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A B S T R A C T Studies were performed to determine
the effect of decreased endogenous release of renal
prostaglandins on urinary sodium excretion. Two struc-
turally dissimilar inhibitors of prostaglandin synthesis
were employed, and studies were performed in con-
scious dogs allowed to recover from prior surgical
instrumentation. Either meclofenamate (2 mg/kg) or
the competitive prostaglandin inhibitor RO 20-5720 (1
mg/kg) was given to seven unanesthetized dogs under-
going a water diuresis. The administration of either
prostaglandin inhibitor did not alter glomerular filtra-
tion rate, renal plasma flow, urinary volume, or potas-
sium excretion. Sodium excretion, however, increased
from 32 to 130 ueq/min (P <0.02). Essentially, the
entire increase in sodium excretion was due to an in-
crease in urinary sodium concentration from 7.7 to 28.3
meq/liter (P < 0.02). On a different day, the same ani-
mals were studied before and after administration of
the diluent of the prostaglandin inhibitor. No change
was noted in sodium excretion or any other parameter.

Thus, these findings suggest that prostaglandin in-
hibition in the conscious dog is associated with a
natriuresis without a change in urinary volume or po-
tassium excretion during water diuresis. This may indi-
cate that the natriuresis was due to diminished sodium
reabsorption beyond the distal tubule.

Received for publication 14 May 1975 and in revised form
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INTRODUCTION

Prostaglandins of either the A (PGA)1 or E (PGE)
series, when infused into the renal artery, cause an in-
crease in urinary sodium excretion (1, 2). Therefore,
it has been suggested that the endogenous release of
these lipids might be a potent natriuretic stimulus and
serve an important role in the regulation of sodium
balance (1).

Yet, several recent findings concerning the synthesis
and metabolism of prostaglandins must be considered.
First, it is clear that PGE2 is the primary prostaglandin
synthesized in the kidney while little or no synthesis of
PGAhas been noted (3, 4). Since PGEis almost com-
pletely inactivated in each passage across the lung (5),
any action of this lipid on the kidney must be as a local
tissue hormone and related to the renal synthesis of the
prostaglandin. Second, although PGA does escape deg-
radation in the lung (6), evidence is accumulating to
indicate that PGA is not synthetized in the kidney (4),
that it originates from the dehydration of PGE, and

'Abbreziations used in this paper: FF, filtration fraction;
GFR, glomerular filtration rate; PGA, prostaglandin A;
PGE, prostaglandin E; PI, prostaglandin inhibition; RBF,
renal blood flow; RPF, renal plasma flow; UKV, urinary
potassium excretion; UNV, urinary sodium excretion; V,
urinary volume.

'In this paper, no distinction is made between PGE1 and
PGE2 although it is recognized that PGE2 is the primary
renal prostaglandin (3).
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that its concentration in peripheral blood, at least in
man, is very low (7). Third, PGE is primarily syn-
thesized in the renal medulla (8). Thus, the intrarenal
infusion of PGEwould not necessarily mimic its physio-
logical action, since it is synthesized in the medulla and
may have its primary action in this area of the kidney.

With these points in mind, it would seem that an
evaluation of the physiological role of prostaglandins on
urinary sodium excretion would necessitate an experi-
mental design, in which the endogenous production of
the lipids was altered. Recent studies have clearly de-
fined a number of agents which inhibit the synthesis of
renal prostaglandins (9, 10). Thus, these various anti-
inflammatory agents could be utilized to inhibit the
in vivo production of renal prostaglandins and deter-
mine what effect this may have on urinary sodium
excretion.

It has been shown that prostaglandin inhibition (PI)
in the anesthetized dog causes a marked increase in re-
nal resistance (11). Thus, in the anesthetized dog, any
nonhemodynamic effect of PI on sodium excretion would
be difficult to discern. Zins (12), however, has reported
that the administration of a prostaglandin inhibitor to
an unanesthetized dog was not associated with a fall in
renal blood flow (RBF). Therefore, it was the pur-
pose of this study to investigate the effect of PI on
sodium excretion in a group of conscious dogs. The
results of these studies suggest that PI is natriuretic in
this setting.

METHODS
Studies were performed on mongrel dogs of both sexes
weighing between 15 and 24 kg. The animals were anes-
thetized and endotracheal intubation was performed. A
Goodale-Lubin standard wall catheter was threaded into
the left ventricle through the right carotid artery for the
injection of radioactive microspheres. The left brachial ar-
tery was catheterized for the withdrawal of a reference
sample for RBF determination. A catheter was placed in
the right jugular vein for the administration of intravenous
fluids and drugs. After surgery, the animals were allowed
to recover for several days before they were studied. Be-
fore study, a Foley catheter was passed into the bladder for
urine collection. An infusion of 5% dextrose in water was
begun at a rate of 25 ml/kg administered over 30 min, and
then a maintenance infusion of 1-2 ml/min greater than
urine flow was continued for the entire duration of the
study. After 30 min of maintenance infusion, three control
clearance periods and injection of the first microsphere was
performed. Then in four of the seven studies, either meclo-
fenamate (2 mg/kg) or RO20-5720 (1 mg/kg), both pros-
taglandin inhibitors (vide infra), were administered intra-
venously, and after 45 min, three clearance periods and a
repeat microsphere injection were obtained. The animals
were allowed to recover for 2 days. Then the protocol was
repeated, except that the diluent of the prostaglandin in-
hibitor was administered rather than the inhibitor itself
before the second period of study. The sequence of the
protocol was reversed in the remaining three animals by
giving the diluent in the first study and the prostaglandin

inhibitor in the second study. The two phases of each
individual study were performed at the same time of day in
each animal.

Meclofenamate (Parke, Davis & Co., Detroit, Mich.)
was dissolved in saline. RO 20-5720 (Hoffmann-La Roche,
Inc., Nutley, N. J.), a competitive inhibitor of prosta-
glandin synthesis, was prepared in bicarbonate solution.
Unlike either indomethacin or meclofenamate, RO20-5720 is
a very poor inhibitor of phosphodiesterase.' RO 20-5720
(1 mg/kg), when administered intravenously into dogs (n
= 4), lowered renal venous PGE levels from 358±12 to
180±+12 pg/ml (P < 0.005) as measured by radioimmuno-
assay techniques previously described (13).

Radioactive microspheres 15±5 ,m in diameter (3M Co.,
St. Paul, Minn.) were used to measure total RBF. The
nuclides utilized were 'Sr, and ACe. The sequence of in-
jection was alternated. Total RBF was measured using a
modified indicator dilution technique with the microspheres
as previously described and validated from this and other
laboratories (11, 14, 15).

Glomerular filtration rate (GFR) was estimated from the
clearance of inulin. Clearances were determined in each
experimental period for three 10-min periods, with an ar-
terial blood sample collected at the midpoint of each period.
Plasma and urine inulin concentrations were determined by
the anthrone method (16). Plasma and urinary sodium
concentrations were determined with a flame photometer
(Instrumentation Laboratory, Inc., Lexington, Mass.). Uri-
nary osmolality was determined with an osmometer (Ad-
vanced Instruments, Inc., Needham Heights, Mass.).

Calculations. (a) The calculation of RBF using radio-
active microspheres has previously been described (11, 15).
(b) Renal plasma flow (RPF) was calculated by the for-
mula: RPF= RBFX (1 - hematocrit). (c) Filtration frac-
tion (FF) was calculated by the formula: FF = GFR/
RPF. Statistical analysis was performed by standard meth-
ods and the data are presented as the mean±1-SEM.

RESULTS

The results of the studies are shown in Table I. The
clearance data represent two kidney values and are the
mean of three collection periods. The mean urinary os-
molality at the beginning of each study was 87 mos-
mol/kg and ranged from 63 to 118 mosmol/kg. Urine
volume did not change after PI; 3.8+0.4 compared
to 4.4±0.5 ml/min. GFR (55+4.0 vs. 55±4.4),
RPF (180±9.1 vs. 179±7.8), and filtration fraction
(0.30±0.02 vs. 0.31±0.02) were also not changed after
PI. Urinary sodium excretion (UNaV), however, in-
creased in each study from 32.1±+11.7 to 130.0+32.2
,ieq/min (P < 0.02). This increase in UNaV was almost
totally due to a rise in urinary sodium concentration
from 7.7±2.3 to 28.3±5.0 meq/liter (P < 0.02). The
fractional excretion of sodium increased from 0.46±
0.16 to 1.69+0.35% (P < 0.01). There was no change
in potassium excretion, 24.1-+-9.2 during the control pe-
riod, compared to 23.0±9.4 teq/min after PI. In stud-
ies in which the diluent of the inhibitor was given
rather than the agent itself, no change in urinary vol-

'Paulsrud, J. R., Hoffmann-La Roche, Inc., Nutley, N. J.
Personal communication.
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TABLE I
Effect of Prostaglandin Inhibition in Conscious Dogs

V rate GFR RPF FF UN- UNAV FENa UK UKV FEK BP
Exp.
no. C E C E C E C E C E C E C E C E C E C E C E

ml/min mil/min ml/min meq/liter jzeq/min % meq/liter egq/min % mmHg
Prostaglandin inhibition studies

1 (M) 2.8* 4.2 59 72 198 182 0.30 0.40 2.5 8.5 7.0 36.2 0.08 0.36 10.3 2.8 28.8 11.4 12.2 4.0 104 105
2 (M) 5.4 7.3 60 63 224 220 0.26 0.29 16.2 39.3 87.4 287.4 1.04 3.26 14.3 10.7 76.6 78.1 31.9 30.9 120 120
3 (M) 4.3 4.7 68 54 166 168 0.40 0.32 0.4 37.8 1.9 177.0 0.02 2.34 3.6 1.3 15.1 5.9 5.6 2.7 90 90
4 (R) 3.1 3.4 62 63 162 170 0.39 0.36 3.1 46.6 10.2 158.4 0.12 1.80 6.3 6.0 21.4 20.3 8.6 8.1 90 90
5 (R) 3.0 3.2 52 52 182 184 0.28 0.28 7.8 22.6 23.6 73.2 0.32 1.01 4.2 2.2 12.7 8.7 6.1 4.2 75 75
6 (R) 4.1 4.5 41 42 168 160 0.24 0.27 9.8 22.4 39.8 100.8 0.69 1.71 1.4 4.4 5.7 19.7 3.5 11.7 83 80
7 (M) 3.6 3.5 41 40 157 163 0.26 0.25 14.4 21.0 54.6 76.9 0.95 1.37 2.2 4.6 8.3 16.9 5.1 10.6 78 75

Mean 3.8 4.4 55 55 180 179 0.30 0.31 7.7 28.3 32.1 130.0 0.46 1.69 6.0 4.6 24.1 23.0 10.4 10.3 91 91
SEM 0.4 0.5 4.0 4.4 9.1 7.8 0.02 0.2 2.3 5.0 11.7 32.2 0.16 0.35 1.8 1.2 9.2 9.4 3.7 3.7 5.9 6.3
P NS NS NS NS <0.02 <0.02 <0.01 NS NS NS NS

Diluent injection studies
1 3.3 3.3 63 79 1.4 2.0 4.5 6.5 0.05 0.06 5.9 4.4 19.4 14.5 7.7 4.6 110 110
2 5.0 5.9 62 61 20.2 18.1 101.6 106.0 1.17 1.24 5.7 12.4 79.2 72.9 31.9 29.9 115 115
3 3.6 4.0 58 56 1.6 1.5 5.6 6.6 0.07 0.08 8.1 7.7 29.0 30.7 12.5 13.7 85 85
4 3.0 3.0 59 61 3.4 2.7 10.0 8.0 0.12 0.09 5.2 5.1 15.6 15.1 6.6 6.2 93 93
5 2.4 2.8 50 52 10.2 9.5 20.8 26.6 0.30 0.36 3.7 3.6 8.8 10.3 4.4 4.9 70 70
6 3.6 4.0 40 40 10.2 9.6 36.7 33.6 0.65 0.60 2.4 2.7 8.4 9.6 5.3 6.0 80 80
7 3.9 4.0 41 42 12.7 11.6 49.8 46.3 0.87 0.79 2.8 4.0 11.0 12.0 6.7 7.1 80 80

Mean 3.5 3.8 53 56 8.5 7.9 32.7 33.4 0.46 0.46 6.3 5.7 24.5 23.6 10.7 10.3 90 90
SEM 0.3 0.4 3.7 5.0 2.6 2.3 13.1 13.4 0.17 0.17 1.7 1.3 9.5 8.6 3.7 3.4 6.3 6.3
P NS NS NS NS NS NS NS NS NS

Abbreviations: C, Control period; E, Experimental period; M. meclofenamate; R, RO20-5720; UNa. urinary sodium concentration; FENa, fractional sodium excre-
tion; UK. urinary potassium concentration; FEK, fractional potassium excretion; BP, blood pressure.
* All values presented are for the sum of both kidneys.

ume, GFR, UNaV, or urinary potassium excretion (UKV)
was noted. Blood pressure was constant in each period
during both protocols.

DISCUSSION
In this study, the effect of the administration of prosta-
glandin inhibitors on UN.V was evaluated. Two dis-
similar inhibitors of prostaglandin synthesis were used
to decrease endogenous renal prostaglandin release. We
and others have shown that the intravenous adminis-
tration of meclofenamate in the dose used in this study
is associated with a significant decrease in renal prosta-
glandin release, which lasts for well over 2 h (13, 17).
The structurally and functionally dissimilar compound,
RO 20-5720, which has been shown to compete with
arachidonic acid for prostaglandin synthetase activity,8
has similarly been demonstrated to inhibit prostaglandin
release (vide supra). Administration of these agents in
the anesthetized dog, however, has been associated with
a marked fall in RBF (11). Thus, it would be difficult
to determine whether inhibition of prostaglandin syn-
thesis could alter sodium excretion by nonhemodynamic
means. Since Zins (12) has shown that RBF was not
changed in conscious dogs that were given comparable
doses of prostaglandin inhibitors, our studies were per-

formed to determine whether any change in sodium ex-
cretion could be discerned in this setting. The basis for
the difference in renal hemodynamic alterations in the
conscious dog in comparison with the anesthetized dog
is not clear but may relate to the greater sympathetic
tone and renin release seen during anesthesia (18). PI
may alter renal resistance only when these vasocon-
strictor stimuli are augmented. In any case, the data in
Table I confirm the results of Zins by demonstrating
no change in RPF after PI in the conscious dog. In ad-
dition, there was no change in GFR, urine volume,
UKV, or mean arterial pressure after administration of
the prostaglandin inhibitors. The only change noted
was a fourfold increase in UNaV, which was due almost
totally to an increase in urinary sodium concentration.
No change in any parameter was noted in the diluent
injection studies.

These results suggest that the administration of
meclofenamate or RO 20-5720 has some direct tubular
action on sodium transport. One interpretation of these
results would be that this effect was mediated by the in-
dividual drugs by a mechanism independent of inhibition
of prostaglandin synthesis. Yet, these agents differ
markedly in chemical structure and in their mechanism
of inhibition of prostaglandin synthesis. RO 20-5720
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competes with arachidonic acid for prostaglandin syn-
thetase activity.' As a competitive inhibitor of prosta-
glandin synthesis, the addition of excess arachidonic
acid after administration of RO 20-5720 functionally
restores PGE production.' Although not as well de-
lineated, meclofenamate appears to be an irreversible
inhibitor of prostaglandin synthesis which interferes
with the formation of prostaglandins by its effect on the
enzyme, prostaglandin synthetase (10). Thus, it is
difficult to hypothesize that both of these agents have
a direct tubular effect on sodium transport; rather it
seems more likely that the alterations noted are due to
their one common action, the inhibition of prostaglandin
synthesis. Thus, these data would suggest that inhibition
of prostaglandin synthesis under certain circumstances
is natriuretic.

These results may seem surprising because the intra-
renal infusion of PGEor PGA results in a natriuresis
(1, 2). Yet, the infusion of either of these agents causes
hemodynamic alterations (i.e. the rise in RBF and fall
in FF) similar to those seen with other renal vasodila-
tors which also cause a natriuresis. In addition, the re-
cent data which demonstrates that PGE is inactivated
after passage through the lungs (5, 7), and that PGA
is, in all likelihood, a degradation product of PGE (4),
makes the physiological significance of studies that eval-
uate the intrarenal infusion of either of these lipids tenu-
ous. These studies only seem to indicate that there is a
vascular receptor which is affected by the intrarenal in-
fusion of either PGEor PGA leading to renal vasodila-
tation. In all likelihood, the natriuresis seen with the in-
trarenal infusion of PGEand PGA is due to the same
hemodynamic alterations caused by bradykinin, acetyl-
choline, and other vasodilators (19, 20).

Tannenbaum et al. (21) have recently found that the
intrarenal infusion of sodium arachidonate caused a 43-
Aeq/min increase in sodium excretion and a rise in re-
nal venous PGE as determined by bioassay. Although
this would seem to be contradictory to the findings in
the present study, certain points should be evaluated.
Arachidonic acid is unstable in vitro. Storage at - 20'C,
daily preparation, handling and storage under nitrogen
atmosphere, and the addition of chemical agents have
been used by various laboratories to prevent the auto-
oxidation of arachidonic acid to substances in the prosta-
glandin series (22). Thus, the formation of prostaglan-
din endoperoxides might occur during the intrarenal in-
fusion of arachidonic acid. Even while taking this as-
pect into consideration, recent studies from this labora-
tory have demonstrated that the infusion of sodium
arachidonate during prostaglandin inhibition with RO
20-5720 returns RBF to normal without a change in
UNaV (23). These results are quite different from the
natriuresis seen during prostaglandin inhibition when

other vasodilators are utilized to restore RBF, but not
prostaglandin synthesis (23). Thus, the restoration of
RBF in association with increased endogenous prosta-
glandin release in prostaglandin inhibited dogs does not
result in a natriuresis.

Therefore, we interpret our studies to indicate that
inhibition of prostaglandin synthesis may lead to a natri-
uresis. This is compatible with the data of Lipson and
Sharp (24), who found that the application of PGEto
the serosal side of the toad bladder increased short cir-
cuit current and sodium transport. These findings are of
major interest, because of the view that the renal ac-
tion of PGE is primarily at the local site of production
in the renal medulla (25). In this regard, the data in
Table I suggest that the natriuretic action of prosta-
glandin inhibition is most likely beyond the distal tubule
since urinary volume and potassium excretion were not
increased, while urinary sodium concentration rose four-
fold. This would suggest that the delivery of sodium to
the diluting segment and to the distal potassium secre-
tory site was unaltered. It is tempting to suggest that
collecting-duct sodium transport is diminished when the
local release of PGEis decreased.
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