
RENAL PROSTAGLANDINS 

AND 

RELATED CLINICAL DISORDERS 

Internal Medicine Grand Rounds 

Parkland Memorial Hospital 

September I, 1977 

Juha P. Kokko, M.D., Ph.D. 



I. HISTORI CAL INTRODUCTION 

Prostaglandins are a ubiquitous group of unsa turated fatty ac ids wi th 
widel y varyi ng phys iological effects. Kurzrok and Lieb (I) while work ing with 
artificial inseminat ion in 1930 noted that when semen was in jected into the uter ine 
cavity that it often was expelled promptly. They subsequent ly extended th is 
observation by conducting in vitro experiments and noting that semen may cause 
either contrac tion or relaxation of a uterine str ip. Though in retrospect t hey 
probably were describing the effects of prostaglandins, their conclusions were sim ply 
that certain types of sterility may be due to an unknown factor in the semen. 
Subsequently in 1933 Goldblatt (2) and in 1934 von Euler (3) isolated then an 
unknown "active principle" from the prostate secretions of adult males as well as 
from seminal vesicle fluid of sheep. von Euler (3) further gave a detailed account of 
his methods, and based on his extraction techniques, he concluded he was exam ining 
a fatty acid which was "not previously identified with something already known in 
chemistry" (as translated from ref. 3). In 1935 von Euler (4) coined the act ive 
principle as "vesiglandin". In a further article in 1936 he coined the term 
"prostaglandin", and noted that it was a potent vasodilator (5). Though von Eu ler's 
group continued with some physiological studies with the prostaglandins, the modern 
era of prostaglandins did not start until the early 1960's. In 1960 Bergstrom and 
Sjovall elucidated the exact chemical structure of both prostaglandin F (6) and E (7) 
and subsequently in 1962 they described the prostaglandins PGF 

1 
and PGF

2 
(8). It is 

about this time also that the American literature started appreciating potent ial 
physiological rol e of prostaglandins with Lee and co-workers description that 
extracts from rabbit renal medulla can cause sustained vasodepressor effects in rats 
(9). Since this time there has been a great explosion in the number of papers 
published in the field of prostaglandins as evidenced by a journal, Prostaglandins, 
which is devoted solely to prostaglandin research. 

II. BIOCHEMICAL SYNTHESIS AND METABOLISM 

Figure I sc hematically summarizes the renal synthesis and degradation of 
prostaglandins, while Figure 2 represents the chemical structure and nomenclature 
of the var ious prostaglandins . 

. Prostaglandins are biosynthesized from arachidonic acid. The rate limiting 
step in the biosynthesis of prostaglandins is the conversion of the phospholipids to 
arachidonic acid as regulated by the activity of phospholipase A-,. It appears that 
the conversion of phospholipid to arachidonic acid is stimulafed by bradykinin, 
angiotensin II, antidiuretic hormone, (10) and high tissue p0

2 
levels (II). If 

arachidonic acid is injected into the renal artery, it is rap1dly converted by 
cyclooxygenase first to cyclic endoperoxidases (PGG., and PGH.,). This step is 
inhibited by various agents including aspirin, indome'thacin, metlofenamate, and 
g lucocorticoids. The prostaglandins S and f-2 are unstable intermediates which in 
turn are rapidly converted into one of three identified products: PGE., (via 
isomerase) PG~ or prostacycline (via prostacycline synthetase) or thromboxa~e (via 
thromboxane synthetase). PG~ in turn may be converted to PGF by 9-keto
reductase or to metabolites PG (by 11-dehydrase) or to IS keto-PG~a(,by 15-0 H
PG dehydrogenase). Ethacrynic cid or furosemide might increase P~ levels by 
inhibit ing 15-0H-PGDH (12). · 
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Figure I. Renal synthesis and degradation of prostaglandins. 
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NOMENCLATURE OF PROSTAGLANDINS 
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(subscript number refers to number of double bonds) 
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Figure 2. Nomenclature of prostaglandin. 2 A depicts the significance of the subscript number; 28 
demonstrates the difference between a and ll compounds; 2 C includes the structure of the major 
biologically active prostaglandins. 
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The basic site of prostaglandin synthesis in the kidney is the medulla. 
Prostaglandin synthetase has been identified predominantly in the medullary 
interstitial cel ls and medullary collecting duct cells (13). On the other hand, 
enzymes responsible for degradation of prostaglandins are primarily located in the 
renal cortex with prostaglandin dehydrogenase being identified in the epithelium of 
medullary thick ascending limb of Henle and distal convoluted tubule (14). 

Ill. PHYSIOLOGICAL EFFECTS OF PROSTAGLANDINS 

There exists at least three different renal effects of prostaglandins: effect 
on water transport, on salt transport and on blood flow. 

A. Water Transport 

The effects of prostaglandins on water transport have been 
examined across the toad bladder (a model for human collecting duct), in vitro 
perfused rabbit collecting ducts, and whole animal clearance studies. 

The toad bladder studies have shown that PGE 1 has minimal,if any, effect 
on water flow per se but it does inhibit the hydro-osmotic effect of antidiuretic 
hormone ( IS-17). The molecular mechanism by which PGE inhibits water 
permeability effects of ADH have not been definitely worked ou~ but it probably 
interferes with the effective binding of ADH to the receptor since PGE has no 
effect on cyclic AMP induced water flow (IS, 16). 

Simi lor conclusions have been reached with the in vitro perfused isolated 
tubule. When Grantham and Orloff ( 18) added PGE 1 to the bathing medium of 
isolated rabbit col lecting tubules, _they noted that PGE 1 reduced ADH induce? water 
movement by SO%. They also failed to see any effeet of PGE on cAMP mduced 
water flows (18). Thus the results in the toad bladder and i!olated mammalian 
collecting duct are _quite similar. 

The in vitro studies have been recently extended to in vivo conditions both 
in animals and man. Initial studies were conducted on anesthesized animals with 
intrarenal infusion of prostaglandins ( 19-2 I). These studies noted an increase in 
water excretion when prostaglandins were administered. However, the conclusions 
were open to alternative interpretations in view of the known hemodynamic effects 
of prostaglandins. However, Zins (22) has recently shown that prostaglandin 
inhibitors do not effect renal blood flow of conscious dogs. In view of this, Anderson 
et al (23) examined water excretion in hypophysectomized conscious dogs given a 
known amount of exogenous ADH. They were able to show that free water 
reabsorption was enhanced when prostaglandin synthesis was inhibited. These 
studies have been further extended by recent studies together with Frolich (24) 
where it was shown in patients with lithium induced diabetes insipidus that water 
excretion can be affected by indomethacin independent of variations in serum levels 
of ADH. It, therefore, appears that in human as well as in animals, endogenous 
prostaglandins are important in vivo modulators of the kidney's response to ADH. 
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B. Sodium Transport 

The effect of prostaglandin on sodium excretion are more 
controversial than their effect on water metabolism even though there is general 
agreement that when prostaglandins are infused into rena l artery of anesthes ized 
dogs that there is prompt natriuresis ( 19, 2 I, 25-2 7). Similarly, when 
prostaglandin A1 is infused intravenously into conscious man there is a significant 
increase in sodium excretion (28, 29). However, all of these findings may be 
secondary to hemodynamic effects known to occur with pharmacologic doses of 
prostaglandins since previous studies have shown that infusions of var iety of 
vasodilating agents into renal circulation causes an increase in sodium excretion 
(2 I). 

The controversy in regard to sodium excretion and prostaglandins arises 
from use of inhibitors of prostaglandin synthesis. A number of studies have actually 
shown a slight increase in sodium excretion with mec lofenamate in both the 
conscious (30) and anesthesized (31) dog. These studies, however, were conducted 
during water diuresis and baseline low sodium excretion. Tannenbaum, et al (32) on 
the other hand have infused arachidonic acid intrarenally and have noted ipsilateral 
natriuresis without changes in renal blood flow or glomerular filtration rate. These 
studies would support the concept that prostaglandins inhibit sodium reabsorpt ion as 
would the recent clinical observations (to be discussed later) which demonstrate that 
sodium excretion can be decreased with indomethacin in patients with Bartter's 
Syndrome. 

The most convincing demonstration that PGE,., affects renal sodium trans
port directl y is the recent in vitro studies which reveafed that sodium transport was 
directly inhibited by PGEZ across the cortical and outer medullary collecting t ubu les 
(3). This effect · was rapid, reversible and dose dependent. Thus, decreased 
concentrations of prostaglandin would be associated with increased sodium reab
sorption. In agreement with these in vitro studies are the studies of Ganguli, et al 
(34). They treated rats with indomethacin and noted that papillary sodium 
concentration (in part a reflection of sodium transport across the collecting duct) 
was twice as high as in similarly prepared control "non-indomethacin" rats. Thus, in 
aggregate, it is my personal feeling that the various published and unpublished 
studies constitute strong evidence to suggest that PGE,., directly inhibits sodium 
transport across the collecting duct system. Further stud'ies are needed to examine 
whether various prostaglandins affect salt transport across other nephron segments. 

C. Prostaglandins and Renal Hemodynamics 

The majority of evidence supports the concept that prosta
glandins increase renal blood flow by vasodilating its vascular bed. These 
conclusions have been reached with intrarenal infusions of either_ prostaglandin A or 
E series (21, 25-27, 35-38). Also high doses of intrarenally administered arach idonic 
acid increases renal blood flow (32). Further studies with radiolabelled microspheres 
have noted that there is a disproportionately greater increase in the juxtamedullary 
blood flow as compared to the superficial cortical blood flow (39-42). Furthermore, 
there is an increase in renal venous prostaglandin like material with various 
maneuvers which normally decrease renal blood flow (43-48). 
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Somewhat contrary to the above summarized studies are those observations 
when indomethacin has not been shown to decrease renal blood flow in conscious dogs 
(22, 30). However, it is quite possible that the noncompetitive inhibitors of 
prostaglandins may themselves have effects on the renal hemodynamics which would 
obscure the effects of changing prostaglandin levels. 

IV. CLINICAL DISORDERS INVOLVING PROSTAGLANDINS 

A. Bartter's Syndrome 

Bartter's Syndrome is a clinical disorder characterized by 
hypokalemic al~alosis, elevated serum renin and aldosterone levels but with normal 
or low blood pressure. Under normal circumstances these patients are resistant to 
pressor doses of Angiotensin II, and they require prolonged and severe salt re
striction to form sodium-free urine. Thus these patients have "relative salt wasting" 
(50) and, therefore, are in a chronic volume and salt depleted state. 

A number of theories have evolved in regard to the pathogenesis of this 
syndrome. The two principle ones are the primary vascular defect to the 
vasopressor action of angiotensin or primary renal salt wasting leading to decreased 
response to angiotensin either due to volume contraction per se or to the associated 
potassium depletion which occurs with increased natriuresis. However, neither of 
these two theories have been entirely satisfactory. 

Recently three groups have independently reported successful correction of 
the metabolic defects in Bartter's Syndrome with the use of indomethacin (51-53). 
In addition, Frolich, working with Gill, et al (53) measured urinary PGE.., by gas 
chromatograph mass spectrometer-computer system in patients with 'Bartter's 
Syndrome both with and without inhibition of prostaglandin synthesis. In six patients 
there was a definite elevation in urinary PG~ in patients with Bartter's Syndrome 
which was decreased with indomethacin. In addition, plasma renin activity and 
urinary aldosterone were decreased from the elevated control values. All of these 
findings were associated with a correction towards normal in potassium balance, 
sodium balance and body weight. Also, the pressor dose of angiotensin was 
normalized by indomethacin and by ibuprofen (53). Thus these findings suggest

1 
that _ 

the primary event in Bartter's Syndrome may be the overproduction of PGEz and 
that the metabolic consequences of the overproduction of PGEz may be reversed by 
inhibitors of prostaglandin synthesis. Whether this mode of therapy wi II prove to be 
effective or chronic basis has not been established. Flory, et al (54) have a recent 
abstract suggesting that two patients with Bartter's Syndrome "escaped" the 
beneficial effect of indomethacin after two months of therapy. 

B. Syndrome of Inappropriate ADH Secretion (SIADH) 

The characteristic clinical features of the syndrome of in
appropriate ·secretion of antidiuretic hormone result from unusually high rates of 
water retention at a time when serum osmolality is low. The salient findings of the 
SIADH are: I) decreased serum sodium concentration (with associated decreased 
serum osmolality); 2) urine osmolality which is higher than the plasma osmolality; 

1
1t is quite possible that the overproduction of PGE in turn may be secondary to sane 

other primary stimulus. 
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and 3) inappropriately high urinary excretion of sodium when the patient is allowed 
free access to salt and water. A number of hypotheses have been put forth to 
explain the natriuresis associated with SIADH. However, none of these have been 
satisfactory. 

Recent studies (10) have demonstrated that arginine vasopressin increases 
biosynthesis of PGE in toad bladders. The biosynthesis of PGE was inhibited by 
phospho lipase inhibitors. In addition they were able to show that ADH released 
arachidonic acid from the intracellular lipid stores without affecting the conversion 
of arachidonic acid to PGE. 

It, theyefore, is possible that some of the natriuretic responses of ADH 
might be mediated by prostaglandins. Supportive of this are the recent studies of 
Fejis-Toth, et al (55) who noted first that administration of ADH to conscious dogs 
caused antidiuresis and natriuresis while inhibition of prostaglandin synthesis 
abolished the natriuresis. These studies therefore suggest that the natriuresis of 
SIADH probably is, in part, mediated by prostaglandins. 

C. Renal Artery Stenosis 

It is wel l appreciated that acute renal artery stenosis leads to 
contralateral polyuria. The mechanism of this has been variously attributed to 
inhibition of ADH release, development of hypertension, or changes in renal 
hemodynamics. None of these postulated mechanisms have proven to be 
satisfactory. 

The recent studies of Galvez, et al (56) have advanced our knowledge sig
nificantly in regard to the mechanism of contralateral polyuria after renal artery 
stenosis. In a control group of dogs with left renal artery stenosis they noted an 
increase in blood pressure, decrease in urine osmolality, increase in free water 
clearance, increase urinary sodium, and increase in plasma renin. Same directional 
changes were noted if blood pressure rise was prevented with simultaneous infusion 
of Arfonad. Thus it was concluded that blood pressure rise could not account for 
polyuria. However, Saralasin (competitive inhibitor of Angiotensin II) when infused 
on top of renal artery stenosis, decreased the previous contralateral polyuria to 
control levels. It, therefore, was concluded that angiotensin somehow mediated the 
polyuria. That the polyuria was not a conseqeunce of angiotensin inhibiting 
angiotensin release was evidenced in a group of experiments when polyuria occurred 
in hypophysectomized animals. If animals were first treated with indomethacin and 
then underwent renal artery stenosis, they still became hypertensive but now were 
without polyuria. These findings in connection with the recent demonstration that 
Angiotensin II stimulates the formation of PGE by increasing the release of 
arachidonic acid, suggest that the contralateral polyuria after renal stenosis is 
mediated by the following cascade of events. Renal artery stenosis+ increased 
Angiotensin II + increased PGE + inhibition of water permeability of the collecting 
duct. This set of events may be applicable only in acute states (56) since decreased 
PGE synthesis have been noted in rats with chronic renal artery stenosis (57, 58) and 
hyponatremia is frequently seen in patients with high renin hypertension (59). 
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D. Post Obstructive Diuresis 

It is now well accepted that chronic hydronephrosis is 
associated with renal vasoconstriction and an increase in fract ional sodi um 
excretion. Also, it is well known that post obstructive natr iuresis is not uncommon. 
With this background, Nishikewa, Morrison and Needleman (60) examined in rabbits 
whether elevation in PGE might occur in hydronephrosis as a protective mechanism 
to overcome the dec·rease in renal blood flow and as an explanation for the decrease 
in fractional sodium reabsorption. They chose to measure the release of PGE in 
response to various stimuli as an index of prostagland in synthesis in hydronephrotic 
kidneys (ureteral ligation) as compared to the counterlateral control kidneys. They 
chose AngioteQ..sin II, bradykinin and norepinephrine as st imuli for prostaglandin 
synthesis. In each case there was an exaggerated response in the hydronephrotic 
kidney to the given stimulus. They also infused arachidon ic acid intrarenally using 
this same model. In this instance there was no difference in the PGE synthesized in 
the hydronephrotic kidney and contralateral control. These studies suggested to 
them there was no increase in cyclo-oxygenase activity in the hydronephrotic kidney 
but rather the enhanced release of PGE with ureteral I igat ion represents 
exaggerated biosynthesis of PGE. Whether these findings can be extrapolated into 
the human remains to be elucidated. Certainly other addit iona l factors also 
contribute to the decreased sodium reabsorption in the obstructed and post 
obstructed models as was reviewed by Dr. Jim Gross in the Medical Grand rounds 
given at UTHSC in 1976. 

E. Volume Expansion 

Acute volume expansion is associated with natriuresis. Since 
deWardener, et al (61) postulated the existence of natriuretic hormone, there has 
been an intensive ·search for the identity or the very existence of the natriuretic 
substance. It now appears that the volume expansion natriuresis occurs independent 
of changes in glomerular filtration rate or changes in circu lating mineralocorticoid 
activity. Since prostaglandins have been shown to affect sodium transport across 
the toad bladder and in the kidney, a number of studies have evaluated its possible 
role in natriuresis of volume expansion. 

Two studies on anesthetized rats have now shown that the degree of 
natriuresis of acute volume expansion with sodium (10% of total body weight) can be 
significantly blunted by pretreating the animals with oral doses of indomethacin 
(62, 63). Indomethacin pretreatment had no effect on GFR in these studies. These 
authors interpreted their findings to suggest that prostaglandins are involved in the 
natriuresis of acute volume expansion (62, 63). However, the studies of Bohon and 
Wernor (64) and those of Kirschenbaum and Stein (65) foiled to confirm these 
studies. However, the latter studies were conducted in anesthetized dogs. They 
were also examined after volume expansion either without PG synthesis inhibitor or 
with pretreatment of dogs with either meclofenamate or indomethacin. In neither 
study was there a significant difference in the natriuresis of acute volume expansion 
whether the dogs did or did not have prostaglandin synthetase inhibitors. Though the 
data ore presently meager, it is felt that the evidence is not convincing that 
prostaglandin per se is the elusive natriuretic hormone. 
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F. Preeclampsia 

Normal pregnancy is not associated with elevations of blood 
pressure even though it is characterized by significantly elevated renin and angio
tensin values when compared to nonpregnant women (66-78). Also, the 
nonhypertensive pregnant women are quite resista nt to the pressor effects of All 
(77-80) while those women who develop pregnancy-induced hypertension lose the ir 
resistance and become pressor sensitive to infused doses of All (76, 77, 80, 81 ). Gant 
and associates (75) have extended these observations and shown that development of 
pregnancy induced hypertension can be predicted as early as 26 weeks of pregnancy 
by noting that the hypertensive-to-be women required signi f icantly lower dose of All 
to observe a g(¥en pressor response as compared to that group of women who 
remained normotensive throughout their pregnancy. This is espec ially important 
since these findings occurred before the clinical signs of preec lampsia. This 
apparent unresponsiveness of the blood pressure to angiotensin could either be cue to 
a decrease in effective circulatory volume or some type of vascular 
unresponsiveness to angiotensin II. That the apparent unresponsiveness to All in 
normal pregnant women is not due to volume deficit was shown in those sets of 
studies where either 5% NaCI solution was infused to normal pregnant women near 
term (76) or high hematocrit blood was infused to pregnant patients with various 
types of anem ia (SS, SC or 5-B-Thai disease) (77). In both cases there was a rapid 
volume expansion, however, there was no change in dose of All required to elicit a 
pressor response. These studies are convincing demonstrations that decreased 
circulatory volume is not responsible for decreased response to All and suggest that 
there is some type of arteriolar hyporesponsiveness to All. 

Insight into the possible mechanism of All unresponsiveness may be 
obtained from a recent series of studies examining factors controlling uteroplacental 
blood flow. Studies have shown that the uteroplacenta unit is a rich source of 
prostaglandins (82-84). Further the studies of Venuto, et al (85) have shown that 
prostaglandin inhibition is associated with a significant fall in uterine blood flow in a 
pregnant rabbit. Thus, these studies suggest that the prostagland ins may have a 
central role in regulating th e uteroplacental blood flow during pregnancy (85). This 
conclusion is further strengthened by the recent observation where placental PGE 
from preeclamptic women was much lower than from control normotensive women 
(86). Using this observation, and the recent report that indomethacin increases 
blood pressure of a pregnant rabbit while having no effect on blood pressure of 
nonpregnant rabbit (87) suggests that renin angiotensin may be elevated in pregnancy 
as a compensatory phenomena to antagonize the vasodi Ia tory effects of 
prostaglandins. 

G. Pre-renal Azotemia 

Under normal circumstances the kidney can effectively regulate 
its blood flow. The mechanism of this autoregulation is poorly understood. 
However, there is a significant body of literature which can be interpreted to 
suggest that prostaglandins might play a role. Thus, during ischemic circumstances 
it can be argued that renal prostaglandins are increased as a protective mechanism 
to increase blood flow by renal vasodilitation. In fact, to support this hypothesis is a 
recent abstract by Zipser, et al (88) where they noted marked deterioration of renal 
function in a group of patients with cirrhosis after they were given indomethacin. 
The creatine clearance fell from 73+10 to 32+7 cc/min in association with a 
decrease in urinary PGE from 3.3+0.5 "iJg/d to 0.8""+0.4 11g/d. We have seen similar 
cases at Parkland Memorial Hospital. From these preliminary observations we 
should conclude that extreme caution should be exercised if prostaglandin synthetase 
inhibitors are used in patients with prerenal azotemia. 



/10/ 

REFERENCES 

I. Kurzrok, R., and C.C. Lieb. 1930. Biochemical studies of human semen. 
Proc. Soc. Exp. Bioi. Med. 28:268-278. 

2. Goldblatt, M.W. 1933. Depressor substance in seminal fluid. Chem. Ind. 
S2:1056-1057. 

3. Euler, U.S. von. 1934. Zur Kenntnis der pharmakologischen Wirkungen von 
Nativsekreten und Extrakten m"6nnlicher accessorischer Geschlechtsdrusen. 
Arch. J::xp. Pathol. Pharmakol. 175:78-89. 

4. Euler, U.S: von. 1935. A depressor substance in the vesicular gland. I:_ 
Phys iol. 84:21-22. 

5. Euler, U.S. von. 1936. On the specific vasodilating and plain muscle stimulat
ing substances from accessory genital glands in man and certain animals 
(prostaglandin and_vesiglandin). J. Physiol. 88:213-234. 

6. Bergstrom, S., and J. Sji:ivall. 1960. The isolation of prostaglandin F from 
sheep prostate gland. Acta. Chem. Scand. 14:1693-1700. 

7. Bergstrom, S., and J. Sjovall. 1960. The isolation of prostaglandin E from 
sheep prostate gland. Acta. Chem. Scand. 14:1701-1705. 

8. Bergstrom, S., R. Ryhage, B. Samuelsson, and J. Sjovall. 1962. The structure 
of prostaglandin E, F1 and F2 . Acta Chem. Scand. 16:501-528. 

9. Lee, J.B., R.B. Hickler, C.A. Saravis, and G.W. Thorn. 1962. Sustained de
pressor effects of renomedullary extracts. Circulation 26:74 7-748. 

10. Zusman, R.M;, and H.R. Keiser. 1976. Prostaglandin (PG) Ez biosynthesis by 
rabbit renomedullary interstitial cells (RIC) in tissue culture: Stimulation by 
angiotensin All, bradykinin, and arginine vasopressin. Am. Soc. Neph. 9:89 
(Abstract). 

II. DeRubertis, F.R., T.V. Zenser, P.A. Craven, and B.B. Davis. 1976. 
Modulation of the cAMP content of rat inner medulla by oxygen: Possible role 
of local prostaglandins. J. Clin. Invest. 58:1370-1378. 

12. Paulsrud, J.R., and O.N. Miller. 1974. Inhibition of 15-0H prostaglandin 
dehydrogenase by several diuretic drugs. Fed. Proc. 33:590 (Abstract). 

13. Janszen, F.H.A., and D.H. Nagteren. 1971. Histochemical localization of 
prostaglandin synthetase. Histochemice 27:159-164. 

14. Nissen, H.M., and H. Andersen. 1968. On the localization of a prostaglandin
dehydrogenase activity in the kidney. Histochemie. 14:189-200. 

15. Lipson, L.D., and G.W. Sharp. 1971. Effect of prostaglandin E1 on sodium 
transport and osmotic water flow in toad bladder. Am. J. Physiol. 220:1 046-
1052. 



I II I 

16. Orloff, J., J.S. Handler, and S. Berkstrom. 1965. Effect of prostaglandin 
(PGE 1) on the permeability response of toad bladder to vasopressin, theo
phylline and adenosine 3',5'-monophosphate. Nature (Lond). 205:397-398. 

17. Flores, J., P.A. Witkum, B. Beckman, and G.W.G. Sharp. 1975. Stimulation of 
osmotic water flow in toad l::lladder by prostaglandin E

1
. J. Clin. Invest. 

56:2 56-2 62 . 

18. Grantham, J.J., and J. Orloff. Effect of prostaglandin E
1 

on the permeability 
response of the isolated collecting tubule is vasopressin, adenosine 3',5'-mono
phosphate and theophylline. J. Clin. Invest. 47:1154-1161. 

19. Johnston, H.H., J.P. Herzog, and D.P. Lauler. 1967. Effect of prostaglandin 
E/ on renal hemodynamics, sodium and water excretion. Am. J. Physiol. 
2 3:939-946. 

20. Gross, J.B., and F.C. Bartter. 1973. Effects of prostaglandins E
1
, A

1
, and F

2 on renal handling of salt and water. Am. J. Physiol. 225:218-224. a 

21. Martinez-Maldonado, M., N. Tsaparas, G. Eknoyan, and W.N. Suki. 1972. 
Renal actions of prostaglandins: Comparison with acetylcholine and volume 
expansion. Am. J. Physiol. 222:1147-1152. 

22. Zinns, G.R. 1975. Renal prostaglandins. Am. J. Med. 58:14-24. 

23. Anderson, R.J., T. Berl, K.M. McDonald, and R.W. Schrier. 1975. Evidence of 
an in vivo antagonism between vasopressin and prostaglandins in the 
mammalian ~idney . J. Clin. Invest. 56:420-426. 

24. Frolich, J.C., J.P. Kokko, B.G. Edwards, and S. Fulcher. 1977. Effect of 
inhibition of cyclooxygenase on water metabolism in man. Clin. Res. 25:432A 
(Abstract). 

25. Vander, A.J. 1968. Direct effects of prostaglandin on renal function and renin 
release in anesthetized dog. Am. J. Physiol. 214:218-221. 

26. Gross, J.B., and F.C. Bartter. 1973. Effects of prostaglandins E
1
, A

1
, and F

2 on renal handling of salt and water. Am. J. Physiol. 225:218-224. a 

27. Strandhoy, J.W., C.E. Ott, E.G. Schneider, L.R. Willis, N.P. Beck, B.B. Davis, 
and F.G. Knox. 1974. Effects of prostaglandins EJ and E., on renal sodium 
reabsorption and Starling forces. Am. J. Physiol. 226:10 IS- Jtl2J. 

28.L Lee, J.B., J.C. McGiff, H. Kannegiessir, Y. Y. Aykent, J.G. ·Mudd, and T.F. 
Frawley. 1971. Antihypertensive renal effects of prostaglandin A 

1 
in patients 

with essential hypertension. Ann. Intern. Med. 74:703-710. 

29. Fichman, M.P., G. Littenburg, G. Brooker, and R. Horton. 1972. Effect of 
prostaglandin A1 on renal and adrenal function in man. Circ. Res. 30,31 
(suppl II): 19-3 5. 



/ 12 / 

30. Kirschenbaum, M.A., and J .H. Stein. 1976. The effect of inhibition of prosta
glandin synthesis on urinary sodium excretion in conscious dogs. J. Clin. 
Invest. 57:517-521. 

31. Gill, J.R., R.W. Alexander, P.V. Halushka, J.J. Pisano, and H.R. Keiser. 1975. 
Indomethacin inhibits distal sodium reabsorption in the dog. Clin. Res. 23 :43 I 
(Abstract). 

32. Tannenbaum, J., J.A. Splawinski, J.A. Oates, and A.S. Nies. 1975. Enhanced 
renal prostaglandin production in the dog: I. Effect an renal function. Circ. 
Res. 36:197-203. 

33. Stokes, J.B., and J.P. Kokko. 1977. Inhibition of sodium transport by prosta
glandin E., across the isolated, perfused rabbit collecting tubule. J. Clin. 
Invest. 5~:1099-1104. 

34. Gangali, M., L. Tobian, S. Azar, and M. O'Donnel. 1977. Evidence that prosta
glandin synthesis inhibitors increase the concentration of sodium and chloride 
in rat renal medulla. Circ. Res. 40 (suppl 1):135-139. 

35. Carr, A.A. 1970. Hemodynamic and renal effects of a prostaglandin, PGA
1
, in 

subjects with essential hypertension. Am. J. Med. Sci. 259:2 1-26. 

36. Johnston, H.H., J.P. Herzog, and D.P. l_auler. 1968. Effect of prostaglandin 
E/ on renal hemodynamics, sodium and water excretion. Am. J. Physiol. 
2 3:93 9-946. 

37. Berl, T., and R.W. Schrier. 1973. Mechanism of effect of prostaglandin E
1 

on 
renal water excretion. J. Clin. Invest. 52:463-4 71. 

38. Murphy, G.P., V.E. Hesse, J.L. Evers, G. Hobika, J.W. Mostert, A. Szolnoky, R. 
Schoovees, J. Abramcyk, and J. T. Grace. 1970. The renal and cardiovascular 
effects of prostaglandins in renal ischemia. J. Surg. Res. 10:533-541. 

39. ltskovitz, H.D., N.A. Terrango, and J.C. McGiff. 1974. Effect of a renal 
prostaglandin on distribution of blood flow in the isolated canine kidney. Circ. 
Res. 344:770-776. --

40. Larsson, C., and E. Angaard. 1974. Increased juxtamedullary blood flow on 

41. 

st imulation of intrarenal prostaglandin biosynthesis. Eur. J. Pharmacal. 
25:326-334. 

Chang, L.C., J.A. Splawinski, J.A. Oates, and A.S. Nies. 1975. 
renal prostaglandin production in the dog: II. Effect on 
hemodynamics. Circ. Res. 36:204-207. 

Enhanced 
intrarenal 

42. White, N., M.A. Kirschenbaum, J.H. Stein, and T.F. Ferris. 1974. Role of 
prostaglandin release on the hemodynamic and natriuretic effect of renal 
vasodilitation. Clin. Res 22:550 (Abstract). 



/1 3/ 

43. McGiff, J .C., K. Crawshaw, N.A. Terragno, K.U. Malik, and A.J . Lonigro. 
1972. Differential effect of noradrenaline and renal nerve stimulat ion on 
vascular resistance in the dog kidney and the release of a prostag landin E- like 
substance. Clin. Sci. 42:223-233. 

44. Needleman, P., A.H. Kariffman, J.R. Douglas, E.M. Johnson, and G.R. 
Marshail. 1973. Specific stimulation and inhibition of rena l prostaglandin 
release by angiotensin analogs. Am. J. Physiol. 224:14 15-1419. 

45. Needleman, P., J.R. Douglas, B. Jakschuk, P.B. Stoecklein, and E.M. Johnson. 
1974. Release of renal prostaglandins by catecholamines: Re lationship to renal 
endocrine"'function. J. Pharmacal. Exp. Ther. 188:453-460. 

46. Needleman, P., G.R. Marshall, and E.M. Johnson. 1974 . Determ inants and 
modification of adrenergic and vasulcar resistance in the ki dney. Am. J. 
Physiol. 227:665-669. 

47. McGiff, J.C., K. Crawshaw, N.A. Terrango, A.J. Lonigro, J.C. Strand, M.A. 
Wi II iamson, J.B. Lee, and K.K. Ng. 1970. Prostaglandin-! ike substances 
appearing in canine renal venous blood during renai ischemia. Circ. Res. 
27:765-782. 

48. Jaffe, B.M., C.W. Parker, G.R. Marshall, and P. Needleman. 1972. Renal 
concentrations of prostaglandin E in acute and chronic renal ischemia. 
Biochem Biophys. Res. Commun. 49:799-805. 

49. Swain, J.A., G.R. Heynkricky, D.H. Boettcher, and S.F. Vatner. 1975. Prosta
glandin control of renal circulation in the unanesthetized dog and baboon. Am. 
J. Physiol. 229:826-830. -

SO. White, M.G. 1972. Bartter's Syndrome. A manifestation of renal tubular 
defects. Arch. Intern. Med. 12 9:4 1-4 7. 

51. Verkerckmoes, R., B. Van Damme, J. Clement, A. Amery, and P. Michielsen. 
1976. Bartter's syndrome with hyperplasia of renomedullary cells: Successful 
treatment with indomethacin. Kidney Int. 9:302 -307. 

52. Fichman, M.P., N. Telfer, P. Zia, P. Speckart, M. Golub, and R. Rude. 1976 • 
. Role of prostaglandins in the pathogenesis of Bartter's syndrome. Am. J. Med. 
60:785-797. 

53. Gill, J.R ., J.C. Frolich, R.E. Bowden, A.A. Taylor, H.R. Keiser, H.W. Seyberth, 
J .A. Oates, and F.C. Bartter. 1976. Bartter's syndrome: A disorder charac
terized by high urinary prostag landins and a dependence of- hyperreninemia on 
prostaglandin synthesis. Am. J. Med. 61:43-51. 

54. Flory, E.D., L. Favre, M.B. Vallotton, and D. Dray. 1977. Treatment of 
Bartter's syndrome. Kidney Int. 12:74 (Abstract). 

55. Fejes-Toth, G., A. Magyar, and J. Walter. 1977. Renal response to vasopressin 
after inhibition of prostaglandin synthesis. Am. J. Physiol. 232:F416-F423. 



il 4/ 

56. Galvez, O.G., B.W. Roberts, M.H. Mishkind, W.H. Bay, and T.F. Ferris. ;977. 
Studies of the mechanism of contralateral polyuria after renal artery stenosis. 
J. C lin. Invest. 59:609-615. 

57. Ishii, M., and L. Tobian. 1969. Interstitial cell granules in renal papilla and 
the solute composition of renal tissue in rats with Goldblatt hypertension. J. 
Lab. Clin. Med. 74:47-52. -

58. Pugsley, D.J., L. Beilin, and R. Pete. 1975. Renal prostaglandin synthes is in 
the Goldblatt hypertensive rat. Circ. Res. I (Suppi.):Bl-88. 

59. Brown, J-:-J ., D.L. Davies, G.F. Lever, and J.I.S. Robertson. 1965. P lasma ren
in concentration in human hypertension. Relationship between renin, sod ium, 
and potassium. Br. Med. J . 2:144-148. 

60. Nishikawa, K., A. Morrison, and P. Needleman. 1970. Exaggerated prosta
glandin biosynthesis and its influence on renal resistance in the isolated hydro
nephrotic rabbit kidney. J. Clin. Invest. 59:1143-1 150. 

61. deWardener, H.E., J.H. Mills, W.F. Clapham, and C.J. Hayter. 1961. Studi es 
on the efferent mechanism of the sodium diuresis which follows the 
administration of intravenous saline in the dog. Clin. Sci . 2 I :249-258. 

62. Dusing, R., B. Melder, and H.J. Kramer. I 976. Prostaglandins and renal 
function in acute extracellular volume expansion. Prostaglandins 12:3-10. 

63. Dusing, R., W.O. Opitz, and H.J. Kramer. I 977. The role of prostaglandins in 
the natriuresis of acutely salt-loaded rats. Nephron 18:212-219. 

64. Baham, L.D., and L.G. Wesson. I 976. Effect of prostaglandin inhibition of 
renal response to volume expansion in dog. Life Sci. 19:1015-1022. 

65. Kirschenbaum, M.A., and J.H. Stein. 1977. The effect of prostaglandin in
hibition on sodium excretion during expansion of the extracellular fluid 
volume. J. Lab. Clin. Med. 90:46-56. 

66. Brown, J.J., D.L. Davies, P.B. Dock, A.F. Lever, and J.I.S. Robertson. 1963. 
Plasma renin in normal pregnancy. Lancet 2:900-901. 

67. Fasciola, J.C., E. DeVito, J.C. Romero, and J.N. Cucchi. 1964. The renin 
content of the blood of humans and dogs under several conditions. Can. Med. 
Assoc. J. 90:206-209, 

68. Pickens, P. T., F.M. Bumpus, A.M. Lloyd, R.R. Smeby, and I.H. Page. I 965. 
Measurement of renin activity in human plasma. Circ. Res. 17:438-448. 

69. Gould, A.B., L. T. Skeggs, and J.R. Kahn. I 966. Measurement of renin and 
substrate concentrat ions in human serum. Lab. Invest. 15:1802-1813. 

70. Brown, J.J., D.L. Davies, P.B. Doak, A.F. Lever, and J.I.S. Robertson. 1966. 
Serial estimation of plasma renin concentration during pregnancy and after 
parturition. J. Endocrine!. 35:3 73-3 78. 



/15/ 

71. Helmer, O.M., and W .E. Judson. 1967. Influence of high renin substrate levels 
on renin-angiotens in system in pregnancy. Am. J. Obstet. Gynecol . 99:9-17. 

n. Massoni, Z.M., R. Sanguinetti, R. Gallegos, and D. Raimondi. 1967. 
Angiotensin blood levels in normal and toxemic pregnancies. Am. J. Obstet. 
Gynecol. 99:313-317. 

73. Boonshaft, B., J .M.B. O'Connell, J.M. Hayes, and G.E. Schreiner. 1968. Serum 
renin activity during normal pregnancy: Effect of alterations of posture and 
sodium intake. J. Clin. Endocrinol. Metab. 28:1641-1644. 

74. Gordon, R..D., S. Parsons, and E.M. Symonds. 1969. A prospective study of 
plasma renin activity in normal and toxaemic pregnancy. Lancet I :34 7-349. 

75. Gant, N.F., G.L. Daley, S. Chand, P.J. Whalley, and P.C. MacDonald. 1973 . A 
study of angiotensin II pressor response throughout primigravid pregnancy. J. 
Clin. Invest. 52:2682-2689. -

76. Gant, N.F., S. Chand, P.J. Whalley, and P.C. MacDonald. 1974. The nature of 
pressor responsiveness to angiotensin II in human pregnancy. Obstet. Gynecol. 
43:854-860. 

77. Cunningham, F.G., K. Cox, and N.F. Gant. 1975. Further observations on the 
nature of pressor responsivity to angiotensin II in human pregnancy. Obstet. 
Gynecol. 46:581-583. ---

78. Everett, R., R. Worley, K. Leveno, P. MacDonald, and N. Gant. 1977. The 
control of vascular reactivity to angiotensin II in human pregnancy. Gynecol. 
Invest . 8:62 (Abstract). 

79. Abdul-Karim, R., and N.S. Assali. 1961. Pressor response to angiotonin in 
pregnant and nonpregnant women. Am. J. Obstet. Gynecol. 82:246-251. 

80. Chesley, L.C. 1966. Vascular reactivity in normal and toxemic pregnancy. 
Clin. Obstet. Gynecol. 9:871-881. 

81. Talledo, O.E., L.C. Chesley, and F.P. Zuspan. 1968. Renin, angiotensin system 
in normal and toxemic pregnancies. Ill. Differential sensitivity to angiotensin II 
and norepinephrine in toxemia of pregnancy. Am. J. Obstet. Gynecol. 
100:218-221. 

82. Pickles, V.R., W.J. Hall, F.A. Best, and G.N. Smith. 1965. Prostaglandins in 
the endometrium and menstrual fluid from normal and dysmenorrheic subjects. 
J. Obstet. Gynecol. Br. Commonw. n:l85-192. 

83. Karim, S.M. 1967. The ident ification of prostaglandin in human umbilical 
cord. Brit. J. Pharmacal. Chemother. 2 9:230-23 7. 

84. Ramwell, P.W., and J.E. Shaw. 1970. Biological significance of the prosta
glandins. Recent Prog. Horm. Res. 26:139-187. 



/16/ 

85. Venuto, R.C., T. O'Dorisio, J.H. Stein, and T.F. Ferris. 1975. Uterine prosta
glandin E secretion and uterine blood flow in the pregnant rabbit. J. Clin. 
Invest . 55:193-197. 

86. Dembers, L.M., and S.G. Gabbe. 1976. Placental prostaglandin levels in pre
eclampsia. Am. J. Obstet. Gynecol. 126:137-139. 

87. Bay, W.H., and T.F. Ferris. 1975. Studies of the circulation during pregnancy. 
Clin. Res. 23:468A (Abstract). 

88. Zipser, R., J. Hoefs, P. Spechart, P. Zia, and R. Horton. 1977. Evidence for a 
critical rote of prostaglandins in renin release, vascular reactivity, and renal 
function in liver disease. Clin. Res. 25:305A (Abstract). 


