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Summary. Totally isolated dog kidneys of the same pairs are perfused with
heparinized blood under identical conditions, one of the kidneys being submitted
to a supplementary isotonic or hypotonic saline load. Excess sodium is excreted
quantitatively as well as excess solute-free water. Autonomous renal response de-
pends on blood dilution, changes in blood pressure being excluded as well as in-
fluence of volume expansion or of extrarenal hormonal factors. The experiments
demonstrate kidney ability to control quantitatively fast changes in saline balance
by autonomous mechanisms in the sense of intrarenal feed-back type relation to
blood composition. Dilution factors (plasma sodium, potassium, proteins) control
excrefion primarily by adjustment of tubular reabsorption to filtration. Moreover,
the absence of relation between basal control excretion and response to saline load-
ing in the present experiments suggest that different mechanisms could insure long
duration adjustment of the kidney to a definite blood composition and saline bal-
ance. It is demonstrated that many effects attributed to volume expansion can be
caused by blood dilution; moreover, interference between dilution effects and spe-
cific hormonal control by eventual natriuretic factor should be avoided.

Key-Words: Sodium Excretion — Water Excretion — Isolated Kidney.
Schliisselworter: Na-Exkretion — Wasserexkretion — Isolierte Niere.

Two fundamental mechanisms are susceptible to control renal ex-
cretory response after saline and water loading, depending respectively
on volume changes and on composition changes of blood and extra-
cellular fluid. An increase of blood volume may result in a concomitant
increase of water and sodium excretion by the way of reflex mechanisms
involving receptors sensitive to volume variations and controlling the
secretion of antidiuretic hormone and of a possible natriuretic factor
(LicearDUS [23]; LicuarpUS and PrarcE [23]; Corr [6]; PANNIER,
SEROUSSI, MARTINEAUD, Vassirikos, and Duraxp [35]). Modifications
of blood composition caused by saline loading as, for example, decreased
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plasma protein concentration and lowered haematocrit may induce
sodium and water elimination by the kidney: the importance of such
physical factors has recently been emphasized again [25]. It is difficult
to dissociate the role played by either volume changes or blood dilution
in the response of kidneys in situ; isolation of these mechanisms and
study of autonomous renal contrels can be best performed on totally
isolated kidneys; under such experimental conditions, blood pressure
can be kept constant, extrarenal hormonal factors are ruled out, and
renal response depends only on changes of blood composition related to
water and sodium loading.

We have previously described a technique for the perfusion of isolated dog
kidneys with heparinized blood [10,28]; this technique has been applied to the
study of autonomous renal control of water and sodium excretion. The previous
results showed an increase of sodium rejection by kidneys taken from dogs sub-
mitted to a high sodium diet for 3 weeks prior to isolation of kidneys [32]. Sodium
rejection is at the highest during the first hour of artificial perfusion by heparinized
blood; this observation is compatible with the presence of a natriuretic factor of
short life. A large increase of sodium rejection is also observed after infusion of
saline either to the animal 1/2 hour before isolation of the kidney [32] or during the
artificial perfusion. In the last case, interference of extrarenal factors other than
blood dilution is avoided [27,32]. In order to reduce individual differences of animals,
further series of experiments have involved comparative and simultaneous perfusion
of both kidneys of the same pair by two identical equipments with unilateral
modification of the blood. It was demonstrated that sodium and water rejection by
isolated kidney working at a constant blood pressure is not only related to changes
in glomerular filtration, but primarily to reduced tubular reabsorption; decrease
of haematocrit and increase of total renal blood flow are not the only factors in-
volved [29]. Important parameters are plasma profein concentration and oncotic
pressure: the addition of serumalbumin (or of dextran) reduces sodium and water
excretion by isolated kidneys submitted to a saline load; the response is chiefly
related to increased tubular reabsorption [31]. Other factors are ionic disequilibrium.
Dilution of plasma by saline induces hypokalaemia which in turn reduces tubular
reabsorption of sodium without changes in filtration [30]. Moreover, tubular sodium
reabsorption is also controlled by plasma sodium concentration; autonomous
rejection of hypertonie saline depends on reduced reabsorption as an immediate
consequence of increased plasma sodium concentration [33].

It appears from these results that the kidney is able to eliminate a
saline load by purely antonomous mechanisms; kidney response depends
on cumulative factors bound to blood dilution [34].

The fundamental question is therefore raised to know fo what extent
autonomous renal response to blood dilution is capable of insuring a quan-
titative excretion of the extra load and, as a consequence, of keeping con-
stant the composition of blood and extracellular fluid. The purpose of
the experiments described in the present paper is to answer this question.
Two kidneys of the same pair are perfused in identical basic conditions:
one of the kidneys is submitted to an extra water and sodium load and
the perfusion is prolonged until urine flow comes back to an identical
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level on both sides. The differences in the total amounts of urine and
sodium excreted during the whole experiment are respectively com-
pared to the amounts of water and sodium added on one side.

Such a comparative type of experiment makes possible to investigate
quantitatively the renal response to blood dilution by neutralizing in-
dividual differences between animals as well as the progressive funec-
tional changes that oceur in the isolated perfused kidney [3,32,37]. These
changes, involving a decrease of glomerular filtration, cannot be neglected
in long duration experiments and should make impossible a quantitative
determination of excess saline excretion. This technical difficulty is solved
by using an identical kidney for simultaneous reference.

In order to investigate the relations between autonomous excretion
of sodium and of water, two series of experiments are performed, in-
volving respectively the addition of isotonic and of hypotonie saline.

Material and Methods

For the detailed description of perfusion device and of basic experimental
conditions, we refer to previous papers [10,28]. Two identical machines are used
for simultaneous perfusion of both kidneys of the same pair. The dogs are not sub-
mitted to a special dietary preparation. Blood is taken from the same donor different
from kidney donor; the animals are under pentobarbital anaesthesia (26 ml/kg L.V.)
and receive 25,000 LU. heparin intravenously. The same volume of blood (450 ml)
is used in all experiments, with a perfusion pressure of 110 mm Hg and a tem-
perature of 37.5° C. Initial vasoconstriction is minimized by addition of 25 mg
promethazine (Phenergan Specia) to the blood in the machine before starting per-
fusion. Saline load (75 ml isotonic or hypotonie NaCl) is added on one side at the
beginning of perfusion. The duration of each double experiment depends on the
time required for equalization of urine flow on both sides (150 to 330 min). Urine
samples are collected after each 30 min period. In each machine s continuous in-
jection of a solution containing 1 g glucose, 1 g urea and 2,650 g potassium chloride
per 100 ml Ringer’s solution is made at a rate of 6 ml/hour. Glomerular filtration
is measured from creatinine clearance. A priming dose of 20 mg creatinine per
100 ml blood is added at the beginning and is followed by a continuous infusion at
6 ml/hour of a 2 p. 100 creatinine solution in Ringer. In both machines, and at
intervals of 10 to 30 min, Ringer’s solution diluted to one third is added in volumes
corresponding to the volume of urine exereted by the control kidney minus the
amount of fluid added by continuous infusion, i.e. 12 ml/hour. In order to avoid
the possible interference of blood changes that might occur during bleeding of
donor dog, blood is introduced alternately in both machines in separated and suc-
cessive fractions. Blood introduction starts on control side in half of the experiments
and on saline loading side in the other half. Moreover, left and right kidneys are
respectively used in half of controls and half of saline loading experiments.

‘Wherever comparison of datas involves successive values concerning the same
kidney at various times or kidneys of the same pair at corresponding time intervals,
statistical significance of differences has been caleulated by the method of pair com-
parison, differences being taken for significant for 2P < 0.05.

Moreover, limits of confidence are indicated in the tables between brackets
after each average values: they are calculated from Student’s distribution for
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2P = 0.05. Comparison cof average values of independent series between them-
selves or with a given value are made by calculation of the statistical significance
on the same distribution basis.

Experimental Results
1. Isotonic Sc_)dium Chloride Loading

A technical difficulty of the experiments involving addition of isotonic
sodium chloride lies in the decrease of concentrating ability of isolated
kidney which cannot be entirely counteracted by vasopressin supple-
mentation. It is known that hypotonic urine can be excreted by the
dog after saline loading even in the presence of vasopressin (CLAPP and
Rosmxsox [5]). The same phenomenon is observed in the isolated kidney
[28] and is aggravated by at least two mechanisms: development of
medullary cedema and changes in medullary blood flow [32]; antagonism
between vasopressin and bradykinin liberated in the machine (such an
antagonism has been demonstrated by Furrano [14]). The consequence
of hypotonic urine secretion is a progressive increase of plasma osmolality
and sodium excretion [29,33] which becomes troublesome in long
duration experiments. In the present series, the difficulty has been
solved by limitating the saline load to 75 ml for 450 ml blood and by
replacing urine by Ringer’s solution diluted to one third; moreover,
vasopressin (lysin-8-vasopressin, Sandoz) has been added at a rate of
0.5 1.U. every 30 min in each machine.

The saline load corresponds to 75 ml water and 10,875 pEq sodium
in all experiments of the series.

Table 1 gives the average results of 12 identical experiments.

Duration of experiments ranges between 150 and 330 min. Kidney
weight shows no significant difference between both sides (2P = 0.07).
Total renal blood flow is moderately increased by saline supplementation
(2P < 0.005) it increases on both sides and finally reaches an identical
level (2P = 0.35). Haematocrit and plasma protein content do not change
on control side; after saline loading they are lower than controls (2.P
< 0.001) but they increase steadily to values higher than controls
(2P < 0.005). Plasma osmolality and plasma sodium are identical on
both sides at the beginning and remain steady on control side; at the
end of perfusion they become higher on saline side (2.P << 0.001). Plasma
potasstum values cannot be interpreted because of wide individual dif-
ferences (2P > 0.07). Urine flow is considerably increased by saline
addition (2P < 0.005) but becomes identical on both sides at the end
of perfusion. Urine osmolality is slightly decreased after saline loading
(2P = 0.04). Urine becomes hypotonic; osmolality is the same at the
end (2P = 0.25). Sodium excretion at the beginning is considerably
higher after saline addition (2P << 0.005). On control side, sodium ex-
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Table 1. Excretion of water and sodiuwm after isotonic saline loading
The Table gives the values at the beginning and at the end of perfusion
Limits of confidence are given between brackets for 2P = 0.05

Control 75 ml water 4-10,875 pEq
Na,

Begin End Begin End
Renal blood flow (ml/g/min) 3 (0.44) 4.8 (0.44) 3.7 (0.66) 4.5 (0.88)
Haematocrit (p. 100) 54 (44) 52 (44) 49 (44) 55 (44)
Plasma Na (mEq/1) 152 (4.4) 155 (4.4) 152 (6.6) 162 (4.4)
Plasma K (mEq/l) 43 (0.66) 55 (1.3) 3.9 (0.66) 4.9 (0.88)
Plasma proteins (g/1) 65 (44) 65 (44) 57 (44 T2 (6.6)

Plasma osmolality (mOsm) 312 (44) 317 (6.6) 311 (44) 336 (8.8)
Urine flow (ml/100 g/min) 0.86 (0.59) 2.6 (0.88) 2.52 (0.95) 2.6 (0.88)
Urine osmolality (mOsm) 438 (70) 208 (31) 355 (62 216 (31)
Na excretion (pEq/100 g/min) 108 (81) 189 (70) 322 (123) 221 (75)
K excretion (uEq/100 g/min) 38 (14.3) 49 (14.3) 61 (14.3) 4 (14.3)
Glomerular filtrationrate

(ml/100 g/min) 26 (44) 25 (44) 38 (6.6) 24 (4.4)
Na Load (uEq/100 g/min) 4,066 (924) 3,873 (1,382) 5,790 (1,245) 4134 (823)
Na rejection (p. 100 of load) 2,8 (2) 58 (1.76) 6 2) 6.3 (1.54)

Total Na output (wEq) 9,864 (3,190) 20,933 (3,335)
Total water output (ml) 134 (39.6) 232 (42)
Kidney weight (g) 44 (6.6) 42 (6.6)
Differential total Na output

(+Eq) 11,069 (2,143)
Differential total water

output (ml) 98 (12)

cretion increases significantly during the experiments (2P = 0.025);
on the other side sodium exeretion drops (2P = 0.001); at the end of
perfusion, there is no significant difference between both sides (2P
= 0.04). Potasstum excretion is moderately increased by saline loading
(2P < 0.001); there is no significant difference at the end (2P = 0.25).
Glomerular filtration rate, sodium load and percentage of sodium rejection
behave similarly; they are increased initially by saline loading (2P
< 0.05), reach an average maximum of 36 mi/100 g/min on control side
and 47 ml under load, and exhibit no significant difference at the end
of experiments (2P > 0.5).

Total sodium output is increased by saline supplementation; the dif-
ference from control side, after equalization of urine flow, corresponds to the
amount of sodium added (2P = 0.85). Total water output is also in-
creased by saline addition; the difference in total is moderately but signifi-
cantly higher than the volume of water added (2P < 0.005).

Essential results of typical experiments are given in Fig.1 and 2.
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Fig.1. Convergence of sodium and water excretion by two kidneys of the same pair,
one of them being submitted to an isotonic saline load
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Tig.2. Isotonic sodium chloride loading. The difference in the amounts of sodium
excreted during each 30 min period decreases progressively while total difference
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also to equalization; total excess volume excreted exceeds moderately extra water
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2. Hypotonic Sodiuwm Chloride Loading

An identical experimental setup is used. 75 ml of sodium chloride
solution containing 3625 pEq of sodium are added on one side. Solute-
free water addition corresponds to 50 ml. No measurable haemolysis is
produced because of quick mixing. The opportunity of vasopressin
supplementation requires consideration: addition of vasopressin in
conditions of marked plasma hypoosmolality would be in contradiction
with physiological conditions; while vasopressin could reduce water
excretion on control side, it is not obvious that it should modify differen-
tial water exeretion in the coupled experiments; finally an influence of
vasopressin on either basic or differential sodium excretion is even more
questionable.

Three experiments have been performed with vasopressin supple-
mentation at the same doses as in the first series (0.5 1.U. every 30 min)
and 5 experiments without vasopressin supplementation. Comparative
average results are figured in Table 2.

Table 2. Vasopressin and excretion of hypotonic saline load
(3,627 uEq sodiwm, 75 ml water)

without with
vasopressin Vasopressin

Total sodium output on control side

(LEq) 7,037 8,883 2P = 0.55
Excess sodium output after loading

(LEq) 3,607 5,141 2P = 0.27
Total water output on control side

(ml) 158 141 2P =048
Excess water output after loading

(ml) ' 76 75 2P = 0.75

The first series of experiments has shown that vasopressin is unable
to insure hypertonicity of urine after isotonic loading; its only effect is to
reduce the degree of hypotonicity. This finding is even more marked
after hypotonic loading; vasopressin exhibits no significant influence on
basic as well as differential sodium and water excretion within the range
required for the interpretation of present investigation. All experiments
involving hypotonic load have therefore been treated as one series.

Average results are quoted in Table 3.

Duration of experiments is comprized between 150 and 300 min.
Kidney weight is identical (2P = 0.2). T'otal renal blood flow is not signifi-
cantly different at the beginning (2P = 0.1); it increases on both sides
and becomes moderately higher on control side (2P = 0.02). Haematocrit
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Table 3. Excretion of water and sodium after hypotonic saline loading
The table gives the values at the beginning and af the end of perfusion
Limits of confidence are given between brackets for 2P = 0.05

Control 75 ml water 43,625 pnEq
Na

Begin End Begin End
Renal blood flow (ml/g/min) 4 (0.94) 62 (1.4) 4.5 (0.94) 54 (1.2)
Haematocrit {p. 100) 50.1 (5.2) 488 (5) 46.3 (3.78) 48.1 (4)
Plasma Na (mEq/l) 150.6 (5.2) 159.2(10.4) 135.2(6.1) 160.2(12.5)
Plasma K (mEq/l) 49 (07) 6  (1.65) 44 (0.94) 54 (1.4)
Plasma proteins (g/1) 678 (4.2) 725 (7.6) 562 (3.78) 75.1 (9)

Plasma osmolality (mOsm) 327 (9.9) 339 (23.6) 289 (6.4) 336 (28.3)
Urine flow (m1/100 g/min) 1.6 (094) 25 (14) 26 (1.2) 27 (1.2
Urine osmolality (mOsm) 410 (85) 228 (80) 292 (66) 217 (80)
Na excretion (uWEq/100 g/min) 157 (120) 128 (54) 212 (151) 160 (94)
K excretion (uEq/100 g/min) 60 (22) 74 (94) 70 (28) 72 (16.5)
Glomerular filtration rate

(ml1/100 g/min) 35.8 (10.6) 23.8 (7.1) 37.2 (13) 22.6 (5.9)
Na load (#Eq/100 g/min) 5,333 (1,402) 3,733 (1,029) 4,961 (1,645) 3,535 (850)
Na rejection (p. 100 of load) 3.3 (2.8) 3.5 (0.71) 4.5 (3.3) 48 (2.1)
Total Na output (wEq) 7,729  (3,108) 11,967 (3,759)
Total water output (ml) 151.8 (57) 227 (59)
Kidney weight (g) 37.2 (5.9) 37.7 {6.4)
Differential total Na output

(uEq) 4,238 (1,709)
Differential total water

output (ml) 754  (15.8)

Differential solute-free
water output (ml) 45 (11.3)

does not change significantly on control side (2P = 0.09); initially
decreased by dilution it comes back to control value (2P = 0.35).
Plasma osmolality is initially decreased by hypotonic saline addition;
it increases moderately on control side (2P = 0.05), more on saline
side (2P = 0.05), and reaches the same final value (2P = 0.25).
Plasma proteins are also diluted by extra water load. They
increase on both sides (2P < 0.005); at the end of perfusion they are
moderately higher on saline side than on control side (2P = 0.02).
Plasma sodium is initially decreased by water dilution; it increases later
on control side (2P = 0.02) and more on saline side (2P = 0.004). Final
concentration becomes identical (2 P = 0.35). Plasma potassium exhibits
wide individual differences; it increases progressively on saline side
(2P = 0.005); difference between final levels is barely significant
(2P = 0.07). Urine flow initially higher after saline addition comes to
final identical values on both sides (2P = 0.25). Urine osmolality is
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Fig. 3. Convergence of sodium and water excretion by two kidneys of the same pair,
one of them being submitted to a hypotonic saline load
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Fig.4. Hypotonic sodium chloride loading. Sodium and water excretion become
equal in both kidneys and differences in excretion disappear when excess water and
sodium supplements have been quantitatively excreted
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decreased at the beginning by hypotonic loading. Urine becomes hypo-
tonic on both sides; at the end of perfusion there is no significant differ-
ence (2P = 0.1). Sodium excretion is increased moderately by loading
(2P == 0.04). It does not change significantly on control side (2P = 0.35)
but diminishes on saline side (2. < 0.001). At the end the difference is
small and not clearly significant (2P = 0.1). Glomerular filtration rate
changes during perfusion are parallel, without any significant difference
between both sides (2P < 0.08), with an average maximum of 42.7 ml/
100 g/min for controls and 45.3 ml on loaded side. Sodium load at the
beginning is moderately reduced by dilution of plasma sodium (2P
= 0.05); it becomes identical at the end of experiments. Percentage of
sodsum rejection exhibits relatively considerable individual variations.

Differences in total sodium and water output correspond respectively to
extra water (2P = 0.05) and sodium load (2P = 0.45). Solute-free water
excretion corresponds also to free water load (2P = 0.35).

Essentials of one experiment are reproduced in Fig.3 and 4.

Discussion

Appreciable individual differences in water and sodium excretion as
well as in blood composition are observed on control side. On, the contrary
there is a good concordance in the comparative behaviour of the same
kidney in the course of perfusion experiment as well as in the differences
observed between kidneys of the same pairs submitted to perfusion with
or without water and sodium load.

The fundamental point is the demonstration that the extra water
and sodium loads are quantitatively eliminated.

After isotonic saline supplementation, the volume of water excreted
exceeds moderately the volume added to the blood. An explanation can
be offered on the basis of the experiments quoted in the introduction:
the hypotonicity of excreted urine results in a higher increase of plasma
sodium and osmolality on the side submitted to saline load. By itself,
increased plasma sodium maintains prolonged and excessive sodium loss
because of reduced tubular reabsorption [33]; this effect is compensated
by the increase in plasma protein concentration which in turn increases
tubular reabsorption [31]. The final result is that a new equilibrium is
reached at the time extra sodium load has been excreted. It is therefore
obvious that the kidney eliminates quantitatively the extra saline load
by autonomous mechanisms; in the absence of arterial pressure changes
and extrarenal hormones, kidney response can be monitored only by blood
dilution: decrease in plasma protein concentration [31], plasma potassium
[30], perhaps haematocrit. Although glomerular filtration is increased
in the present experiments, we know from previous results that this
factor is not the only one; changes in reabsorption play a major role [29].



40 A. Nizer, J. P. Gopown, and P. MaRIEU:

The second series of experiments, involving hypotonic saline load,
brings a confirmation of above-mentioned interpretations; moreover, it
demonstrates that dilution factors can work differentially and insure
quantitative excretion of excess solute-free water independently from
sodium excretion. The reduced differential sodium excretion under
hypotonic saline loading could possibly be related to the fact that a
significant increase of filtration is observed in the present experiments
under isotonic saline and not under hypotonic saline ; however, the minor
role of moderate changes of total filtration rate should be emphasized
again [29]. Blood dilution is identical in both series of experiments with
the only obvious difference that plasma sodium is diluted and plasma
osmolality decreased in the second series and not in the first one. An
important factor is the decrease of plasma sodium concentration whose
direct influence on sodium reabsorption has been previously demonstrated
in the isolated kidney [33] as well as in the whole animal (GorLpsMITH,
REecror, and Serpin [157; Kamm and LEVINSKY [19]; BATIiNT and For-
cios [1]; ExNovaw, Suki, REcror, and SELDIN [13]). The important
point in the present experiments is that the control of sodium excretion
is so accurately adjusted that excess sodium is quantitatively excreted
at the time plasma sodium, protein and osmolality as well as haematocrit
have come back to equal values on both sides, what implies quantitative
excretion of water load within the same time.

Quantitative excretion not only of excess sodium but also of excess
solute-free water after hypotonic loading is insured as a consequence of
kidney integration of the dilution factors, in spite of the absence of the
osmoreceptor—ADH control mechanism.

‘While sodium rejection by isolated kidney is easily controlled by
dietary sodium intake when both kidney and blood are taken from the
same animal [32], basic sodium rejection differs widely when kidney
and blood are provided by different animals as evidenced by the present
experiments. Initial percentage of sodium rejection in control kidneys is
comprized between 0.06 and 9.9 p. 100. However, there is no significant
correlation between control and differential sodium and water excretion.

The coefficient of correlation of Bravais-Pearson calculated from
individual results gives the following values.

Isotonic saline loading:

Sodium excretion r = 0.23 2P = 045
Water excretion r = 0.04 2P = 0.90

Hypotonic saline loading:

Sodium excretion r=0.15 2P = 0.70
Water excretion r=0.11 2P = 0.75
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It appears that each kidney pair is initially adjusted to a definite
level of excretion for the blood composition of the kidney donor. When
perfusion is performed with the blood of a different animal, initial equi-
librium is disrupted. Differences in basal excretion correspond to the
same phenomenon as differential excretion of the extra saline load.

Control of blood sodium and water by autonomous renal effect works
in the sense of a stable equilibrium by adjustment of sodium and water
reabsorption to filtration under monitoring of blood composition. The
level of the stable equilibrium corresponds to the above-mentioned basal
adjustment of the kidney. The question is raised to know whether the
response of kidney to fast water and sodium loading changes and the
more permanent adjustment to definite extracellular fluid and plasma
composition depend or not on identical mechanisms.

It is worth while to discuss these two problems with reference to some
intrarenal and extra-renal factors susceptible to be involved.

a) The Fast Variations of Water and Sodium Excretion

Apart from control of ADH secretion by volume receptors and
osmoreceptors [35] which will not be considered here, a considerable
amount of work supports the idea that sodium excretion following saline
loading is related to extracellular volume expansion [13,16], and that
the response to extracellular or intravascular volume expansion might
involve a specific natriuretic factor [18,23,24,40] whose action could be
controlled by the way of volume-reflex mechanism [6,7,22]. Natriuresis
is the consequence of decreased tubular reabsorption [18,21,36,41].

The present experiments demonstrate that some of the effects attrib-
uted to volume expansion with or without interference of natriuretic
hormone are explainable by immediate renal response to blood dilution
that occurs together with volume expansion after saline loading. De-
creased fractional tubular reabsorption is observed as a consequence of
blood dilution without any possible interference of extrarenal hormonal
factors or volume changes [29,34].

While careful reevaluation of some interpretations seems advisable,
there is, however, an impressive amount of experimental material in
which dilution factors seem to be ruled out. In LicEARDUS’ experiments
[22], volume expansion has been induced by “reconstituted” blood
without dilution. A natriuretic factor has been detected in urine by
Krtcx [20]. Preliminary characterization of a hormonal inhibitor of
proximal tubular reabsorption has been performed by MArTINEZ-
Marpoxnapo, KurrzMaN, RECTOR, and SELDIN [26]. Origin, nature and
mechanism of action of natriuretic hormonal material is investigated by
Corrt, LicEARDUS and coll. [6,7,8]. A hepatic role in the control of sodium
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excretion following saline infusion has been evidenced by Dary, RoEg, and
Horrocxks [11].

There is no contradiction in the possible simultaneous action of both
dilution effects and natriuretic hormone. It is conceivable that the cor-
rection of dilution changes in the blood is a purely autonomous renal
mechanism, which controls primarily blood composition, but is unable
to control volumes. The stability of intravascular and extracellular
volumes could be monitored primarily by volume-sensitive receptors,
Gauver-Henry reflexes, antidiuretic and natriuretic hormones [22,35],
other mechanisms being not excluded.

It is also conceivable that the autonomous and quantitative renal
excretion of excess water after hypotonic loading should combine its
effect with the system of osmoreceptors, voloreceptors and ADH secretion.

The name of “third factor” given sometimes to natriuretic hormone
seems quite inadequate. In such a conception the two other factors
should be glomerular filtration and mineralocorticoids [4]. There is now
ample evidence that glomerular filtration and mineralocorticoids do not
play the only major role in fast changes of sodium excretion and that
factors other than natriuretic hormone play a major role.

b) The Basic Adjustment of Kidney to Blood Composition
and Sodium-Water Balance

The distinction between fast and slow control of extracellular volume
and sodium balance is strongly suggested by the autonomous renal effects
demonstrated by the experiments described here: feed-back-type inter-
actions between blood dilution factors and glomerular-tubular balance
in the sense of a stable equilibrium at a definite level of blood com-
position. What are the determinants of that level ? Various control factors
can be taken into consideration, as, for example, basal arterial pressure,
renin-angiotensin system, mineralocorticoids and sodium content of
tubular cells. According to THURAU and SCENERMANN [39], glomerulo-
tubular balance could be controlled intrarenally by renin and angiotensin.
Stompe and OcEwaDT [38] have demonstrated that in rats chronically
loaded with salt the inhibition of fractional proximal reabsorption pro-
moting sodium rejection is related to a decreased secretion of mineralo-
corticoids and is corrected by aldosterone supplementation. According
to BEHRENBECK, DORGE, and REINHARDT [2], intracellular sodium con-
centration might be one factor influencing renal regulation of sodium
homeostasis.

Several results suggest that the mechanism of natriuretic response to
chronic sodium feeding is not identical to the mechanism of response to
acute sodium loading as induced by saline infusion. While a decrease in
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proximal tubular reabsorption of sodium after saline infusion has been
observed by many investigators [9,12,21,36,41] this response is not
influenced by prior dietary salt loading or salt restriction (HaysrerT,
KasaeARIAN, and ErstrIN [16]). Moreover, HorsTER and THURAUT [17]
dit not observe any change in proximal reabsorption in rats chronically
submitted to either high or low sodium diets; according to these authors
the kidney in these conditions adjusts sodium excretion by altering the
respective contribution of superficial and juxtamedullary nephrons to
total kidney glomerular filtration.

It might be reasonable to admit that fast response and prolonged
adjustment of sodium excretion correspond to different mechanisms
which combine their effects but are, to some extent, independent, as
evidenced in our experiments by the absence of relation between basal
control excretion and acute response to saline loading.
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