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Failure of lndomethacin to Inhibit Saralasin-Stimulated Plasma Renin Activity in 
Conscious Dogs with Mild Sodium Depletion (41 21 6) 
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D. VILLARREAL' 
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Abstract. The hypothesis that prostaglandins play a role in the angiotensin I1 control 
mechanism for renin release was examined by interrupting the short-loop negative feedback 
of angiotensin I1 on the JG cells with the competitive angiotensin I1 antagonist saralasin. 
Mildly sodium-depleted conscious dogs received either indomethacin, or the vehicle alone 
followed by an intravenous infusion of saralasin. Saralasin produced equivalent increases in 
PRA in the vehicle- and indomethacin-treated groups with no detectable change in arterial 
pressure. Plasma renin activity increased in the indomethacin-treated group despite a 58% fall 
in the rate of excretion of PGE,. These results suggest that in the conscious dog renal 
prostaglandins do not play an appreciable role in angiotensin I1 feedback control of renin 
release. 

Renin secretion is influenced by a 
short-loop negative feedback mechanism 
whereby angiotensin I1 acts directly on the 
juxtaglomerular cells to decrease renin re- 
lease (1). The inhibitory action of angioten- 
sin I1 on renin release has been demon- 
strated in vitro (2) and also in intact animal 
preparations during intrarenal infusion of 
the peptide (3-5). 

Since prostaglandins increase renin re- 
lease (6, 7), a number of studies have fo- 
cused on the role of renal prostaglandins as 
an intermediary messenger in angiotensin 
feedback control of renin secretion. It is 
well known that inhibition of angiotensin I1 
receptors with the competitive antagonist 
saralasin or preventing angiotensin I1 for- 
mation with a converting enzyme inhibitor 
stimulates renin secretion but there is little 
agreement as to the effect of inhibitors of 
prostaglandin synthesis on this response 
(8-11). The present study examines this 
question in conscious dogs with mild 
sodium depletion by interrupting the short 
feedback loop with saralasin in the pres- 
ence and absence of the prostaglandin 
synthetase inhibitor indomethacin. 

Methods. The experiments were con- 
ducted in five female mongrel dogs weigh- 
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ing between 15.5 and 22.5 kg (2 = 18.7 kg). 
They were housed in individual metabolism 
cages to measure daily electrolyte balances. 
Under sodium pentobarbital anesthesia 
chronic indwelling catheters were placed in 
the femoral vessels and passed under the 
skin to exit at the back of the neck. The 
dogs were allowed to recover for at least 1 
week during which time they were trained 
to lie on a padded table and control mea- 
surements for plasma renin activity (PRA) 
were made. Four days prior to the acute 
experiments the animals received an injec- 
tion of 0.5 ml of Mercuhydrin and sodium 
intake was reduced from a normal intake of 
60 meq/day to <3 meq/day. This regimen of 
mild sodium depletion resulted in a negative 
sodium balance of 66 2 6 meq (five dogs) at 
the time of the acute indomethacin experi- 
ments and a negative sodium balance of 59 
2 5 meq prior to the acute experiments 
when the same five dogs received the vehi- 
cle only. 

All experiments were conducted in the 
conscious state with the dogs resting on a 
padded table. A Foley catheter was placed 
in the bladder for collecting urine and arte- 
rial blood pressure and heart rate were 
monitored continuously through the femo- 
ral artery catheter by use of a Statham pres- 
sure transducer (Model P23Db). 

One hour prior to the start of the acute 
study, a priming solution of p-amminohip- 
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purate (PAH), 10 mg/kg, and creatinine (Cr), 
50 mg/kg, was administered intravenously 
followed immediately by a continuous intra- 
venous infusion of PAH and Cr at 4.3 and 
21.6 mg/min, respectively, at a rate of 0.3 
mumin. 

The experiments consisted of nine 30-min 
clearance periods. Following two control 
periods the animals received either an in- 
travenous injection of indomethacin ( 5  
mg/kg) dissolved in 5 ml of ethanol and 5 ml 
of 0.5 M phosphate buffer or the vehicle 
alone. Thirty minutes after the injection 
each animal received a 90-min intravenous 
infusion of saralasin ( 1-Sar-8-Ala-angioten- 
sin 11, Norwich) at a rate of 6 pg/kg/min. 
The final three 30-min periods served as a 
recovery. Saralasin completely abolished 
the pressor response to intravenous bolus 
injections of 1 and 2 pg of angiotensin 11. 

Plasma and urine PAH and Cr concen- 
trations and urine electrolyte concentra- 
tions were determined by standard tech- 
niques. PRA was measured by radioim- 
munoassay for angiotensin I as described 
by Sealey et al., (12). Urinary prostaglandin 
E, (PGE,) content was measured according 
to the method of Dray et al., (13). 

The results were compared by an 
analysis of variance and Newman- Keuls 
test or  by paired t test for comparison 
within groups. A P value of C0.05 was con- 
sidered significant. 

Results. The results are summarized in 
Table I .  hi five mildly sodium-depleted 
dogs treated with the whicle alone a 90-min 
saralasin infusion (6 puglkglmin) produced a 
significant increase in PRA from 2.3 * 0.3 
to 5.5 * 1.6 (EJ ngAI/ml/hr (P < 0.05). 
PRA remained elevated during the first re- 
covery period (R,) and then returned to- 
ward the control value. No detectable 
change in mean arterial pressure (MAP), 
heart raw (HR), or  urine flow was ob- 
served. Zcr was significantly increased by 
30% from control values during the final pe- 
riod of the saralasin infusion (E3) and by 
40% during the first recovery period (R,) 
(bothP < 0.05); CPAH failed to change. The 
rate of excretion of sodium (U,,V) was sig- 
nificantly elevated from control only during 
the first period of saralasin infusion (El, P 
< 0.05). When the same five sodium- 

depleted dogs were treated with an intrave- 
nous injection of indomethacin ( 5  mg/kg), 
saralasin produced an increase in PRA from 
1.8 +- 0.4 to 5.8 k 1.2 ngAI/ml/hr during the 
second period of infusion (E2, P < 0.05) and 
to 7.4 2 1.3 ngAI/mVhr during the third pe- 
riod of infusion (E3, P < 0.01). MAP and 
HR were not altered by indomethacin or the 
infusion of saralasin. In addition no detect- 
able changes in renal function were ob- 
served with saralasin infusion in the 
indomethacin-treated animals. There were 
no significant differences in PRA between 
the two groups at any time period. 

PGE, was measured on urine samples 
collected from the five indomethacin- 
treated dogs during the control periods (C, 
and C,) and during the second and third pe- 
riods of the saralasin infusion (E, and E3). 
These results are shown in Fig. 1. Saralasin 
increased PRA in the indomethacin-treated 
animals despite a 58% decrease in the rate 
of excretion of PGE, from 819 k 235 (aver- 
age of C, and C,)  to 344 * 108 pg/min (P < 
0.05) at the peak of the renin response (E3). 
The decrease in PGE, excretion occurred in 
the absence of a change in urine flow. 

Discussion. The results show that an in- 

10- 
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FIG. 1 .  The effect of indomethacin on saralasin- 
stimulated plasma renin activity (PRA) and the urinary 
excretion rate of prostaglandin E, (PGE,) in conscious 
sodium-depleted dogs. Values are means ? 1 SEM. Pe- 
riods C,-3, and R,-3 are each 30 min in length. 
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crease in PRA produced by the saralasin 
infusion in mildly sodium-depleted dogs 
was not affected by a dose of indomethacin 
which markedly decreased the rate of PGE, 
excretion. These findings suggest that renal 
prostaglandins do not play an important 
role in the angiotensin I1 negative feedback 
mechanism for control of renin secretion. 
The saralasin infusion elicited increases in 
PRA without a detectable fall in arterial 
pressure in this mildly sodium-depleted 
state (63 meq of sodium). This is important 
since a reduction in arterial pressure might 
stimulate renin release via the renal vascu- 
lar receptor, the macula densa, o r  the ad- 
renergic nervous system (1). In preliminary 
experiments in this laboratory it was ob- 
served that saralasin failed to alter PRA or  
arterial pressure in sodium-repleted dogs. 
In dogs with severe sodium depletion (140 
meq of sodium), intravenous saralasin infu- 
sion increased PRA but also decreased 
arterial pressure (14). Several investigators 
have reported a direct relationship between 
basal PRA and the blood pressure reduction 
and  the rise in PRA with intravenous 
saralasin infusions (15 - 17) a n d  have  
pointed out the importance of sodium bal- 
ance in this response. The present results 
obtained in conscious dogs with mild 
sodium deplet ion [ to  e levate  plasma 
angiotensin I1 levels (see Methods)] are 
consis tent  with the  observa t ions  tha t  
angiotensin I1 decreases renin secretion by 
a direct action on the JG cells (2, 4, 18). 

The present results obtained in conscious 
dogs agree with those of Antonaccio et al. 
(9) who showed that in the conscious rat 
indomethacin did not affect captopril-  
stimulated PRA. Abe et al. (8) found that 
daily, oral doses of indomethacin blocked 
captopril-stimulated PRA in both hyperten- 
sive and normotensive patients but they 
failed to report changes in blood pressure or  
sodium balance in these patients main- 
tained on a high salt diet. Measurements of 
sodium balance are important since daily, 
oral indomethacin administration can de- 
crease PRA due to sodium retention (19). 
Campbell et al. (10) reported that in con- 
scious rats subcutaneous administration of 
indomethacin or  meclofenamate blocked 

saralasin-stimulated PRA. Their results, 
however, are somewhat difficult to inter- 
pret since all drugs were administered sub- 
cutaneously and it is not clear whether in- 
domethacin or  meclofenamate altered the 
rate of absorption of saralasin. This is im- 
portant since PRA was measured just 20 
min after subcutaneous saralasin adminis- 
tration. Furthermore, it was not shown that 
saralasin administered by this route in the 
presence of the inhibitors effectively blocks 
the response to endogenous angiotensin 11. 
In the present study an intravenous sarala- 
sin infusion blocked the increase in arterial 
pressure observed with 2 p g  injections of 
angiotension I1 and no differences in the 
renin response to blockade were observed 
between the indomethacin- and vehicle- 
treated groups. Collectively, these previ- 
ously reported findings of others and the 
present data do not support the suggestion 
that saralasin-stimulated PRA is mediated 
by prostaglandins. 

1 .  Davis, J .  O., and Freeman, R. H . ,  Physiol. Rev. 
56(1), 1 (1976). 

2. Michelakis, A.  M. ,  Proc. SOC. Exp. Biol. Med. 
137, 1106 (1971). 

3. Blair-West, J .  R.,  Coghlan, J .  P . ,  Denton, D. A . ,  
Funder, J .  W . ,  Scoggins, B .  A .  and Wright, 
R. D. ,  Amer. J .  Physiol. 220, 1309 (1971). 

4. Shade, R. E. ,  Davis, J .  O., Johnson, J .  A . ,  Got- 
shall, R. W . ,  and Spielman, W. S . ,  Amer. J .  
Physiol. 224(4), 926 (1973). 

5 .  McDonald. K. M., Tarer, S . ,  Antoine de Tor- 
rente, G .  A . ,  and Schrier, R .  W . ,  Amer. J .  
Physiol. 228(5), 1562 (1975). 

6. Gerber, J .  G . ,  Branch, R. A. ,  Nies, A. S. ,  Ger- 
kens, J .  F . ,  Shand, D.  G . ,  Hollifield, J . ,  and 
Oates, J .  A . ,  Prostaglandins 15, 81 (1978). 

7. Seymour, A.  A . ,  and Zehr, J .  E . ,  Circ. Res. 45, 
13, (1979). 

8. Abe, K., Itoh, T . ,  Satoh, M., Haruyama, T., Imai, 
Y . ,  Goto, T., Satoh, K . ,  Otsuka, Y . ,  and 
Yoshinga, K., Life Sci. 26(7), 561 (1980). 

9. Antonaccio, M. J . ,  Harris, D., Goldenberg, H.,  
High, J .  P., and Rubin, B . ,  Proc. SOC. Exp. Biol. 
Med. 162, 429 (1979). 

10. Campbell, W. B . ,  Jackson, E. K . ,  and Graham, 
R. M.,  Hypertension 1, 637 (1979). 

1 1 .  DeForrest, J .  M., Davis, J .  O., Freeman, R. H . ,  
Seymour, A.  A . ,  Rowe, B.  P.,  Williams, G. M., 
and Davis, T. P. ,  Circ. Res. 47, 99 (1980). 

12. Sealey, J .  E . ,  Laragh, J .  H . ,  Gerten-Barnes, J . ,  



PROSTAGLANDINS A N D  RENIN RELEASE 57 1 

and Accto, R. M., in “Hypertension Manual” p. 
621. Yorke MedicaVDun-Donnelley, New York 
(1974). 

13. Dray, F.,  Charbonnel, B., and Maclouf, J., Eur. J. 
Clin. Invest. 5, 311 (1975). 

14. Stephens, G. A., Davis, J. O., Freeman, R. H., 
Watkins, B. E., and Khosla, M. C., Endocrinol- 
ogy 101(2), 378 (1977). 

15. Baer, L., Parra-Carrillo, J. Z., and Radichevich, 
I., Kid. Int. 15 (Suppl. 9), S-60 (1979). 

16. Conway, J . ,  Hatton, R., Keddie, J., and Dawes, 

17. Hollenberg, N. K . ,  and Williams, G. H., Kid. Int. 

18. Vander, A. J., and Geelhoed, G. W., Proc. SOC. 

19. Frolich, J .  C., Arch. Int. Pharmacdyn. Ther. 

P., Hypertension 1, 402 (1979). 

15 (Suppl. 9), S-29 (1979). 

Exp. Biol. Med. 120, 399 (1965). 

Suppl., 213 (1980). 

Received March 13, 1981. P.S.E.B.M. 1981, Vol. 167. 


