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A B S T R A C T Renal prostaglandins (PG) appear to
mediate renin release due to stimulation of the intra-
renal baroreceptor, but not that due to activation of
the macula densa. However, as the role of PG in sym-
pathetically mediated renin release remains unclear,
a possible interrelationship between these factors was
examined in conscious rats. Hydralazine increased the
serum renin levels from 3.1±0.8 to 16.7±3.0 ng/ml per
h at a dose of 1 mg/kg. Indomethacin (5 mg/kg) sup-
pressed urinary PGE2 and PGF2a excretion by 89 and
74%, respectively, arachidonate hypotension by 82%,
and inhibited the elevated renin levels from hydral-
azine by 100% without altering the hypotensive effect
of the drug. Another PG synthetase inhibitor, meclo-
fenamate, was also effective in attenuating hydralazine-
induced renin release, urinary PGE2 and PGF2c, excre-
tion, and arachidonate hypotension. Isoproterenol, a
nonselective beta-adrenergic agonist, increased heart
rate, lowered blood pressure, and also stimulated the
release of renin when administered intraperitoneally.
However, intrarenal infusion of the drug only resulted
in increased renin release. Indomethacin inhibited iso-
proterenol-induced renin release by 66 and 67%, re-
spectively, without altering the hemodynamic effects
associated with the intraperitoneal administration of
the drug. The selective beta, agonist, H 133/22, in-
creased the release of renin and heart rate in a dose-
related manner without altering blood pressure. H133/
22-induced renin release was inhibited by 80% by in-
domethacin pretreatment. Finally, intrarenal infusions
of dibutyryl cyclic AMP (3 mg/kg per min) increased
the serum activity from 4.1±0.2 to 20.4±3.9 ng/ml per
h without altering mean arterial pressure. Indometha-
cin inhibited this renin response to dibutyryl cyclic
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AMP by 96%. Thus, renal PG appear to be important
mediators of sympathetically stimulated renin release
acting as a site distal to the beta-adrenergic receptor.

INTRODUCTION

The renin-angiotensin system is involved in the home-
ostatic regulation of arterial blood pressure as well as
the maintenance of the elevated blood pressure in sev-
eral forms of hypertension. Recently, prostaglandins
have been implicated as important mediators of the
release of renin from the kidney thereby controlling
the activity of this system. This conclusion is based
on direct evidence obtained from the administration
of the prostaglandin precursor, arachidonic acid, or the
various prostaglandins themselves, as well as indirect
evidence with prostaglandin synthesis inhibitors. Ara-
chidonic acid increases the rate ofrenin secretion when
infused into the renal artery of experimental animals
(1-3) and when added to the incubation media of renal
cortical slices (4, 5). Because this effect on renin re-
lease can be blocked in vivo and in vitro by indometha-
cin, an inhibitor of prostaglandin synthesis (6), arachi-
donic acid must be converted to one of its prostaglandin
(PG)l intermediates to exert its action (1, 4, 5). In simi-
lar studies, intrarenal infusions of PGE, and PGE2 (7-
11), PGD2 (9, 10), PGI2 (11), and intravenous infusions
of PGA, (12, 13) also stimulated the release of renin;
however, only the PG endoperoxides, PGG2 and PGH2,
or PGI2 could increase the rate at which renin was
secreted in vitro from renal cortical slices (4, 5). Be-
cause the endoperoxides can be converted to PGI2 in
the renal cortex (14, 15), PGI2 would appear to exert
a direct action on juxtaglomerular cells, and from the
available evidence, would appear to be the arachidonic
acid intermediate regulating the release of renin.

Additionally, drugs which block the synthesis of PG

uAbbreviations used in this paper: dibutyryl cyclic AMP,
N6,02'-dibutyryl adenosine, 3':5'-cyclic monophosphoric acid;
PG, prostaglandin(s).
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will inhibit the release of renin. Indomethacin, for ex-
ample, will inhibit supine plasma renin levels (16-18)
as well as those stimulated by upright posture (16) and
furosemide (17, 18). It will also reduce the hyper-
reninemia associated with hemorrhage (19), Bartter's
syndrome (20, 21), acute renal failure (22), and renal
hypertension (23). Because the sympathetic nervous
system is thought to mediate the elevated renin release
associated with some of these aforementioned exam-
ples and because the beta-adrenergic blocker, pro-
pranolol, can also mitigate the renin release in those
same examples (24-26), the contribution of the renal
PG to sympathetically mediated renin release was in-
vestigated. In our studies, sympathetically mediated
renin release was examined in three ways. First, reflex
activation of the sympathetic nervous system was pro-
duced by the vasodilator, hydralazine (27, 28). Sec-
ondly, beta-adrenergic receptors were directly stimu-
lated by the nonselective beta agonist, isoproterenol
(5, 29, 30), and the beta, selective agonist, H 133/22
(31). Finally, renin release was stimulated distal to the
beta-adrenergic receptor by N6,02 '-dibutyryl adeno-
sine, 3':5'-cyclic monophosphoric acid (dibutyryl cy-
clic AMP) (32, 33). In addition, because hydralazine
and isoproterenol have the potential to stimulate renin
release by decreasing the blood pressure as well as by
stimulating juxtaglomerular cell beta-adrenergic re-
ceptors, their effects on renin release and blood pres-
sure were compared with those of chlorisondamine, a
ganglionic blocking agent, that stimulates renin release
by decreasing the blood pressure without increasing
sympathetic nerve activity (34). In these studies, in-
hibitors of PG synthesis were found to inhibit all three
forms ofsympathetically mediated renin release tested.

METHODS

Male Sprague-Dawley rats (250-300 g) were used in these
studies (Simonsen Labs, San Francisco, Calif.). The rats were
maintained on a standard Purina rat chow (Ralston Purina
Co., St. Louis, Mo.) diet containing 150 meq Na/kg and 220
meq K/kg and tap water ad libitum. All experiments were
performed between 0900 and 1200 on conscious rats to elim-
inate the influence ofdiurnal variation, surgical stress, or anes-
thetic stress on renin release.

In the studies involving renin release, olive oil or a sus-
pension of a PG synthesis inhibitor (indomethacin or meclo-
fenamate, 5 mg/kg) in olive oil was injected subcutaneously
at time zero. 90 min later saline, hydralazine, isoproterenol,
H 133/22, or chlorisondamine was administered intraperitone-
ally, or subcutaneously as in the case of the latter compound,
and the animals were sacrificed at 110 min. The animals were
killed by decapitation, and aortic blood was collected in sili-
conized tubes kept on ice (27, 28). The blood samples were
allowed to clot at 4°C, centrifuged at 4°C, and the serum sepa-
rated at 4°C and stored at -20°C until assayed for serum renin
activity.

In the studies involving isoproterenol and dibutyryl cyclic
AMP, chronic Weeks' catheters were surgically placed in the
abdominal aorta with the tip of the catheter extending above

the bifurcation of the renal arteries (35). After a 2-d recovery
period, the protocol followed was similar to that previously
described with oil or indomethacin administered at time zero
followed in 90 min by a saline, isoproterenol (100 ng/kg per
min), or dibutyryl cyclic AMP (3 mg/kg per min) intraarterial
infusion at 50 ul/min for 20 min. After the infusion, the ani-
mals were decapitated, and the blood was collected as pre-
viously described. Additionally, the trunks ofthe animals were
retained, and the surgical placement of the catheter was veri-
fied.

In the studies in which changes in mean arterial blood pres-
sure and heart rate were measured, chronic Weeks' catheters
were placed in the abdominal aorta (35). After allowing 2-5 d
for the animals to recover from the surgical stress, the
conscious rats were placed in individual, closed cages in a
quiet room while mean arterial pressure and heart rate were
monitored with a Narco RP-1500 pressure transducer (Narco
Scientific Industries, Inc., Fort Washington, Pa.) and recorded
by a Grass model 7 polygraph (Grass Instrument Co., Quincy,
Mass.). After allowing 1 h for the animals to equilibrate, a
protocol identical to those described above was followed. In
some animals, sodium arachidonate (8 mg/kg) was admin-
istered intravenously before and 110 min after pretreatment
with a PG synthesis inhibitor, and changes in mean arterial
pressure were monitored.
An additional group of 12 rats was placed in metabolism

cages to allow the collection of urine. After 2 d of equilibra-
tion, urine was collected for 8 h from 0900 to 1700 from rats
injected with either olive oil or a PG synthesis inhibitor. The
urine was then measured, filtered, and stored frozen at -20°C
until assayed for PG.
Serum renin activity was measured by the antibody trapping

method of Poulsen and Jorgensen (36), and the results were
expressed as nanograms ofangiotensin I generated at 37°C per
milliliter of serum per hour (ng angiotensin I/ml per h). Uri-
nary PG were measured according to the method ofDray et al.
(37) involving acid-lipid extraction, silicic acid chromatog-
raphy, and the radioimmunoassay of PGE2 and PGF2a. The
PGE2 antibody cross-reacted 14% with PGE1, but <0.5% with
PGA2, PGB2, PGD2, 6-keto PGF1<,,, PGF2a, or its 15-keto metab-
olites. The PGF2<, antibody cross-reacted 100% with PGF1,,,
but <0.5% with PGA2, PGB2, PGD2, 6-keto PGFlG,, PGE2, or its
15-keto metabolites. The sensitivity of the assays was <5 pg/
0.3 ml.
The drugs and their sources of supply were as follows: iso-

proterenol (Sigma Chemical Co., St. Louis, Mo.), dibutyryl
cyclic AMP (Sigma Chemical Co.), H133/22 (A. B. Hassle,
Molndal, Sweden), meclofenamate (Parke-Davis), hydralazine
(Ciba-Geigy Corp., Summit, N. J.), arachidonic acid (Sigma
Chemical Co.), chlorisondamine (Ciba-Geigy Corp.), indo-
methacin (Sigma Chemical Co.), PGE2 and PGF2a (The Upjohn
Co., Kalamazoo, Mich.), angiotensin I (Beckman Instruments
Inc., Fullerton, Calif.), carrier free 125I (New England Nuclear,
Boston, Mass.), and [3H]PGE2 and [3H]PGF20, (New England
Nuclear).

Statistical analyses were performed with an unpaired
Student's t test for single comparisons and analysis of vari-
ance for multiple comparisons.

RESULTS

Hydralazine caused an increase in serum renin activity
(Table I), which had been found previously to result
from reflex activation of the sympathetic nervous
system (27, 28). Indomethacin reduced the control
renin levels by 32% (P > 0.1, NS) from 3.1+0.8 to
2.13+0.2 ng/ml per h. Additionally, hydralazine-in-
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TABLE I
Effect of PG Synthetase Inhibition on Hydralazine and Chlorisondamine-Induced

Changes in Renin Release, Mean Arterial Pressure,
and Heart Rate in Conscious Rats

Treatment SRA MAP HR

ng AI/mil/h mm Hg beats/min

Saline 3.1±0.8 108±3 400±18
Indomethacin, 5 mg/kg s.c. 2.1±0.1 107±3 393±10
Meclofenamate, 5 mg/kg s.c. 2.8±0.5
Hydralazine, 1 mg/kg i.p. 16.7±3.0*s 85±5*s 413±34
Indomethacin + hydralazine 2.0±0.3*h 80±5*s 382±26
Meclofenamate + hydralazine 7.4±1.5h
Chlorisondamine, 10 mg/kg s.c. 5.6±0.4*s 63+3*s 289±19§'
Indomethacin + chlorisondamine 2.1+0.4*c 68+4*s 271±25§s

Each value represents the mean±SEM for six to nine rats measured at 20 min after
saline, hydralazine, or chlorosondamine administration. SRA, serum renin activity;
MAP, mean arterial pressure; and HR, heart rate. s, compared with saline control;
h, compared with hydralazine; c, compared with chlorisondamine; Al, angiotensin I.
*P < 0.001.
P <0.01.

§ P <0.05.

duced renin release was inhibited by indomethacin by
100% (P < 0.001). Blood pressure and heart rate
remained unchanged after indomethacin alone (Table
I). However, hydralazine significantly decreased mean
arterial pressure by 21% (P < 0.001) at 20 min after its
administration. At this time, heart rate was not changed
from control values. In the same rats pretreated with
indomethacin, hydralazine produced a similar decrease
in blood pressure.
Meclofenamate, another PG synthesis inhibitor (6),

similarly reduced the control serum renin levels from
3.1±0.8 to 2.8+±0.5 ng/ml per h (P > 0.1, NS) and
inhibited hydralazine-induced renin release by 77%
from 16.7±3.0 to 7.4±1.5 ng/ml per h (P < 0.01)
(Table I).

Further examination of sympathetically mediated
renin release used isoproterenol, a nonselective beta-
adrenergic agonist known to directly stimulate juxta-
glomerular cells to release renin (5, 29, 30). Isopro-
terenol caused a dose-related increase in serum renin
activity, which was inhibited by 66% (P < 0.001) at the
10 ,ug/kg dose and by 44% (P < 0.05) at the 30 ,ug/kg
dose after pretreatment with indomethacin (Fig. 1).
Isoproterenol produced similar increases in heart rate
and decreases in blood pressure at both the 10 and 30
,ug/kg doses (P < 0.001) (Fig. 2). However, unlike its
effect on renin release, indomethacin failed to alter the
fall in blood pressure or the rise in heart rate after
isoproterenol.
To eliminate the systemic effects of the drug,

isoproterenol was infused intraarterially, and its effect
on renin release was examined (Table II). Isoproterenol

increased the serum renin levels from 4.1±0.8 to
18.7±2.7 ng/ml per h (P <0.001) without altering
blood pressure or heart rate (Table II). Indomethacin in-
hibited this isoproterenol-induced renin release by
67% (P < 0.01) in the absence of hemodynamic
changes.
To further eliminate the involvement ofhypotension

in beta-adrenergically mediated renin release, the
effect of a beta, selective agonist, H 133/22, was
similarly tested. H 133/ 22 increased serum renin levels
from 3.1±0.4 to 10.4± 1.1 (P < 0.001) and 25.0+2.8 ng/ml
per h (P < 0.001) with 0.3 and 1 mg/kg, respectively
(Fig. 3). Pretreatment with indomethacin inhibited this
release ofrenin by 80% at the 0.3 mg/kg dose and 71% at
the 1 mg/kg dose. Additionally, H 133/22 increased
heart rate by 33% without altering blood pressure at the
0.3 and 1 mg/kg dose (Fig. 4). Similar hemodynamic
changes were observed after indomethacin with the 0.3
mg/kg dose. However, with the 1 mg/kg dose, after indo-
methacin, H 133/22 caused a transient, 6-mm Hg
decrease in blood pressure (P < 0.05), which was not
observed in the absence of indomethacin.
To further characterize beta-adrenergically mediated

renin release, an agent dibutyryl cyclic AMP was used
which bypasses the juxtaglomerular beta-receptor to
directly stimulate the release of renin (32, 33). Fig. 5
illustrates the effect of indomethacin on renin release
stimulated by intraarterial infusions of dibutyryl cyclic
AMP. Dibutyryl cyclic AMP increased serum renin
levels from 4.1+0.2 to 20.4+3.9 ng/ml per h (P
<0.001), and indomethacin pretreatment inhibited
renin by 96% to 4.7±+1.2 ng/ml per h (P < 0.001). The
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TABLE II
Effect of Intraarterial Infusions of Isoproterenol on Mean Arterial Pressure,

Heart Rate, and Serum Renin Activity in Conscious Rats

Treatment MAP HR SRA

mm Hg beats/min ng Al/mil/h

Saline 109+2 385+14 4.1+0.8
Indomethacin, 5 mg/kg s.c. 108+2 352+8 3.4+0.5
Isoproterenol, 100 ng/kg/min i.a. 111+3 435+24 18.7±2.7*
Indomethacin + isoproterenol 110+2 412+19 8.9±1.94

Each value represents the mean+SEM for six rats. Mean arterial pressure (MAP),
heart rate (HR), and serum renin activity (SRA) were measured 20 min after
beginning the infusion of saline or isoproterenol. Al, angiotensin I; i.a., intra-
arterial administration.
* P < 0.001 compared with control.
4 P < 0.01 compared with isoproterenol.

intraarterial infusions failed to alter the blood pressure
(109±2.5 vs. 109±2.8 mm Hg); however, heart rate was
increased from 338± 18 to 402+ 16 beats/min (P < 0.05).

Chlorisondamine, a ganglionic blocking agent, has
been found to reduce sympathetic outflow and to stim-
ulate renin release by activation of the intrarenal baro-
receptor (29, 34). In our studies, it lowered blood
pressure from 108+±3 to 63±4 mm Hg (P < 0.001) as
well as the heart rate (Table I). Similar results were
obtained in the indomethacin-pretreated animals.
Chlorisondamine alone significantly increased the re-
lease of renin. Indomethacin inhibited the serum renin
levels in both the control and chlorisondamine-treated
groups by 21 and 100%, respectively (P < 0.001).

Finally, the effects of indomethacin and meclofena-
mate on the urinary excretion of PGE2 and PGF2o, were
studied (Table III). Indomethacin (5 mg/kg) reduced
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urinary PGE2 excretion by 89% and the PGF2a excre-
tion by 74% (P < 0.001). Meclofenamate (5 mg/kg) pro-
duced similar reductions of 68 and 65% for PGE2 and
PGF2a:, respectively (P < 0.001). Additionally, whereas
in normal rats, arachidonic acid (8 mg/kg i.v.) decreased
mean arterial pressure by 28.5±3.6 mm Hg, in animals
pretreated with indomethacin or meclofenemate mean
arterial pressure was reduced by only 5.1±0.9 and
4.2±1.4 mm Hg (P < 0.001), respectively.

DISCUSSION

The sympathetic nervous system, macula densa, and
the intrarenal baroreceptor are the three major factors
which control the release of renin (38). A number of
investigators have used inhibitors of PG synthesis to
probe the degree of involvement of the renal PG in
these forms of renin release. In such studies, indo-
methacin was found to inhibit hemorrhage-induced
renin release in rabbits (19). Also in dogs with a single
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FIGURE 3 Eff'ect of indomethacin (indo) on renin release
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FIGURE 4 The effect of the beta, selective adrenergic
agonist, H133/22, and indomethacin on blood pressure and
heart rate. Each point represents the mean+SEM for five to
seven rats. **P < 0.01; ***P < 0.001 compared with the value
at 90 min.
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FIGuRE 5 Effect of indomethacin on renin release stim-
ulated by intraarterial infusions ofdibutyryl cyclic AMP. Each
point represents the mean±SEM for six rats. Statistical dif-
ferences are indicated by the brackets connecting the com-
pared bars.

denervated, nonfiltering kidney, indomethacin blocked
the renin release associated with renal arterial hypo-
tension (39). Thus, PG are thought to participate as
mediators of intrarenal baroreceptor-stimulated renin
release. PG synthesis inhibitors will not, however, in-
hibit the renin release due to sodium depletion, which
is dependent upon a macula densa mechanism (40, 41).
Whereas PG participation in sympathetically mediated
renin release has not been directly studied, indo-
methacin was found to inhibit several forms of renin
release which were known to possess a beta-adrenergic

component to their mechanism (hemorrhage, upright
posture, etc.) (16, 19, 23-26). Furthermore, renal nerve
stimulation and exogenous catecholamines were found
to enhance the release of PG from the kidney (42, 43).
With this in mind, these studies were designed to ex-
amine the role ofPG in sympathetically mediated renin
release and also to indicate the approximate site at
which they may participate in this action.
The vasodilator, hydralazine, is known to stimulate

renin release by reflex activation of the sympathetic
nervous system (27, 28). In this study, the decrease
in blood pressure produced by hydralazine was asso-
ciated with a reflex increase in heart rate and a fivefold
increase in renin release. In contrast, the ganglionic
blocker, chlorisondamine, caused a decrease in blood
pressure similar to that produced by hydralazine; how-
ever, because the sympathetic ganglia were blocked,
there was no reflex tachycardia and only a twofold in-
crease in renin release. This small increase in renin
release by chlorisondamine was produced by the re-
duced blood pressure which activated the intrarenal
baroreceptor (34). Thus, when the release of renin pro-
duced by hydralazine and chlorisondamine were com-
pared, the data would indicate that the major compo-
nent of the hydralazine-induced renin release is
sympathetically mediated, and only a small component
is baroreceptor mediated.
The PG synthetase inhibitors, indomethacin and

meclofenamate, blocked this sympathetically mediated
renin release produced by hydralazine without alter-
ing its effect on blood pressure. Because hydralazine
has been found to decrease PG biosynthesis in rat renal
medullary tissue in vitro (44), it is unlikely that the
drug could directly stimulate renin release by an action
on the synthesis of PG. Thus, these findings indicate
that renal PG participate in sympathetically mediated
renin release by an action on renal nerve activity or by
a direct action on the juxtaglomerular cells.

In the rat, the role of PG in the control of norepi-
nephrine release after sympathetic nerve stimulation is
controversial. Some investigators have found that PGE
inhibits the release of norepinephrine and reduces the

TABLE III
Effect of PG Synthesis Inhibitors on the Urinary Excretion of PG

and Arachidonate-Induced Hypotension in the Rat

Arachidonate
Treatment PGE, PGF,,. hypotension

ng/8 h ng/8 h mm Hg

Olive oil, 1 ml/kg s.c. 34.9±4.6 109.0+6.2 28.5+3.6
Indomethacin, 5 mg/kg s.c. 3.8±0.7* 28.0±1.7* 5.1±0.9*
Meclofenamate, 5 mg/kg s.c. 11.2±4.4* 38.3±7.9* 4.2+1.4*

Each value represents the mean+SEM for six rats.
* P < 0.001 compared with control.
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JUXTAGLOMERULAR
CELL

FIGURE 6 A schematic representation of the role of PG in
sympathetically mediated renin release. NE, norepinephrine;
cAMP, cyclic AMP; /3, beta-receptor.

vasoconstrictor responses to nerve stimulation and that
indomethacin, by removing this tonic inhibitory influ-
ence, enhances these effects (45-48). In contrast, Malik
and McGiff (49) reported that PGE enhanced the vaso-
constrictor effects ofsympathetic nerve stimulation and
exogenous norepinephrine in the rat mesentery and
suggested that in the rat, unlike other species, PG facili-
tate norepinephrine release. However, subsequent
studies have indicated that PGE inhibits the release
of norepinephrine after nerve stimulation in the rat
mesentery and enhances the vasoconstrictor responses
via a postsynaptic effect.2 Thus, indomethacin in our
studies should enhance the release of norepinephrine
after sympathetic activation by hydralazine. This in-
creased norepinephrine release should increase rather
than decrease the release of renin unless indomethacin
had an additional postsynaptic effect to block the re-
lease of renin at or distal to the juxtaglomerular beta-
adrenergic receptor (Fig. 6).
With these possibilities in mind, isoproterenol, a

beta-adrenergic agonist, was used to directly stimulate
juxtaglomerular beta receptors, thus bypassing the
renal nerves. As with hydralazine, indomethacin in-
hibited isoproterenol-induced renin release without al-
tering the associated hypotension or tachycardia. Thus,
because classical beta-adrenergic blocking drugs in-
hibit not only the release of renin but also the tachy-
cardia and hypotension caused by the beta-adrenergic
agonist (50, 51), it would appear unlikely that indo-
methacin is inhibiting renin release via blockade of
beta-adrenergic receptors. Along these lines, Frolich
et al. (52) also found that indomethacin could inhibit
isoproterenol-induced renin release in normal sub-
jects. These findings suggest that renal PG exert their

2 Malik, K. U. Personal communication.

action on sympathetically mediated renin release at a
point in the juxtaglomerular cell distal to the beta-
adrenergic receptor (Fig. 6).
Because the systemic administration of isoproterenol

was associated with a profound hypotension, the possi-
bility must be considered that the enhanced rate of
renin release after isoproterenol was the result of not
only juxtaglomerular cell beta-receptor activation but
also baroreceptor activation. To eliminate the barore-
ceptor contribution to renin release, two types of ex-
periments were performed: (a) isoproterenol was in-
fused intraarterially in conscious rats in doses which
stimulated the release of renin without altering sys-
temic blood pressure, and (b) a selective beta,-adren-
ergic agonist, H133/22, (31) was used which released
renin and increased heart rate through activation of
beta, receptors yet failed to activate the beta2 receptors
necessary for hypotension. In the absence of hypoten-
sion, indomethacin pretreatment inhibited these two
types of renin release, again suggesting a role for renal
PG in sympathetically mediated renin release.
This contention was further examined by testing the

effect of indomethacin on dibutyryl cyclic AMP-stim-
ulated renin release. Because this agent does not re-
duce arterial blood pressure but stimulates renin re-
lease in vivo and in vitro by a mechanism which is
not inhibited by propranolol (32, 33), it is thought to
increase the release of renin by a direct action on jux-
taglomerular cells. Indomethacin also inhibited di-
butyryl cyclic AMP-stimulated renin release, which
further suggested that PG mediated the sympatheti-
cally induced renin release via an action past the beta-
adrenergic receptor (Fig. 6). Along these lines, Lind-
gren et al. (53) reported that dibutyryl cyclic AMP in-
creased the release of arachidonic acid and the
formation of PG in cultured 3T3 fibroblasts.
In these studies, indomethacin inhibited several

forms of sympathetically mediated renin release. This
inhibitory effect of the drug seems to be related to its
ability to inhibit PG synthesis because a similar effect
was observed with meclofenamate, a structurally dis-
similar PG synthesis inhibitor, and because in the
doses used both compounds markedly inhibited the
urinary excretion ofPGE2 and PGF2<,, and arachidonate-
induced hypotension. Thus, these data indicate that
renal PG play an important role in sympathetically
mediated renin release in the rat and act at a site distal
to the beta-adrenergic receptor of the juxtaglomerular
cell (Fig. 6).
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