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Abstract. Renal nerve stimulation increases renal vascular resistance and decreases 
glomerular filtration rate and urinary sodium excretion. The purpose of this study was to 
determine whether neurally mediated changes in renal vascular resistance, glomerular filtra- 
tion rate, and urinary sodium excretion at control renal perfusion pressure modified the 
autoregulation of renal blood flow and glomerular filtration rate and the antinatriuresis 
observed during reductions in renal perfusion pressure in pentobarbital-anesthetized dogs. 
Renal blood flow, glomerular filtration rate, and urinary sodium excretion were determined 
during stepwise reductions in renal perfusion pressure from 137 to 55 mm Hg (suprarenal 
aortic constriction) before and during electrical stimulation of the renal nerves at 0.5, 1 .O, 
2.0, and 4.0 Hz. In the absence of renal nerve stimulation, renal blood flow and glomerular 
filtration rate remained constant until renal perfusion pressure was reduced to 70 and 85 mm 
Hg, respectively. Urinary sodium excretion decreased linearly as renal perfusion pressure 
decreased. Renal nerve stimulation at 0.5, 1.0, 2.0, and 4.0 Hz increased renal vascular 
resistance and decreased glomerular filtration rate and urinary sodium excretion. These 
frequencies of renal nerve stimulation, however, did not alter the decreases in renal vascular 
resistance and glomerular filtration rate or the antinatriuretic response to stepwise reduc- 
tions in renal perfusion pressure to 55 mm Hg. These data demonstrate that increased renal 
vascular resistance at either the afferent or efferent arteriole does not change the responses 
of these vessels to reductions in renal perfusion pressure. Renal nerve stimulation at 
frequencies which decrease urinary sodium excretion at control renal perfusion pressure 
also does not enhance the antinatriuretic response to reductions in renal perfusion pressure. 

The renal vasculature has an intrinsic 
mechanism which maintains glomerular fil- 
tration rate and renal blood flow constant as 
renal perfusion pressure is reduced to ap- 
proximately 100 and 70 mm Hg, respec- 
tively (1 ) .  Robertson et al. (2) have reported 
that the afferent arteriole is the primary 
locus for the decrease in renal vascular re- 
sistance during reduction of renal perfusion 
pressure. The interlobular artery also has 
been suggested as a possible preafferent 
arteriolar site which is responsive to de- 
creases in transmural pressure within the 
renal vasculature (3). 

Holdaas et al. (4) have used the latter ob- 
servation that the interlobular arteries are 
vasoactive to propose that renal nerve 
stimulation may increase vascular resis- 
tance in the interlobular arteries resulting in 
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decreased transmural pressure at the affer- 
ent arteriole and therefore vasodilation of 
this preglomerular vessel. In these cir- 
cumstances (i.e., decreased afferent ar- 
teriolar resistance at control renal perfusion 
pressure), the maximal autoregulatory ca- 
pacity of the kidney may be reduced. The 
major goal of this study was to determine 
whether renal nerve stimulation at frequen- 
cies which increased renal vascular resis- 
tance altered the autoregulation of renal 
blood flow and glomerular filtration rate 
during reductions of renal perfusion pres- 
sure. Renal nerve stimulation also has been 
shown to decrease urinary sodium excre- 
tion ( 5 )  by increasing proximal tubular 
sodium reabsorption (6). In addition, re- 
duction of renal perfusion pressure de- 
creases glomerular filtration rate and 
peritubular capillary hydrostatic pressure 
thereby promoting sodium reabsorption (7). 
The second goal of this study was to inves- 
tigate whether renal nerve stimulation 
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which decreases urinary sodium excretion 
at control renal perfusion pressure ( 5 ,  6) 
enhances the antinatriuetic response to de- 
creasing renal perfusion pressure. 

Methods. Experiments were conducted 
in 14 mongrel dogs weighing 15-25 kg. All 
animals were anesthetized with sodium 
pentobarbital (30 mg/kg iv). A cuffed endo- 
tracheal tube was inserted and the animals 
were artificially ventilated. A catheter was 
inserted via a femoral artery into the ab- 
dominal aorta and the tip positioned near 
the renal artery for the determination of 
renal perfusion pressure. Catheters also 
were inserted into femoral and jugular veins 
for the infusion of inulin and isotonic saline 
and for the administration of supplemental 
doses of anesthetic. In 9 of the 14 dogs 
studied, an inulin solution was infused at 1 
mVmin to maintain plasma inulin concen- 
tration at approximately 30 mg/dl. Follow- 
ing induction of anesthesia, animals were 
infused with isotonic saline at 2.0 ml/min to 
maintain urine flow rate constant and re- 
place blood and fluid losses. 

The left kidney was exposed using a flank 
i nc i s io n . An elect ro magnetic flow meter 
probe was positioned on the left renal ar- 
tery and the left ureter was cannulated. A 
mechanical occluder (Blalock clamp) was 
placed on the aorta proximal to the left 
renal artery. All visible renal nerves were 
isolated and severed. The distal renal nerve 
bundle then was placed on bipolar platinum 
electrodes so that the only sympathetic 
nerve activity passing to the kidney was 
evoked by electrical stimulation. A marked 
reduction in renal blood flow during strong 
renal nerve stimulation (10 V, 1 msec, 10 
Hz) before and after each experiment ver- 
ified that the renal nerves remained func- 
tional for the duration of the experiment. 

At least 1 hr was allowed for stabilization 
following the completion of surgery. Con- 
trol mean arterial pressure and renal blood 
flow initially were determined for 5 min. 
Renal perfusion pressure then was reduced 
to 115, 100, 85, 70, and 55 mm Hg by su- 
prarenal aortic constriction. After each re- 
duction of renal perfusion pressure, renal 
blood flow was allowed to stabilize for 2 
min at which time mean arterial pressure 
and renal blood flow were recorded for an- 

other 5-min period. In 9 of the 14 dogs 
studied, urine also was collected during this 
5-min period for the determination of uri- 
nary sodium excretion and glomerular fil- 
tration rate. An arterial blood sample ( 5  ml) 
was obtained during control and at renal 
perfusion pressures of 85 and 55 mm Hg. 
The aortic clamp then was released and 20 
min was allowed for renal perfusion pres- 
sure and renal blood flow to stabilize at 
control values. Renal nerve stimulation (10 
V,  1.0 msec) was begun at frequencies of 
0.5, 1.0, 2.0, or 4.0 Hz and after 5 min the 
series of aortic constrictions was repeated. 
After each series of aortic constrictions, the 
aortic clamp was released and renal nerve 
stimulation was stopped for 20 min so that 
renal perfusion pressure and renal blood 
flow could return to control values. A dif- 
ferent frequency of renal nerve stimulation 
then was initiated and the aortic constric- 
tion series was repeated. Reductions of 
renal perfusion pressure in the absence 
(control) and presence of renal nerve stimu- 
lation at various frequencies were random- 
ized among all dogs studied. 

Renal perfusion pressure was measured 
using a pressure transducer (Statham 
P23Db) and a direct writing oscillograph 
(Beckman Dynograph). Renal blood flow 
was measured with a square wave elec- 
tromagnetic flowmeter and recorded on the 
oscillograph. Plasma and urinary sodium 
concentrations were determined by flame 
photometry. Plasma and urinary inulin con- 
centrations were determined colorimetri- 
cally (8). Glomerular filtration rate was cal- 
culated as the clearance of inulin from the 
plasma. Data are presented as the mean 5 
standard error of the mean. Values were 
compared by a one-way analysis of variance 
and mean differences were tested by the 
Student - Neuman - Keuls procedure. The 
0.05 level of probability was utilized as the 
criterion of significance. 

Results. At control renal perfusion pres- 
sure (137-151 mm Hg), renal nerve stimula- 
tion decreased renal blood flow, increased 
renal vascular resistance, and decreased 
glomerular filtration rate and urinary sodium 
excretion in a frequency dependent manner 
(Table I). Since renal nerve stimulation 
alone altered these parameters of renal 
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TABLE I .  EFFECT OF RENAL NERVE STIMULATION (RNS) AT 0.5, 1.0, 2.0, A N D  4.0 H z  ON RENAL BLOOD 
FLOW (RBF), RENAL VASCULAR RESISTANCE (RVR), GLOMERULAR FILTRATION RATE (GFR), A N D  

URINARY SODIUM EXCRETION (U,,V> AT CONTROL RENAL PERFUSION PRESSURE 
~ 

RNS (Hz) 

0 0.5 1 .o 2.0 4.0 

RBF (mVmin) 

RVR (mmHg/mU 

GFR (mVmin) 

UN,V (peq/min) 

n = 14 190 k 15 169 t 12* 156 & 13* 140 k 16* 146 t 16* 

min) n = 14 0.76 rt 0.05 0.89 k 0.06 0.97 k 0.09" 1.19 2 0.13* 1.19 rt 0.15* 

n = 9  38 k 3 38 2 3 34 & 3 27 k 5* 22 ? 5* 

n = 9  107 k 32 92 2 36 85 & 25* 61 k25* 24 2 7* 

* Significantly different from 0 Hz at P < 0.05. 

function at control renal perfusion pres- 
sures, the responses to reductions in renal 
perfusion pressure before and during each 
frequency of renal nerve stimulation are 
presented as the percentage change from 
those values obtained at control renal per- 
fusion pressure. 

In the absence of renal nerve stimulation 
(0 Hz), renal vascular resistance decreased 
significantly as renal perfusion pressure de- 
creased from 137 to 55 mm Hg (Fig. 1). At 
each renal perfusion pressure tested, the 
magnitudes of the decreases in renal vas- 
cular resistance were not different before (0 
Hz) or during renal nerve stimulation at 0.5, 
1.0, 2.0, or 4.0 Hz (Fig. 1). 

In nine dogs, changes in glomerular fil- 
tration rate and urinary sodium excretion 
were determined in response to acute re- 
ductions in renal perfusion pressure before 

0 

-20 

ARVR 
("/.I -40 

-60 

RENAL PERFUSION PRESSURE (mmHg) 

55 70 85 100 115 

0 O S H z  

and during renal nerve stimulation. In the 
absence of renal nerve stimulation (0 Hz), 
glomerular filtration rate did not signifi- 
cantly decrease until renal perfusion pres- 
sure was reduced to 85 mm Hg (Fig. 2). In 
addition, during renal nerve stimulation at 
0.5, 1.0, 2.0, and 4.0 Hz, the decreases in 
glomerular filtration rate in response to re- 
ductions of renal perfusion pressure were 
not different from those responses ob- 
served in the absence of renal nerve stimu- 
lation (Fig. 2). 

The antinatriuretic responses of these 
nine dogs to decreasing renal perfusion 
pressure before and during renal nerve 
stimulation are shown in Fig. 3. Reduction 
of renal perfusion pressure alone (i.e., 0 
Hz) decreased urinary sodium excretion at 
each perfusion pressure tested. Although 
renal nerve stimulation decreased urinary 
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1 1  
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(%) 
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FIG. 1. Percentage decreases in renal vascular re- 
sistance (RVR) from control after reduction of renal 
perfusion pressure to 115, 100, 85, 70, and 55 mm Hg 
before (0 Hz) and during renal nerve stimulation at 0.5, 
1.0, 2.0, and 4.0 Hz. 

FIG. 2. Percentage decreases in glomerular filtra- 
tion rate (GFR) from control after reduction of renal 
perfusion pressure to 115, 100, 85, and 70 mm Hg be- 
fore (0 Hz) and during renal nerve stimulation at 0.5, 
1.0, 2.0, and 4.0 Hz. 
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FIG. 3 .  Percentage decreases in urinary sodium 

excretion (U,,V) from control after reduction o f  renal 
perfusion pressure to 115, 100, 85, and 70 mm Hg be- 
fore (0 Hz) and during renal nerve stimulation at 0.5, 
1.0, 2.0, and 4.0 Hz .  

sodium excretion at control renal perfusion 
pressure (Table I), the presence of renal 
nerve activity at 0.5, 1.0, 2.0, and 4.0 Hz 
did not enhance the antinatriuretic re- 
sponses to reductions of renal perfusion 
pressure over the entire range tested (Fig. 4). 

Discussion. The renal vasculature main- 
tains blood flow and glomerular filtration 
rate constant when renal perfusion pres- 
sure is reduced to approximately 70 and 100 
mm Hg, respectively (1). Robertson et al. 
have shown that during reduction of renal 
perfusion pressure, the autoregulatory re- 
sponse of decreasing renal vascular resis- 
tance occurs primarily at the afferent arteri- 
ole (2). Kallskog et al. (3), however, have 
reported that norepinephrine infusion in- 
creases vascular resistance of the interlobu- 
lar arteries. Therefore, preafferent arteriolar 
vasoconstriction would reduce perfusion 
pressure within the afferent arteriole which 
thereby could elicit preglomerular vasodila- 
tion (i.e., autoregulatory response). Thus, 
during interlobular artery vasoconstriction, 
partial afferent arteriolar vasodilation might 
reduce the maximal autoregulatory capacity 
of the renal vasculature. 

The present study investigated this pos- 
sibility by evaluating the autoregulation of 
renal blood flow before and during renal 
nerve stimulation at graded frequencies in 
pentobarbital anesthetized dogs. Stepwise 
reductions of renal perfusion pressure from 
137 to 70 mm Hg (in the absence of renal 
nerve stimulation) progressively decreased 
renal vascular resistance (Fig. 1). Glomeru- 

lar filtration rate remained constant until 
renal perfusion pressure was reduced to 85 
mm Hg (Fig. 2). At control renal perfusion 
pressure, renal nerve stimulation at 0.5- 
4.0 Hz decreased renal blood flow and glo- 
merular filtration rate in a frequency- 
dependent manner (Table I). When renal 
perfusion pressure was reduced in the 
presence of renal nerve stimulation (i.e., in- 
creased renal vascular resistance at control 
renal perfusion pressure), renal vascular 
resistance and glomerular filtration rate de- 
creased equally to that observed in the ab- 
sence of renal nerve stimulation (Figs. 1 
and 2). 

Using strong stimulation of renal efferent 
nerves which decreased renal blood flow at 
control renal perfusion pressure by 
30-60% (i.e., increased renal vascular re- 
sistance), other investigators have exam- 
ined the influence of renal nerve activity on 
renal blood flow autoregulation (4, 9- 1 I ) .  
These studies have produced conflicting re- 
sults. Kiil e t  al. (10) and Carlson and 
Schramm ( 1  1) reported that strong renal 
nerve stimulation did not alter renal blood 
flow autoregulation. Folkow and Langston 
(9), however, showed that increases in 
sympathetic nerve activity evoked by 
elevating intracranial pressure abolished 
renal blood flow autoregulation in va- 
gotomized cats. Recently, Holdaas and col- 
leagues working in the laboratory of Kiil(4) 
reported that direct electrical renal nerve 
stimulation impaired the autoregulation of 
renal blood flow. None of these inves- 
tigators evaluated the effect of renal nerve 
stimulation on the autoregulation of glo- 
merular filtration rate. The present data 
indicate that renal nerve stimulation over a 
range of frequencies which increased renal 
vascular resistance at control renal perfu- 
sion pressure by 17-56% does not impair 
the autoregulation of renal blood flow or 
glomerular filtration rate during reductions 
of renal perfusion pressure. Thus, during 
renal nerve stimulation, increased renal 
vascular resistance at the interlobular ar- 
teries, afferent or efferent arterioles does 
not alter the responses of these vessels to 
reductions in renal perfusion pressure. 

Reduction of renal perfusion pressure 
also reduces urinary sodium excretion (Fig. 
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3) via decreases in glomerular filtration rate 
and by decreasing peritubular capillary 
hydrostatic pressure (7). It is now well es- 
tablished that low-frequency stimulation of 
the renal nerves also decreases urinary 
sodium excretion independent of any 
changes in renal hemodynamics or glomer- 
ular filtration rate (5). This antinatriuresis 
during renal nerve stimulation occurs at 
least in part by increasing proximal tubular 
sodium reabsorption (6). Therefore it was 
of interest to determine whether renal 
nerve stimulation enhanced the antinatri- 
uresis observed during acute reductions of 
renal perfusion pressure. 

At control renal perfusion pressure, 
stimulation of the renal nerves decreased 
urinary sodium excretion in a frequency- 
dependent manner (Table I). Similarly, in 
the absence of renal nerve stimulation (0 
Hz), reduction of renal perfusion pressure 
to 70 mm Hg progressively decreased uri- 
nary sodium excretion (Fig. 3). The antina- 
triuretic responses observed during reduc- 
tion of renal perfusion pressure before and 
in combination with renal nerve stimulation 
(0.5-4.0 Hz) were not different from each 
other (Fig. 3). Thus, although renal nerve 
stimulation decreases urinary sodium ex- 
cretion at control renal perfusion pressure, 
stimulation of the renal nerves up to 4.0 Hz 
does not enhance the antinatriuretic re- 
sponse to decreasing renal perfusion pressure. 
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