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Nairiuretic Hormones in Volume Natriuresis
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This review is an_ account of the pamupauon ol' Cuch and Slovak

with foreign and

elaboration of tne nypothesis on the existence of a namureuc nonnone Some uf lhe

material was presented at tne first

Hormone, which took place at Smolenice Castle (House of Scientific Workcrs of the

Slovak Academy of Sciences) in 1969 (Cort and Lichardus 1970), followed by two
other symposia in 1980 (Lichardus et ai. 1980) and 1984 (Dziirik ef al. 1985).

Experimental background

1) The natriuretic response to isotonic saiire loading in the dog could not be
prevented either by the glomerular filtrauon being kept constant (or moderately
decrease: ) or by mineralocorticoids in piasma being kept elevated (de Wardener
et al. 1961). Hence, a search for a "third factor” in the mechanism of natriuresis
seemed 10 be justified.

2) A signal, independent on the integrity of vagi nerves (Pearce and Lichardus
1967), triggering natriuresis in a dog with either extracellular fluid volume (ECFV)
(de Wardener ef al. 1961) or intravascular volume expansion (Lichardus and Pearce
1966), could be conveyed by means of cross-circulation to another hydropenic dog
with non—expanded ECFV. Hence, the "third factor" was evidently blood-borne. The
latter experiment, in which expansion was not accompanied by hemodilution, led to
the conclusion that the natriuretic activity in blood was related to a biologically
active substance as hemodilution (due to saline infusion to expand ECFV) is by
itself natriuz etic (Lichardus and Pearce 1966, de Wardener and Clarkson 1985).

3) The operation of a blood-borne natriuretic factor in rat cross-circulation
experiments was shown only when so-called sustained fluid volume expansion was
achieved by urine reinfusion in the expanded donor animal (Lichardus and Ponec
1970, Pearce er al 1970, Sonnenberg et al 1972). This procedure apparently
intensified the natriuretic signal to the recipient animal. Urea was one but not the
major factor in natriuresis (Wilson and Honrath 1978)

4) Next was an attempt to clarify the basic question which emerged from the
cross-circulation experiments, namely whether the appearance of a blood-borne
natriuretic factor in animals with expanded ECFV was the result of a decreased
concentration of an antinatriuretic or an increased concentration of a natriuretic
substance. The latter possibility seemed to be more probable when a low-molecular
(MW=1000 or less) natriuretic substance, presumably of peptide nature, was
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partially isolated and purified from the blood of cats and cows with acutely
expanded ECFV. The natriuretic activity was detected by bio-assay in hydrated rats.
The same plasma sample also decreased the snort-circuit current representing active
sodium transport in the frog skin (Lichardus et al. 1968, 1970, Sedldkova et al. 1969).
Now the name "natriuretic hormone” for the blood-borne substance seemed
appropriate. Such a substance was also claimed to be present in blood of cats with
natriuresis caused by bilateral common carotid arteries occlusion (for review see
Cort and Lichardus 1968) and in blood and urine of patients with chronic renal
failure (Spustovd et al 1985 among others; for review see de Wardener and
Clarkson 1985).

5) The renal mechanism of action of natriuretic hormone was proposed to be
via inhibition of the activity of the transporting enzyme, Na,K-ATPase (Kramer and
Gonick 1974). The intrarenal site of the inhibition of sodium reabsorption which is
critical for natriuresis due to intravascular or to the whole ECFV expansion, was
localized rather in the medullary collecting ducts than in the proximal tubule
(Sonnenberg 1972, Sonnenberg et al 1980). However, the decreased sodium
reabsorption in the proximal tubule is a consistent finding following isotonic saline
loading (Dirks ef al. 1965).

Further elaboration of the concept of an endogenous inhibitor of the
NaK-ATPase as a transporting enzyme resulted in an attractive hypothesis linking
the inhibitor to digoxin-like activity found in some organs, blood and urine
(see V. Schreiber in this volume) and to the pathogenesis of essential and low-renin
arterial hypertension (Blaustein 1974, Haddy et al 1980, de Wardener and
MacGregor 1980). It was reasoned that in both cases the primary increase of ECFV
triggers the secretion of the endogenous inhibitor of the sodium pump lhereby

the sodium and also calcium
cells. The ensuing’ enhanced contractility and reactivity of the vascular ooty
muscle cells underlies the increased vmul.u tone and peripheral vascular resistance
that elevates blood pressure.

Indeed, it was found that anti-dig um d d blood
pressure in young rats with DOCA-salt hvpenzm\nn (7|cha i) 1985). The same
anti-digoxin serum, however, was
induced by ECFV expansion with saline in rals (Lichardus et al. 1986). This finding
among others illustrates that so far the queslmn of number and nature of substances

by the like activity has not been satisfactorily
answered and the term “dlgoxm like substance” need not be a synonym for
natriuretic hormone (Kovécs e ul 1987). Furthermore, the adrenals, although
secreting. do not secrete
a natriuretic hormone, as nellhel acute nor chronic adrenalectomy impair volume
homeostatic natriuresis (Lichardus ef al 1990c). Also the recently identified
inhibitor of the Na,K-ATPase is still to be tested for its natriuretic activity
(M. P. Blaustein - personal communication).

6) The size of cell nuclei in the nucleus posterior hypothalami was found to be
a function of salt loading in the rat (Lichardus et al 1965). Electrolytic lesions in the
posterior hypothalamus impaired natriuresis related to the ECFV expansion in the
rat and cat (Lichardus and Jonec 1960, Cort and Lichardus 1963, Lichardus er al.
1969). Hence, the hypothalamus was suggested to be involved in the mechanism of
volume natriuresis. The salt-dependence of the size of cell nuclei in the nucleus
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posterior hypothalami was taken as evidence of hormonal activity related to body
salt balance in this hypothalamic area (Lichardus e al. 1965, Bajusz 1967).

Interaction of hormonal and physical natriuretic factors

The more general recognition of the hypothesis on the existence of
anatriuretic hormone has alvays been jeopardized by the inability to identify it
in spite of a i effort in this direction in many laboratories
(for reviews see e.g. de Wardener and Clarkson 1985, Sonnenberg 1986, Haber and
Haupert 1987, Kramer and Lichardus 1986,1987, Kramer er al. 1989). This inevitably
promoted the designing of more sophislic.ned experiments in order to keep the idea
of a natriuretic hormone alive by minimizing the role of physical factors in the
mechanism of volume natriuresis. For example in acute experiments in
anaesthetized dogs the kidneys transplanted to the neck responded by natriuresis to
the blood transfusion of their respective "donor” dogs in spite of the facts that they
were denervated, blood was not diluted and the renal perfusion and venous
pressures were constant (Lichardus and Nizet 1972). The degree of natriuresis was,
of course, partly impaired by these procedures limiting the normal reaction of the
organism to blood volume expansion. However, it should be admitted, that
intrarenal hemodynamics, namely a possible redistribution of the renal blood flow
and changes of peritbular hydrostatic pressure, which were not under control by
just keeping the renal perfusion pressure constant, still could have played a role in
the mechanism of volume natriuresis. The inevitable conclusion thus was in the first
review article on natriuretic hormone, namely that the mechanism of volume
natriuresis is complex and implies neural, hemodynamic and tubular metabolic
factors (L chardus 1967).

This thesis on the cumplt,x mechanism of volume naumrcsls was later
illustrated by a series of in acutely 1 rats (Lichardus
et al. 1973, 1976, 1990¢, Lichardus and Ponec 1972a,b, 1973, 1978, Ponec and
Lichardus 1973, 1977, Ponec et al. 1978, 1987). Acute hypophysectomy abolish
almost totally the response to both i and the whole FV
expansion. The diuretic response was normal but the increase of urine output was
due to the increased excretion of free water. In contrast to control animals the
acutely hypophysectomized animals failed to increase cardiac output, glomerular
filtration rate and renal blood flow, and their hydrostatic pressure in the peritubular
capillaries was lower (Bencséth et al. 1980). Thus the resetting of the Starling forces
could coniribute to the mechanism of sodium retention in acutely
hypophyseciomized rats in addition to the humoral antinatriuretic effect in
connection with ihe ablation u( the pnuuary It was further found that the
impairment of the volume in acutely rats was
associated with increased activity of the sympathetic nervous and plasma
renin-angiotensin systems (Lichardus ef al. 1990b,c) probably due to the absence of
circulating vasopressin (Kvetfiansky er al. 1988, Lichardus et al. 1989) and stress
reaction to the acute surgical Either
vasopressin (Lichardus and Ponec 1973) or the application of the inhibitor of
angiotensin converting enzyme Captopril (Lichardus er al 1990b,c) in acutely
hypophysectomized rats completely restored volume natriuresis.




164 Lichardus Vol. 40

Even if these i in acutely i animals did not
directly support the operation of a specific natriuretic hormone, it was suggested
that hormonal factors taking part in the regulation of the renal vascular resistance
could be necessary for the physical factors to play a role in the mechanism of
natriuresis induced by acute ECFV expansion. However, the role of the physical
factors seems to be rather critical in long-term regulation of ECFV as well (Cowley
and Roman 1989).

Brain involvement in volume natriuresis

Further recent data on brain involvement in the volume natriuresis have
supported the existence of a natriuretic hormone. It was shown that increased
concentration of sodium in the cerebrospinal fluid (CSF) in the brain ventricles
induces natriuresis (McKinley et al. 1985), and potentiates natriuresis induced by
a concomitant i.v. infusion of saline, whereas the decreased concentration of sodium
in CSF attenuates the renal homeostatic response (Lichardus et al. 1987, 1990b).
s could have been caused by the release of a brain natriuretic hormone —
mhlhnor of NaK-ATPase - as has been shown by others following increased
sodium concentration in CSF (Jandhyala and Ansari 1986, Ulfendahl et al. 1986).

The sodium sensor was localized in the anterodorsal part of the third
cerebral ventricle (Cox et al. 1987). Following electrolytic lesion of anterior third
ventricle region (A3V) the experimental animals ceased to react with natriuresis
either to the increase of sodium concentration in CSF or in blood, The natriuresis
due to the ECFV expansion with isotonic saline was, however, at least in the sheep,
undisturbed if the animals were kept forcibly in water balance before the ECFV
expansion (Lichardus et al. 1987, 1990b). This finding is at variance with results of
others who found ‘that lesions also impaired the natriuresis induced by isotonic
saline infusion (Brody and Johnson 1980, Songu-Mize et al. 1982). These authots
claimed that the anterior third ventricle region was the site of secretion of
a natriuretic hormone. Our results suggest that the A3V region is involved only
indirectly in ECFV homeostasis via inducing a negative water balance which
prevents the natriuresis following isotonic saline loading. The A3V region thus
seems to be rather the site of detection of the sodium concentration in CSF or in
blood and its relation to the regulation of ECFV should be further elucidated.

Atrial natriuretic peptide

Atrial natriuretic pepude (ANP) in spite of its suggestive name may be
a hormone involved rather The
to this rapidly developing ﬁeld in both physiological and clinical research was the
of the first of ANP in plasma whereby ANP
discovered by de Bold er al. (1981) was proved to be a circulating substance
(Gutkowska et al 1984) and the subsequent finding that some anaesthetics
increased the secretion of ANP in rats (Horky et al. 1985). On the other hand, the
pituitary was shown not to be directly involved in ANP secretion, as acute
hypophysectomy did not change either basal or stimulated ANP secretion
(Lichardus et al. 1990b,c). The constrictive effect of ANP on the efferent glomerular
arteriole was visualized by means of electron-microscopy (Rovenské et al. 1989).
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In agreement with others, we found that bilateral atrial appendectomy decreased
natriuresis by 50 % following hypertonic saline infusion. However, this impairment
of natriuresis seemed to be ANP-independent (Okoli¢4ny et al. 1989, Lichardus et
al. 1990a).

In a series of clinically oriented studies it was confirmed that increased
secretion of ANP in arterial hypertension is rather a correcting reaction to the
increased blood pressure (Horky et al. 1987) or to the increased ECFV in chronic
renal failure (Horky ef al 1988). In patients with liver cirrhosis the increased plasma
level of ANP is caused not only by enhanced secretion but also by the decreased
splanchnic extraction of the hormone (Tesaf er al 1989, Horky et al 1990).
However, the natriuretic effect of ANP in cirrhotic patients is small apparently due
to the increased activity of antinatriuretic mechanisms (Hork{ et al, 1989).

Further elaboration in the topic of the natriuretic hormones will also be
proceeded in the field of neuroendocrine regulation of other body functions.
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