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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-flee 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 
excretion primarily by adjustment of tubular reabsorption to filtration. ~oreover, 
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. I t  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 natrinretic factor should be avoided. 

Key-Words: Sodium Excretion --  Water Excretion --  Isolated Kidney. 
SchliisselwSrter: Na-Exkretion --  Wasserexkretion --  Isolierte ~iere. 

Two f u n d a m e n t a l  mechanisms  are  suscept ib le  to  control  rena l  ex- 
c re to ry  response af te r  sal ine a n d  wa te r  loading,  depend ing  re spec t ive ly  
on vo lume  changes and  on compos i t ion  changes  of  b lood a n d  ex t ra -  
cel lular  fluid. A n  increase  of  blood volume m a y  resul t  in  a concomi tan t  
increase of  wa te r  and  sodium excre t ion  b y  the  w a y  of  reflex mechan i sms  
involv ing  receptors  sensi t ive to  vo lume var ia t ions  a n d  control l ing the  
secret ion of  an t id iu re t i c  ho rmone  and  of  a possible na f r iu re t i c  fac tor  
(LIcHARDUS [23]; L I C ~ D U S  and  PEA~c]~ [23]; Co~T [6]; P ~ N ~ ,  
S~nocss I ,  MA~NwAVD,  VASS~IKOS, and  D u c A t s )  [35]). Modif icat ions  
of  blood composition caused b y  saline loading  as, for example ,  decreased 
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p l a sma  p ro t e in  concen t ra t ion  and  lowered h a e m a t o c r i t  m a y  induce  
sodium and  wa te r  e l imina t ion  b y  the  k idney :  the  impor t ance  of  such 
phys ica l  fac tors  has  r ecen t ly  been emphas ized  aga in  [25]. I t  is difficult  
to  dissociate  t h  e role p l a y e d  b y  e i ther  vo lume changes or b lood d i lu t ion  
in  the  response of  k idneys  in s i tu ;  i so la t ion  of  these mechanisms  and  
s t u d y  of  au tonomous  rena l  controls  can be bes t  pe r fo rmed  on t o t a l l y  
i so la ted  k idneys ;  unde r  such expe r imen ta l  condit ions,  b lood pressure  
can be k e p t  cons tant ,  ex t r a rena l  hormona l  fac tors  are ru led  out,  and  
rena l  response depends  only  on changes of  b lood composi t ion  r e l a t ed  to  
wa te r  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- 
mitred 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 natrinretic 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. I t  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 protein concentration and oneotic 
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]. 

I t  appears  f rom these  resul ts  t h a t  the  k i d n e y  is able  to  e l iminate  a 
saline load  b y  pure ly  au tonomous  mechan isms ;  k idney  response depends  
on cumula t ive  fac tors  bound  to b lood d i lu t ion  [34]. 

The  f u n d a m e n t a l  ques t ion is therefore  ra ised to  know to what extent 
autonomous renal response to blood dilution is capable o] insuring a quan- 
titative excretion o/the extra load and,  as a consequence,  of keeping con- 
s t an t  the  composi t ion  of  b lood and  ex t race l lu la r  fluid. The  purpose  of  
the  expe r imen t s  descr ibed  in  the  p resen t  pape r  is to  answer  th is  quest ion.  
Two k idneys  of  the  same pa i r  are perfused in ident ica l  basic  condi t ions :  
one of  the  k idneys  is s u b m i t t e d  to  an  ex t r a  wa te r  and  sodium load  and  
the  perfusion is p ro longed  un t i l  ur ine  flow comes back  to  an  ident ica l  
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level  on bo th  sides. The differences in  the  to ta l  a moun t s  of ur ine  and  
sodium excreted dur ing  the whole exper iment  are respectively com- 
pared to the amoun t s  of water  and  sodium added on one side. 

Such a compara t ive  type  of exper iment  makes possible to invest igate  
quan t i t a t i ve ly  the renal  response to blood di lu t ion by  neutra l iz ing in- 
d iv idual  differences between animals  as well as the progressive func- 
t ional  changes t h a t  occur in  the  isolated perfused k idney  [3, 32, 37]. These 
changes, involving a decrease of glomerular  fi l tration, cannot  be neglected 
in  long dura t ion  exper iments  and  should make  impossible a quan t i t a t ive  
de te rmina t ion  of excess saline excretion. This technical  difficulty is solved 
by  using an  ident ical  k idney  for s imul taneous  reference. 

I n  order to invest igate  the  relat ions between au tonomous  excretion 
of sodium and  of water,  two series of exper iments  are performed, in- 
volving respect ively the addi t ion  of isotonic and  of hypotonic  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 I.V.) 
and receive 25,000 I.U. 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 Speeia) to the blood in the machine before starting per- 
fusion. Saline load (75 ml isotonic or hypotonic NaC1) 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 rain). Urine 
samples are collected after each 30 rain period. In each machine a 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 ereatinine solution in Ringer. In both machines, and at 
intervals of l0 to 30 min, Ringer's solution diluted to one third is added in volumes 
corresponding to the volume of urine excreted 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 calculated 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 Stndent's distribution for 
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2P = 0.05. Comparison of 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 Sodium 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. I t  is known that  hypotonie urine can be excreted by the 
dog after saline loading even in the presence of vasopressin (CLAPP and 
ROBINSON [5]). The same phenomenon is observed in the isolated kidney 
[28] and is aggravated by at least two mechanisms: development of 
medullary oedema and changes in medullary blood flow [32] ; antagonism 
between vasopressin and bradykinin liberated in the machine (such an 
antagonism has been demonstrated by FU~TADO [14]). The consequence 
of hypotonie 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 1imitating 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 I.U. every 30 rain in each machine. 

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

Table 1 gives the average results of 12 identical experiments. 

Duration o/ experiments ranges between 150 and 330 rain. Kidney 
weight shows no significant difference between both sides (2P = 0.07). 
Total renal blood/low 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 (2P 
< 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 (2P < 0.001). Plasma 
potassium 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 hypotonie; 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 o/water and sodium after isotonic saline loading 
The Table gives the values at the beginning and at the end o/per/usion 

Limits o/confidence are given between brackets/or 2 P = 0.05 

Control 75 ml water ~ 10,875 tLEq 
Na 

Begin End Begin End 

Renal blood flow (ml/g/min) 3 (0.44) 
ttaematocrit (p. 100) 54 (4.4) 
Plasma Na (mEq/1) 152 (4.4) 
Plasma K (mEq/1) 4.3 (0.66) 
Plasma proteins (g/l) 65 (4.4) 
Plasma osmolality (mOsm) 312 (4.4) 
Urine flow (ml/100 g/rain) 0.86 (0.59) 
Urh~e osmolality (m0sm) 438 (70) 
Na excretion (~Eq/100 g/min) 108 (81) 
K excretion (~Eq/i00 g/rain) 38 (14.3) 
Glomerular filtrationrate 

(ml/100 g/rain) 26 (4.4) 
Na Load (~Eq/100 g/rain) 4,066 (924) 
Na rejection (p. 100 of load) 2,8 (2) 
Total Na output (txEq) 9,864 
Total water output (ml) 134 
Kidney weight (g) 44 

Differential total Na output 
(~Eq) 

Differential total water 
output (ml) 

4.8 (0.44) 3.7 (0.66) 4.5 (0.88) 
52 (4.4) 49 (4.4) 55 (4.4) 
155 (4.4) 152 (6.6) 162 (4.4) 
5.5 (1.3) 3.9 (0 .66)4 .9  (0.88) 
65 (4.4) 57 (4.4) 72 (6.6) 
317 (6.6) 311 (4.4) 336 (8.8) 
2.6 (0.88) 2.52 (0.95) 2.6 (0.88) 
208 (31) 355 (62 216 (31) 
189 (70) 322 (123) 221 (75) 
49 (14.3) 61 (14.3) 44 (14.3) 

25 (4.4) 38 (6.6) 24 (4.4) 
3,873 (1,382) 5,790 (1,245) 4134 (823) 
5.8 (1.76) 6 (2) 6.3 (1.54) 
(3,190) 20,933 (3,335) 
(39.6) 232 (42) 
(6.6) 42 (6.6) 

11,069 (2,143) 

98 (12) 

cret ion increases significantly during the exper iments  (2P  = 0.025); 
on the  other  side sodium excret ion drops (2P  = 0.001); a t  the  end of 
perfusion, there  is no significant difference be tween bo th  sides (2P  
-= 0.04). Potassium excretion is modera te ly  increased b y  saline loading 
(2P  < O.OO1); there  is no significant difference a t  the  end (2P  =- 0.25). 
Glomerular /iltration rate, sodium load and percentage o/sodium rejection 
behave  similarly;  t hey  are increased initially b y  saline loading (2P  
< 0.05), reach an average  m a x i m u m  of 36 ml/100 g/rain on control  side 
and  47 ml  under  load, and  exhibi t  no significant difference a t  the  end 
of exper iments  (2P  > 0.5). 

Total sodium output is increased b y  saline supp lementa t ion ;  the  di/- 
[erence /tom control side, alter equalization o/urine/low, corresponds to the 
amount of sodium added  (2P  ~ 0.85). Tota l  wa te r  ou tpu t  is also in- 
creased b y  saline addi t ion;  the di/[erenee in total is moderately but signi/i- 
cantly higher than the volume o/water added (2P  < 0.005). 

Essent ia l  results  of  typ ica l  exper iments  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 submit ted  to an  isotonic saline load 
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excreted during each 30 rain period decreases progressively while total  difference 
excreted comes nearer  to the  amount  of excess sodium added. Wate r  excretion tends 
also to equalization; to ta l  excess volume excreted exceeds moderately extra  water  
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2. Hypotonic Sodium Chloride Loading 

An identical experimental  setup is used. 75 ml of sodium chloride 
solution containing 3625 ~Eq of sodium are added on one side. Solute- 
free water  addition corresponds to 50 ml. 1%o measurable haemolysis is 
produced because of quick mixing. The opportuni ty of vasopressin 
supplementation requires consideration: addition of vasopressin in 
conditions of marked plasma hypoosmolali ty would be in contradiction 
with physiological conditions; while vasopressin could reduce water  
excretion on control side, it is not obvious tha t  it should modify differen- 
tial water excretion 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- 

mentat ion at  the same doses as in the first series (0.5 I .U. every 30 rain) 
and 5 experiments without vasopressin supplementation. Comparative 
average results are figured in Table 2. 

Table 2. Vasopressin and excretion o/hypotonic saline load 
(3,627 ttEq sodium, 75 ml water) 

without with 
vasopressin vasopressin 

Total sodium output on control side 
(y.Eq) 7,037 8,883 2P = 0.55 

Excess sodium output after loading 
(~Eq) 3,697 5,141 2P ~ 0.27 

Total water output on control side 
(ml) 158 141 2P ~ 0.48 

Excess water output after loading 
/ 

(ml) 76 75 2P = 0.75 

The first series of experiments has shown tha t  vasopressin is unable 
t'o insure hypertonlcity of urine after isotonic loading; its only effect is to 
reduce the degree of hypotonieity. 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 o/ experiments is eomprized between 150 and 300 rain. 
Kidney weight is identical (2P ---- 0.2). Total renal blood/low is not signifi- 
cantly different at  the beginning (2P ~ 0.i);  it increases on both sides 
and becomes moderately higher on control side (2P -~ 0.02). Haematoerit 
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Table 3. Excretion o/water and sodium after hypotonic saline loading 
The table gives the values at the beginning and at the end o] per/usion 

Zimits el con/idence are given between brackets/or 2 P : 0.05 

37 

Control 75 ml water +3,625 ~Eq 
Na 

Begin End Begin End 

]~enal blood flow (ml/g/min) 4 (0.94) 6.2 (1.4) 
ttaematoerit(p. 100) 50.1 (5.2) 48.8 (5) 
Plasma Na (mEq/1) 150.6 (5.3) 159.2 (10.4) 
PlasmaK (mEq/1) 4.9 (0.7) 6 (1.65) 
Plasma proteins (g/l) 67.8 (4.2) 72.5 (7.6) 
Plasma osmolality (mOsm) 327 (9.9) 339 (23.6) 
Urine flow (ml/100 g/rain) 1.6 (0.94) 2.5 (1.4) 
Urine osmolality (mOsm) 410 (85) 228 (80) 
Na excretion (aEq/100 g/rain) 157 128 (54) 
K excretion (f~Eq/100 g/rain) 60 74 (9.4) 
Glomerular filtration rate 

(ml/lO0 g/rain) 
Na load (~Eq/100 g/rain) 
Na rejection (p. 100 of load) 
Total Na output (~Eq) 
Total water output (ml) 
Kidney weight (g) 
Differential total Na output 

([xEq) 
Differential total water 

output (ml) 
Differential solute-free 

water output (ml) 

4.5 (0.94) 5.4 (1.2) 
46.3 (3.78) 48.1 (4) 
135.2 (6.1) 160.2 (12.5) 
4.4 (0 .94)5 .4  (1.4) 
56.2 (3.78) 75.1 (9) 
289 (6.4) 336 (28.3) 
2.6 (1.2) 3.7 (1.2) 
292 (66) 217 (80) 

(120) 212 (151) 160 (94) 
(32) 70 (28) 72 (16.5) 

35.8 (10.6) 23.8 (7.1) 37.2 (13) 22.6 (5.9) 
5,333 (1,402) 3,733 (1,029) 4,961 (1,645) 3,535 (850) 
3.3 (2.8) 3.5 (0.71)4.5 (3.3) 4.8 (2.1) 

7,729 (3,108) 11,967 (3,759) 
151.8 (57) 227 (59) 
37.2 (5.9) 37.7 (6.4) 

4,238 (1,709) 

75.4 (15.8) 

45 (11.3) 

does not  change significantly on control side (2P  = 0.09); init ially 
decreased b y  dilution it  comes back  to control  value (2P  ~ 0.35). 
Plasma osmolality is init ially decreased b y  hypotonic  saline addi t ion;  
i t  increases modera te ly  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 di luted b y  ex t ra  water  load. They  
increase on bo th  sides (2P  ~ 0.005); a t  the  end of perfusiom they  are 
modera te ly  higher on saline side t h a n  on control  side (2P  = 0.02). 
Plasma sodium is initiMly decreased b y  water  dilution; i t  increases la ter  
on control  side (2P  ---- 0.02) and  more  on saline side (2P  = 0.004). Final 
concentra t ion becomes identical  (2P  = 0.35). Plasma potassium exhibits  
wide individual  differences; i t  increases progressively on saline side 
(2P  ~-0 .005) ;  difference between final levels is ba re ly  significant 
(2P  ~ 0.07). Urine / low  init ially higher af ter  saline addi t ion comes to 
final identical  values  on bo th  sides ( 2 P - ~  0.25). Urine osmolality is 
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decreased at the beginning by  hypotonic loading. Urine becomes hypo- 
tonic on both sides; at the end of peffusion there is no significant differ- 
ence (2P = 0.1). Sodium excretion is increased moderately by loading 
(2P ~-- 0.04). I t  does not change significantly on control side (2P ~ 0.35) 
but  diminishes on saline side (2P < 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/ 
i00 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 
sodium 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-]tee water 
excretion corresponds also to ]ree 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 osmolallty 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. I t  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]. 
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The second series of experiments, involving hypotonie saline load, 
brings a confirmation of above-mentioned interpretations; moreover, i t  
demonstrates tha t  dilution factors can work differentially and insure 
quanti tat ive 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 tha t  a 
significant increase of filtration is observed in the present experiments 
under isotonic saline and not under hypotonie 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 tha t  plasma sodium is diluted and plasma 
osmolality decreased in the second series and not in the first one. An 
impor tant  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 (GOLDSMITH, 
Rv~CTO~, and SELDL'~ [15J ; K ~ M  and LEVI:NSKY [19] ; B ~ I N T  and ~O~- 
G/~CS [1]; EKNOYAN, SUKI, I:~ECTOE, and SELDIN [13]). The impor tant  
point in the present experiments is tha t  the control of sodium excretion 
is so accurately adjusted tha t  excess sodium is quanti tat ively excreted 
at  the time plasma sodium, protein and osmolality as well as haematocri t  
have come back to equal values on both sides, what  implies quanti tat ive 
excretion of water  load within the same time. 

Quanti tat ive excretion not only of excess sodium but  also of excess 
solute-free water  after hypotonie loading is insured as a consequence of 
kidney integration of the dilution factors, in spite of the absence of the 
osmoreceptor - -ADtI  control mechanism. 

While sodium rejection by  isolated kidney is easily controlled by  
dietary sodium intake when both kidiley 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 
Water  excretion r ~ 0.04 

Hypotonic saline loading: 

Sodium excretion r ~ 0.15 
Water  excretion r = 0.11 

2/)  : 0.45 
2 P  : 0.90 

2 P  = 0.70 
2 P  = 0.75 
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I t  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 stabl e 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. 

I t  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 extracellniar volume expansion [13,16], and that 
$he response to extracellular or intravascular volume expansion might 
involve a specific natrittrctic factor [18, 23, 24,40] whose action could be 
controlled by the way of volume-reflex mechanism [6, 7,22]. Natrim-esis 
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 natrinretic 
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  LIO~A~DVS' experiments 
[22], volume expansion has been induced by "reconstituted" blood 
without dilution. A natriuretie factor has been detected in urine by 
K~tYc~ [20]. Preliminary characterization of a hormonal inhibitor of 
proximal tubular reabsorption has been performed by M ~ T ~ z -  
M~DO~XDO, KV~z~A~,  R~cTon, and S~LDI~ [26]. Origin, nature and 
mechanism of action of natriuretic hormonal material is investigated by 
CO~T, LICHARDVS and coll. [6, 7, 8]. A hepatic role in the control of sodium 



42 A. NIZET, J. P. GODO~, and P. ~ A m ~ :  

excretion following saline infusion has been evidenced by D ~ u  Ro~, and 
H o ~ o c ~ s  [11]. 

There is no contradiction in the possible simultaneous action of both 
dilution effects and natrinretie hormone. I t  is conceivable tha t  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, 
Gauer-Henry reflexes, antidluretic and natrinretic hormones [22,35], 
other mechanisms being not excluded. 

I t  is also conceivable tha t  the autonomous and quantitative renal 
excretion of excess water after hypotonic loading should combine its 
effect with the system of osmoreceptors, voloreeeptors and ADH secretion. 

The name of "third factor" given sometimes to natriuretie hormone 
seems quite inadequate. In  such a conception the two other factors 
should be glomcrular 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 natrinretic 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 tha t  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 T~v~Av and S c ~ N ~ A ~  [39], glomerulo- 
tubular balance could be controlled intrarenally by renin and angiotensin. 
S ~ ,  and OC~WAD~ [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- 
cortieoids and is corrected by aldosterone supplementation. According 
to BS, HR~B~CJ~, DS~a~, and REn~t~ARDT [2], intracellular sodium con- 
centration might be one factor influencing renal regulation of sodium 
homeostasis. 

Several results suggest tha t  the mechanism of natrinretic 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  reabsorpt ion of sodium after saline infusion has been 
observed by  m a n y  investigators [9,12,21,36,41] this response is not  
influenced by  prior d ie tary  salt loading or salt restriction (HAYsLE~, 
KASHGARIAN, and ErSTEnr [16]). 1Vforeover, HORSTE~ and Tn~Au [17] 
dit  not  observe a ny  change in proximal reabsorpt ion in rats  chronically 
submit ted  to either high or low sodium diets; according to  these authors  
the k idney in these conditions adjusts  sodium excretion by  altering the 
respective contr ibut ion of  superficial and  jux tamedul la ry  nephrons to  
tota l  k idney glomerular  filtration. 

I t  might  be reasonable to admi t  t ha t  fast  response and  prolonged 
ad jus tment  of  sodium excretion correspond to different mechanisms 
which combine their effects bu t  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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