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New observations on « bath diuresis »
The atrial natriuretic factor (ANF) during water immersion

W. SCHNIZER *, H. KNORR *, P. SCHOPS *,
A.L. GERBES **, R.M. ARENDT **,
E. STANGL **, N, SEICHERT *
(Munich)

Influence of immersion in water on kidney function has
been the subject of several investigations [10]. Heat-out
immersion (HOI) induces an excretion pattern with intensi-
fication of diuresis, natriuresis, kaliuresis, osmotic and
water clearance. The increase of the central blood volume
is considered to be the primary cause; this occurs in
consequence of the immersion in water in the region of the
thoracic vessels. Accordingly, this is a regulatory mecha-
nism within the homeostasis of blood volume and water-
electrolyte balance of the body, although the exact mecha-
nisms of action have not yet been clarified.

According to the hypothesis of GAUER and HENRY [14],
the intensified diuresis is based on a reflex suppression
of antidiuretic hormones (ADH), which is mediated by a

" Institute of Medical Balneology and Climatology, Munich Uni-
versity, Marchionsnistrage 17, 800 MUNCHEN 70.

** Departments of Medicine | and Il, Munich University Medical
School.

stimulation of a cardiopulmonary mechanoreceptors. This is
supported by findings according to which plasma levels
of ADH are indeed reduced during HOl [12]. On the
other hand, this could not be confirmed by all authors
(19, 231

Another hormonal immersion effect concerns the decrease
of plasma aldosterone [6,9,11]. This has been associated
with increased excretion of sodium, although this does
not constitute a complete description of the process [8].
The postulate of an natriuretic factor has hardly led to
any progress here for the time being. The atrionatriuretic
factor (ANF) is a peptide hormone which is synthetized
and released in the atrial musculature of the heart and
which is suspected to be an important mediator within
circulatory and extracellular volume control. Discovery
has re-aroused interest in the hormonal and renal effects
of immersion in water.

In the present investigation, we have examined the
influence of immersion in water on the secretion on ANF.

Presse thermale et climatique, 1988, 125, no 5.
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METHODS

A total of 25 healthy subjects (nine female, 16 male)
aged from 23 to 38 years old participated in the investi-
gation. All subjects were informed about the purpose and
implementation of the study. They were eating normally
and were not subject to any restriction of salt and water
on the experimental day.

The experimental protocol was as follows : after complete
emptying of the bladder, the patient rested in a sitting
position under comfortable conditions of temperature for one
hour. In order to obtain blood samples, a catheter was
introduced into a forearm vein and fixed during the rest
period. After passing urine once more, the patient moved
into a water bath (34+0.2°C) with a depth of immersion
up to the clavicles. The immersion phase as well as a
period of followup observation lasted one hour in each
case. Urine was collected again at the end of each hour.

At the beginning of each of the three trial phases, the
patients drank 250 ml of water. Blood samples were taken
before, 30 and 60 minutes after commencing the bath
as well as 30 and 60 minutes after the end of the bath.
The following analyses of the urine were carried out:
sodium and potassium (flame photometry), creatinine (Jaffé
reaction) and osmolality (lowering of freezing point). Fur-
thermore, the osmotic and free water clearance as well
as the glomerular filtration rate were determined.

The ANF was determined in the extracted plasma by
radioimmunological assay. Details of the analysis have
already been described [4].

The results are presented as mean value+SEM. Diffe-
rences were checked for significance on the basis of the
t test.

RESULTS

The findings on the diuretic effect of immersion and
on electrolyte excretion are shown in Figure 1. Accordingly,
the thermoneutral bath for an hour led to an increase in
the amount of urine (V) averaging 1.41+0.19 mi/min to
5.54x£0.62 ml/min. In the postimmersion phase, values
of 3.100.43 ml/min could be measured. The immersion
diuresis occurred in all subjects even if to differing extents.
The urine flow had less than doubled only in three persons.

A natriuresis raised by the bath (UxaV) could be
demonstrated in 889% of the subjects. An enhancement
of sodium excretion by an average of 0.168+0.119 mmol/
min to 0.328+0.033 mmol/min (199%) was found. The
decline of the values in the postimmersion phase is indicated
with 0.216+0.027 mmol/min. Altered excretion values
for potassium (UxV) could also be detected. There was
a rise to 2149% of the initial value.

A nonsignificant increase of creatinine clearance (Cer)
was shown from the clearance determination. The osmotic
clearance (Cosm) as well the free water clearance (Cu:0) rose
to 185% and 1589% respectively.

The results of the determinations of the atrionatriuretic
factor (ANF) are listed in Figure 1. The HOI led to a
distinct reaction. The initial values were 6.00+=0.58 fmol/
ml. Under the conditions of HOIl, it rose with increasing
duration of immersion and reached about twice the initial
values on average after one hour. At the end of the bath,
they subsided again within the one hour period of followup
observation. There was an appreciable individual variation
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Fig. 1. — Alterations of the atrionatriuretic factor (ANF) in blood
plasma during and after thermoneutral immersion in water fot
one hour.

in the intensity of the reaction. Thus three subjects did
not show any alterations of ANF and two subjects showed
fourfold to sevenfold increases. In terms of the time course,
209% of the test subjects had already attained the maxi-
mum plasma concentration after a bath duration of 0.5
hours.

DISCUSSION

The mechanisms responsible for the increased excretion
of urine and electrolytes owing to a thermoneutral immer-
sion bath which has been known for a long time have not
been clarified completely. Investigations so far have shown
that the redistribution of the blood volume with central
hypervolemia as primary consequence of immersion plays
a role in the renal effects. According to Arborelius et al.
[2], intrathoracic blood volume (about 700 ml) as well
as central venous blood pressure (about 18 mmHg) rise
during HOI.

The significance of immersion diuresis as a volume-
regulatory reflex (Gauer and Henry [14]) with stimulation
of stretch-sensitive atrial receptors, stimulation of vagal
efferents and subsequent suppression of the antidiuretic
hormone has not been recognized without restrictions. This
theory could be confirmed in the dog, but had no effect
on the course of immersion diuresis [16, 17] in o bilateral
cervical vagotomy or raised atrial pressures in primate
experiments. Altogether, the view that suppression of ADH
is to be considered as the main mechanism of the effect
has been undermined by animal experimental findings and
human studies [16, 17, 19, 23, 25]. A suppression of the
ADH activity, which has been reported in several investiga-
tions, appears to be linked to special experimental condi-
tions. In contrast to the dehydrated state, an unequivocal
reduction of the ADH levels cannot be attained by HOI
in subjects without fluid restriction, although there is
still an enhancement of diuresis [20].

Immersion diuresis is accompanied by the raised excretion
of a series of electrolytes [10]. The regularly occuring
natriuresis as well as an increased excretion of osmotically
active substances is especially striking. Our own results
correspond to these (Fig. 2). Since a suppression of a
renin-angiotensin-aldosterone system by HOIl has been var-
iously reported [9, 111, it was logical to attribute natriuresis



MECANISMES ET EFFETS DE LA CURE DE DIURESE

ml/min  mmol/min ml/min
67106 - 240
v UngV Ckr
Cosm T UkV I 3
CH
0, 4o o 160
Cosm
2102 - 80
| v Uno¥ I
g |
0to K 0
2l Cha0

Fig. 2. — Alterations of diuresis (V), sodium excretion (UyoV),
potassium excretion (UgV), osmotic clearance (C,,,) wate
clearance (Cy,,) and creatinine clearance (C,,) during thermo-
neutral immersion in water for one hour.

to a reduced secretion of aldosterone. On the other hand,
further findings show that the aldosterone mechanism
cannot play the crucial role [8].

The suspicion that besides aldosterone further hormones
are involved in the control of sodium homeostasis has been
discussed for a long time. Thus a humoral natriuretic
substance has been postulated and also demonstrated indi-
rectly. Quite apart from this, a further regulatory system
has become known with the discovery of the atrionatriu-
retic factor (ANF), of which the coordinated interaction
with humoral, neural and hemodynamic functions is involved
in volume, pressure and electrolyte homeostasis in mammals.

Experiments have been reported according to which
a rapid and pronounced diuresis and natriuresis occured
owing to intravenous application of atrial extracts in the
rat [7], and the underlying active agent could be characteriz-
ed as a peptide. An intensive study on the physiology and
pathophysiology of ANF has commenced, especially since
purification, sequencing and synthesis of the substance has
been achieved within a few years [5, 18, 29]. Further effects
which have been described are above all vasorelaxation,
lowering of blood pressure as well as inhibition of the
secretion of the renin-angiotensin-aldosterone system [3, 24,

28].

ANF is contained in secretory granules of the cardiac
auricles, although its physiological release mechanism has
not been unequivocally clarified. Observations so far suggest
that functional states or maneuvers which entail volume
and stretch stimuli for the atria lead to an increase of
plasma ANF values. It was logical to test the hypothesis
as to whether the thoracic hypervolemia caused by water
immersion is to be correlated in terms of the elevation
of the atrial pressures and the renal effects with stimulation
of ANF secretion.

Our present findings prove a significant elevation of
ANF values during HOI. They confirm our earlier results
obtained in a small group of subjects [15]. In the meantime,
these results could be reproduced [1, 13, 26, 27] in other
immersion studies in animals and humans. It could be
shown that a rise of ANF averaging 27% already occurs
after ten minutes in the bath [15]. Even in immersion for
several hours, an increase of the initial values by two to
three times is to be reckoned with.

After the end of immersion, there is a regression of
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the alterations within about one hour, which is essentially
attributable to the relatively short halflife of ANF (about
three minutes) in the blood.

In view of the fact that water immersion is accompanied
by an increase of the central blood volume, these results
support the idea that a volume or a pressure stimulus in
the atria of the heart is one of the physiological mechanisms
involved in the regulation of ANF secretion. In relation to
the known renal effects of ANF, the increased circulating
ANF in immersion might contribute to the diuretic and
natriuretic action of the bath. Interactions of ANF with
other regulatory hormones of volume and electrolyte homeos-
tasis must be investigated further in this regard.

SUMMARY

In order to clarify the mechanisms of action of immer-
sion diuresis, the effects of a thermoneutral, one-hour bath
(head-out immersion) on the concentration of atrionatriu-
retic factor (ANF) in the blood was investigated. Unequivocal
increases of ANF values occured in consequence of the
bath. The findings indicate that atrionatriuretic hormone
is released owing to the central hypervolemia due to the

immersion, and this may play a role in inducing the
immersion diuresis and natriuresis.
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