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Of the prostaglandins extractable from re- 
nomedullary tissue in various species, prosta- 
glandin E (PGE) is considered to be the most 
abundant and the most potent renal vasodilator 
(1-3). Significant increases in the levels of PGE 
or PGE-like substances in renal venous blood of 
dogs following sympathetic renal nerve stimula- 
tion or infusion of norepinephrine into the renal 
arterial circulation have been reported (4-6). 
Since PGE is rapidly metabolized in the lungs, 
and since the levels found in renal venous blood 
were considered too low to exert a systemic 
effect, it was suggested that if renomedullary 
PGE has a physiologic role, it is primarily intra- 
renal in nature (4,5). Subsequently, Lonigro and 
his associates reported that infusion of PGEz into 
the renal artery of dogs inhibited the renal 
vasoconstriction and antidiuresis produced by 
renal nerve stimulation or norepinephrine infu- 
sion (3). 

We have employed radioimmunoassay to es- 
timate PGE levels in the renal venous blood of 
dogs following injections of norepinephrine, 
epinephrine and isoproterenol into the renal ar- 
tery. Effects of pretreatment with phenoxy- 
benzamine and the prostaglandin-synthetase in- 
hibitors acetylsalicylic acid and indomethacin 
were also investigated. The purpose of this paper 
is to present the results of our studies and to 
discuss possible implications as to the 
mechanism of renal PGE release. 

Methods. Twenty-two mongrel dogs of both 
sexes, with an average weight of 27 kg were 
anesthetized with 30 mg/kg sodium pento- 
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barbital injected intravenously. Mechanical ven- 
tilation was maintained throughout the experi- 
ments using a gas mixture containing 5% COz 
and 20% 0 2 .  The tip of a number 8 Cournand 
catheter was positioned in the left renal vein via 
the external jugular vein with the aid of fluoros- 
copy. Proper catheter positioning was verified in 
each experiment by direct palpation. A second 
number 8 Cournand catheter was inserted into 
the ipsilateral internal carotid artery to measure 
central aortic pressure. The left kidney and ab- 
dominal aorta were exposed through a flank inci- 
sion. A perfusion cannula connected in series to 
a roller pump and constant temperature reservoir 
was introduced into the distal aorta and advanced 
retrograde to the bifurcation of the left renal 
artery. The abdominal aorta was then ligated 
both proximal and distal to the tip of the cannula 
to isolate the flow of blood from the pump to the 
left renal artery. Since this vessel usually origi- 
nated from the aorta about 3 cm distal to the right 
renal artery, perfusion of the contralateral kid- 
ney was avoided in most experiments. It was 
often difficult to determine whether one or two 
renal arteries were being perfused until the area 
was exposed at autopsy. In nine of the experi- 
ments both kidneys were perfused. Reservoir 
volume was initially established with 500 ml 
donor blood and subsequently maintained 
through a cannula from the left carotid artery. 
Renal artery perfusion pressure was measured 
through a Y tube extension of the perfusion can- 
nula. Catheters and the cannula were connected 
to Statham P23Db pressure transducers. Pres- 
sures and the ECG were recorded on an oscillo- 
graphic recorder (Minneapolis Honeywell, 
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Denver. CO). The pump rate was adjusted to 
provide a perfusion pressure of 100-120 mm 
Hg. Flow rate was maintained constant and was 
measured at the conclusion of each experiment. 

Drugs tested included norepinephrine (4-10 
pglkg), epinephrine (2-9 pg/kg), and, isopro- 
terenol (2-8 pglkg). The sequence of injections 
varied and not all drugs were given in each 
experiment. All drugs were injected directly into 
the perfusion cannula. In five experiments 
norepinephrine and epinephrine were given be- 
fore and after phenoxybenzamine (Smith, Kline 
and French) administration (2 mg/kg). In nine 
experiments norepinephrine was given before 
and after either acetylsalicylic acid (3 mg/kg in 
four experiments) or indomethacin (3  mdkg in 
six experiments). Acetylsalicylic acid (Merck 
and Co.) was dissolved in 3 ml ethanol and 
diluted to 10 ml with normal saline. Indometha- 
cin (Merck, Sharp and Dohme) was dissolved in 
10 ml 0.1 M phosphate buffer, pH 7.4, and 
diluted to 500 rnl with normal saline. Both drugs 
were placed in the reservoir rather than in the 
perfusion cannula. The effects of phosphate 
alone or ethanol alone were not tested. 

Blood samples ( 5  ml) for PG analysis were 
obtained from the renal vein before the test injec- 
tion (control level), at 1 min after injection ( i . e . ,  
at the peak of the pressure change), and 15 min 
after injection. The latter sample served as the 
control for the subsequent drug when drugs were 
tested in sequence. Samples were centrifuged 
immediately at approximately 4000g. The 
plasma was separated and frozen at -20". Pros- 
taglandin E levels were later determined by 
radioimmunoassay using the method of Jubiz 
and his associates (7). 

Results. The results obtained with norepi- 
nephrine are presented in Fig. 1 .  Mean renal 
artery perfusion pressure rose from a baseline of 
I16 k 6mmHgto235 5 I 1  mmHgoneminute 
after injection. Concomitantly, renal venous 
plasma PGE levels rose from 1.62 2 0.25 ng/ml 
to 5.07 t 1.23 ng/ml (mean 2 SEM). Changes 
in perfusion pressure and PGE levels were statis- 
tically significant (f < 0.001 and < 0.003, re- 
spectively). By 15 min, perfusion pressure and 
PGE levels had returned to preinjection values. 
Changes in PGE levels and perfusion pressures 
were no different in the nine experiments in 
which both kidneys were perfused than in the 
others in which only one kidney was perfused. 
Phenoxybenzamine inhibited the norepinephrine 
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FIG I .  Changes in perfusion pressure and PGE levels in 
renal venous blood following injection o f  4-10 p g l k g  of 
norepinephrine (mean 5 SEM).  o = norepinephrine alone 
( N = 2 2 ) ,  0 = pretreatment with phenoxybenzamine (N = 
5 ) .  A = pretreatment with acetylsalicylic acid ( N  = 4) or 
indomethacin ( N  = 6). 

induced pressot response but not the rise in PGE 
levels. Conversely, acetylsalicylic acid and in- 
domethacin inhibited the rise in PGE levels fol- 
lowing norepinephrine but did not alter the in- 
crease in perfusion pressure. 

The results obtained with epinephrine are pre- 
sented in Fig. 2. Mean renal artery perfusion 
pressure rose from a baseline of 1 19 k 8 mm Hg 
to 229 t 18 mm Hg. Concomitantly, renal ven- 
ous plasma PGE levels rose from 2.09 k 0.52 
ng/ml to 6.2 I ng/ml. Changes in perfusion pres- 
sure and PGE levels were statistically significant 
(f < 0.001 and < 0.01, respectively). Phen- 
oxybenzamine inhibited the epinephrine- 
induced pressor response but not the rise in PGE 
levels. Acetylsalicylic acid and indomethacin 
were not tested with epinephrine. 

With isoproterenol, perfusion pressure fell 
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than bioassay was employed; also, values ob- 
tained with the assay in unextracted plasma (as 
presented here) are generally higher than those 
obtained after extraction in our laboratory. It is 
also conceivable that rather than measurement 
differences there was an absolute increase in 
PGE response to the nonspecific stress of the 
procedure that we used. While intravascular 
volume was maintained constant there was inter- 
ruption of the vascular supply of several beds. In 
support of this possibility is the fact that renal 
vein PGE levels that we have obtained subse- 
quently in basically intact animals are consider- 
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0 = pretreatment with phenoxybenzamine (N = 5 ) .  

from 128 * 9 mm Hg to 95 t 9 mm Hg 
(P < 0.001) and PGE levels increased slightly 
from 2.31 2 0.77 nglrnl to 2.65 5 0.80 nglml 
(2‘ < 0.05). 

Renal blood flow averaged 13.3 * 1.5 
ml/min/kg in the dogs in which both kidneys 
were perfused, and 9.4 +_ 1 .O ml/min/kg in the 
dogs in which only one kidney was perfused. 

Discussion. We have found a significant in- 
crease in PGE levels in the renal venous blood of 
dogs following norepinephrine or epinephrine 
administration. The basal PGE levels of 2.0 
ng/ml of plasma are higher than those reported 
by Terragno and his associates of 0.37 ndml of 
blood and by Dunham and Zimmerman of 0.21 
ng/ml of blood, not corrected for a recovery of 
30% (4, 6). Several factors may explain this 

levels associated with the administration of the 
a-adrenergic drugs is not necessarily dependent 
on changes in total renal blood flow. However, 
nothing can be said about the influence of blood 
flow redistribution taking place within the kid- 
ney. Relevant to this point is the report by Pome- 
ranz and his associates that sympathetically- 
induced vasoconstriction is associated with an 
increase in blood flow to the outer medulla while 
decreasing outer cortical flow (8). 

Alpha-adrenergic blockade of renal vasocon- 
striction with phenoxybenzamine did not pre- 
vent the rise in PGE levels associated with ad- 
ministration of a-adrenergic drugs indicating 
that PGE release is not necessarily dependent on 
an increased total renal perfusion pressure , 
though the possibility that intra-renal changes in 
blood flow occur cannot be excluded. 

Finally, while our data are not conclusive we 
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feel that norepinephrine and epinephrine are in- 
volved in the release of' PGE by a mechanism 
other than the renal vascular constriction they 
elicit. Takeguchi and his associates have re- 
ported that L-norepinephrine and L-epinephrine, 
among other substances, increased the rate of 
conversion of arachidonic acid to PGEz in vitro 
when incubated with the enzyme prostaglandin 
synthetase (9). This provided the basis for the 
hypothesis that the a-adrenergic drugs act as 
co-factors in the reaction. Moreover, our finding 
that acetylsalicylic acid and indomethacin, both 
potent inhibitors of prostaglandin synthetase, 
appear to block the adrenergically-induced rise 
in PGE levels in renal venous blood is further 
support of the postulate that norepinephrine and 
epinephrine stimulate the synthesis of prost- 
aglandins rather than the release of stored prost- 
aglandins from the kidney. This tends to support 
the suggestion made by Crowshaw and others 
that there are no sites for prostaglandin storage 
within the cellular elements of renomedullary 
tissues (10). 

Summary. PGE levels in renal venous blood 
of in situ perfused dog kidneys were measured 
by radioimmunoassay. A basal efflux of PGE 
was found and a significant increase in the levels 
was elicited by injection of norepinephrine or 
epinephrine into the renal arterial circulation. 
Isoproterenol had a small but possibly unimpor- 
tant effect. a-adrenergic blockade with phen- 
oxybenzamine did not inhibit the PGE increase 
but did block the pressor response to norepine- 
phrine and epinephrine. Thus, PGE release in 
these experiments was apparently not dependent 
on total renal blood flow or perfusion pressure. 

Acetylsalicylic acid and indomethacin blocked 
the PGE response to norepinephrine and epi- 
nephrine but did not affect the pressor response 
suggesting that PGE synthesis rather than the 
release of stored PGE occurs when a-adrenergic 
drugs are administered. Our findings lend sup- 
port to the suggestion that PGE may play a 
physiologic role in the intrarenal vascular ad- 
justments. 

The technical assistance of Mr. Don Anton and Mrs. Elena 
Rim is greatly appreciated. 

I .  Cuthbert, M. F.. The Prostaglandins, p. 232. J. B. 
Lippincott Co., Philadelphia. PA ( 1973). 

2.  Daniels, E. G. ,  Hinman, J .  W. ,  Leach, B. E., and 
Muirhead, E. E. ,  Nature (London) 215, 1298 (1967). 

3. Lonigro, A. J . .  Terragno, N. A., Malik, K .  U., and 
McGiff. J. G . .  Prostaglandins 3, 595 (1973). 

4. Dunham, E. W . ,  and Zimmerman, B. G. ,  Amer. J. 
Physiol. 219, 1279 (1970). 

5 .  Davis, H. ,  and Horton, E. W . ,  Brit. J. Pharmacol. 
46, 658 (1972). 

6. Terragno, N .  A. ,  Crowshaw, K. ,  Malik, K. U., 
Lonigro, A. J . ,  and McGiff. J .  G . ,  Fed. Proc. 30, 486 
(1970). 

7. Jubiz, W. ,  Frailey, J . .  Child. C. .  and Bartholomew. 
K., Prostaglandins 2, 47 1 ( 1972). 

8. Pomeranz, B. H. .  Birtch, A. G.. and Barger, A. C., 
Amer. J. Physiol. 215, 1067 (1968). 

9. Takeguchi, C . ,  Kohno, E. ,  and Sih, C. J. ,  
Biochemistry 10, 2372 (197 1). 

10. Crowshaw, K . ,  Prostaglandins 3, 607 (1973). 

Received March 4, 1974. P.S.E.B.M., 1974, Vol. 147. 


