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Mechanisms for Linking High Salt Intake to Vascular Tone: Role of Na* Pump and
Na*/Ca?* Exchanger Coupling
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Excessive salt intake is a major risk factor for hypertension. However, the underlying molecular relationship be-
tween salt and hypertension is not fully understood. Recently discovered cardiotonic steroids, such as endogenous oua-
bain and other steroids, have been proposed as candidate intermediaries. Plasma cardiotonic steroids are significantly
elevated in patients with essential hypertension and in salt-dependent hypertensive animals. Generally, it is believed that
cardiotonic steroids inhibit Na®™ pump activity and lead to an increase in the cytosolic Na* concentration. Cellular Na*
accumulation raises the cytosolic Ca2* concentration through the involvement of Na*/Ca2* exchanger type 1 (NCX1).
In isolated arteries from o2 Na* pump knockout mice («2+/~), myogenic tone is increased, and NCX inhibitor normal-
izes the elevated myogenic tone in a2*/~ arteries. The NCX inhibitor lowers arterial blood pressure in salt-dependent
hypertensive rats but not in other types of hypertensive rats or in normotensive rats. Furthermore, smooth muscle-
specific NCX1 transgenic mice are hypersensitive to salt, whereas mice with smooth muscle-specific knockout of NCX1
(NCX18M~/=) have low salt sensitivity. These results suggest that functional coupling between the vascular o2 Na*
pump and NCXI1 is a critical molecular mechanism for salt-induced blood pressure elevation.
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Fig. 1.

(Reprinted with permission) .»

Model of Plasma Membranemicrodomains Situated Adjacent to ‘‘junctional’’ Sarcoplasmic/Endoplasmic Reticulum
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Steps in the Pathogenesis of Salt-dependent Hypertension

Etiology:

A\ NaCl Intake
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M [Ca¥]eyy
A\ Ca?* Signaling

A Vascular Tone and Contractility -)

A Blood Pressure

Fig. 2.

Proposed Sequence of Steps in the Pathogenesis of Salt-dependent Hypertension

The “‘interventions’’ listed at the left, indicate some of the pharmacological and genetic manipulations. (Reprinted with permission) .3



No. 11

1403

140

-
N
o

Normalized Blood Pressure
(% of WT)
>
i

Fig. 3. Relative Blood Pressures of Mice with Genetically En-
gineered o2 Na* Pumps and NCX1
The data, from several sources, are normalized to the blood pressures of
the respective control wild type mice. *p<{0.05, **p< 0.01 vs. wild type or
respective genotypes on a normal salt diet. (Reprinted with permission) .?
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Fig. 4. Effects of ACTH on Blood Pressure in Mice with
High (normal) and Low Ouabain Affinity o2 Nat pumps
**p<0.01 for the pairings indicated. (Reprinted with
permission) .?
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Fig. 5. Effects of Low-dose of Ouabain and SEA0400 on Cytosolic Ca2* Level and Myogenic Tone (MT) in Pressurized Mouse Small

Mesenteric Arteries

(a) Simultaneous recording of fluorescence and internal diameter (Int. diam.) changes in a fluo-4-loaded artery (pressurized to 70 mmHg) by laser confocal
microscopy. Periods of exposure to ouabain, SEA0400 and Ca2*-free medium (0Ca) indicated by colored bars. (b) Fluorescent image on the left shows individual
myocytes loaded with fluo-4. Pseudocolor images (A-C) indicate the relative [Ca2*]; at the times shown in a. (c¢) Summary of the effects of ouabain and SEA0400
on myogenic tone. *p<{0.05, **p<0.01 vs. pretreatment values. **p< 0.01 vs. control values. (Reprinted with permission).”
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