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A B S T RA C T We examined the role of the central
nervous system in the activation of the humoral
natriuretic mechanism elicited by blood volume expan-
sion. Studies were performed in anesthetized dogs
pretreated with deoxycorticosterone acetate (15 mg/
day) and sodium chloride for 12 days. An isolated dog
kidney perfused with blood from the femoral artery of
the volume expanded dog served as the bioassay sys-
tem for the humoral natriuretic factor. In group I
volume expansion of intact dogs (n = 14) with equili-
brated blood promoted an increase in fractional sodium
excretion (FENa) from a control level of 2.6±0.5 to
13.6±1.6%, P < 0.001. In the isolated kidney FENa
increased from 3.6±0.8 to 6.8±1.1%, P<0.01. The
natriuresis from the isolated kidney occurred in the
absence of significant changes in renal arterial pres-
sure, glomerular filtration rate, plasma protein con-
centration, or packed cell volume, whereas renal blood
flow decreased slightly. In group II (n = 20) the dogs
were decapitated by means of a specially designed
neck vise. In 10 dogs blood pressure was supported by
a constant infusion of dopamine (3.8±0.7 ,ug/min per
kg body weight). Despite the fact that in response to
the same volume stimulus, decapitated dogs mani-
fested an increase in blood volume and cardiac output
similar in magnitude to that of intact dogs whereas
the rise in mean arterial pressure of decapitated dogs
exceeded that of intact dogs, the natriuretic response
of decapitated dogs was significantly less than that of
intact dogs. FENa in decapitated dogs increased
4.7±1.1 compared to 11.1±1.4% in intact dogs (p
< 0.01). Furthermore, volume expansion of decapitated
dogs failed to elicit a natriuretic response from the
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isolated kidney. FENa in the isolated kidney measured
2.6+0.4 before and 2.6±+0.4% after blood volume ex-
pansion. These data indicate that decapitation inhibits
activation of the humoral natriuretic mechanism
elicited by blood volume expansion and are consistent
with the interpretation that the brain is the source of the
natriuretic factor or that the brain participates in the
activation of the humoral natriuretic mechanism at
some other site in the body.

INTRODUCTION
Expansion of the extracellular fluid volume elicits an
increase in urinary sodium excretion. A large body of
evidence implicates the participation of a humoral
natriuretic factor in this response (1, 2). Thus far, how-
ever, studies have failed to establish the identity and
source of this factor, its mechanism of action, and its
physiological role in the renal regulation of sodium
balance.

Studies in our laboratory also support the hypothe-
sis that a humoral mechanism, unrelated to mineralo-
corticosteroid or vasopressin, participates in the
natriuretic response elicited by expansion of the blood
volume (3-5). Wehave used a cross-circulation tech-
nique involving an isolated dog kidney connected to
the circulation of an intact dog and have observed that
infusing equilibrated blood into the dog promotes a
significant increase in sodium excretion in the isolated
kidney. Because the natriuresis could not be explained
by changes in renal hemodynamics or physical factors,
we postulated that expansion of the dog's blood volume
stimulated release of a natriuretic factor, which pro-
moted an increase in sodium excretion by the isolated
kidney. In a previous study (5) we sought to identify
the source of this factor by examining the effect of
selected organ ablation upon the natriuretic response of
the isolated kidney during blood volume expansion and
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were able to exclude the adrenal glands, the thyro-
parathyroid glands, and the hypophysis as the source
of this factor. The purpose of the present investigation
was to evaluate the possibility that the postulated
natriuretic factor might derive from some site in the
brain other than the hypophysis or that the brain might
play a role in activating the humoral natriuretic mecha-
nism. We examined the effect of decapitation on the
natriuretic response of the isolated kidney during blood
volume expansion. The results demonstrate that de-
capitation abolishes the natriuretic response of the
isolated kidney during blood volume expansion and,
thus, suggest that the brain is either the source of the
natriuretic factor or that the brain plays a critical role
in activating the humoral natriuretic mechanism at
some other site in the body.

METHODS

Experiments were performed on mongrel dogs that weighed
18-24 kg. A kidney, removed from a donor dog, was con-
nected to the circulation of the experimental animal and
served as a bioassay organ for monitoring the activation of the
humoral mechanism in response to blood volume expansion.
All dogs were fed a standard kennel ration which provided

65 meq of sodium per day. The diet of dogs scheduled for
blood volume expansion was supplemented with 150 meq of
NaCl and 80 meq of KCI/day. In addition these dogs were
injected intramuscularly with 15 mg of deoxycorticosterone
acetate in oil each day for an average of 12 days (range 9-16
days). The dogs were anesthetized with pentobarbital sodium
(30 mg/kg), given intravenously, with supplemental doses as
required to maintain adequate anesthesia. A cuffed endo-
tracheal tube was inserted and the dogs were ventilated with
a Harvard respirator (Harvard Apparatus Co., Inc., Millis,
Mass.) adjusted to maintain arterial pH between 7.38 and
7.45. In group II the endotracheal tube was inserted through
a tracheostomy located just above the sternal notch.

Group I consisted of 14 experiments in which intact dogs
were subjected to blood volume expansion. These experi-
ments served as a' control for the group II experiments
(n = 20) in which a separate group of dogs were decapitated
before blood volume expansion. Particular care was taken to
ensure that the animals used in these experiments were well
anesthetized and unresponsive to painful stimuli.

Decapitation was accomplished with a specially designed
neck vise, powered by a 4-ton hydraulic jack, which crushed
the tissues of the neck including the vertebral bodies and
cervical spinal cord. To ensure complete functional decapita-
tion the blood vessels and spinal cord cephalad to the neck
vise were surgically severed. To block sympathetic reflexes
and obviate the severe, albeit transient, hypertension stimu-
lated by this method of decapitation, tetracaine hydrochloride
(10 mg in a volume of 1 ml) was injected into the fourth ven-
tricle via the foramen magnum. This procedure usually
limited the transient rise in mean arterial blood pressure
to less than 25 mmHg. Mean arterial blood pressure always
fell after decapitation. In many instances blood pressure
declined to less than 70 mmHg in which case it was supported
by infusing dopamine. The infusion of dopamine always was
begun before the isolated kidney was connected to the dog's
circulation and, once started, it was maintained constant
throughout the study. However, concern that the use of
dopamine might complicate the interpretation of the data

prompted us to pursue additional studies in which dopamine
was not required. Moreover, to draw meaningful comparisons
between the responses to volume expansion of decapitated
and intact dogs, we deemed it essential that the decapitated
dogs should mimic the intact dogs as closely as possible in
terms of circulatory hemodynamics before and after blood
volume expansion. Thus, criteria for inclusion in the study
included stable blood pressure and glomerular filtration rate
within the normal range during the control period and a sus-
tained rise in mean arterial blood pressure to at least 130 mm
Hg in response to blood volume expansion. A total of 71 ex-
periments was attempted of which 20 fulfilled these criteria.
In 10 of the 20 experiments blood pressure was supported by
infusion of dopamine (mean infusion rate 3.8+0.7 u±g/min
per kg body weight; range 1.2-6.2 Ag/min per kg body
weight). The high failure rate in these experiments primarily
reflected the inability of the decapitated dog to generate or
sustain the expected rise in blood pressure during blood
volume expansion.

A minimum of 75 min was allowed for the dog to stabilize
after decapitation before connecting the isolated kidney to the
dog's circulation. Preparation of the isolated kidney was
similar to that previously described (3). In brief, a kidney was
removed from a donor dog and placed in a receptacle filled
with 0.9% NaCl maintained at 38°C. The kidney was perfused
with blood from the femoral artery of the experimental dog.
Renal venous blood flowed by gravity into a reservoir from
which it was pumped to the experimental dog's femoral vein.
The dog rested on an adjustable platform and, by raising or
lowering the platform, the hydrostatic pressure between the
femoral artery and the isolated kidney could be altered to
maintain the desired renal arterial pressure. The reservoir was
filled with bovine serum albumin, 50 g/liter, in 0.9% NaCl to a
volume equal to 40 ml/kg plus 200 ml and allowed to equili-
brate with the dog's blood. The latter volume represents the
basal volume maintained in the reservoir after volume expan-
sion. After blood flow to the isolated kidney was established,
the perfusion dog received a priming dose of inulin followed
by a constant infusion of inulin in 0.9% NaCl at 1.0 ml/min to
achieve a plasma inulin concentration of 20 mg/dl. Aqueous
pitressin was added to the infusion to deliver 0.1 mU/kg per
min. This dose was sufficient to prevent the appearance of
diabetes insipidus. A minimum of 45 min was allowed for
stabilization of renal function as judged by a constant urine and
blood flow. After the collection of two 10-min control urine
samples with midpoint blood samples, the dog was expanded
with 40 ml/kg of equilibrated blood from the reservoir over
a 30-min period. The volume expansion stimulus was main-
tained by replacing urine losses with hypotonic saline (120
meq/liter) which approximated the urinary NaCl concentra-
tion. 60 min after initiating volume expansion, two 10-min
experimental urine samples were collected.

Cardiac output was measured in 16 dogs (8 in each group)
by a dye dilution technique. Indocyanine green, 2.5 mg in a
volume of 0.5 ml, was injected through a venous catheter
advanced to the right ventricle. Aortic blood was withdrawn
at a constant rate through a catheter connected to the flow-
through cell of a densitometer. The signal from the densitom-
eter was fed into an integrator-computer which corrected
automatically for dye recirculation (Cardiac Output System
140, Gilford Instrument Laboratories Inc., Oberlin, Ohio).
Cardiac output was determined as the mean of three cardiac
output measurements obtained immediately before the first
control and experimental periods.

In nine dogs in group I and eight dogs in group II blood
volume was determined from the dilution of '25I-albumin.
Control blood volume was measured after the dog's blood
volume had equilibrated with the albumin solution in the
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reservoir but before connecting the isolated kidney to the
dog's circulation. A second blood volume was determined at
the end of the study. In both instances blood flow through the
reservoir was stopped to obviate loss of '251-albumin in the
extracorporeal circuit. A known quantity of 1251-albumin was
injected through a central venous line and precisely 15 min
later a heparinized blood sample was withdrawn and assayed
for radioactivity in a gamma spectrometer. In preliminary
experiments it was established that equilibration of the label
had occurred by 15 min and that the blood volume determined
from the measurement of radioactivity in whole blood cor-
rected for quenching was not significantly different from that
determined by measurements of plasma volume and packed
cell volume.

In all experiments arterial pressure of the isolated kidney
was maintained constant throughout the study; renal venous
pressure was maintained at 0 mmHg. Blood pressure monitor-
ing, urine collection, blood sampling, and the methods for
monitoring pressures and for measuring glomerular filtration
rate (GFR),' renal blood flow (RBF), inulin, electrolytes,
plasma protein, and packed cell volume were the same as
previously reported (3). Systemic vascular resistance (SVR)
was calculated according to the formula SVR= (Paorta
- Pcv) + CO where Paorta equals mean aortic pressure,
Pcv equals mean central venous pressure, and CO equals
cardiac output. Systemic vascular resistance was expressed
in units of millimeters Hg per liter per minute.

Data in the text, tables, and figures are expressed as mean
values ±SE. Student's t test was used for statistical analysis
of paired data within each group and mean data between
groups.

RESULTS

Table I summarizes the data before and after blood
volume expansion in intact (group I) and decapitated
(group II) dogs. Under group II the data from dogs in-
fused with dopamine and those not receiving dopamine
are presented separately. Group II dogs on dopamine
tended to have a slightly higher cardiac output and
lower systemic vascular resistance than did group II
dogs not infused with dopamine. However, because of
the small number of observations these differences did
not achieve statistical significance. With respect to the
other variables the two subgroups were very similar.
Therefore, the data from all group II experiments were
combined for statistical analysis of intra- and inter-
group differences.

In the intact dogs (group I) volume expansion with
equilibrated blood (40 ml/kg) was accompanied by a
sharp rise in mean aortic blood pressure from 112±4 to
150±4 mmHg (P < 0.001). The rise in blood pressure
was accounted for primarily by the change in cardiac
output which increased from 2.48±0.13 liters/min
during the control period to 4.04±0.19 liters/min after
volume expansion (P < 0.001). Systemic vascular
resistance tended to decrease in response to blood
volume expansion but the decline was not statistically

'Abbreviations used in this paper: CD, inulin clearance;
FENa, fractional sodium excretion; GFR, glomerular filtration
rate; RBF, renal blood flow; UNaV, absolute sodium excretion.

significant. In the nine dogs in which blood volume was
measured, it increased a mean of 35+5 ml/kg body
weight (P < 0.001) after the infusion of equilibrated
blood.

Volume expansion elicited a similar response pattern
in the decapitated dogs (group II). Mean aortic blood
pressure increased from 95+4 to 161+4 mm Hg
(P < 0.001) which, as in group I, reflected a rise in
cardiac output. In contrast to group I, there was no
suggestion of a decline in systemic vascular resistance
in response to blood volume expansion. The increase in
blood volume of 32+5 ml/kg was not significantly dif-
ferent from that of group I (P > 0.2).

Comparison of systemic hemodynamic data for the
control and volume expansion periods of the two groups
revealed that mean aortic pressure during the control
period of group II was significantly lower than the
control blood pressure of group I, (P < 0.01). However,
in response to blood volume expansion the mean rise
in blood pressure (+66±3 mmHg) in group II experi-
ments was significantly greater (P < 0.001) than the
mean rise in blood pressure (+38±3 mmHg) of group
I experiments. This difference persisted when the
analysis was limited to the eight experiments from each
group in which cardiac output was measured. The
absolute change in cardiac output was the same in the
two groups (+ 1.56±0.30 and + 1.53+0.40 liters/min in
groups I and II, respectively; P > 0.4). The explana-
tion for the significantly different rise in blood pres-
sure in the two groups during volume expansion is
related to the finding that systemic vascular resistance
tended to fall in group I. For example, if in group I
systemic vascular resistance during volume expansion
remained precisely the same as the control systemic
vascular resistance, then the increase in cardiac output
would have generated a rise in blood pressure of 60
mmHg, a value similar to the rise of 66 mmHg ob-
served in group II experiments.

Plasma protein concentration and packed cell
volume were similar in the two groups before and after
volume expansion. There were no significant changes
in these variables in either group in response to volume
expansion.

Volume expansion elicited a significant diuresis and
natriuresis in both groups (Table I). In the intact dog
absolute sodium excretion (UNaV) increased from
272+54 ,ueq/min during the control period to 1768
±211 ,eq/min during the volume expansion period
(P < 0.001). Fractional sodium excretion (FENa) in-
creased from 2.6±0.5 to 13.6±1.6%, (P < 0.001). The
diuresis and natriuresis were associated with a signifi-
cant rise in inulin clearance (CN). During the control
period CIN measured 71+6 ml/min and rose to 85±6
ml/min during volume expansion (P < 0.001). In
decapitated dogs urine flow rate, UNaV, and FENa
during the control period were significantly lower

1290 G. J. Kaloyanides, M. B. Balabanian, and R. L. Bowman
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than the control urine flow rate and sodium excretion
levels observed in intact dogs. Although urine flow
rate, UNaV, and FENa in decapitated dogs increased in
response to blood volume expansion, the magnitude of
the diuretic and natriuretic responses was impressively
less than that of group I, (P < 0.001). Control CIN was
not statistically different in the two groups. However,
in contrast to group I, no significant change in CIN was
observed in decapitated dogs in response to volume ex-
pansion. Fig. 1 illustrates the changes in UNaV, FENa,
and CIN in group I and group II dogs.

Table II and Fig. 2 summarize the data from the
isolated kidney in the two groups. In Table II data from
group II experiments with and without dopamine in-
fusion are presented separately. During the control
period RBF per grain kidney weight was significantly
greater (P < 0.05) in experiments in which dopamine
was infused compared to experiments without dopa-
mine (Table II). No other significant differences be-
tween the two subgroups of group II were evident.
Thus, the data from the two subgroups were combined
in the statistical analysis of intra- and intergroup dif-
ferences.

The mean weight of the isolated kidney was similar
in the two groups. There were no significant dif-
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P<0.001

P<'0.01~
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GROUPI GROUPII

FIGURE 1 Comparison of the changes (A) in UNaV, FENa, and
CIN in response to blood volume expansion of group I (intact)
and group II (decapitated) dogs. Data are expressed as the
mean+SE. **Signifies a significant change from control,
P < 0.01. ***Signifies a significant change from control,
P < 0.001.

ferences between the groups with respect to mean
renal arterial pressure, Cmper gram kidney weight, or
RBFper gram kidney weight during either the control
or volume expansion periods. In both groups mean
renal arterial pressure was maintained constant
throughout the study.

No significant change in CI occurred in either group
in response to volume expansion. RBF decreased to a
similar extent in both groups; however, because of the
greater variation of RBFin group I, the change was not
statistically significant (Fig. 3). A significant diuresis
and natriuresis was observed in the isolated kidney of
group I experiments. UNaV increased from a control
level of 148+34 to 284+47 ,ueq/min (P < 0.01), and
FENa rose from 3.6+0.8 to 6.8±1.1% (P < 0.01). Con-
trol urine flow rate, UNaV, and FENa in the isolated kid-
ney of group II tended to be lower than that of group I.
In contrast to group I experiments, no significant
changes in urine flow rate, UNaV, or FENawere observed
in the isolated kidney of group II experiments after
volume expansion. Fig. 3 illustrates the changes in
UNaV, FENa, CIN, and RBF in the isolated kidney of
group I and group II.

DISCUSSION

In the group I experiments volume expansion of the
intact dog with equilibrated blood promoted a signifi-
cant increase in sodium excretion by the isolated kid-
ney perfused with blood from the femoral artery of
the volume-expanded dog. The natriuresis from the
isolated kidney occurred in the absence of changes in
renal perfusion pressure, GFR, packed cell volume, or
plasma protein concentration and in the face of a
modest decline in blood flow. The fact that the isolated
kidney was denervated excludes a neurogenic effector
mechanism. Moreover, because the perfusion dog was
preloaded with deoxycorticosterone and received a
continuous infusion of vasopressin, decreases in the cir-
culating levels of these hormones were excluded also
as possible factors that influence the natriuretic re-
sponse. These observations confirm our previous
studies (3-5) and are consistent with the hypothesis
that the increased sodium excretion from the isolated
kidney is mediated by a humoral factor activated by
expansion of the dog's blood volume.

In the group II experiments we sought to determine
whether an intact central nervous system was essential
for activating this humoral natriuretic mechanism. We
resorted to functional decapitation by a technique
similar to that used by Cevese and Guyton (6) except
that we made no attempt to disrupt the spinal cord
below the neck. This technique permitted complete
interruption of neural and vascular connections to the
head without appreciable blood loss. Despite the
severe stress imposed by ablation of the central nervous

1292 G. J. Kaloyanides, M. B. Balabanian, and R. L. Bowman
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TABLE II
Summary of Data from the Isolated Kidney of Group I and Group II Experiments before (C) and after

Volume Expansion (VE) with Equilibrated Blood*

fPR CGN RBF vu U'aV FE,.
Kidney

n wt C VE C VE C VE C VE C VE C VE

g mmHg ml/minlg mil/minig ml/min ieq/min %

Group I (intact)
Mean 14 46.3 111 110 0.60 0.60 6.0 5.3 1.4 3.3 148 284 3.6 6.8
-SE ±2.1 ±1 ±1 ±0.04 ±0.05 ±0.4 ±0.4 ±0.3 ±0.6 ±34 ±47 ±0.8 ±1.1

P NS NS NS <0.001 <0.01 <0.01

Group II (decapitated)

Dopamine
Mean 10 40.1 113 113 0.60 0.54 6.9 5.8 0.7 0.8 78 73 2.1 2.2
±SE ±1.7 ±1 ±1 ±0.06 ±0.06 ±0.7 ±0.7 ±0.2 ±0.2 ±16 ±18 ±0.5 ±0.6

P NS <0.025 <0.001 NS NS NS

No dopamine
Mean 10 46.6 113 111 0.56 0.56 5.2 4.5 1.1 1.1 129 127 3.0 3.0
±SE ±2.3 t1 ± 1 ±0.03 ±0.02 ±0.4 ±0.3 ±0.3 ±0.3 ±30 ±32 ±0.6 ±0.7

P NS NS <0.025 NS NS NS

Combined
Mean 20 43.3 113 112 0.57 0.55 6.1 5.2 0.9 0.9 103 100 2.6 2.6
tSE ± 1.6 t1 ± 1 ±0.03 ±0.03 ±0.4 ±0.4 ±0.2 ±0.2 ±17 ±19 ±0.4 ±0.4

P NS NS <0.01 NS NS NS

Gr I vs. gr II
P NS NS NS NS NS NS NS NS NS NS <0.001 NS <0.001

* RA, mean renal arterial pressure; Vu, urine flow rate.

system in this manner, it was possible, with the aid of a
low infusion rate of dopamine in 10 experiments, to
successfully complete 20 experiments in which the
circulatory status of the decapitated dog closely ap-
proximated that of the intact dogs in group I.

Although control blood pressure was significantly
lower in decapitated dogs compared to intact dogs, the
two groups were remarkably similar with respect to
control GFR, cardiac output, and blood volume. Fur-
thermore, during volume expansion decapitated dogs
exhibited increases in blood volume and cardiac out-
put similar in magnitude to those observed during
volume expansion of intact dogs, whereas the rise in
blood pressure was significantly greater in decapitated
dogs than that of intact dogs. Despite an equivalent
degree of blood volume expansion and similar changes
in systemic hemodynamics, the natriuretic response of
decapitated dogs was significantly lower than that of
intact dogs. Moreover, in contrast to group I experi-
ments, volume expansion of decapitated dogs failed to
elicit a natriuretic response by the isolated kidney. We
interpret the absence of a natriuresis from the isolated
kidney in group II as evidence that volume expansion
of decapitated dogs failed to activate the humoral

natriuretic mechanism
expansion of intact dogs.

observed during volume

Although the derivative of blood volume that elicits
what may be presumed to be a volume receptor reflex
remains unknown, it is unlikely that the failure to
activate the humoral natriuretic mechanism in de-
capitated dogs reflected an inadequate volume stimu-
lus. As noted above decapitated dogs demonstrated in-
creases in blood volume and cardiac output similar to
that of intact dogs and a rise in arterial blood pressure
that exceeded the rise in pressure of intact dogs. Rather,
the data are most consistent with the interpretation that
decapitation interrupted a volume receptor reflex in-
volving a humoral natriuretic mechanism. Thus, it is
possible that the brain is the source of the natriuretic
factor or, alternatively, that the brain is an essential
link of a neurohumoral reflex which activates the
humoral natriuretic mechanism at some site removed
from the brain. The results of our experiments do not
discriminate between these two possibilities.

Studies by other investigators have implicated the
brain as the source of the natriuretic factor. Klahr and
Rodriguez (1) reported that blood obtained from pa-
tients with head trauma who were natriuretic contained
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FIGURE 2 Summary of function in the isolated kidney before
(C) and after volume expansion (VE) of intact (group I) and
decapitated (group II) dogs. PRA, mean renal arterial pressure.
**Signifies a significant change from C, P < 0.01.

a factor that inhibited sodium transport in the frog skin,
whereas this factor was not present in the blood of pa-
tients with central nervous system lesions who were
not natriuretic. Cort et al. (7) detected natriuretic
activity in jugular venous blood but not in femoral
venous blood. Buckalew et al. (8) reported that ultra-
filtrates ofjugular venous blood had a greater inhibitory
effect on short circuit current in the toad bladder than
did ultrafiltrates of femoral venous blood. Other in-
vestigators have suggested that the hypothalamus (9)
or the hypophysis (10, 11) is the source of the factor.
However, we have presented evidence in a previous
paper which argues against the latter possibility (5).
Although the above studies lend support to the concept
that the brain is the source of the humoral natriuretic
factor, more definitive studies are required to answer
this question.

It should be noted that other investigators have
examined the effect of decapitation on the natriuretic
response to volume expansion and have reached con-
clusions opposite those of the present study. The ob-
servation that decapitated dogs still exhibited a modest
natriuresis in response to saline loading led Levinsky
to conclude that the postulated natriuretic hormone
did not derive from the brain (12). Johnston and col-
leagues (13), with a cross-circulation technique, re-
ported that decapitation of the donor dog did not

abolish the natriuretic response to saline loading of the
cross-circulated recipient dog. However, the fact that
decapitation did not abolish natriuresis in either study
does not negate the concept that the brain plays a
critical role in the activation of natriuretic factor. It is
now appreciated that changes in plasma composition
and physical factors that attend saline loading could
have mediated the natriuresis observed in the studies of
Levinsky (12) and Johnston et al. (13).

Cevese and Guyton (6) circumvented the problem of
changes in plasma composition and physical factors by
infusing autologous blood. Dogs made areflexive by
decapitation and destruction of the spinal cord ex-
hibited a significantly greater diuresis and natriuresis
than did intact dogs in response to isohemic blood

ISOLATED KIDNEY

AUNV
,ueq /min

AFE Na

ACIN
mi/mn 21.0[

E RBF

ml /min
-20

-40

-60

**

P<o.OO1

TI

y1 NS

**

GROUPI GROUPII
FIGuRE 3 Comparison of the changes (A) in UNaV, FENa, CIN,
and RBF in the isolated kidney in response to blood volume
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**Signifies a significant change from control, P < 0.01; NS, not
significant.
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volume expansion. In fact no significant natriuresis
was observed in intact dogs. The greater diuretic and
natriuretic response of decapitated dogs was attributed
to the marked rise in arterial pressure accompanied by
increases in GFRand RBF. The authors concluded that
their data provided no evidence for the elaboration of a
natriuretic factor in response to blood volume expan-
sion, which is true. However, it should be emphasized
that their experiments were not designed to address
this question, and thus, provide no evidence for or
against the natriuretic hormone hypothesis.

The absence of a significant natriuresis during acute
blood volume expansion of intact dogs in the study of
Cevese and Guyton (6) stands in sharp contrast to the
marked natriuresis observed in our experiments and
underscores several major differences between the
experimental designs of the two studies. Cevese's and
Guyton's experiments focused on the circulatory ad-
justments to an acute volume expansion stimulus ad-
ministered as a pulse over 5 min. In contrast, we
employed a larger volume stimulus (40 compared to 25
ml/kg body weight) which was given over a 30-min
period and the stimulus was sustained by the replace-
ment of urinary losses. Moreover, the dogs in our study
were preconditioned by chronic administration of
deoxycorticosterone and salt to magnify the natriuretic
response to blood volume expansion. Thus, under the
conditions of our experiments FENa from intact dogs in-
creased 11.0+1.5%, whereas in decapitated dogs the
natriuretic response to blood volume expansion, al-
though significant, was greatly attenuated (FENa in-
creased 4.7±1.1%).

We do not infer that the attenuated natriuretic
response of decapitated dogs was caused solely by the
failure of blood volume expansion to activate the
humoral natriuretic mechanism. Judging by the mag-
nitude of the natriuresis of the isolated kidney in group
I, it is unlikely that the humoral natriuretic factor aug-
mented sodium excretion in intact dogs by much more
than 3% of the filtered load. Because the difference
in sodium excretion after expansion between intact and
decapitated dogs was _6.3% of the filtered load, it may
be presumed that decapitation impaired the activation
or recruitment of other natriuretic mechanisms as well.
Our experiments were not designed to examine this
aspect of the problem. However, one obvious differ-
ence between the two groups was the absence of a
significant rise in GFRin decapitated dogs. Although
RBF was not measured in either group of dogs, we
speculate that decapitation may have abrogated
neurogenically mediated renal vasodilation (14, 15).

In conclusion, the results of our experiments pro-
vide additional evidence that a humoral factor, possibly
a natriuretic hormone, participates in the natriuresis of
blood volume expansion. Weare impressed by the fact
that of the four organ ablation studies performed in this

experimental model (5), only the maneuver of decapita-
tion has abolished the humoral natriuretic mechanism.
This observation suggests that the brain is either the
source of the factor or that the brain participates in the
reflex activation of this factor from some other site.
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