing 

Atomic absorption  
spectrometry 

Mostly Skin 



Na+ concentration here  
is about 170 mmol/L 
while plasma is 140 mmol/L 

Envision it as a gel; the Na+ content is higher 

Tonicity-Responsive-Enhancer-Binding-Protein (NFAT5) 



How could this work?  

Machnik et al. Nat Med 2009  
Wiig et al. J Clin Invest 2013 
 

(anti–Lyve-1 antibody, green 
(Lymphatic endothelial cells) 

(without MPS-specific TONEBP 
deletion) 

with MPS-specific TONEBP deletion 



Naunyn-Smiedeberg 1909 

German: Over 1/3 Cl is in the skin 

We thought we were the first, but we were not! 



Left - Then  Right - Now  



Movers and shakers 

Natalia Rakova 

Jens Titze 
 





Fourier analysis  
to find a pattern 

Days (Infradian rhythm) 

We „norm“ Na+ intake as constant across intakes 



Data from all 10 subjects in two studies 

Blood pressure 
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Cortisone  
perhaps the best 
Integrator 
 
 
A relationship  
between cortisol/ 
and cortisone 

Blood pressure 
 
 
 
 
Body weight 
 
 
 
 
Impedance 
measurements 
 
 
 
Aldosterone 
excretion 
 
 
TBNa+ wanders 
irrespective of  
salt intake 



Rhythmic schematic of very-long-term balance studies 
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Subject 54	
12 g	

With increasing salt intake, drinking behavior goes down, not up. 
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Stratified Data Series  
Stratum: Increasing UNaV 

at each salt intake level 
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Subject 54	

R2 = 0.18 
P < 0.001 

R2 = 0.26 
P < 0.001 

1500

3000

R2 = 0.12 
P < 0.01 

R2 = 0.18 
P < 0.001 



With increasing UNaV, UNa goes up while Uurea goes down. 

Strong 
inverse (Aldo) 
and direct (Cortisol) 
cross correlation 

 with Cortisol 



With increasing sodium intake, free-water clearance decreases. 
(aldosterone goes down, while glucocorticoids go up). 



Oxidative phosphorylation 
 
Option to increase food 
intake 
 
Conversion to urea 
production 
 
GR bound to cytoplasm (CP), 
membrane (M), soluble 
fraction (SN), chromatin-
bound (CB), cytoskeletal 
(CS). 
 
Apoptosis in framework of 
catabolism 
 
Salt intake reprioritizes 
osmolyte and energy 
metabolism 
 
 

The mice with HSD became catabolic to produce urea and water. 

LC3 is an autophagic protein 
in a cytosolic and membrane form



Muscle in HS+saline mice increases urea production and transfers nitrogen and glucose via the 
alanine-glucose-nitrogen shuttle to the liver, where alanine is taken up by increased active 
transport and preferentially metabolized to urea.

HSD reprioritizes osmolyte and energy metabolism for body fluid conservation. 



Sodium + chloride (salt)  excretion 
(kg/60 days) 

ΔSBP (mm Hg) Baseline    1         2        3   
  

3.973 
(96%)  

2.637 
(89%)  

1.408 
(87%) 

Renal-pressure natriuesis may take a very long time ∞ 







Where do we go from here? 

• On the Mars500 subjects we have AM and PM BPs every 
day (4000 BP measurements). These have not been 
evaluated. Is UNaV dominant or is it UNa alone, or free-
water clearance? 
 
• PDE3A mutations cause solely generalized 
vasoconstriction (salt-resistant hypertension). 
 
• We have new patient mutations and other clinical data. 
 
• Mouse and rat models are coming. 
 
• We will re-define pressure natriuresis. 
 
 


