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Acute or chronic denervation of the kidney
results in a moderate increase in electrolyte and
water excretion, often described as a "denerva-
tion diuresis" (1-12). The mechanism of the
natriuresis that is a feature of this phenomenon
remains controversial. A number of investigators
(1-5) have suggested that nerves alter sodium
excretion indirectly by controlling renal hemody-
namics, because in their studies there was a rise in
filtered sodium large enough to explain the sodium
diuresis. Other workers (6-12) have concluded
that denervation depresses tubular transport of
sodium. At least two factors probably account
for the conflicting conclusions. First, there is
the technical problem of accurately measuring the
small changes in filtered sodium that occur after
section of renal nerves. Second, there are no in-
dependent data from which one can determine the
effect of an increase in filtered sodium uncompli-
cated by a change in tubular reabsorptive capacity.
Therefore, even if a small increase in filtered so-
dium after nerve section is reliably demonstrated,
it is uncertain how large an increase in sodium ex-
cretion can be ascribed solely to this change. Re-
sults that demonstrate a simultaneous rise in so-
dium excretion and filtered sodium after denerva-
tion, although suggestive, do not conclusively sepa-
rate a cause and effect relation from simple associ-
ation.
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To circumvent some of these difficulties, we have
used an arterial clamp to decrease postdenervation
sodium excretion to predenervation values. This
technic permits direct measurement of tubular
reabsorption at equal rates of sodium excretion
before and after denervation. The approach is
based on the assumption that if tubular reabsorp-
tion is not altered by denervation, filtered sodium
will be found at predenervation levels when so-
dium excretion is returned to the predenervation
rate. If, on the contrary, a decrease in tubular
capacity occurs, filtered sodium should be below
predenervation levels when the denervation diu-
resis has been eliminated. The technical prob-
lems of accurately measuring the small changes in
filtered sodium that occurred in the present stud-
ies preclude definitive analysis of individual ex-
periments. Statistical analysis of all experiments,
however, demonstrates that the increase in fil-
tered sodium after denervation was approximately
three times as great as the increase in sodium
excretion. When sodium excretion was returned
to predenervation levels by clamping, filtered so-
dium was found to be at, rather than below, pre-
denervation values. These results show that there
is no change in tubular function following dener-
vation and indicate that denervation natriuresis
can be completely explained by an associated rise
in glomerular filtration rate (GFR).

Methods
Since it is difficult to evaluate the significance of ab-

solute changes in excretion during the course of pro-
longed experiments, the effects of denervation were
studied in each dog by comparing the two kidneys, one
acutely denervated and one innervated. The ratios of
sodium excretion and GFR, experimental over control
kidney (UNaV E/C, GFR E/C), were used to evaluate
the effects of denervation and clamping. With one ex-
ception,' experiments were discarded if the difference in

1 In experiment 1 (Table I), although the difference
in excretion between the two kidneys did not increase
50 /AEq per minute after denervation, UNaV E/C in-
creased from 1.51 to 2.27.
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TABLE I

Summary of all experiments

Exp. no.-
concentration Glomerular filtration rate Sodium excretion

of saline
infused Period Control Exp. E/C* Control Exp. E/C

% ml/min ml/min pEq/min uEq/min
1. 0.82 Pt 42.5 44.3 1.04 296 447 1.51

Dt'J 38.8 43.0 1.11 115 261 2.27
Ct 36.4 40.9 1.12 169 244 1.44
Ct'§ 37.3 40.1 1.08 166 170 1.02

2. 0.82 P 23.8 25.1 1.06 193 212 1.10
Dt 45.9 51.9 1.13 200 269 1.35
C 53.1 55.0 1.04 227 225 0.99

3. 0.82 P 53.5 54.7 1.02 437 448 1.03
D 48.7 47.8 0.982 265 415 1.57
C 48.2 48.8 1.01 273 316 1.16

4. 1 P 42.3 45.6 1.08 569 604 1.06
D 47.6 53.2 1.12 264 382 1.45
C 50.0 47.0 0.94 389 392 1.01

5. 2 P 32.9 33.2 1.01 657 660 1.00
D 22.0 27.4 1.25 516 664 1.29
C 20.6 20.4 0.99 480 497 1.04

6. 2.5 P 36.3 37.5 1.03 775 805 1.04
D 27.1 28.7 1.06 529 673 1.27
C 27.3 29.0 1.06 508 529 1.04
C 25.9 26.2 1.01 510 500 0.980
C 23.1 23.9 1.03 528 543 1.03

7. 2.5 P 36.4 36.7 1.01 222 181 0.815
D 31.8 33.1 1.04 276 307 1.11
CQ 31.1 31.9 1.03 483 520 1.08
C 26.2 26.5 1.01 586 563 0.961

8. 3 P 44.5 44.9 1.01 434 413 0.952
Dt 40.2 42.3 1.05 614 797 1.30
C 38.6 38.4 0.99 710 683 0.96

9. 3 P 39.9 40.3 1.01 369 395 1.07
D 41.8 42.2 1.01 419 528 1.26
C 40.8 40.7 0.998 485 477 0.984

10. 3 P 25.3 27.5 1.09 407 494 1.21
Dt 14.1 22.0 1.56 209 679 3.25
C 14.0 16.8 1.20 381 472 1.24
C§ 15.5 15.2 0.981 613 483 0.788

11. 3 P 33.2 32.6 0.982 179 197 1.10
D 32.4 35.0 1.08 121 269 2.22
C 32.3 28.4 0.879 421 424 1.01

12. 3 P 29.1 29.5 1.01 250 246 0.984
D 19.1 23.1 1.21 327 597 1.83
C 16.1 12.2 0.758 545 567 1.04

13. 3 P 40.8 40.7 0.998 539 482 0.894
Dt 37.1 38.1 1.03 444 600 1.35
C 37.7 36.7 0.973 632 569 0.900
C 34.7 34.5 0.994 711 701 0.986

14.§ 1 P 39.6 39.5 0.997 659 603 0.915
D 43.1 44.4 1.03 312 375 1.20
C 41.3 43.8 1.06 267 300 1.12
C 47.4 47.4 1.00 245 262 1.07

* Experimental/control.
t P = predenervation; D = denervation; C = clamp collections. Each value is the mean of three or more periods.
$ Denervation procedure included stripping renal pedicle.
§ Group of periods or experiment not included in statistical treatment (see Methods).
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TABLE i- (Continued)

Exp. no.-
concentration Glomerular filtration rate Sodium excretion

of saline
infused Period Control Exp. E/C* Control Exp. E/C

% ml/min ml/min uEq/min AEqimin
15.§ 3 P 33.2 33.5 1.01 350 401 1.15

D 34.0 36.5 1.07 425 696 1.64
C 35.5 37.5 1.06 684 650 0.950
C 41.4 41.5 1.00 917 902 0.984

16.§ 3.6 P 32.7 35.8 1.09 715 954 1.33
D 21.8 28.3 1.30 319 945 2.96
C 21.7 21.1 0.97 563 513 0.911

Mean, exp. P 1.03 :1 0.03 1.06 :1: 0.17
1-13 D 1.13 1 0.15 1.66 I 0.60

C 1.00 i 0.09 1.05 4 0.13

p values P vs. D <.05 <.01
D vs. C <.02 <.01
C vs. P >.05 >.05

sodium excretion between the two kidneys did not in-
crease by 50 IEq per minute or more after denervation.
Sixteen of 24 experiments met this criterion for a sig-
nificant denervation natriuresis and are included in this
paper.
Food and water were withdrawn from female mongrel

dogs about 16 hours before experiments. The dogs
were anesthetized with pentobarbital, 30 mg per kg
intravenously; small supplementary doses were given as
necessary to maintain light anesthesia. After appro-
priate priming doses of inulin, a sustaining infusion of
inulin in 3% dextrose in water was given at approxi-
mately 0.5 ml per minute. Urine was collected sepa-
rately from each kidney through polyethylene tubing
that had been inserted into the ureters through a mid-
line lower abdominal incision. The left greater splanch-
nic nerve was isolated and surrounded with a loose tie
through a left subcostal incision. This was done be-
fore predenervation collections in 12 and after predener-
vation collections in four experiments. A saline infu-
sion, varying from 0.8 to 3.6% in different experiments,
was given at 7 to 20 ml per minute for 15 to 45 minutes
and then at 3 to 6 ml per minute during the remainder
of the experiment.
When sodium excretion from each kidney was at least

150 ,AEq per minute and relatively stable, three to five
"predenervation" clearance collections were made. The
splanchnic nerve was then transacted; in five experiments,
the renal pedicle was also stripped of nervous tissue.
When it became apparent that denervation had resulted
in a significant increase in sodium excretion (10 min-
utes to 2.5 hours after denervation), the "denervation"
collections were made. A modified Blalock clamp that
had been placed around the artery to the denervated
kidney 2 was then tightened until UNV E/C was ap-

2 The clamp was positioned before predenervation col-
lections in two experiments, at the time of denervation in

proximately equal to the ratio present before denerva-
tion. It was usually necessary to reset the clamp sev-
eral times before the desired sodium excretion ratio was
obtained. When measurements of urinary sodium made
during the experiment indicated that the appropriate
setting had been achieved, a group of consecutive "clamp"
collections were made. Occasionally, clearance collec-
tions were also made at other clamp settings. All clear-
ance collections from all 16 experiments in which a
denervation natriuresis developed are included in Table
I. Since the purpose of these experiments was to meas-
ure GFR E/C before and after denervation at the same
UN^V E/C, experiments or clamp settings in which
UNaV E/C after denervation was not returned to within
± 15% of predenervation values are not included in the
main presentation of the results. Such data are marked
by the symbol § in Table I.

Inulin clearance (C1n) was used as a measure of GFR,
and filtered sodium (FN.) was calculated as equal to
plasma sodium concentration (PN.) X C1n. Since two
kidneys in the same dog were being compared, no cor-
rection for the Donnan factor was made in calculating
filtered sodium. The analytical methods used in these
studies have been listed elsewhere (13). Statistical sig-
nificance was evaluated by the Fisher t test. In the case
of two comparisons, GFR E/C and Uw.V E/C clamp
versus predenervation periods, the value of p was cal-
culated both from group means and from paired analy-
sis of individual experiments. There was no difference
in the values of p obtained by these two methods.

Results

The effect of denervation on filtered sodium and
sodium excretion. The data from all 16 experi-
ments in which a significant denervation natriure-
three experiments, and after the "denervation" collections
in the remaining experiments.
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FIG. 1. RELATION OF THE DIFFERENCE IN SODIUM EX-

CRETION BETWEEN DENERVATED AND CONTROL KIDNEYS TO

THE DIFFERENCE IN FILTERED SODIUM IN 16 EXPERIMENTS.

The 100% line indicates equal differences in excreted
and filtered sodium. The 50%o line indicates a difference
in excretion equal to one-half of the difference in filtered
sodium.

sis developed are summarized in Table I. Each
value in this Table is the mean of three or more
periods. The differences in filtered and excreted
sodium between the two kidneys after denerva-
tion are illustrated in Figure 1. The difference
in sodium excretion, plotted on the ordinate, is
compared with the difference in filtered sodium,
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plotted on the abscissa. Each point represents the
mean of three or more collection periods from a
single experiment. As can be seen, the absolute
magnitude of the difference in sodium excretion
due to denervation is small, varying from 30 to
625 ptEq per minute in the 16 experiments. In 15
of 16 experiments, filtered sodium was higher on
the experimental than on the control side. Four-
teen of the 16 points fall to the right of the 100%o
line, which represents equal changes in filtered
and excreted sodium. This indicates that in these
14 experiments the increase in sodium excretion
could be explained by an associated increase in
filtered sodium if all or part of this increase were
excreted. Eleven of the experiments are on or to
the right of the 50%o line, indicating that excretion
of half or less of the increase in filtered sodium
would account for the denervation natriuresis.
The mean increase in sodium excretion in all 16
experiments was equal to about one-third of the
corresponding increase in filtered sodium.

The effect of renal artery clamping. The data
from a single complete experiment are illustrated
in Figure 2. During the predenervation collec-
tions sodium excretion was about 20 JLEq per
minute lower on the experimental side, giving an
excretion ratio, E/C, of about 0.95. Since the

PRE-DENER\AfON DENERVATION CLAMP

x x

OX~*X-x I XXX

o-x ox .x x0~~~0 e
1_____

X Experimental * Control

FIG. 2. DETAILED PLOT OF THE ABSOLUTE VALUES AND MEAN RATIOS OF SO-

DIUM EXCRETION AND GLOMERULAR FILTRATION RATE IN A REPRESENTATIVE
EXPERI MENT.
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LAR FILTRATION RATE IN ALL 13 EXPERIMENTS.

predenervation filtration rates were about equal,
the GFR ratio was close to one. After unilateral
denervation sodium excretion rose to about 800
,uEq per minute on the experimental side; excre-

tion from the control kidney spontaneously rose

to 600 ,uEq per minute, presumably due to con-

tinued loading with hypertonic saline. Thus, the
sodium excretion ratio increased from the pre-

denervation value of 0.95 to 1.30. At the same

time, although the total GFR fell somewhat, the
filtration rate of the denervated kidney was slightly
greater than that of the control. The difference
in excretion of about 200 /AEq per minute between
the kidneys was equal to about one-half of the
difference in filtered sodium. Sodium excretion
from the experimental kidney was then reduced
with the renal artery clamp until it was slightly
less than that from the control kidney, approxi-
mating the predenervation ratio of 0.95. The
filtration rates of the two kidneys were now

found to be equal, and the GFR ratio closely ap-

proximated its predenervation value.
The data from all 13 experiments in which the

sodium excretion ratio during the clamp periods
was brought to within 15% of its predenervation
value are summarized in Table I and Figure 3.
During all but two of the clamp periods the so-

dium excretion ratio was within 10% of the pre-

denervation value. Each point in Figure 3 repre-

sents the mean of three to six collection periods in
one experiment; broken lines represent over-all
means for all 13 experiments. During the pre-

denervation periods mean sodium excretion and
mean GFR were both slightly higher on the ex-

perimental side. After denervation, UNaV E/C
increased from 19 to 204%o above previous values;
the mean ratio rose to 1.66, a value significantly
different from the predenervation mean of 1.06
(p = < 0.01). At the same time, GFR E/C in-
creased 3 to 49%o in 11 experiments, was un-

.
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changed in one, and fell 4% in another. The
mean denervation GFR E/C of 1.13 was signifi-
cantly different from the predenervation ratio of
1.03 (p = < 0.05).
Sodium excretion from the denervated kidney

was appropriately reduced, and UNaV E/C re-
turned to within + 15%o of the predenervation
ratio during 16 clamp clearances. Two clamp
settings within these limits were obtained in one
and three in another of the 13 experiments. The
mean clamp UNaV E/C ratio was 1.05, a value not
significantly different from the mean predener-
vation ratio of 1.06. It was, however, significantly
different from the mean denervation UN.V E/C
of 1.66 (p < 0.01). The GFR changes associ-
ated with the return of sodium excretion to con-
trol values are shown in the lower half of Figure
3. With respect to its predenervation value,
clamp GFR E/C was elevated during three, re-
duced during four, and the same (+ 2%c) during
nine clamp settings. The mean clamp GFR E/C
of 1.00 was not significantly different from the
mean predenervation value of 1.03, but was sig-
nificantly different from the denervation GFR
ratio of 1.13 (p < 0.02). Thus, reduction of UNaV
E/C to predenervation values by clamping was
associated with a fall in GFR E/C to the pre-
denervation level.

Three experiments are illustrated in Figure 4.
Sodium excretion ratios are shown in the upper
half and GFR ratios in the lower half of the
figure. Each point represents the mean of three
or more predenervation, denervation, or clamp pe-
riods in one experiment. Although these experi-
ments differ from each other in several respects,

SODIUM
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(Experimental
Control

GLOMERULAR
FILTRATION
RATE

(Experimental
( Control

A B C__

1.20I-

.20

.00r-- - . _

.80 ______ __ __

FIG. 4. THREE TYPES OF EXPERIMENTS. Experiment
A shows a large change; experiments B and C, little or

no change in GFR E/C after denervation. In experiment
C there was a > 10% difference in sodium excretion be-
tween the two kidneys during the predenervation periods.

in each the GFR ratio returned to its predenerva-
tion value when the sodium excretion ratio was
brought to control levels by clamping. The first
experiment is representative of the six studies
(no. 1, 2, 5, 10-12 in Table I) in which relatively
large increases in the GFR ratio were noted after
denervation. In absolute terms these increases,
which ranged from 7 to 47%, were more than
enough to acount for the rise in sodium excretion.
The second and third experiments illustrate the
opposite finding of a large increase in sodium ex-
cretion but relatively little change in the GFR
ratio after denervation. In the seven experiments
of this type (no. 3, 4, 6-9, 13 in Table I), GFR
E/C changes ranged from - 4 to 4%. Statistical
analysis demonstrated that there was no signifi-
cant difference between the mean predenervation
and clamp GFR E/C when the data from the ex-
periments grouped as above were treated sepa-
rately. Thus, the magnitude of the change in GFR
after denervation did not seem to condition the re-
sults of clamping.
The third experiment in Figure 4 is one of

four studies in which the difference in sodium ex-
cretion between the two kidneys during pre-
denervation collections was more than 10%o.
Separate analysis of these four and the remaining
nine studied yielded similar results. In both
groups GFR E/C was not significantly different
from the predenervation value, when UNaV E/C
was reduced to the predenervation level by clamp-
ing.

Discussion

When acute "denervation natriuresis" was elimi-
nated by arterial clamping, GFR E/C was found
to be at predenervation levels. In nine of 16 clear-
ance collections, the GFR ratio was within + 2%o
of the predenervation levels. The over-all mean
GFR ratio after clamping was statistically in-
distinguishable from the predenervation value. In
other words, at equal rates of sodium excretion,
filtered sodium was equal before and after dener-
vation. These data demonstrate that relative to
the control kidney, tubular reabsorption of sodium
is not affected by acute denervation. Denervation
natriuresis, therefore, is due to an increase in GFR
and, consequently, in filtered sodium. The re-
sults do not eliminate the possibility that the criti-
cal feature of the alteration in renal hemodynamics
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is a redistribution of blood flow and GFR to
nephrons with relatively poor reabsorptive ca-
pacity, rather than the increase in total GFR.
Since an over-all increase in GFR was demon-
strated, however, and since the rise in filtered
sodium was three times as great as the increase in
excretion, it is unnecesary to postulate any such
mechanism.
The experimental approach in these studies is

open to the objection that the use of the clamping
procedure to reduce GFR after denervation may
introduce a possible direct effect of decreased re-
nal arterial perfusion pressure on sodium excre-
tion. The experiments of Tobian, Coffee, Fer-
reira, and Meuli (14) suggest that decreased
perfusion pressure can enhance tubular reabsorp-
tion of sodium in the rat under stop-flow con-
ditions. A similar inference has been drawn
from clearance studies in the dog (15, 16), al-
though the decreases in sodium excretion in these
studies can be explained adequately by decreases
in GFR (17). If decreased renal arterial pres-
sure enhances sodium reabsorption, one can argue
that in the present experiments a decrease in
tubular reabsorption due to denervation was ex-
actly balanced by an increase in reabsorption due
to reduced perfusion pressure. Such a fortuitous
balance of unrelated phenomena seems unlikely,
especially since the magnitude of the denervation
natriuresis varied greatly (30 to 625 uEq per
minute) in these experiments. Furthermore, if
the changes in excretion during denervation and
clamping are due to altered tubular reabsorption,
it must be assumed that the observed increase in
GFR after denervation and decrease during clamp-
ing had no effect on excretion. This assumption
that changes in GFR do not affect excretion of
sodium is at variance with many other data (17).

Several studies (18-20) have demonstrated
that reduction of GFR up to 40% by clamping
or other technics is due to decrease in GFR per
nephron unit rather than to dropping out of whole
units. Since the reductions in GFR by clamping
in the present experiments were always much less
than this, the results presumably are not explained
by dropping out of hypothetical nephron units
with special reabsorptive capacities.
To determine whether any of several factors

might affect the results of the present experiments,
they were grouped according to 1) the magnitude

of the increase in GFR E/C after denervation
(> or < 7%); 2) the type of denervation
(splanchnicectomy alone or with renal artery
stripping); 3) the duration of the latent period
between denervation and the appearance of a sig-
nificant denervation natriuresis (< 30, 30 to 60,
> 60 minutes); 4) disparity of UNaV between the
kidneys in the predenervation periods (> or <
10%); and 5) concentration of saline infused.
The conclusions drawn from the analysis of each
of these groups were the same as those derived
from the analysis of all 13 experiments. Obvi-
ously, whether the conclusions also apply to unan-
esthetized dogs or to chronic denervation cannot
be determined from the present data.
A number of previous investigators (1-5) have

also concluded that denervation natriuresis is due
to increased GFR. Although a similar number
of workers postulate a direct tubular effect of
renal nerves (6-12), the data available for analy-
sis do not support their conclusion in most cases.
In three of the four experiments of Kriss, Futcher,
and Goldman (6) in which filtered chloride can
be calculated, it increased more than excreted
chloride. The mean increase in excretion in all
four experiments was about two-thirds of the in-
crease in filtered chloride. In three papers by
Kaplan and co-workers (7-9), studies were made
after both acute and chronic denervation of one
kidney. In all but three experiments (reference
9, Table IB, experiments 9, 11, 12), the increase
in filtered sodium was greater than the natriuresis.
In most studies, the absolute increase in filtered
sodium of the denervated kidney, assuming a
reasonable value for plasma sodium, would be
several times as great as the increase in sodium
excretion. Sartorius and Burlington (10) stud-
ied acute denervation in intact dogs and in isolated
kidneys perfused at various pressures. In the
data from an intact dog in their Figure 1, the ab-
solute increase in GFR of about 2 ml per minute
in the denervated kidney (presumably an increase
of about 300 ,uEq per minute in filtered sodium)
is sufficient to explain the 40 or 50 uEq per minute
increase in UNaV. In six studies in which kidneys
were perfused at 105 mm Hg, filtered sodium was
increased about 800 pEq per minute after dener-
vation, whereas excretion increased only 10 ,uEq
per minute. At higher pressures, sodium excre-
tion increased only 20 to 30 ILEq per minute, which
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FIG. 5. COMPARISON OF THE RESPONSE TO SALINE

LOADING IN DENERVATED AND INTACT KIDNEYS. The
changes in sodium excretion (UNaV) and filtered sodium
(FNa) between the "denervation" periods and the last
"clamp" periods are plotted for nine experiments in
which either kidney demonstrated an increase in sodium
excretion associated with a decrease in filtered sodium.
The experiments are numbered as in Table I. See text
for details.

may be explained by the small increase in filtered
sodium that occurred. Most of the data presented
by Blake (12) supporting a tubular effect of
denervation cannot be analyzed in terms of ab-
solute changes in excreted and filtered sodium.
He states, however, that in one-third of his ex-

periments, excretion increased in spite of a fall
in filtered sodium. The absolute increase in ex-

cretion was apparently small in these experiments
(bottom of his Table I). Thus, in most papers

concluding that a change in tubular reabsorption
follows denervation, the absolute increase in so-

dium excretion is a fraction of the concurrent ab-
solute increase in filtered sodium. The conclu-
sion that denervation decreases tubular reab-
sorption is generally based on the observation that
the percentage of filtered sodium excreted in-
creased after denervation. However, such in-
creases in fractional excretion can readily be ex-

plained by an increase in filtered load alone, as

has been discussed by Berliner (21) and Wesson
(17).
Two conclusions derived from the present ex-

periments but not directly germane to the specific
purpose of this study merit brief discussion. Re-
cently it has been demonstrated in several labora-
tories (13, 22, 23) that part of the increase in
sodium excretion after saline infusion in the dog

is due to some factor other than increased filtered
sodium and decreased aldosterone. This "third
factor" is not dilution of plasma proteins, an
adrenal salt-losing hormone, or angiotensin (13).
T'o investigate the possibility that renal nerves
play a role, we have compared the two kidneys in
the present experiments for evidence of third fac-
tor activity. In previous work in our laboratory,
this factor has been demonstrated by an increase in
sodium excretion after saline loading in spite of
a decrease in filtered sodium. This combination
of findings occurred in either kidney in the clamp
period as compared to the denervation period in
nine of 13 experiments. During the interval be-
tween these two collection periods, approxi-
mately 350 to 900 ml of saline had been infused.
The changes in excreted and filtered sodium in
these nine experiments are illustrated in Figure 5.
In the first six experiments, the changes in ex-
creted sodium relative to changes in filtered so-
dium were similar on the denervated and control
sides, with no tendency for quantitatively greater
third factor effect on either side. In the seventh
experiment, only the control kidney demonstrated
an effect, whereas in the last two experiments,
only the experimental kidney showed the third
factor effect. Since the third factor response to
saline loading was equal in frequency and ap-
proximate magnitude in partially denervated and
control kidneys, the response is probably not medi-
ated by renal nerves.

Finally, it is worth noting that previous con-
clusions as to the change in sodium excretion to
be expected from a change in GFR (17, 24, 25)
are based largely on data derived from experi-
ments in which GFR was raised by saline infu-
sions. As discussed above, it has recently been
demonstrated that a significant part of the in-
crease in sodium excretion after saline loading is
due to decreased tubular reabsorption (13, 22,
23). Hence the effect of increased filtered load
on sodium excretion cannot be calculated accu-
rately from such data. The increase in sodium
excretion after denervation was equivalent to
about one-third of the increase in filtered sodium
(Figure 1). If, as proposed in this paper, tubu-
lar reabsorption does not change after denervation,
this fraction represents a reasonable estimate of
the effect of an increase in filtered sodium uncom-
plicated by changes in tubular reabsorptive ca-
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pacity, at least under the particular conditions
employed.

Summary

1. The mechanism by which acute denervation
of the kidney increases sodium excretion has
been studied by comparing denervated and intact
kidneys in each of 13 saline-loaded dogs. After
the collection of predenervation periods, the left
greater splanchnic nerve was sectioned, and a set
of "denervation" periods was obtained. A clamp
around the left renal artery was then tightened
until the sodium excretion ratio, experimental
over control kidney, had been returned to its pre-
denervation value.

2. After denervation the mean sodium excretion
ratio rose to 1.66, a value significantly different
from the mean predenervation value of 1.06. The
mean glomerular filtration rate (GFR) ratio also
increased significantly from 1.03 to 1.13.

3. During the "clamp" periods the mean sodium
excretion ratio was returned to 1.05, a value not
significantly different from the mean predenerva-
tion ratio of 1.06. With the sodium excretion
thus returned to predenervation values, the mean
clamp GFR ratio was found to be 1.00, a value
not significantly different from the mean pre-
denervation ratio of 1.03.

4. The disappearance of the denervation natriu-
resis when filtered sodium was returned to pre-
denervation values by clamping is evidence against
a direct effect of renal nerves on tubular sodium
reabsorption and indicates that acute denervation
natriuresis results solely from increased GFR.
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