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The ability of d,l-propranolol to block renin secretion in response to various extrarenal stimuli, such as hemorrhage and hypoglycemia, has
been interpreted to indicate the presence of an intrarenal beta receptor regulating renin release. However, two problems complicate this
interpretation: (a) the stimuli have effects outside the kidney, and (b) d,l-propranolol has a local anesthetic, as well as a beta adrenergic
blocking, action. In the present study, the effects of a purely intrarenal stimulus, in the form of renal nerve stimulation (RNS), on renin
secretion was examined. The effects of d,|-propranolol (anesthetic and beta-blocking activity), I-propranolol (beta-blocking activity only),
and d-propranolol (local anesthetic activity only) on the renin response to RNS were examined. In a control group of animals, two
sequential RNS increased mean renin secretion from 401 to 1,255 U/min (P less than 0.25) and from 220 to 2,179 U/min (P less than
0.01). In a second group the first RNS increased renin secretion from 201 to 1,181 U/min (P less than 0.01), but after d,I-propranolol was
given RNS did not significantly alter renin secretion (33 to 55 U/min). In a third group the initial RNS increased renin secretion from 378 to
1,802 U/min (P less than 0.025), but after I-propranolol was given RNS had no significant effect on renin secretion (84 to 51 U/min). A
fourth group of [...]
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ABsTrACT The ability of d,l-propranolol to block
renin secretion in response to various extrarenal stimuli,
such as hemorrhage and hypoglycemia, has been inter-
preted to indicate the presence of an intrarenal beta re-
ceptor regulating renin release. However, two problems
complicate this interpretation: (a) the stimuli have ef-
fects outside the kidney, and (&) d,l-propranolol has a
local anesthetic, as well as a beta adrenergic blocking,
action. In the present study, the effects of a purely in-
trarenal stimulus, in the form of renal nerve stimulation
(RNS), on renin secretion was examined. The effects
of d,[l-propranolol (anesthetic and beta-blocking ac-
tivity), I-propranolol (beta-blocking activity only), and
d-propranolol (local anesthetic activity only) on the
renin response to RNS were examined. In a control
group of animals, two sequential RNS increased mean
renin secretion from 401 to 1,255 U/min (P < 0.25)
and from 220 to 2,179 U/min (P <0.01). In a second
group the first RNS increased renin secretion from 201
to 1,181 U/min (P <0.01), but after dl-propranolol
was given RNS did not significantly alter renin secretion
(33 to 55 U/min). In a third group the initial RNS in-
creased renin secretion from 378 to 1,802 U/min (P <
0.025), but after l-propranolol was given RNS had no
significant effect on renin secretion (84 to 51 U/min).
A fourth group of dogs showed a rise in renin secretion
from 205 to 880 U/min (P < 0.001) in response to the
first RNS, while the second RNS, given after an infu-
sion of d-propranolol, caused a rise in renin secretion
from 80 to 482 (P < 0.005). The nature of the electrical
stimulus was consistent in all groups and caused no
detectable changes in renal or systemic hemodynamics
or in urinary electrolyte excretion. The results, there-
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fore, indicate that renin secretion can be stimulated
through intrarenal beta receptors independent of changes
in systemic or renal hemodynamics or in tubular sodium
reabsorption. Hence, the effect of beta stimulation on
renin secretion would appear to result from a direct
action on the renin-secreting cells of the juxtaglomerular

apparatus.

INTRODUCTION

There is a great deal of evidence that the adrenergic
nervous system plays an important role in renin release.
Maneuvers which provide a generalized stimulus to the
adrenergic system such as hemorrhage (1, 2), electrical
stimulation of the brain stem (3, 4), hypoglycemia (5,
6), intravenous catecholamine infusion (7-9), and vaso-
dilating antihypertensive drugs (10-12) result in in-
creased renin secretion. The increase in renin secretion
brought about by such means can be inhibited by the
administration of d,l-propranolol (6, 7, 10, 11, 13, 14).
Furthermore, electron microscopy (15) and histochemi-
cal fluorescence methods have demonstrated that the
juxtaglomerular cells of both rat (16) and dog (17)
kidneys are richly supplied with adrenergic nerve end-
ings. These observations, therefore, suggest that there
are intrarenal beta adrenergic receptors and that d,l-pro-
pranolol acts at these sites to block renin release. In each
of the examples cited, however, the adrenergic stimulus
was general throughout the body and not confined to the
kidney. It is, therefore, possible that propranolol inhibits
renin release not by direct action within the kidney but
rather by blocking some extrarenal adrenergic mecha-
nisms. That such an extrarenal mechanism might exist
is suggested by the observation that the beta adrenergic
agonist, isoproterenol, is a much more potent stimulator
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of renin release when administered intravenously than
when infused directly into the renal artery (9).

One experimental method by which extrarenal adre-
nergic influences on renin secretion can be eliminated is
through direct renal nerve stimulation. Previous experi-
ments of this type have shown that renal nerve stimula-
tion does cause renin release (8, 18, 19). However, in
these studies the effect of nerve stimulation on renal he-
modynamics and sodium excretion either were not re-
ported or were so profound that they might have ac-
counted for the observed changes in renin secretion. If
this were the case, then the inhibitory effect of d,l-pro-
pranolol on renin release might have resulted from the
effects of the drug on renal hemodynamics or sodium
excretion. Moreover, the d-isomer of propranolol, which
is devoid of beta adrenergic inhibitory properties, is a
potent membrane stabilizer (20, 21). The possibility
exists, therefore, that this property of d,l-propranolol
accounted for its ability to impair renin release. There-
fore, we felt that the many previous studies had not
firmly established whether or not renin release is influ-
enced directly by intrarenal beta receptors and whether
propranolol inhibits renin release by its action upon
such receptors.

Our experiments were designed to reexamine this ques-
tion by using : (@) renal nerve stimulation of a frequency
and intensity which enhanced renin release but altered
neither hemodynamics nor sodium excretion and (b)
three different preparations of propranolol (d,l-, d-, and
I-propranolol) to block the increase in renin release
induced by renal nerve stimulation.

METHODS

The experiments were performed on 25 mongrel dogs of
either sex weighing 20-35 kg. Food was withheld for 18 h
before the experiment but water was allowed ad libitum.
Anesthesia was induced with intravenous pentobarbital (30
mg/kg) and maintained by the intermittent administration
of small doses of phenobarbital. All animals received 5 mg
of deoxycorticosterone acetate in oil intramuscularly before
the experiments.

The dogs were intubated and ventilated with a Harvard
respirator (Harvard Apparatus Co., Inc, Millis, Mass.).
Polyethylene catheters were placed in the aorta, one via
the femoral artery for continuous measurement of blood
pressure with Statham transducers (Statham Instruments,
Inc, Oxnard, Calif.) and another catheter via the brachial
artery for collection of arterial blood samples.

The kidneys were exposed through bilateral flank inci-
sions with a retroperitoneal approach, and catheters were
placed in both ureters and both renal veins. The renal
nerves supplying the left kidney were carefully isolated
from the left renal artery and vein. They were cut as near
the aorta as possible after having been tied with a silk liga-
ture. The electrodes of a Grass electric stimulator (model
SD 9 Square Wave Stimulator, Grass Instrument Co., Bos-
ton, Mass.) were placed around the renal nerve bundle at
a point where there could be no contact with the renal
artery. The right kidney was not stimulated and served as
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control. An oscilloscope connected to the Grass stimulator
continuously monitored the frequency, intensity, and dura-
tion of nerve stimulation.

An intravenous infusion of 0.9% sodium chloride was
started during surgery. Each animal received 600 ml of
this saline solution during the surgery and 3 ml/min after
completion of surgery and throughout the study.

1 h after completion of surgery, an intravenous infusion
of 0.9% saline (0.5 ml/min) was started with sufficient inulin
and p-aminohippuric acid (PAH) * to maintain blood levels
of these substances between 15-25 and 1-3 mg/100 ml, re-
spectively. Clearance of inulin and PAH were measured by
standard methods (22). The experiments were begun 13-2 h
after completion of surgery. The experiments were carried
out according to the following protocols.

Renal nerve stimulation without propranolol-group I.
In these experiments, urine was collected in three succes-
sive 5- to 10-min control periods and the results are ex-
pressed as the mean of these three periods. Blood was
drawn from both renal veins and the brachial artery at
the middle of the first and third urine collection periods.
The total blood withdrawn during the experiment was
400 ml and the saline replacement was 700 ml. Biphasic
renal nerve stimulation (10 V, frequency 0.33 Hz, duration
0.5 ms) was then started. In the preliminary experiments
this degree of electrical stimulation was found to induce a
significant increase in the rate of renin secretion without
changing renal blood flow (RBF) or glomerular filtration
rate (GFR). This degree of electrical stimulation was used
in all experiments. Three 5-min clearance periods were
taken during the last 15 min of a 45-min stimulation period.
Blood was withdrawn during the first and third periods.
45 min after stopping the nerve stimulation, three recovery
clearance periods were made. Stimulation then was per-
formed again and for the same length of time to estab-
lish that the stimulated kidney responded to a second stimu-
lation in a manner similar to the first. The urine and blood
collections were the same during the second stimulation
and the recovery periods as during the first nerve stimu-
lation,

Renal nerve stimmlation and d,l-propranolol-group II.
In the first part of these experiments, a sequence similar
to group I dogs was followed (control, first stimulation,
and recovery periods). Then d,l-propranolol (Inderal, Ay-
erst Laboratories, New York) was administered (1 mg/kg
bolus followed by 0.5 mg/kg per h maintenance). After
30 min, three urine collection periods with blood collections
were performed, followed by the second renal nerve stimu-
lation and recovery collection periods as in the group I
experiments.

Renal nerve stimulation and I-propranolol-group III.
The sequence in these experiments was the same as in
group II except that Il-propranolol (Ayerst Laboratories)
was administered before the second nerve stimulation.

Renal mnerve stimulation and d-propranolol-group 1IV.
In these studies d-propranolol (Ayerst Laboratories) was
administered before the second nerve stimulation. Otherwise,
the sequence of events was the same as in group II. The
loading and maintenance doses of either d- or Il-propranolol
were 1 mg/kg and 0.5 mg/kg per h.

The analytical procedures used in these studies have been
referred to elsewhere (22). Statistical analysis was per-

* Abbreviations used in this paper: GFR, glomerular fil-
tration rate; PAH, p-aminohippuric acid; RBF, renal blood
flow; RVR, renal vascular resistance; Uw.V, urinary so-
dium excretion.
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formed by the analysis of variance with Scheffe’s analysis
of multiple comparisons within groups and by unpaired ¢
test for comparison between groups.

Plasma renin activity was measured by using an immuno-
assay for angiotensin I and expressed as nanograms angio-
tensin I formed per milliliter of plasma during a 3-h in-
cubation (23). Renin secretion rate was calculated from
the renal arteriovenous difference in plasma renin activity
and renal plasma flow and is expressed as units per minute.
Isoproterenol was infused intravenously (0.05 ug/kg per
min) to test efficacy of beta adrenergic blockade. The
chronotropic, ionotropic, and peripheral vasodilation of this
dose of isoproterenol was blocked by d,- and I- but not

d-propranolol.

RESULTS

Effects of renal nerve stimulation in absence of pro-
pranolol-group I. The effects of renal nerve stimulation
on renin secretion rate are shown in Fig. 1. In the
kidney undergoing stimulation there were significant
rises in renin secretion rate in response to both the first
and second nerve stimulations. The mean response of
renin secretion rate with the second stimulation was
actually slightly greater than to the first stimulation but
this difference was not statistically significant. The rises
in renin secretion rate induced by nerve stimulation were
rapidly reversible when the stimulus was stopped. The
renin secretion was slightly lower (P <0.05) in the
second control period as compared to the first control pe-
riod. In the subsequent groups II-IV there was, however,
no such statistically significant difference in first and
second control renin secretion.

In the contralateral kidney, not receiving nerve stimu-
lation, renin secretion rate actually fell during stimula-
tion of the other kidney. This fall in renin secretion rate,
however, was not statistically significant.

In Table I are presented the RBF, GFR, renal vascu-
lar resistance (RVR), urinary sodium excretion (UsaV),
and plasma potassium concentration and mean arterial
blood pressures in the stimulated kidney. None of these
parameters showed a significant response to either the

First Nerve

Second Ncm' Control ]
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Contro! Stimulation
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Stimulated Kidney
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2000
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(U/min) - goo.

Ficure 1 Effect of unilateral renal nerve stimulation on
renin secretion. In this control group no medication was
given between the first and second stimulations.

first or the second stimulation. These parameters also
were not different when first and second control periods,
first and second stimulation, and first and second post-
control periods were compared. The one exception was
that UV was lower (P < 0.05) in the second control
period when compared to the first control period.
Effects of dl-propranolol on the response to remal
nerve stimulation group II. In this protocol, unilateral
renal nerve stimulation was performed on two consecu-
tive occasions as in the previous protocol. However, be-
fore and during the second stimulation the animals re-
ceived d,l-propranolol. The effects of the renal nerve
stimulations on renin secretion rate for these group II
experiments are presented in Fig. 2. As in the previous
protocol, the first stimulation caused a significant rise
in renin secretion rate in the stimulated kidney and a
fall in renin secretion rate in the contralateral kidney.
The administration of d,l-propranolol then caused a sig-

TasBLE I

Effect of Renal Nerve Stimulation on RBF, GFR, RVR, Ux.V, Plasma Potassium Concentration,
and Arterial Pressure in the Stimulated Kidney

Plasma Blood
RBF GFR RVR UnNaV potassium pressure
ml/min ml/min mm Hg/ml -min ueq/min meq/liter mm Hg

Control 2954+33.7 55.0+7.58 0.49240.059 318+110 2.90+0.16 133+5.3
First stimulation 244343.7 51.749.31 0.627 £0.092 134147 3.00+0.20 131487
First postcontrol 274455.3 53.4+10.21 0.530+0.076 9628 3.15+0.19 122499
Second stimulation 261+60.2 54.5+9.86 0.548+0.101 82423 3.22+0.23 116111
Second postcontrol 253+72.0 47.6+10.0 0.673+0.161 103427 3.09+0.13 121+8.9

None of the values were significantly different.

Beta Adrenergic Blockade and Renin Response to Renal Nerve Stimulation
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Ficure 2 Effect of d,l-propranolol on the response of renin
secretion to unilateral renal nerve stimulation.

nificant decrease in the control levels of renin secretion
rate in both kidneys. When unilateral stimulation was
repeated in the presence of d,l-propranolol there was no
significant change in renin secretion rate in either
kidney.

The results in Table II demonstrate that neither the
first nor the second nerve stimulation significantly altered
RBF, GFR, RVR, UnV, plasma potassium concentra-
tion, or mean arterial pressures. These parameters were
also not different for the first and second control and
postcontrol periods.

Effects of l-propranolol on the response to renal nerve
stimulation group III. This protocol was identical to
the group IT studies except that l-propranolol was given

Nerve

Control | EstNetve | conrol | 1-Propranoiol Sgoond mewe|  Control
2500 Stimulated Kidney
2000
Renin 1500
Secretion Rate
{U/min)} 1000
500
oL- P<O1 P<.005- NS NS NS
750- Unstimulated Kidney
Renin oo
Secretion Rate
(U/mia) 250 \\\
ool vo || v iy v i v

Ficure 3 Effect of l-propranolol on the response of renin
secretion to unilateral renal nerve stimulation.
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instead of d,l-propranolol. The responses of renin se-
cretion rate to unilateral renal nerve stimulation are
shown in Fig. 3. During the first stimulation renin se-
cretion rate increased in the stimulated kidney and de-
creased in the contralateral kidney. As with dl-pro-
pranolol the control levels of renin secretion rate in both
kidneys decreased when I-propranolol was given. After
l-propranolol administration the second nerve stimula-
tion caused no change in renin secretion rate in either
kidney.

Table III shows that neither the first nor the second
stimulations significantly altered RBF, GFR, RVR,
UnmV, plasma potassium concentration, or mean ar-
terial pressure. These parameters were also not different
for the first and second control and postcontrol periods.

Effects of d-propranolol on the response to renal nerve
stimulation—group IV. The effects of d-propranolol on
the response of renin secretion rate to unilateral renal
nerve stimulation is shown in Fig. 4. As in all previous
protocols, the first stimulation was in the absence of
propranolol and caused a rise in renin secretion rate in
the stimulated kidney as renin secretion rate fell in the
contralateral kidney. Administration of d-propranolol
caused a fall in renin secretion rate but this effect was
only statistically significant in the stimulated kidney.

The second nerve stimulation, which was after d-pro-
pranolol administration, caused a significant rise in renin
secretion. rate in the stimulated kidney. This rise, how-
ever, was not significantly different from that evoked by
the first stimulation.

As shown in Table IV, neither the first nor second
nerve stimulation was associated with significant effects
on RBF, GFR, RVR, UnV, plasma potassium concen-
tration, or mean blood pressure. These parameters were

Control J

Second
d-Propranolol | "y mutation

Control

| Control IF"’ ¢

1000 Stimulated Kidney

800

Renin €00
Secreton Rate
(U/min) 400
200
<08
. r=< 00 p< oo| NS i:« 0s pcos pulng
Unstimulated Kidney

300
R 200
Secretion Rate
(U/mn) 100
P<. Lt NS
° e\ NS NS

Ficure 4 Effect of d-propranolol on the response of renin
secretion to unilateral renal nerve stimulation.
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TaBLE II
Effect of Renal Nerve Stimulation on RBF, GFR, RVR, Ux.V, Plasma Potasstum Concentration,
and Arterial Pressure before and after d - Propranolol

RBF GFR RVR UnaV
Stimu- Unstimu- Stimu- Unstimu- Stimu- Unstimu- Stimu-  Unstimu- Plasma Blood
lated lated lated lated lated lated lated lated potassium pressure
ml/min ml/min mm Hg/ml-min ueq/min megq /lster mm Hg

Control 296+31.9 283+32.8 48.836.27 45.64:5.31 0.5414-0.08 0.552+40.07 203+38.3 126+33.6 2.98+0.06 144 +3.06
First stimulation 290149 2664119 50.3+£5.66 47.1+4.31 0.521+0.03 0.5624-0.04 176 +£25.3 105+27.5  3.0140.07 147 +-4.87
First postcontrol 2334+13.1 2294-13.6 48.8+5.87 44.61+4.55 0.644140.04 0.66440.06 116410.6 75411.2  3.1040.08 148 +6.15
d,l-Propranolol 2394+16.6 2304259 47.9+6.58 47.3+6.82  0.63430.06 0.684:-0.08 118411.0 744112  3.16%0.10 147 4:6.28
Second stimulation 232+40.5 214+35.5 49.24+7.50 45.2:£5.78  0.753+0.13 0.774+0.10 1344+21.3 884122  3.19:40.09 147 +4.65
Second postcontrol 228+35.6 229+37.3 49.14£7.94 46.7:£5.94 0.774+0.13 0.755+0.11 180437.0 120240  3.2030.06 153+6.06

None of the values were significantly different.

tion. This rise in renin secretion, however, has been as-
sociated consistently with diminutions in GFR, RBF,
and/or UxaV which could activate intrarenal barorecep-
DISCUSSION tor or macula densa mechanisms.
There is considerable evidence that generalized adrener- The nonfiltering kidney model has been used to exam-
gic stimulation by various maneuvers, including hemor- ine whether renal nerve stimulation will increase renin
rhage (1, 2), hypoglycemia (5, 6), carotid occlusion secretion in the absence of changes in sodium delivery
(1), and electrical stimulation of the brain stem (3, 4) to the macula densa. The observed rise in renin secre-
is associated with increased renin secretion. It has been tion with renal nerve stimulation in this experimental
attractive to suggest that this effect of sympathetic stimu- model, however, was associated with a fall in RBF which
lation is mediated by the direct effect of increased renal could activate a baroreceptor mechanism for renin
sympathetic tone on renin release from juxtaglomerular release independent of a macula densa mechanism or any
cells. The above systemic maneuvers, however, could ac- direct effect of renal nerve stimulation on juxtaglomeru-
tivate extrarenal mechanisms which stimulate renin lar cells. Although papaverine blocked the renal vasocon-
secretion independent of any direct intrarenal influence. strictor effect of renal nerve stimulation in this non-
In support of a direct intrarenal effect on renin re- filtering kidney model, the concomitant hypotensive ef-
lease is the morphological finding that adrenergic nerve fect of this vasodilator could have accounted for the
endings are located near the juxtaglomerular cells of persistent increase in renin secretion (24).
both dog (17) and rat (16). Direct stimulation of renal Vander (8) has demonstrated that the effect of renal
nerves, therefore, has been used in an effort to document nerve stimulation to increase renin secretion could be
an intrarenal effect of sympathetic stimulation of renin reversed by the infusion of an osmotic diuretic. Specifi-
release. Several investigators have shown that renal cally, when the decrease in RBF and sodium excretion
nerve stimulation causes a consistent rise in renin secre- were reversed by the infusion of an osmotic diuretic,

also not different for the first and second control and
postcontrol periods.

TasLE III
Effect of Renal Nerve Stimulation on RBF, GFR, RVR, Un.V, Plasma Potassium Concentration,
and Arterial Pressure before and after I-Propranolol

RBF GFR RVR UnaV
Stimu- Unstimu- Stimu- Unstimu- Stimu- Unstimu- Stimu- Unstimu- Plasma Blood
lated lated lated lated lated lated lated lated potassium pressure
ml/min ml/min mm Hg/ml-min ueq/min meg /liter mm Hg
Control 262+42 256438 52.44+6.93 47.8+7.46 0.68040.094 0.828+0.109 256 +85 17362 3.08:+0.13 15345.89
First stimulation 234447 227440 51.247.65 48.8+9.11 0.77240.118 0.785+0.100 18055 151449 3.124:0.11 157 4:5.85
3.164:0.12 158 +£5.44

54.8+:10.03  0.808+0.122 0.76640.104 126433 130437
0.824+0.109  125+41 10935  3.19:40.12 151+5.76
19374  3.14+0.10 151+4.95
3.1140.08 15243.17

First postcontrol 225445 233437  54.7+8.09
I-Propranolol 210432 196437  54.347.58 51.949.71 0.8064-0.104
Second stimulation 2074120 250464 47.7+7.83 56.44-14.84 0.8264+0.114 0.75140.118 13936
Second postcontrol 217+123 262489  52.0+13.48 65.04+24.97  0.905+0.161 0.79240.126 187 47 219477

None of the values were significantly different.

Beta Adrenergic Blockade and Renin Response to Renal Nerve Stimulation 463



TaBLE IV
Effect of Renal Nerve Stimulation on RBF, GFR, RVR, Un.V, Plasma Potasstum Concentration,
and Arterial Pressure before and after d-Propranolol

RBF GFR RVR UnaV
Stimu-  Unstimu- Stimu-  Unstimu- Stimu- Unstimu- Stimu-  Unstimu- Plasma Blood

lated lated lated lated lated lated lated lated potassium pressure

ml/min ml/min mm Hg/ml -min ueq/min meq/liter mm Hg
Control 279+37.1 261428.1 44.84+4.9 41.3+5.8 0.5544-0.10 0.576+0.11 201+£56.5 1174325 3.06+0.13 137+11.3
First stimulation 2454339 240+31.7 48.74+6.8 45.0+7.8 0.605+0.09 0.647+0.11 200+94.6 95+32.6 3.074+0.19 1394-10.5
First postcontrol 220+£27.3 211425.3 48.345.3 42.1+49 0.73140.13 0.751+0.13 209+91.6 84426.3 3.184:0.21 1424 8.4
d-Propranolol 2014-23.1 228+33.7 49.947.0 47.548.2 0.7294:0.16 0.669+0.10 220+94.9 88+24.7 3.23+0.22 136k 7.0
Second stimulation 2064-30.6 220+37.8 47.3+6.9 444184 0.780+40.18 0.73740.16 264493.1 102+25.6 3.3740.23 136+ 8.8
Second postcontrol 1954+26.9 200433.9 46.547.1 42.747.4 0.799+0.18 0.78840.14  29287.5 127+37.6 3.4440.15  135%+10.1

None of the values were significantly different.

continued renal nerve stimulation no longer increased
renin secretion (8). This finding was interpreted to
suggest that an indirect effect of renal nerve stimulation
on RBF or sodium excretion was responsible for the
resultant rise in renin secretion. An alternative interpre-
tation, however, is that some consequence(s) of the
osmotic diuresis obscured the direct effect of renal nerve
stimulation on juxtaglomerular cells to increase renin
secretion.

The present studies, therefore, were undertaken to ex-
amine further the effect of renal nerve stimulation on
renin secretion. A degree of renal nerve stimulation was
found which stimulated renin but did not alter GFR,
RBF, or UsxV. This degree of renal nerve stimulation
was similar to that reported by LaGrange et al. (25)
in which renin secretion increased in the absence of
changes in GFR or RBF. In this previous study (25),
however, renal nerve stimulation was associated with a
decrease in sodium excretion in the stimulated kidney.
This may have been because most of the experiments
were performed at stimulation rates higher than the
0.33 Hz which we used. The infusion of mannitol dur-
ing the experiments of LaGrange et al. (25) may also
have contributed to the difference in sodium excretion
observed in their study.

The present results, therefore, support the hypothesis
that renal nerve stimulation may directly increase renin
release independent of any secondary activation of baro-
receptor or macula densa mechanism. These results,
however, do not exclude the likely possibility that with
more potent renal nerve stimulation either or both baro-
receptor and macula densa mechanisms may be activated
and contribute to the resulting rise in renin secretion.
Such effects would be expected to be additive to any di-
rect effect of renal nerve stimulation on juxtaglomeru-
lar cells.

The next question examined in the present study was
whether the effect of renal nerve stimulation on renin
release is mediated by alpha or beta adrenergic receptors.
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Previous studies have shown that the administration of
d,l-propranolol blocks or attenuates the effect of systemic
adrenergic stimulation secondary to hypoglycemia (6),
midbrain stimulation (13), or renal nerve stimulation
(26). It is, however, not possible to interpret these re-
sults with respect to an intrarenal beta adrenergic re-
ceptor influencing renin release, since these systemic
stimuli are associated with extrarenal alterations. More-
over, the duration of action of d,-propranolol is such
that selective intrarenal blockade cannot be achieved.

These objections to previous studies are particularly
important since systemic beta adrenergic stimulation
with isoproterenol has been shown to stimulate renin
secretion over and above any intrarenal effect of this
beta agonist. Specifically, the same dose of isoproterenol
(0.09-0.36 #g/kg per min) was found to stimulate renin
secretion when administered intravenously but not in-
trarenally (9). While other studies using larger doses
of isoproterenol infused into an isolated rat kidney have
shown a renin-stimulating effect, the physiologic versus
pharmacologic importance of these results is not known
(27). Moreover, the infusion of the beta agonist, iso-
proterenol, may not be comparable to any beta adrenergic
properties of renal nerve stimulation. Lastly, previous
studies claiming to support the existence of an intra-
renal beta adrenergic receptor influencing renin release
have not considered the membrane stabilizing (anesthe-
tic) property of d,l-propranolol (20, 21).

The present experimental protocol was designed to
avoid these above objections. As already discussed, re-
nal nerve stimulation was chosen as the mode of sympa-
thetic stimulation so as to avoid any extrarenal altera-
tions which might increase renin secretion. In addition,
the effect of beta adrenergic blocking doses of d,l-pro-
pranolol and I-propranolol were compared with the same
dose of d-propranolol which is not a beta blocking agent.
This d-isomer of propranolol is responsible for the mem-
brane stabilizing effects of d,l-propranolol (20, 21). The
results demonstrated that administration of either - or
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d l-propranolol blocks the effect of renal nerve stimula-
tion to increase renin, while d-propranolol has little

effect on this response.
In summary, the present results demonstrate that

adrenergic stimulation by renal nerve stimulation can
increase renin secretion in the absence of changes in
GFR, RBF, and Us.V. This effect can be blocked by d,I-
propranolol or l-propranolol, both agents possessing po-
tent beta adrenergic blocking properties. The membrane
stabilizing effect of d-propranolol does not abolish the
effect of renal nerve stimulation to increase renin secre-
tion. These results, therefore, provide strong support for
the presence of an intrarenal beta receptor which influ-
ences renin secretion.
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