
Evidence for Hormonal Mediation of the Renal Response to 
Low-Sodium Stimulation of the Brain1 (35539) 

DAVID R. MOUW2 AND ARTHUR J. vANDER3 

Department of Physiology, The  University of Michigan, 
llnn Arbor, Michigan 48104 

Ventriculo-cisternal perfusion of low- 
sodium artificial CSF causes large decrements 
in sodium excretion and increases in plasma 
renin activity (1). This report presents 
findings on the possible roles of the renal 
nerves and plasma antidiuretic hormone 
(ADH) in mediating the antinatriuresis. 

Ventriculo-cisternal perfusion was per- 
formed in seven dogs, anesthetized with pen- 
tobarbi tal iv. Surgical preparations in these 
animals included : placement of stainless steel 
cannulas in lateral ventricle and cisterna 
magna ; laparatomy ; and cannulation of the 
ureter (s) ; cannulation of both brachial 
veins; and cannulation of the femoral artery. 
Changes in plasma ADH concentration and 
plasma renin activity were examined in three 
of these animals. I n  the remaining four ani- 
mals, the right kidney was denervated by 
peeling the adventitia from the renal vessels, 
and cutting all visible nerves accompanying 
the renal artery, renal vein, and ~ r e t e r . ~  T o  
verify the extent of denervation, the fall in 
renal blood flow (RBF)  (monitored with a 
square wave electromagnetic flowmeter), in 
response to a timed tracheal occlusion, was 
measured before and after this surgery. The 
left kidney was removed from one of the 
denervated animals (dog 34).  Three other 
animals were used for evaluation of the de- 
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4 Plasma renin activity was not measured in ani- 
mals following unilateral denervation without con- 
tralateral nephrectomy because, under these circum- 
stances, plasma renin activity would reflect, primari- 
ly, renin secretion by the innervated kidney (4, 5 ) .  

nervation technique, but were not subjected 
to ventriculo-cisternal perfusion. 

Clearance techniques, ventriculo-cisternal 
perfusion methods, blood pressure measure- 
ment, and analytical methods for sodium, po- 
tassium, creatinine, PAH, and plasma renin 
activity have been described earlier ( 1). 
Plasma ADH activity was measured by the 
method of Share and Levy ( 2 )  as modified 
by Bonjour and Malvin ( 3 ) .  

Protocol. After surgical preparation, the 
control solution (artificial dog CSF) (1) and 
the low-sodium solution (identical to control 
minus 25  mEq/liter of NaCl) were perfused 
(0.8 ml/min) from lateral ventricle to cister- 
na magna for alternating 50-min periods. The  
first control period was extended to 70-80 
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FIG. 1 .  Effects of low-sodium perfusion on renal 
sodium excretion of denervated kidneys. (C) con- 
trol ; (L) during low-sodium perfusion ; (R) recov- 
ery. Seven low-sodium perfusions were performed in 
four anesthetized dogs; each line shows the 
effects of one low-sodium perfusion. Note that three 
different scales are used to accommodate the wide 
range of sodium excretion. *Dog 34 had the left 
kidney removed. 
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min to allow an initial equilibration. Three an equal volume of 6% dextran in saline 
consecutive 10-min renal clearances were per- (Travenol) and were returned to the dog 
formed over the final 30 min of each period simultaneously with subsequent blood with- 
and the average values for the three clear- drawal; the first blood withdrawal was re- 
ances are reported. Arterial blood samples for placed by an equal volume of dextran in 
ADH (30-40 ml) and renin (20 ml) were saline. Except in the denervation experi- 
taken during the final minute of each perfu- ments, urinary data are for the right kidney 
sion period. Blood cells were resuspended in only. 

TARTlE 1. Eff cct of Hypo-osniotic 1,o~v-Sodiuni Veiitr iculo-cistc~r~~~l Prrfusion in nenervtlted 
Kidneys. 

Seven cxpcrimcntal perfusions in four anesthetized dogs. All values a rc  means f SEM. 
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a ( p  < .05) and ( p  < .Ol) indicate that a given variable has changed significantly com- 
pared with the value during the previous 50-min period (next column to the left  in  the table) ; 
statistical tests done by paired-samples analysis. 

n is the number of low-sodium perfusions for which the variable is measured; all variables 
were not measured in all experiments. 

Filtration fraction calculated as GFR/ERPF. 
The data on innervated kidneys are from four low-sodium perfusions in three dogs; one of 

the four dogs with a denervated right kidney had the left (innervated) kidney removed. No 
statistical analysis was performed on the da ta  from the innervated kidneys, due to the small 
number of experiments. 
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Results. Reflex renal vasoconstriction due 
to tracheal occlusion was decreased by dener- 
vation from a 45.2% reduction in RBF to a 
4.9% reduction (p<0.005, n = 7 ) .  Low- 
sodium perfusion decreased sodium excretion 
by the denervated kidneys in each of four 
animals (Fig. 1) ; the mean decrease for sev- 
en trials was 40.7% (Table I) .  During the 
recovery period, sodium excretion returned 
toward control values. The contralateral (in- 
nervated kidney) was characterized by a 
very low control sodium excretion (Table I ) ,  
which decreased by a t  least one-third in each 
of four trials; the mean decrease was 64%. 
Absence of the innervated kidney (dog 34) 
had no significant effect on the antinatriuresis 
(Fig. 1) .  Renal hemodynamics were not al- 
tered by the low-sodium perfusion (Table I ) .  

No consistent change in plasma ADH 
concentration accompanied the changes in so- 
dium excretion which occurred during the 
low-sodium or recovery periods. Low-sodium 
perfusion decreased sodium excretion in all 
three dogs, while plasma ADH concentration 
either increased, decreased, or did not change 
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FIG. 2. Effects of low-sodium perfusion on renal 
sodium excretion and plasma ADH concentration. 
Three low-sodium perfusions were performed in 
three anesthestized dogs. Bars indicate sodium excre- 
tion or ADH concentration during low-sodium per- 
fusion minus that during the corresponding control 
period. Mean control sodium excretion was 1.4 
pM/min*kidney*kg of body wt. (solid bars) com- 
pare low-sodium to the initial control period; (open 
bars) compare low-sodium to the second (recovery) 
control period. p values indicate probability that 
mean is different from zero. 

(Fig. 2, solid bars); sodium excretion re- 
verted toward control values during the 
recovery period (control perfusion) while 
changes in ADH concentration were again 
variable (Fig. 2 ,  open bars). Plasma renin 
activity increased during low-sodium perfu- 
sion (to 144, 161, and 181% of control for the 
three animals) without significant changes 
in GFR, ERPF, or systemic blood pressure, 
confirming earlier findings ( 1). 

Discussion. The acute denervation was 
complete or nearly complete as manifested by 
the virtual elimination of the vasoconstrictor 
response to tracheal occlusion ; yet sodium 
excretion by the denervated kidney fell dur- 
ing all seven low-sodium perfusions. The per- 
centage decreases in sodium excretion were 
similar for innervated and denervated kid- 
neys; the absolute decreases in sodium excre- 
tion were actually larger for the denervated 
kidneys. It has been previously shown that 
the degree of antinatriuresis produced by 
low-sodium perfusion varies with control so- 
dium excretion (1). Thus, the different mag- 
nitude of the response in innervated and de- 
nervated kidneys was probably due to the 
greater control sodium excretion of dener- 
vated kidneys (6-8). Since removal of the 
innervated kidney did not significantly affect 
the response, it  is unlikely that sympatheti- 
cally mediated changes in the function (e.g., 
changes in renin secretion) of the innervated 
kidney caused the response. These results in- 
dicate that the renal nerves play no impor- 
tant role in mediating the antinatriuresis. 

Although sodium excretion was consistent- 
ly reduced during low-sodium perfusion, plas- 
ma ADH concentration was increased, de- 
creased, or unchanged. I t  is therefore also 
unlikely that ADH mediates the antinatriure- 
sis. The mean value of plasma ADH during 
control perfusion (16.8 3. 2.64 (SE) pU/ml) 
was high and the changes were usually large 
compared to the sensitivity of the method 
( 3 ) .  I t  is probable that abdominal surgery 
combined with pentobarbi to1 anesthesia 
caused both the high levels of plasma ADH 
activity (3) and the failure to observe the 
consistent decrements in ADH concentration 
which one might expect to result from the 
hypo-osmolality of the low-sodium perfusate 
(9).  



182 BRAIN STIMULATION AND ANTINATRIURESIS 

We conclude that a hormone other than 
ADH mediates the effects of low-sodium ven- 
triculo-cisternal perfusion on renal sodium 
excretion. The  rapid onset and decay of the 
antinatriuresis, and the simultaneous reduc- 
tion of potassium excretion [Table  I and 
Ref. ( l ) ]  both suggest that the hormone 
involved is not aldosterone ( 10). 

The authors express their thanks to Mrs. Joyce 
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We are also indebted to Dr.  R .  L. Malvin (Depart- 
ment of Physiology, University of Michigan) for the 
analysis of plasma AIIH activity. 
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