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Quantitative influence of non-hormonal blood factors on the
control of sodium excretion by the isolated dog kidney. On the
basis of experiments performed on isolated dog kidneys, thus
eliminating extrarenal hormonal controls, an attempt has
been made to evaluate the influence of arterial blood pres-
sure and several non-hormonal blood parameters on fractional
sodium excretion. The roles of plasma protein concentration
as modulated by filtration fraction, total renal plasma flow,
hematocrit, arterial pressure and plasma potassium concentra-
tion on overall fractional sodium reabsorption have been
evidenced and quantitatively evaluated. Although the control
of sodium reabsorption by renal plasma flow and by hematocrit
can be ascribed partly to changes in filtration fraction and post-
glomerular plasma protein concentration, other mechanisms
appear to be involved as well. Variations in filtration fraction
and postglomerular plasma protein concentration play little, if
any, role in the induction of pressure natriuresis. The auton-
omous and quantitative response of the kidney to blood dilu-
tion during saline diuresis represents the cumulative results, not
only of the dilution of pre- and postglomerular plasma proteins,
but also of the simultaneous decrease of hematocrit and in-
crease of renal plasma flow. The implications of these results
for the understanding of the adjustment of sodium balance in
acute and chronic conditions are discussed.

Role comparatif de facteurs sanguins non horinonaux, dans
le contrOle de l'excrétion sodée par le rein isolé de chien. A
partir d'expériences réalisées sur des reins isolés de chien,
excluant les influences hormonales extrarénales, les effets com-
pares de Ia pression artérielle et de plusieurs paramètres san-
gums non hormonaux sur l'excrétion fractionnelle du sodium
ont été étudiés systématiquement. Les roles joués par le taux
des protéines plasmatiques et Ia fraction filtrée, par le debit
plasmatique renal, l'hématocrite, Ia pression artérielle, le taux
plasmatique du potassium ont été démontrés et évalués quanti-
tativement. Le contrôle de Ia reabsorption du sodium par Ic
debit plasmatique renal et par l'hématocrite n'est que partielle-
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ment dü aux variations de Ia fraction filtrée et de Ia concentra-
tion des protéines plasmatiques post-glomerulaires; d'autres
mécanismes interviennent. Les variations de Ia fraction filtrée
et de Ia concentration des proteines plasmatiques post-gloméru-
laires n'interviennent que peu ou pas du tout dans l'induction de
Ia natriurése consecutive a l'hypertension artérielle. La réponse
autonome et quantitative du rein a Ia dilution du sang dans les
conditions de Ia diurèse saline représente Ia consequence cumula-
tive, non seulement de Ia dilution des protéines plasmatiques
pré- et postglomérulaires, mais aussi de Ia diminution de l'hé-
matocrite et de l'augmentation du debit plasmatique. La signi-
fication de ces résultats pour Ia comprehension de l'ajustement
de Ia balance sodée dans les conditions aigues et chroniques est
discutée.

Adjustments of urine sodium excretion are mainly
related to the influence on the kidney of hormones
such as aldosterone, angiotensin, vasopressin and
perhaps "natriuretic hormone" on the one hand, and
less specific factors such as blood dilution or con-
centration, arterial and venous pressures, and perhaps
nervous control on the other hand. The respective
contribution of these various parameters to both
permanent and rapid adjustments of sodium excretion
has not been fully elucidated. Besides glomerular
filtration, fractional tubular reabsorption is modulated
by non-hormonal factors such as blood pressure,
hematocrit, blood flow, and plasma potassium
concentration [1—21]. Various mechanisms may be
involved such as the intrarenal distribution of blood
flow [4, 22], eventually related to the vascular action of
antidiuretic hormone (ADH) [23], and changes in
interstitial pressure [8]. Redistribution of filtration and

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector 

https://core.ac.uk/display/82167467?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


28 Nizet

reabsorption between cortical and juxtamedullary
nephrons after saline loading has been demonstrated
in the rat [24] but not in the dog [25].

Postglomerular plasma oncotic pressure appears to
represent an important determinant of sodium re-
absorption, as demonstrated in the whole animal
[2, 8, 26—311, in the isolated kidney preparation [3, 13}
and by micropuncture experiments [26, 32—34]. While
the dilution of plasma proteins is liable to explain, at
least partly, the rapid natriuretic response after saline
loading, the modulation of postglomerular plasma
protein concentration, depending on filtration fraction
[35], might control glomerulotubular balance to some
extent [26, 27].

The present work represents an attempt to evaluate,
on a semi-quantitative basis, the influence of post-
glomerular plasma protein concentration, renal plasma
flow, hematocrit, arterial pressure and plasma potas-
sium concentration on overall fractional sodium
reabsorption, and to investigate to what extent the in-
fluences of plasma flow, hematocrit and arterial
pressure can be related to the peritubular and post-
glomerular plasma protein concentration as modulated
by filtration fraction. Isolated dog kidneys have been
perfused with heparinized blood via a pump-oxy-
genator system. Both blood and kidneys originated
from randomly selected animals. Moreover, uniform
technical conditions and elimination of several known
(and perhaps unknown) extrarenal factors during
artificial perfusion reduced the number of parameters
under study, thus allowing a statistical analysis of
their quantitative role. The purpose of the present
work was to analyze the correlations on the basis of
a great number of individual results. When two or
more determinants of sodium reabsorption appeared
to be related to each other, the calculation of partial
correlations after successive elimination of selected
parameters allowed an evaluation of their respective
influences on sodium reabsorption. Moreover, the
magnitude of these influences has been assessed by the
calculation of regression coefficients.

Methods

The pump-oxygenator device has been described
previously, as have the technical prerequisites for the
proper functional performance of perfused organs
[15, 36]. In each experiment, kidney and blood were
taken from two different dogs submitted to pento-
barbital anesthesia (30 mg/kg i.v.). Kidney weight

ranged between 14 and 72 g. Blood donors, weighing
between 14 and 37 kg, received a previous injection of
heparin (1250 lU/kg i.v.). The amount of perfusing
blood was identical in all experiments (450 ml). In
order to reduce initial vasoconstriction, 25 mg pro-
methazine (Phenergan®, Specia), which exhibits a
transient vasodilating action, were added to the blood
before starting the perfusion. Temperature was kept
constant at 37•50 C. In order to compensate for
excretory and metabolic losses, a solution containing
2 g glucose, 2 g urea and 1.5 g potassium chloride!
100 ml Ringer's solution was infused continuously at
a rate of 6 mI/hr. These amounts have been established
experimentally as necessary to keep the composition
of the blood within the initial range. The duration
of the perfusion was 2.5 hours; urine was collected
during four successive 30 mm periods and quantita-
tively replaced by half-diluted Ringer's solution. The
first sample was discarded. Arterial blood samples
were taken in the midst of each collection period. A
priming dose of 90 mg creatinine was added at the
beginning of the perfusion and was followed by a
continuous infusion of 6 ml/hr of Ringer's solution
containing creatinine at a concentration of 2 g/100 ml
at the level of the renal vein. In order to avoid the
development of massive water diuresis, 0.1 IU vaso-
pressin (Sandoz) was added after 30, 60, and 90
minutes.

Renal blood flow was measured by the venous out-
put into a graduated pipette; the hematocrit was
measured in Wintrobe tubes. Sodium and potassium
determinations were made by flame photometry,
creatinine by the Folin-Wu technique adapted to the
Technicon auto-analyzer, plasma proteins by re-
fractometry under periodical control by the Kjeldahl
technique. Postglomerular plasma protein concentra-
tion was calculated from the preglomerular (systemic)
concentration and from the filtration fraction accord-
ing to Bresler's formula [35]. Plasma oncotic pressure
was calculated from the plasma protein concentration
by Keys' formula [37].

Detailed information concerning the functional per-
formance of perfused kidneys has been presented
elsewhere [15].

Regression equations and correlation coefficients
were determined by the usual formulas as well as
partial correlation coefficients by successive elimination
of variables. For details of the study of partial correla-
tiOn, we refer the reader to the books of Schwartz [38]
and Quenouille [39].
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Results

The average results are presented in Table 1. The
correlations, partial correlations and regression equa-
tions are presented in Table 2. They have been cal-
culated, for each parameter, from 221 individual
measurements obtained during 76 perfusion experi-
ments.

The following abbreviations have been used in the
presentation and discussion of results:

NaE: sodium excretion (% of filtered load).

PP: preglomerular plasma protein concentration
(g/liter).

PGPP: postglomerular plasma protein concentration
(g/liter).

H: hematocrit (vol %).

PNa: plasma sodium concentration (mEq/liter).

PK: plasma potassium concentration (mEq/liter).
RPF: total renal plasma flow (ml/min/g kidney wt).

GFR: glomerular filtration rate (ml/min/lOO g
kidney wt).

FF: filtration fraction (%).

AP: arterial pressure (mm Hg).

Table 1

Fractional sodium excretion and postglomerular
plasma protein concentration (Table 2). While a
significant correlation was not found between NaE
and PP (line 1), a very significant negative correlation
was observed between NaE and PGPP (line 2 and
Fig. 1). Since AP, H, and PK influenced NaE in
various ways, these variables were successively elimi-
nated; the resulting partial correlation was not sig-
nificantly altered thereafter (lines 3—5).

Fractional sodium excretion and glomerular filtration
rate (Table 2). As shown in line 7, NaE seemed to be
significantly related to glomerular filtration rate
(GFR). However, both NaE and GFR were related to
AP (lines 44 and 52), while NaE also appeared to be
related to RPF (line 14). After the elimination of AP
and RPF, the partial correlation between NaE and
GFR became insignificant (line 9). The well known
interdependence of GFR and RPF was observed and
did not depend on AP (lines 19 and 20). Elimination of
the variables PK (line 59) and PGPP (line 2) induced no

significant change (line 11).
Fractional sodium excretion and renal plasma flow

(Table 2). A positive correlation was found between
NaE and RPF (line 14). Since both of these parameters
were related to AP (lines 44 and 53), it was therefore

Average results

AP, mm Hg Overall
values

110 130 150 170

Number of experiments 15 36 8 17 76
Number of collection periods 51 80 22 68 221

Plasma proteins, g/liter 66.30 (0.79) 69.50 (0.58) 75.90(0.41) 75 (0.75) 71.13 (0.62) <0.001 [51]
Hematocrit, vol. % 51.80 (0.42) 51.10 (0.42) 53.60 (0.41) 50.70 (0.79) 51.40 (0.56) NS

Plasma sodium, mEq/liter 147.90 (2.01) 150.50 (0.38) 148.70 (0.47) 148.70 (1.37) 148.20 (1.37) NS

Plasma potassium, mEq/liter 4.43 (0.07) 4.50 (0.04) 4.54 (0.06) 4.36 (0.04) 4.44 (0.04) <0.001 [58]
Renal plasma flow, ml/min/g 2.40 (0.06) 2.49 (0.04) 2.10 (0.03) 3.57 (0.13) 2.77 (0.10) <0.001 [53]
Glomerular filtration, 37.80 (0.62) 44.22 (0.90) 35.60 (0.57) 46.90 (1.05) 42.71 (0.87) <0.01 [52]

ml/min/l 00 g
Filtration fraction, % 17.86 (0.49) 18.64 (0.42) 17.55 (0.42) 15.20 (0.44) 17.29 (0.44) <0.01 [54]
Post-glomerular plasma proteins, 81.80 (1.30) 85.60 (0.86) 92.50 (0.75) 89.20 (1.13) 86.52 (0.94) <0.01 [55]

g/liter
Sodium excretion, 2.57 (0.15) 3.67 (0.16) 5.50 (0.17) 7.18 (0.33) 4.68 (0.25) <0.001 [441

0/ of filtered load

Standard error of the mean is given between brackets after each value. In the last column, statistical significance of the overall
correlation between each parameter and arterial pressure is given on the basis of the corresponding correlation coefficients; the num-
bers between brackets refer to these coefficients and regression equations presented in Table 2.

NS= not significant.
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Table 2

Regression equations and total and partial correlation coefficients between fractional sodium excretion, post-
glomerular plasma protein concentration, glomerular filtration, renal plasma flow, filtered fraction, hematocrit,

arterial pressure, plasma potassium concentration (221 values for each parameter)

Line Correlations (total and partial) r 2P Regression equations

1 NaE/PP —0.045 NS
2 NaE/PGPP —0.29 <0.001 NaE=11.38—0.078(±0.35)PGPP
3 NaE/PGPP eliminating AP —0.45 <0.001
4 NaE/PGPP eliminating AP and H —0.29 <0.001
5 NaE/PGPP eliminating AP, H and PK —0.30 <0.001
6 PK/PGPP —0.17 0.01 PK=5.348—0.011 (± 0.009) PGPP
7 NaE/GFR 0.23 <0.001 NaE==0.067 (±0.039) GFR+ 1.82
8 NaE/GFR eliminating AP 0.16 <0.05
9 NaE/GFR eliminating AP and RPF 0.03 NS

10 NaE/GFR eliminating AP, RPF and PK —0.03 NS
11 NaE/GFR eliminating AP, RPF, PK —0.07 NS

and PGPP
12 PK/GFR —0.20 <0.01 PK= 5.047—0.013 (±0.009) GFR
13 PGPP/GFR 0.14 0.05 PGPP =80.34 + 0.146 (± 0.14) GFR
14 NaE/RPF 0.41 <0.001 NaE=1.075(±0.32)RPF+1.7
15 NaE/RPF eliminating AP 0.33 <0.001
16 NaE/RPF eliminating AP and GFR 0.28 <0.001
17 NaE/RPF eliminating AP, GFR and PGPP 0.19 <0.01
18 PK/RPF 0.01 NS
19 GFR/RPF 0.31 <0.001 GFR = 2.55 (± 1.05) RPF + 35.65
20 GFR/RPF eliminating AP 0.27 <0.001
22 FF/RPF —0.48 <0.001 FF =22.85— 1.99 (± 0.49) RPF
23 FF/RPF eliminating AP —0.45 <0.001
24 FF/RPF eliminating AP and H —0.32 <0.001
25 PGPP/RPF —0.39 <0.001 PGPP = 97.86—4.06 (±1.30) RPF
26 PGPP/RPF eliminating AP —0.47 <0.001
27 PGPP/RPF eliminating AP and H —0.32 <0.001
28 NaE/H —0.41 <0.001
29 NaE/H eliminating AP —0.43 <0.001
30 NaB/H eliminating AP and PGPP —0.34 <0.001
31 NaE/H eliminating AP, PGPP and RPF —0.21 <0.01
32 NaE/H eliminating AP, PGPP, RPF —0.26 <0.001

and PK
33 PK/H —0.14 <0.05 PK=53.782—0.018(±0.017)H
34 GFR/H —0.07 NS
35 RPF/H —0.41 <0.001 RPF=6.68—0.75(±0.23)H
36 RPF/H eliminating AP —0.42 <0.001
37 FF/H 0.46 <0.001 FF=0.36(±0.09)H—l.22
38 FF/H eliminating AP 0.46 <0.001
39 PP/H 0.55 <0.001 PP=0.61 (±0.13)H+39.77
40 PGPP/PP 0.78 <0.001 PGPP= 1.18 (±0.12) PP+2.64
41 PGPP/H 0.56 <0.001 PGPP= 1.09(±0.22)H+31.58
42 PGPP/H eliminating AP 0.56 <0.001
43 PGPP/H eliminating AP and PP 0.24 <0.001
44 NaE/AP 0.48 <0001 NaE=0.08 (±0.02)AP—6.354
45 NaE/AP eliminating PP 0.53 <0.001
46 NaE/AP eliminating GFR 0.51 <0.001
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Line Correlations (total and partial) r 2P Regression equations

47 NaE/AP eliminating PP and RPF 0.47 <0.001
48 NaE/AP eliminating GFR and RPF 0.45 <0.001
49 NaE/AP eliminating PP, GFR and RPF 0.50 <0.001
50 NaE/AP eliminating PP, GFR, RPF and PK 0.45 <0.001
51 PP/AP 0.36 <0.001 PP=0.l4(+0.05)AP+51.54
52 GFR/AP 0.20 <0.01 GFR=0.11 (±0.07) AP+27.35
53 RPF/AP 0.28 <0.001 RPF=0.02(±0.01)AP+0.06
54 FF/AP —0.18 <0.01 FF =24.57 —0.052 (± 0.037) AP
55 PGPP/AP 0.20 <0.01 PGPP=0.12 (±0.08) AP+69.81
56 PGPP/AP eliminating PP —0.14 0.05
57 H/AP 0.04 NS
58 PK/AP —0.32 <0.001 PK = 6.146 —0.012 (± 0.005) PA
59 NaE/PK —0.28 <0.001 NaE = 10.158 — 1.226 (± 0.57) PK
60 NaE/PK eliminating AP —0.15 0.05
61 NaE/PK eliminating PGPP —0.35 <0.001
62 NaE/PK eliminating AP and PGPP —0.21 0.001

Twice standard deviation is given between brackets for each regression coefficient.
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necessary to eliminate the possibility that this positive
correlation depended mainly on AP. This was not the
case, since the correlation coefficient was not signifi-
cantly changed after the elimination of AP (line 15).
Moreover, GFR, which was related to RPF (line 19)
could also be removed without suppressing the
significant relationship between NaE and RPF
(line 16).

A negative correlation was found between FF and
RPF (line 22 and Fig. 2) which was independent of
AP and H (lines 23 and 24). The negative correlation
between PGPP and RPF (line 25) also proved to be
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independent of AP and H (lines 26 and 27). Changes in
PGPP could therefore account to some extent for the
modulation of NaE by RPF; however, they were not
the only factors involved, since after elimination of AP,
GFR and PGPP, the correlation between NaE and
RPF, though less, was still very significant (line 17).

Fractional sodium excretion and hematocrit (Table 2).
There was a very significant negative correlation
between NaE and H (line 28). GFR was independent
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Fig.3. Correlation between hematocrit and filtration fraction.

of H (line 34); on the contrary, a strong negative
correlation was observed between H and RPF (line 35),
and this correlation was totally independent of AP
(line 36). The result was a strongly positive correlation
between FF and H (line 37 and Fig. 3), independent of
AP (line 38). PGPP increased with hematocrit (line 41),
also independent of AP (line 42), but more than should
have been expected from the increase of FF. PGPP was
strongly related to PP (line 40), and PP to H (line 39),
the differences of H between the blood donors de-
pending partly on overall hemodilution or hemocon-
centration. However, the positive relationship be-
tween PGPP and H was still very significant after the
elimination of AP and PP (line 43), as should have
been expected from the correlation between FF and H
mentioned above. Thus, the modulation of NaE by H
could be related to some extent to the changes in FF
and PGPP, but not entirely; the correlation between
NaE and H was still very significant after the elimina-
tion of PGPP. The changes in total renal plasma flow
related to hematocrit also appeared partially re-
sponsible for the control of NaE, further elimination
of renal plasma flow reducing the strength of the
correlation (line 31, X2=2.9, 2P=0.05). Final correla-
tion after removal of AP, PGPP and RPF was still
significant (line 31); other parameters, still undefined,
appear therefore to account for the relationship
between NaE and H.

A weak negative correlation was found between H
and PK (line 33). Nevertheless, further elimination of
the variable represented by PK did not change the
relationship between NaE and H significantly (line 32).

Fractional sodium excretion and arterial pressure
(Table 2). High AP resulted in high NaE (line 37).

110 130 150 170

Arterial pressure, mm Hg

Fig. 4.Correlationbetween arterial pressure and filtration fraction.

RPF increased significantly with AP (line 46); this
increase, as judged from the regression equation, is
moderate, as should be expected because of auto-
regulatory mechanisms. GFR increased slightly more
(line 45), resulting in a weak negative correlation
between FF and AP (line 47 and Fig. 4).

In the experiments performed at high arterial
pressure, PP was moderately increased (line 51); this
represented an experimental artefact: the higher urine
output at high arterial pressure resulted in some
degree of concentration of the perfusing blood, and
the replacement of urine occurred only at the end of
each collection period while the blood samples were
drawn in the midst of these periods. As a consequence,
PGPP increased with AP (line 55). The results demon-
strate that the changes in FF and PGPP play a minor
role in "pressure natriuresis" although there is a
weak negative correlation between PGPP and AP
after elimination of the artefactual increase of PP
(line 56). That PP, GFR, and RPF (and therefore FF
and PGPP) are of little influence on "pressure natriu-
resis" is further demonstrated by the fact that succes-
sive elimination of the variables PP, GFR, and RPF
did not induce any change in the correlation between
NaE and AP (lines 47—49).

A negative correlation between PK and AP (line 58)
can be ascribed to increased urinary losses of potassium
during perfusion at high pressure [11]. Removal of the
variable PK does not alter the correlation between NaE
and AP significantly (line 50).

Fractional sodium excretion and plasma potassium
concentration (Table 2). A positive correlation between
NaE and PK was evidenced (line 59), thus confirming
previous results tl2I. This correlation was not sup-
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pressed by elimination of the variables AP and PGPP
(lines 60—62) to which PK appeared to be related
(lines 58 and 6).

Discussion

Postglomerular plasma protein concentration. The
quantitative relationship between PGPP and overall
fractional reabsorption of sodium can be evaluated on
the basis of the present experiments. According to the
regression coefficient (Table 2, line 2), an increase of
10 g/liter of PGPP results in an increase of tubular
reabsorption of 0.78 of filtered load. In order
to compare this value with other experimental results
involving supplementation with serum albumin, thus
changing the albumin-globulin ratio, plasma oncotic
pressures have been calculated according to Keys'
formula [37]. If the present results are expressed in
terms of the relationship between overall fractional
sodium reabsorption and postglomerular oncotic
pressure, it is found that an increase of the oncotic
pressure of 150 mm H20 induces an increase of
sodium reabsorption corresponding to 3.3±1.5% of
the filtered load. From our previous experiments on
paired isolated kidneys involving unilateral correction
of plasma oncotic pressure by serum albumin after
in vitro saline loading [13], the average calculated
value is 5.6%. From the experiments performed on the
whole dog by Kramer, Boylan and Keck [28], we
computed a value of 4%. On the basis of a systematic
study on the whole dog, Vereerstraeten [29] and
Vereerstraeten and Toussaint [30] found a value of
7.5%. While it is impossible to ascribe statistical
significance to the differences between these values, it
does appear clear that the results are of the same order
of magnitude, whether they are obtained from the
whole animal or from the isolated organ. The im-
portance of postglomerular oncotic pressure for the
control of overall tubular reabsorption thus receives
further confirmation.

Glomerular filtration rate. Overall fractional sodium
excretion increased moderately with filtration rate;
according to the regression equation (Table 2, line 7)
a 10 ml variation of GFR induced a variation of
overall tubular reabsorption of 0.67±0.39% of the
filtered load. However, the correlation is much weaker
after elimination of the influence of AP (Table 2,
line 8), and it disappears totally after elimination of
RPF (Table 2, line 9). It is well known that GFR and
RPF are normally inter-related, a fact which was
confirmed by the present results (Table 2, lines 19 and

20). It appears that the moderate increment of NaE
related to an increment of GFR is primarily due to the
concomitant increase of RPF via a mechanism that will
be discussed later.

Renal plasma flow. The influence of renal plasma
flow on sodium reabsorption can be ascribed partly to
its influence on FF (Table 2, lines 22—24) and therefore
on PGPP (Table 2, lines 25—27). However, the correla-
tion remains significant after successive elimination of
PGPP, AP, and GFR (Table 2, lines 15—17); the
natriuresis caused by increased renal plasma flow
cannot therefore be explained completely by the con-
comitant variations of PGPP and total GFR. Accord-
ing to the regression equation (Table 2, line 14), a
variation of 1 ml of RPF corresponds to a variation of
NaE of 1.075±0.32% of filtered load (1.075±0.74%
after elimination of the variables AP, GFR, and
PGPP).

The negative correlation between FF and RPF
means that the changes in total GFR are not pro-
portional to the changes of total RPF, suggesting that
in the present experimental conditions, postglomerular
vascular resistance plays, together with preglomerular
arterial tone, an important role in the modulation of
effective filtration pressure. That PGPP alone cannot
account exclusively for the influence of RPF on natri-
uresis would be expected in view of previous experimen-
tal findings. Among other mechanisms, consideration
must be given to washout of solutes in the interstitium
resulting in greater delivery from the ascending limb
of Henle's loop [5], as well as an intrarenal redistribu-
tion of blood flow and glomerular filtration [4, 22].
Moreover, it appears from several studies on the
influence of various vasodilating drugs [5, 40—43] that
these pharmacological agents do not modulate sodium
excretion by only one identical mechanism.

Hematocrit. The natriuretic response to changes of
hematocrit involves several other intrarenal factors as
well. One of them appears to be the concomitant
changes in FF and PGPP; this finding is in good
agreement with the results of Nashat et al [11] and of
Schrier and Earley [18] on the whole dog, and of
Brenner and Galla [2] in the rat, as is the independence
of glomerular filtration from hematocrit [11]. Accord-
ing to Nashat et al [10], cortical blood flow is not
modified by the changes of packed red cell volume [10]
while medullary flow changes inversely; special
attention is paid to the changes in medullary osmotic
gradient as the consequence of hemodynamic factors
[11]. A mechanism such as described by these authors
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might be responsible, together with the proximal effect
of postglomerular peritubular oncotic pressure, for
the variations not only of urine concentration, but also
of sodium excretion related to hematocrit.

The regression equation indicates that a 10%
increase of hematocrit corresponds to a decrease of
1.9±0.6% in fractional sodium excretion (1.9±0.9%
after elimination of the variables AP, PGPP, RPF, and
PK).

Arterial pressure. According to the regression
equation (Table 2, line 44), an increment of arterial
pressure of 10 mm Hg induces an increment of 0.8
0.2% in fractional excretion of filtered sodium load.
The results demonstrate clearly that the increase of
MaE with arterial pressure does not depend on GFR
and RPF, and that variations of FF are of minor
importance. These data are in good agreement with
the fact that because of autoregulation, there is little
change of either GFR or RPF over a wide range of
arterial pressure [6, 19, 21]. Moreover, AP does not
interfere significantly with the correlations between
PGPP and RPF (Table 2, lines 25 and 26), RPF and H
(Table 2, lines 35 and 36), FF and H (Table 2, lines 37
and 38), PGPP and H (Table 2, lines 41 and 42).
According to the work of Thurau and Deetjen [21],
the mechanism of "pressure natriuresis" is related to
changes in medullary blood flow (which is not auto-
regulated) which induce variations of the osmotic cor-
tico-papillary gradient. Several workers [6, 19, 44, 45]
point to the same explanation based on an impairment
of sodium transport in the ascending limb of Henle's
loop. MacDonald and de Wardener [7], investigating
the relationship between arterial pressure and saline
natriuresis, observed a relationship between sodium
excretion and arterial pressure, and an inverse correla-
tion between natriuresis and the fall in plasma protein
concentration; these authors suggested that the
exaggerated sodium excretion of hypertensive patients
given saline intravenously might be partly due to the
direct effect of arterial hypertension. The problem of
the interaction between "pressure natriuresis" and
"saline natriuresis" has also been investigated by
Bank et al. [1] and by Craig et al. [3]. In a previous
work [17] we have found that the isolated dog kidney
responds to increased perfusion pressure with a
natriuresis, and that the further addition of saline to
the perfusing blood results in a more rapid quantitative
excretion of the extra saline load than that observed at
a normal perfusion pressure. These experiments
demonstrated that the autonomous response of the

kidney to both hypertension and blood dilution was
additive, one common mechanism possibly being
represented by changes in the medullary circulation
due to the combined effect of blood dilution and
arterial hypertension.

Plasma potassium concentration. In previous ex-
periments on paired isolated dog kidneys, we have
found that the increase of sodium excretion which
follows the in vitro addition of saline to the blood was
partly corrected by subsequent restoration of plasma
potassium concentration in the absence of changes of
filtered sodium load; restoration of the plasma
potassium concentration thus improved the tubular
reabsorption of sodium [12]. From these previous ex-
perimental results [12], it can be computed that a
decrement of 1 mEq/liter of plasma potassium results
in an increment of NaE corresponding to 1.0±0.4%
of filtered load. From the regression coefficient
obtained in the present study, a value of 1.23±0.57 is
computed (1.23±0.76 after removal of AP and
PGPP); both values are identical. The influence of
potassium concentration on tubular sodium reabsorp-
tion has also been observed by Vogel and Tervooren
[46] in amphibian kidneys perfused with potassium-
free solutions and by Maude [47] during stop-flow
microperfusion of proximal tubules in rat kidney
cortex slices. A role of potassium in active transport of
sodium by the toad bladder has been evidenced by
Essig and Leaf [48]. However, opposite results have
been presented by various authors in the more complex
conditions occurring in the whole animal [49, 50, 51,
52]. It is not possible so far to explain these discrepan-
cies. The influence of plasma potassium concentration
on sodium handling by the tubules is of considerable
pathophysiological interest; however, plasma potas-
sium concentration is not likely to play a major role
in the induction of saline diuresis, since its decrease
after saline infusion is no more than moderate [29].

General. These results demonstrate the influence of
blood dilution or concentration on sodium excretion
as modulated by tubular reabsorption of the filtered
sodium load. They provide further evidence of the role
of postglomerular plasma protein concentration
depending on both plasma dilution and filtration
fraction. After saline infusion, the fall of plasma
protein concentration due to blood dilution is further
enhanced by the concomitant decrease of filtration
fraction. The experiments demonstrate however that
other parameters related to blood dilution, such as
changes of hematocrit and renal plasma flow, also
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interfere with the overall fractional reabsorption of
sodium, and that their influence does not depend
entirely on changes of the postglomerular plasma
protein concentration.

The considerable amplitude of the modulation of
sodium excretion by dilution parameters of the blood
and their possible cumulative effect helps to understand
the sensitivity and the accuracy of the renal response to
blood dilution as demonstrated by the quantitative
excretion of a saline load when added in vitro to the
perfusing blood [16]; the kidney is adjusted, in the
sense of a stable equilibrium, to a definite level of
blood concentration. Moreover, it is obvious that the
various physical and hormonal factors may offset the
influence of each other, thus avoiding permanent
sodium losses in chronic pathological conditions
involving anemia, hypoproteinemia or arterial hyper-
tension [14].
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