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INTRODUCTION

The prostaglandins comprise a fam ily of natura lly  occurring unsatur­

ated cyclic fa tty  acids which have been isolated from such organs as 

the heart, lungs, brain, and kidney and implicated in a varie ty  of 

physiologic e ffec ts . Important effects of prostaglandins of the E 

and A series include th e ir  a b il ity  to decrease vascular resistance by 

d ila tin g  peripheral blood vessels, and thus decreasing systemic arte ­

r ia l blood pressure. In the kidney, prostaglandins cause d ila ta tio n  

of the renal a rte r io le s , increase renal blood flow, and produce a 

natriuresis  and water d iuresis . Previously, i t  has been shown that 

while prostaglandins are released into c ircu la tio n  and are stable in 

c ircu la tin g  blood, they are rapidly metabolized by the l iv e r  and 

lungs. I t  has also been demonstrated that prostaglandins of the A 

series res is t metabolic degradation in the lungs and thus may mediate 

a systemic hypotensive response. Previous work has also shown that 

the infusion of prostaglandin A caused a decrease in to ta l peripheral 

vascular resistance and lowered the blood pressure of patients with 

essential hypertension. These effects were preceeded by an increase 

in  renal blood flow and in urinary excretion of sodium and water.

The blood pressure could have been lowered by the peripheral vasodi­

la to r  e ffec t of the c ircu la ting  prostaglandin, or by the reduction of 

circu la tin g  blood volume accompaning the urinary loss of sodium and 

water, or by a combination of these e ffec ts .

This study looked at the effects  of prostaglandin on blood pressure 

by using drugs that inhib ited prostaglandin synthesis.

1
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The Problem

Because prostaglandins are ubiquitious and th e ir  structure is sus- 

ceptable to rapid metabolism, previous investigators have found the 

determination of basal levels of prostaglandin present in various 

organ systems very d i f f ic u l t .  Also, the question of whether prosta­

glandins function as c ircu la tin g  hormones in the classical sense, or 

are synthesized and act within a p articu la r organ system becomes im­

portant. I f  the prostaglandins are not c ircu lating  hormones, i t  is  

then l ik e ly  that they function as mediators of hormonal action at the 

s ite  where they are produced. I f  prostaglandins are formed in res­

ponse to local stim ulation, acting at the s ite  of synthesis, and are 

then destroyed, the tissue level of prostaglandin becomes the p r i­

m arily important measure and plasma levels secondary.

Previous research has suggested that renal hypertension may be a de­

fic ien cy  disease resulting from the loss of a vasodilator substance, 

possibly prostaglandins which are syntesized in the renal medulla. 

Deficiency of th is  substance in the c ircu la tio n  would resu lt in in ­

creased constriction of the peripheral vessels and lead to higher 

blood pressure.

Its  Significance

This study u tiliz e d  drugs that in h ib it prostaglandin synthesis ac tiv ­

i t y  and attempts to define aspects of the intrarenal function of the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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prostaglandins. I t  represented a single step toward delineating the 

physiology of renal prostaglandins and th e ir  effects on blood pres­

sure.
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REVIEW OF SELECTED LITERATURE

Prostaglandins are implicated in the regulation of blood pressure. 

Their effects  are prim arily  exerted on the kidney and include d ila ta ­

tion of the renal a rte r io le s , increased renal blood flow, n a tr i-  

uresis, and water diuresis (McGiff and Its k o v itz , 1973). Evidence 

has been accumulated indicating that the kidney is capable of not 

only causing an increase in blood pressure but also preventing sus­

tained elevations of blood pressure (Muirhead, 1974). Part of the 

anti hypertensive function of the kidney is due to renal regulation of 

e x trace llu la r f lu id  volume (Guyton, Coleman, Bower, and Granter, 

1970). Other work suggests that a c ircu lating  hormone, possibly a 

prostaglandin, is synthesized by the kidney and functions to lower 

blood pressure (Lee and A tta lla h , 1975).

A radioimmunoassay was used to id en tify  prostaglandin as the fac to r  

mediating saline induced natriuresis (A tta lla h  and Lee, 1973). The 

results of the radioimmunoassay were supported by gas and th in  layer  

chromatography measurments.

Lee and A tta lla h  (1975) reported the effects of prostaglandin A in ­

fusion in patients with essential hypertension. Following infusion  

o f 2.1 to 11.2 micrograms prostaglandin A£ per kilogram of body 

weight to 6 patients, systo lic blood pressure was reduced from 200 to 

140 m illim eters of mercury and d ias to lic  blood pressure was reduced 

from 112 to  85 m illim eters of mercury. Thus a nonmotensive state  was 

acheived by prostaglandin A2 infusion in hypertensive patients and

4
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was associated with normal renal blood flow and normal sodium excre­

t io n . Another group (Lee, Johnson, Smith, and Hatch, 1972) gave a 

0.1 microgram per kilogram infusion of prostaglandin A to 7 patients  

with essential hypertension and fa ile d  to acheive a s ig n ifican t re ­

duction of systemic a rte r ia l blood pressure. These results are of 

p artic u la r in terest because prostaglandin A is not a ltered in the 

pulmonary c ircu la tio n . Because prostaglandin A  ̂ has been shown to 

exert a n a tr iu re tic  e ffec t as well as causing peripheral and renal 

vasodilation, i t  has been proposed as a renal anti hypertensive hor­

mone (Ferre ira  and Vane, 1967).

Other investigators (Zussman, Caldwell, Mulrow, and Speroff, 1973) 

demonstrated that patients with essential hypertension had lower 

plasma concentrations of prostaglandin A than normotensive subjects.

The role of renally  synthesized prostaglandins of the E series in the 

control of systemic blood pressure is also important because prosta­

glandin E is metabolized by the lungs before reaching the a r te r ia l  

c ircu la tio n  (Ferre ira  and Vane, 1967). The work of Vane and McGiff 

(1975) suggested that lo ca lly  synthesized prostaglandin d ire c tly  a f­

fected vascular tone and modulated the response of vascular smooth 

muscle to other vasoactive substances. Thus i t  was proposed that 

prostaglandin E acts lo ca lly  to regulate blood pressure. I f  th is  is 

correct, the need for a prostaglandin to act as a c ircu la tin g  hormone 

is removed.

The a b il i ty  of prostaglandins to mediate blood pressure by influenc­
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ing the renin-angiotensin system has also been studied. The in tra -  

renal infusion of arachidonic acid (a precursor of prostaglandin 

synthesis) has been shown to enhance renal renin production in rab­

b its  (Larsson, Weber, and Angaard, 1974). Indomethacin was used to  

in h ib it  prostaglandin synthesis in one study (Romero, Dunlap, and 

Strong, 1973) where the results reflected a decrease in rabbit plasma 

renin release that was not increased by hemorrhage. In another 

study, i t  was found that indomethacin precipitated malignant hyper­

tension and inhib ited renin release in rabbits (Romero, Strong, 

Torres, O tt, and Knox, 1973). These results suggest that prostaglan­

din may act to stimulate renin release, or some action of indometha­

cin (other than in h ib itin g  prostaglandin synthesis) may supress renin 

a c t iv ity .

Work by Muirhead (1975) also implicates a renomedullary factor in the 

control of blood pressure. Auto- or isotransplants of renomedullary 

tissue placed subcutaneously or in trap erito n ea lly  in dogs, ra ts , and 

rabbits with experimental hypertension were reported to cause a low­

ering of blood pressure to control leve ls , and to maintain normoten- 

sive levels until the transplant was ranoved. When the transplant 

was removed, blood pressure returned to the pre-transplant hyperten­

sive leve ls . The anti hypertensive action of renomedullary tissue  

transplants was e ffec tive  in reducing blood pressure in the following  

models of experimental hypertension: one- and two-kidney renovascular 

hypertension, hypertension induced by corticoids or sa lt-lo ad in g , and 

renoprival hypertension. The mechanism of action by which the reno­

medullary transplants exert th e ir  anti hypertensive effects  is not
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known; however, i t  was suggested that the active substance is syn­

thesized in medullary in te r s t it ia l  ce lls  and stored there in lip id  

granules.

Other research suggests that a prostaglandin deficiency may cause a 

rise  in peripheral resistance and an increase in blood pressure in  

experimental animals. Indomethacin and meclofenamate, known to in­

h ib it prostaglandin biosynthesis, were shown to cause an increase in 

peripheral resistance in the anesthetized dog (Lonigro, Iskowitz, 

Crowshaw and McGiff, 1973), rabbit (Larsson and Angaard, 1973), and 

man (Patak, Mookerjie, Bentzel, Hupert, Babej, and Lee, 1975). A 

p o ss ib ility  that was not resolved in these studies was that the drugs 

had an e ffec t on blood pressure in addition to in h ib iting  prosta­

glandin synthesis. The results of the Rosenthal, Simone, and 

S ilb e rg le it (1974) study provided additional evidence that a prosta­

glandin deficeincy contributes to experimental hypertension. In th is  

study rats were fed a d iet defic ien t of arachidonic acid, and the 

time required fo r development of experimental hypertension in rats  

receiving a high sa lt intake was increased. In contrast, the admin­

is tra tio n  of arachidonic acid to spontaneously hypertensive rats  

caused a decrease in blood pressure (Cohen, Sztokalo, and Hirsch, 

1973). Also, i t  was shown that prostaglandin E synthesis in the 

renal medulla of Goldblatt hypertensive rats is decreased (Pugsley, 

Beilen, and Peto, 1975). Unfortunately, i t  is d i f f ic u lt  to resolve 

these findings supporting the position that a prostaglandin d e fi­

ciency contributes to the development of experimental renal hyperten­

sion with those of Malik and McGiff (1975) who observed an increase

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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in  blood pressure in rats following infusion of prostaglandin E.

Thus the question of whether renal prostaglandin deficiency is hyper- 

or hypotensive in the rat remains open.
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DESIGN AND METHODOLOGY

Data Collection

Experimental Procedure

The re la tiv e  a b il ity  of indomethacin, ibuprofen, and flubiprofen to 

in h ib it rat renal prostaglandin synthetase a c tiv ity  was assessed. In 

each experiment, 16 Upjohn TUC (S.D. spf) female rats weighing at 

least 250 grains were used. Four rats served as placebo controls re­

ceiving 0.1 m i l l i l i t e r s  per 100 grams of body 'weight of Upjohn 

S te r ile  Vehicle #122. In the experimental group, 12 rats received 1 

m illigram  per kilogram of the test drug suspended in Upjohn S te rile  

Vehicle #122. Test drugs were administered e ither in trap erito n ea lly  

or subcutaneously. At 1, 4, and 8 hours a fte r dosing, three rats 

were sacrificed and the percent in h ib ition  of renal prostaglandin 

synthesis a c tiv ity  was measured.

The dosage of each test drug was increased to 3 milligrams per k ilo ­

gram and the experiment was repeated. Due to the low in h ib itio n  o f 

prostaglandin synthesis a c tiv ity  precipitated by ibuprofen, the ex­

periment was repeated using a dosage of 10 milligrams per kilogram.

The effects of indomethacin on blood pressure in the 2 kidney 1 c lip

9
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Goldblatt rat were also measured. In th is  experiment 6 rats received 

placebo fo r  4 weeks, 7 rats were treated with indomethacin fo r 1 

week, and 8 rats were treated with indomethacin fo r 4 weeks. Indo­

methacin was suspended in Upjohn S te rile  Vehicle #122 and given in ­

trap e rito n e a lly  twice d a ily  in a dosage of 1 m illigram  per kilogram. 

Rats in the placebo group received a dosage of 0.1 m i l l i l i t e r  per 100 

grams of body weight of Upjohn S te r ile  Vehicle #122 twice d a ily . The 

rats mean a r te r ia l blood pressure and weight were recorded on days 6, 

8, 13, 15, 18, 20, 22, and 25 of the study. At the end of the study 

period outlined above, the rats were sacrificed and renal prosta­

glandin synthetase a c tiv ity  was measured.

Experimental Model fo r Renal Hypertension

A m odification of the Goldblatt procedure (G o ldb la tt, Lynch, Hanzal, 

and Sumnerville, 1934) was used to produce persistent elevation of 

systo lic  blood pressure.

Renal artery  clips were manufactured from fin e  s ilv e r  ribbon stock 

0.005 inch th ick . The ribbon was cut into 2 by 6 m illim eter s tr ip s . 

One edge of the s trip  was bent perpendicular (< 1 m illim eter) along 

the 2 m illim eter end and the remainder of the s trip  was formed into a 

"U" shape by bending i t  around a s ty le t w ire. The small bent end 

could then be grasped with forceps to f a c i l i ta te  application of the 

c lip  to the le f t  renal artery .
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Rats (Upjohn TUC (S.D. spf) > 250 grams, female ra ts ) which had pre­

viously undergone surgical preparation fo r d irect blood pressure 

monitoring described as follows were placed under methoxyflurane 

anesthesia to insert the renal artery c lip .  A lumbar flank incision  

was made. The kidney was located and brought out gently through the 

incision toward the abdomen exposing the renal pedicle. The renal

artery  was isolated and the c lip  applied.

Blood Pressure Measurement

The rats ' (Upjohn TUC (S.D. spf) 250 gram female rats) a r te r ia l blood 

pressure was monitored d ire c tly  using an indwelling abdominal ao rtic  

cannula implanted surgically  (Weeks and Jones, 1960). The cannula 

were manufactured by heat welding two lengths of polyethylene tub­

ing— 100 m illim eters of PE 10 and 160 m illim eters of PE 20—together. 

Three ridges were formed 35 m illim eters from the d ista l end of the PE 

20 section spaced 7 to 9 m illim eters apart. Two additional ridges 

were made in the PE 20 section beginning 1 to 2 m illim eters away from 

the weld and spaced 2 to 3 m illim eters apart. The cannula were shap­

ed into an elongated "U" and a 180 degree coil was made at the base,

next to the weld, to accomodate the movements of the ra t.

During the surgical procedure, the rats were anesthetized with meth­

oxyfl urane and the cannula were implanted using a midline abdominal

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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in c is io n . The skin and muscle layers were retracted to expose the 

abdominal aorta extending from the renal artery caudad to the i l ia c  

b ifu rca tio n . A trocar that accomodated the PE 20 end of the cannula 

was used to secure the cannula in the ra t by f i r s t  passing through 

the psoas muscle on the le f t  side then advancing cephalad subcuta­

neously along the back to f in a l ly  ex it through the skin between the 

ears. The cannula was anchored with one suture taken in the psoas 

muscle and tied  between the two ridges made near the c o il. The PE 10 

end of the cannula was cut on a bevel at the midpoint between the 

iliolum bar and renal vessels. The cannula was flushed with normal 

saline and the t ip  incerted into the aorta through a puncture made in 

the vessel wall above the i l ia c  b ifu rcatio n . To confirm that the 

cannula was open, the cannula was flushed with saline and aortic  

pulse pressure was measured with a Statham P 23 pressure transducer 

connected to a Grass Model 5 Polygraph. The abdominal musculature 

was closed with 4-0 chromic gut sutures and the skin closed with 

autoclips. The external end of the cannula was anchored to the skin 

with one autoclip , trimned as necessary, and the open end plugged 

with 21 gauge s ty le t w ire. Each rat received a prophylactic dose of

10,000 units p e n ic illin  given in trap erito n ea lly .
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Measurment of Prostaglandin 

Tissue Sample Collection

The rats were sacrificed via cervical separation and both kidneys re­

moved. The renal cortex was trimned away and discarded; the medulla 

was allowed to stand at room temperature for 10 minutes and was then 

frozen in liq u id  nitrogen.

When prepared for assay, the medullary sections were defrosted fo r 15 

minutes at room temperature, weighed, and homogenized in 5 m i l l i ­

l i te r s  of isotonic saline. The homogenization was performed in 40 

m i l l i l i t e r  polypropylene centrifuge tubes using a Brinkman Polytron 

(PT 10 203500).

Extraction Procedure

Prostaglandin was extracted from 0.5 m i l l i l i t e r  samples of renal med­

u lla ry  homogenate. The aqueous homogenate samples were washed twice 

with 5 m i l l i l i t e r s  of petroleum ether, and the petroleum ether was 

discarded a fte r  each washing. Then 3 m i l l i l i t e r s  of a mixture of 

three parts ethyl acetate, three parts isopropanol, and one part tenth  

normal hydrochloric acid was mixed carefu lly  with the washed homogen­

ate samples and the phases allowed to separate. When d is tin c t separ­

ation was v is ib le , the samples were centrifuged at 5,000 r.p.m . fo r  5
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minutes at 10 degrees centigrade. A fter centrifugation, the organic 

supernatant was transfered to a 13 m i l l i l i t e r  conical glass stoppered 

tube and dried down in a 45 degree centigrade water bath under a par­

t ia l  vacuum. The dry prostaglandin material was resuspended in 0.5  

m il l i l i t e r s  of 55 m illim olar t r is  buffer at pH 8 and allowed to incu­

bate overnight at 4 degrees centigrade.

Radioimmunoassay of Prostaglandin

The assay procedure was a modification of exsisting methods 

(Cornette, personal communication).

The morning following extraction of the prostaglandin from the renal 

medullary homogenate, 0.5 m i l l i l i t e r  aliquots of the resuspended 

prostaglandin material were transfered to 10 by 75 m illim eter poly­

propylene test tubes containing t r it ia te d  PGE-| (5 ,6  -  3h_pge-| , 60 

curies per m illim ole, New England Nuclear) and mixed thoroughly.

Five m il l i l i t e r s  of the primary antibody (Rabbit Anti-PGE sera #100, 

dilu ted 1:1,000) were added. The samples were mixed again and allow­

ed to incubate for 30 minutes. Then, 5 m i l l i l i t e r s  of secondary 

antibody (Goat Anti-Rabbit Gamna Globulin, DJP #1, 12/13/74, d ilu ted  

1:5) were added with mixing to precip ita te  a ll bound prostaglandin.

Again, the samples were allowed to incubate at 4 degrees centigrade 

overnight. The following morning, free molecules of prostaglandin 

material were separated from the antibody bound by centrifugation at
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4,000 r.p .m . at 10 degrees centigrade fo r 30 minutes. Radioactivity  

in the supernatant was measured by counting a 1 m i l l i l i t e r  aliquot in 

15 m i l l i l i t e r s  of Aquasol (New England Nuclear) s c in t il la t io n  flu id  

using a Packard Tri-Carb Liquid S c in t illa t io n  Spectrometer.

Control and standard samples were included with each experiment.

Protein Determination

A m odification of the Lowry procedure (M il le r , 1963) was used to 

measure the ammount of protein present in the medullary homogenate 

samples.

A 1 m i l l i l i t e r  aliquot of medullary homogenate was added to 1 m i l l i ­

l i t e r  of a lka line  copper reagent (10 parts of 10% Na2C0g in 0.5 nor­

mal NaOH with 1 part 0.5% CuSO  ̂ in 1% potassium tarnate) in 10 by 77 

m illim eter polypropylene tes t tubes, mixed thoroughly, and allowed to 

stand at room temperature fo r 10 minutes. Then, 3 m i l l i l i t e r s  of d i­

lu te  phenol reagent were added, mixed, and the tubes placed in a 50 

degree centigrade water bath fo r 10 minutes. Control and experiment­

al samples were run simultaneously. The lig h t  absorption of the  

liq u id  samples was measured using a G ilford  300 Micro-Sample Spectro­

photometer set at 600 microns.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16

Hypothesis

The difference in blood pressure levels between the group of 2 kidney

1 c lip  Goldblatt hypertensive rats and the group of 1 kidney 1 c lip  

Goldblatt hypertensive rats is due to prostaglandin being released 

from the in tact (non-clip) kidney of the 2 kidney 1 c lip  group. I f  

th is  is correct, then the mean a r te r ia l blood pressure levels of the

2 kidney 1 c lip  Goldblatt hypertensive rats treated with indomethacin 

should equal the blood pressure levels of the 1 kidney 1 c lip  group.

Data Analysis

Mean a r te r ia l  blood pressure was measured and compared d ire c t ly .  The 

results of the radioimmunoassay of prostaglandin were related to the 

aiimount of protein present in the renal medullary homogenate and ex­

pressed as pi cograms of prostaglandin synthesized per gram of pro­

te in . Control and experimental t r ia ls  were performed simultaneously 

and compared s ta t is t ic a l ly  using the Student's t - t e s t .
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FINDINGS

The results of the measurment of blood pressure are presented in  

Figure 1. There were 11 animals in the 1 kidney 1 c lip  Goldblatt rat 

group and th e ir  mean a rte r ia l blood pressure increased from 122.5 +_ 

2.2 to 190.8 _+ 5.0 millimeters of mercury over 4 weeks. In the 2 

kidney 1 c lip  Goldblatt rat group, there were 20 rats treated with 

indomethacin and 19 rats received placebo. Blood pressure in the 

indomethacin treated 2 kidney 1 c lip  Goldblatt rats increased from 

123.6 _+ 1.2 to 171.3 +_ 4.8 millimeters of mercury. Blood pressure in 

the 2 kidney 1 c lip  Goldblatt rats that received placebo increased 

from 124.8 _+ 1.2 to 168.8 _+ 4.6 millimeters of mercury. There were 8 

rats in the group that underwent the sham surgical procedure and were 

treated with indomethacin. The mean a rte ria l blood pressure in this  

group increased from 123.1 +_ 1.9 to 131.4 +_ 2.0 millimeters of mer­

cury during the 4 week study. There were 10 animals in the group of 

rats that underwent the sham surgical procedure and received placebo; 

the mean a r te r ia l  blood pressure in this group increased from 119.8 +_ 

to 132.2 +_ 2.3 millimeters of mercury a fte r  4 weeks of treatment.

The results showed a s ta t is ic a l ly  significant increase in blood pres­

sure in the 1 kidney 1 c lip  Goldblatt hypertensive rats as compared 

to the rats that underwent sham surgery and received placebo. There 

were no s ign ificant differences in blood pressure between the 2 

kidney 1 c lip  Goldblatt rats that were treated with indomethacin and 

the 2 kidney 1 c lip  Goldblatt rats that received placebo. At days

17
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13, 20, 22, and 25, the mean a rte r ia l blood pressure of the 1 kidney 

1 c lip  Goldblatt hypertensive rats was s ign if icantly  higher than the 

mean a r te r ia l blood pressure of the 2 kidney 1 c lip  Goldblatt rats 

treated with indomethacin.

Figure 2 presents a graph of the mean a rte r ia l blood pressure measur­

ed in the 2 kidney 1 c lip  Goldblatt rats e ither maintained on indo­

methacin or placebo, or switched to the other treatment for 4 days. 

Mean a r te r ia l  blood pressure levels in the 2 kidney 1 c lip  Goldblatt 

rats continued on indomethacin decreased from 180.9 _+ 5.2 to 175.4 _+ 

8.4 millimeters of mercury. A sim ilar decrease from 180.9 +. 5.8 to 

173.1 _+ 7.8 millimeters of mercury was measured in the 2 kidney 1 

c lip  Goldblatt rats that had been treated with indomethacin but were 

switched to placebo. In the 2 kidney 1 c lip  Goldblatt rats continued 

on placebo for an additional 4 days mean a r te r ia l  blood pressure de­

creased from 180.6 +_ 4.9 to 172.0 _+ 5.8 millimeters of mercury. A 

slight increase in mean a rte r ia l blood pressure, from 181.4 +_ 3.8 to  

186.0 _+ 7.8 millimeters of mercury, was measured in the 2 kidney 1 

c lip  Goldblatt rats changed from placebo to indomethacin.

The change in treatment from indomethacin to placebo or placebo to 

indomethacin did not s ign ificantly  a l te r  mean a r te r ia l  blood pressure 

in the 2 kidney 1 c lip  Goldblatt hypertensive rats . A s light in­

crease in mean a rte r ia l blood pressure was measured in the rats that  

previously received placebo and were placed on indomethacin, however, 

th is change was not s ta t is t ic a l ly  s ig n if ican t.
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Figures 1 also shows that indomethacin did not a l te r  the mean arte­

r ia l  blood pressure of normotensive (sham Goldblatt surgery) rats.

A s ta t is t ic a l ly  s ign ificant inh ib ition  of renal prostaglandin syn­

thesis a c t iv ity  in the 2 kidney 1 c lip  Goldblatt hypertensive rats 

treated with incomethacin 1 milligram per kilogram given in traperito -  

neally twice daily  during the 4 week study totaled 49%. S im ilarly ,  

prostaglandin synthesis was inhibited 55% in the 2 kidney 1 c lip  

Goldblatt rats that had received placebo fo r  4 weeks and were switch­

ed to indomethacin 1 milligram per kilogram given in traperitoneally  

twice daily  for 1 week (see Table 1 ) .

The following experiments were performed to determine the re la tive  

a b i l i ty  of indomethacin, flubiprofen, and ibuprofen to in h ib it  renal 

prostaglandin synthesis. When the percent inh ib ition  of prosta­

glandin synthesis a c t iv ity  was measured, the results showed that each 

drug produced a s ta t is t ic a l ly  s ignificant (p £  0.05) inh ib ition  of 

rat renal prostaglandin synthesis a c t iv i ty .

Indomethacin, 1 milligram per kilogram given in traperitonea lly , in­

hibited 65% of the renal prostaglandin synthesis a c t iv i ty  1 hour 

a f te r  dosiny. This result reflected a s ta t is t ic a l ly  s ignificant  

in h ib it io n , in contrast with control levels . At th is  dosage there 

was no difference between the control and treatment groups at 4 or 8 

hours a fte r  indomethacin treatment (see Table 2 ) .

The dosage of indomethacin was increased to 3 milligrams per kilogram
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TABLE 1

PROSTAGLANDIN SYNTHESIS IN 2 KIDNEY 1 CLIP GLODBLATT
HYPERTENSIVE RATS AND SHAM GOLDBLATT SURGERY RATS

TREATED WITH INDOMETHACIN OR PLACEBO

GROUP N
PROSTAGLANDIN 

PICOGRAMS/GRAM % INHIBITION

2 kidney 1 c lip  
Goldblatt rats 
Placebo x 4 wks.

6 5.36 + 0.29 0

2 kidney 1 c lip  
Goldblatt rats 
Indomethacin x 4

7
wks.

2.73 + 0.1 49 **

2 kidney 1 c lip  
Goldblatt rats 
Indomethacin x 1

7
wk.

2.73 + 0.23 55 * *

Values expressed as mean _+ SEM of N detenninations. 
* *  S ign ificantly  d iffe ren t from control, p £  O.Ol
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TABLE 2

PROSTAGLANDIN SYNTHESIS IN NORMAL RATS AFTER
TREATMENT WITH INDOMETHACIN 1 MG/KG IP

TIME GROUP N
PROSTAGLANDIN 

PICOGRAMS/GRAM % INHIBITION

— Control 8 6.23 + 0.73 0

1 Hour Treatment 8 2.28 + 0.45 65 * *

4 Hours Treatment 8 5.27 + 0.86 15

8 Hours Treatment 8 6.53 + 1.03 (5)

Values expressed as mean +_ SEM of N determinations 
* *  S ignificantly  d iffe ren t from control, p _< 0.01

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



given subcutaneously and the results showed a corresponding s ta t is ­

t ic a l ly  s ignificant increased inhib ition of prostaglandin synthesis 

a c t iv i ty  at 1, 4, and 8 hours a fte r  dosing. The percent inh ib ition  

of prostaglandin synthesis was 100% at 1 hour a fte r  dosing, 85% at 4 

hours, and 71% 8 hours a fte r  dosing (see Table 3 ) .

Flubiprofen, 1 milligram per kilogram given subcutaneously s ig n i f i ­

cantly inhibited renal prostaglandin synthesis by 65% 1 hour a f te r  

dosing. The comparison between control and flubiprofen treatment 

groups was not s ta t is t ic a l ly  s ignificant at this dosage 4 or 8 hours 

a fte r  dosing (see Table 4 ) .

The dosage of flubiprofen was also increased to 3 milligrams per 

kilogram given subcutaneously. The results showed a s ign ificant in ­

h ib ition  of renal prostaglandin synthesis a c t iv ity  at 1, 4, and 8 

hours a fte r  dosing. At this dose, the extent of prostaglandin syn­

thesis inhib ition  was 98% 1 hour a fte r  dosing, 80% at 4 hours, and 

60% 8 hours a fte r  treatment (see Table 5 ) .

Ibuprofen produced no inhib ition of rat renal prostaglandin synthesi 

a c t iv ity  at a dosage of 1 milligram per kilogram given in tra p er ito -  

neally. When the dosage was increased to 3 milligrams per kilogram 

given in traperitoneally , the inhib ition of prostaglandin synthesis 

a c t iv ity  was only 33% 1 hour a fte r  dosing, 17% at 4 hours, and was 

22% greater than control levels at 8 hours a fte r  treatment (see Tabl 

6 ).
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TABLE 3

PROSTAGLANDIN SYNTHESIS IN NORMAL RATS AFTER
TREATMENT WITH INDOMETHACIN 3 MG/KG SUBQ.

TIME GROUP N
PROSTAGLANDIN 

PICOGRAMS/GRAM t  INHIBITION

—  Control 8 10.13 + 1.69 0

1 Hour Treatment 8 0 + 0 100 * *

4 Hours Treatment 8 1.48 + 0.90 85 * *

8 Hours Treatment 8 2.91 + 0.54 71 * *

Values expressed as mean _+ SEM of N determinations 
* *  S ignificantly  d iffe ren t from control, p _< 0.01
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TABLE 4

PROSTAGLANDIN SYNTHESIS IN NORMAL RATS AFTER
TREATMENT WITH FLUBIPROFEN 1 MG/KG SUBQ.

TIME GROUP N
PROSTAGLANDIN 

PICOGRAMS/GRAM % INHIBITION

----- Control 8 3.08 + 0.21 0

1 Hour Treatment 8 1.12 + 0.25 64 * *

4 Hours Treatment 8 2.18 + 0.27 29

8 Hours Treatment 8 2.61 + 0.26 (31)

Values expressed as mean +_ SEM of N determinations 
* *  S ign ificantly  d iffe ren t from control, p <_ 0.01
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TABLE 5

PROSTAGLANDIN SYNTHESIS IN NORMAL RATS AFTER
TREATMENT WITH FLUBIPROFEN 3 MG/KG SUBQ.

TIME GROUP N
PROSTAGLANDIN 

PICOGRAMS/GRAM % INHIBITION

—  Control 8 3.81 + 0.69 0

1 Hour Treatment 8 0.09 + 0.25 98 * *

4 Hours Treatment 8 0.76 + 0.12 80 * *

8 Hours Treatment 8 1.53 + 0.25 60 * *

Values expressed as mean +_ SEM of N determinations 
* *  S ignificantly  d ifferen t from control, p ^  0.01
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TABLE 6

PROSTAGLANDIN SYNTHESIS IN NORMAL RATS AFTER
TREATMENT WITH IBUPROFEN 3 MG/KG IP

TIME GROUP N
PROSTAGLANDIN 

PICOGRAMS/GRAM % INHIBITION

—  Control 8 10.72 + 0.97 0

1 Hour Treatment 8 8.28 + 2.04 33

4 Hours Treatment 8 8.85 + 1.35 17

8 Hours Treatment 8 13.05 + 2.73 (22)

Values expressed as mean +_ SEM of N detenninations 
Treatment not s ig n if ican tly  d iffe ren t from control

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



29

The dosage of ibuprofen was increased to 10 milligrams per kilogram 

given subcutaneously and the results showed that prostaglandin syn­

thesis a c t iv ity  was s ign if ican tly  inhibited at 1 and 4 hours a fter  

treatment. The inhib ition  of prostaglandin synthesis a c t iv ity  was 

86% 1 hour a fter  treatment, 47% at 4 hours, and 13% 8 hours a fter  

dosing (see Table 7 ) .

Indomethacin was administered in traperitoneally  at a dosage of 1 m il­

ligram per kilogram twice daily  fo r  5 days. The results showed that 

prostaglandin synthesis a c t iv ity  was s ig n if ican tly  inhibited at 1, 4, 

and 8 hours a fte r  the last treatment. The extent of prostaglandin 

synthesis inhib ition was 55% 1 hour a f te r  dosing, 51% at 4 hours, and 

47% 8 hours a fter  treatment (see Table 8 ) .

Figure 3 presents a graph showing the percent inh ib ition  of prosta­

glandin synthesis when the dosage of test drugs was 1 milligram per 

kilogram. Figure 4 depicts the inhib ition of prostaglandin synthesis 

acheived using a 3 milligram per kilogram dosage of the test drugs. 

Figure 5 presents a graph of the percent inh ib ition  of prostaglandin 

synthesis a c tiv ity  observed using a 10 milligram per kilogram dosage 

of ibuprofen. Figure 6 presents a graph of the inh ib ition  of prosta­

glandin synthesis measured following a 1 milligram per kilogram 

dosage of indomethacin given twice daily  for 5 days.
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TABLE 7

PROSTAGLANDIN SYNTHESIS IN NORMAL RATS AFTER
TREATMENT WITH IBUPROFEN 10 MG/KG SUBQ.

TIME GROUP N
PROSTAGLANDIN 

PICOGRAMS/GRAM % INHIBITION

------ Control 8 3.84 + 0.29 0

1 Hour Treatment 8 0.52 + 0.25 86 * *

4 Hours Treatment 8 2.05 + 0.97 47 * *

8 Hours Treatment 8 3.34 + 0.34 13

Values expressed as mean +_ SEM of N determinations 
* *  S ign ificantly  d iffe ren t from control, p _< 0.01
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TABLE 8

PROSTAGLANDIN SYNTHESIS IN NORMAL RATS AFTER
TREATMENT WITH INDOMETHACIN 1 MG/KG IP  BID x 5 DAYS

TIME GROUP N
PROSTAGLANDIN 

PICOGRAMS/GRAM % INHIBITION

— Control 8 5.95 + 0.58 0

1 Hour Treatment 8 2.69 + 0.68 55 * *

4 Hours Treatment 8 2.93 + 0.32 51 * *

8 Hours Treatment 8 3.17 + 0.49 47 * *

Values expressed as mean +_ SEM of N determinations 
* *  S ign ificantly  d if fe ren t from control, p 0.01
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CONCLUSIONS AND RECOMMENDATIONS

In th is  study, indomethacin was used to in h ib it  prostaglandin syn­

thesis a c t iv ity  to evaluate the intrarenal function of the prosta­

glandins in the regulation of blood pressure in the ra t .

The results of this study suggest that renal prostaglandins are not 

contributing to the elevation of blood pressure in the Goldblatt 

model of experimental hypertension. Spec if ica lly , the results indi­

cate that the inhib ition of prostaglandin synthesis a c t iv ity  with in ­

domethacin during the onset of hypertension in the 2 kidney 1 c lip  

Goldblatt model did not enhance the increase of mean a r te r ia l  blood 

pressure leve ls .

These results conflic t with previously reported data suggesting that 

in h ib it ion  of prostaglandin synthesis a c t iv ity  causes an increase in 

peripheral vascular resistance that should have lead to a more rapid 

increase of mean a rte r ia l blood pressure levels in the 2 kidney 1 

c lip  Goldblatt rats treated with indomethacin (Lonigro e t . a l . ,  1973; 

Larsson and Angaard, 1973; Patak e t . a l . ,  1975). A possible explana­

tion  of the findings of this study would be that the anti-hyperten­

sive effects of prostaglandins do not effect the onset of hyperten­

sion in the Goldblatt model. These results are supported by the 

study (Pugsley, e t . a l . ,  1975) that showed prostaglandin E synthesis 

to be decreased in the renal medulla of Goldblatt hypertensive rats . 

In addition, the results of this study paralle l those reported by 

Wendling and DuCharme (1974) who were unable to reduce the blood

36
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pressure of 2 kidney 1 c lip  Goldblatt hypertensive rats with daily  

intraperitoneal injections of prostaglandin E .

An a lternative  to this explanation would be that the dosage of indo­

methacin (1 milligram per kilogram, twice d a ily , given in trap er ito ­

neal ly ) was insu ffic ient to a lte r  the anti-hypertensive effects of 

the prostaglandins on the mean a rte r ia l blood pressure leve ls . Al­

though this poss ib ility  cannot be to ta l ly  discounted, i t  is unlikely  

because the results showed that renal prostaglandin synthesis ac tiv ­

i t y  was 49% inhibited in the 2 kidney 1 c lip  Goldblatt ra ts . When 

the mean a r te r ia l  blood pressure levels were compared, the results  

showed that there were no differences between the sham surgical pro­

cedure rats treated with indomethacin and the sham surgical procedure 

group that received placebo. This provides further evidence that the 

prostaglandins are not involved in the maintenance of nonnotensive 

blood pressure levels.

Prior to performing the experiment described above, indomethacin, 

ibuprofen, and flubiprofen were evaluated for th e ir  re la t iv e  ab lity  

to in h ib it  rat renal prostaglandin synthesis. Ibuprofen and f lu b i­

profen were selected because the a b i l i ty  of these drugs to in h ib it  

prostaglandin synthesis had not been previously measured. Ultimate­

ly ,  indomethacin was selected for use in the chronic experiment be­

cause i t  provided the greatest inhib ition of prostaglandin synthesis 

a c t iv ity  at a dosage that could be tolerated by the rats . Simul­

taneous work in rats showed that the maximum tolerated dosage of 

these drugs was 1 milligram per kilogram twice da ily  (DuCharme,
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personal communication). Chronic administration of higher doses of 

indomethacin proved lethal in the rats .

Thus, i t  is clear that additional experiments w ill be required to 

fu l ly  determine the intrarenal function of prostaglandins. I f  an 

attempt was made to repeat this study, i t  would be advantageous to 

u t i l i z e  a compound to in h ib it  prostaglandin synthesis with a d i f ­

ferent chemical structure than indomethacin to determine i f  any 

pharmacological e ffects , other than prostaglandin synthesis in h ib i­

t io n , could have interfered with the study results . Also, shortening 

the time required to perform the radioimmunioassay of prostaglandins 

certa in ly  would be a great advantage. F in a lly , i t  became evident 

that the perfect experiment, where prostaglandin synthesis a c t iv ity  

would be to ta l ly  inhib ited, cannot be done because a dosage of drug 

suffic ien t to in h ib it  100% of the prostaglandin synthesis a c t iv ity  

proved to be lethal in the ra t.
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