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Abstract-We investigated bradykinin-induced changes in the turnover of arachidonate in renal lipids 
of the perfused rabbit kidney. Upon hormone stimulation. this cellular system undergoes only transient 
dynamic changes in arachidonic acid metabolism; no loss of bradykinin effect on arachidonate release 
and prostaglandin generation is shown upon repeated hormone administrations durilng 8-9 hr of 
perfusion, Ureter-obstructed rabbit kidneys were perfused for 5-6 hr and then saline or bradykinin in 
saline was administered, followed after 10 set by pulse labelling with [“Clarachidonate. The pattern 
of distribution of [‘“Clarachidonate in lipid fractions of the cortex showed that bradykinin caused a 2 
to 2.5.fold increase in the relative incorporation of arachidonic acid into phosphatidylinositol (PI), 
phosphatidic acid (PA). diglyceride (DG) and triglyceride (TG) fractions and a concomitant decrease 
in its incorporation into phosphatidvlcholine (PC) and phosphatidylethanolamine (PE). In contrast. 
in the medulla hormone administration caused a marked increase of arachidonate incorporation into 
PI and PC, and a decrease in incorporation into PE, PA. DG and TG. This differential arachidonate 
labelling of cortical vs medullary lipids following bradykinin stimulation suggests that the hormone 
activates different lipolytic processes in cortex and medulla. and promotes hydrolysis of arachidonic 
acid from different phospholipid pools 

The first step in the biochemical sequence for gen- 
eration of prostaglandins and other oxygenated 
products from endogenous, lipid-esterified arachi- 
donic acid is the release of the acid from cellular 
lipids. The amounts of arachidonate-derived oxy- 
genated products produced by mammalian tissues 
and cells in response to various stimuli are very small 
(1% or less) compared to the total amount of tissue 
arachidonate. This suggests that arachidonic acid 
deacylation following specific agonist stimulation is 
a selective lipolytic process in which only certain 
lipids in specific agonist-sensitive arachidonic acid 
pool(s) contribute the acid for oxygenated products 
synthesis. The unique properties and chemical ident- 
ity of this pool have been the subject of recent 
investigations. Studies with mouse tumour cells [l], 
several transformed fibroblasts [2] and platelets [3- 
6] suggested that PI, PC and. possibly, PE serve as 
lipid donors from which arachidonic acid is released 
following stimulation with bradykinin. thrombin and 
other agonists. However, these studies have 
employed high doses of the agonists, causing sub- 
stantial deacylation of total tissue arachidonate and 
irreversible structural and/or metabolic changes in 
the cells affected. 

Recent studies by us in the perfused rabbit kidney 
[7-91 have demonstrated the presence of a 
hormone-sensitive lipid pool which contributes 
arachidonate for prostaglandin generation. In this 
experimental system. the kidney can be stimulated 
repeatedly with physiological doses of peptide hor- 
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mones (bradykinin, angiotensin II) without any loss 
of organ responsiveness to the release of arachidon- 
ate and prostaglandin E:. The main properties of the 
renal, hormone-sensitive system are (1) selective 
release of arachidonic acid in response to peptide 
hormone stimulation; (2) slow incorporation of 
exogenously-added arachidonate to the hormone- 
sensitive pool, dependent on prior hormone-stimu- 
lated depletion of arachidonate from this pool; and 
(3) a hormone-induced lipolytic process coupled to 
a prostaglandin synthase system, with a major por- 
tion of the released acid being converted into oxy- 
genated products. These properties indicate that a 
more selective labelling of the hormone-sensitive 
pool with radioactive arachidonic acid could be 
achieved by administration of the labelled acid 
immediately after hormone stimulation. We 
employed this technique to identify the hormone- 
induced changes in arachidonic acid turnover in renal 
lipids, and from it deduced the lipolytic mechanisms 
activated by bradykinin and the nature of the lipids 
which contribute arachidonate for prostaglandin 
generation. 

MATERIALS AND METHODS 

Isolated perfused kidney. Male rabbits, 2.5-3 kg 
(local strain derived from New Zealand White). were 

used. Ureter-obstructed kidneys were prepared and 
perfused via the renal artery with Krebs-Henseleit 
buffer (pH 7.4, 37”) at the rate of 15 ml/min as 
described previously [7]. 

Pulse lube&g of kidney lipids with radioactive 
aruchidonic acid. Ureter-obstructed kidneys were 
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perfused for 5-6 hr with periodic administrations of 
bradykinin (1 pg in 0.1 ml saline) to verify devel- 
opment of enhanced bradykinin stimulation of pros- 
taglandin Ez generation during the perfusion time 
course. The experiment was then begun by injecting 
saline or bradykinin into the kidney (10 ug in 0.1 ml 
saline). Ten seconds later. [“‘Cjarachidonate (1 &i 
dissolved in 0.5 ml of Tris-HCl buffer. pH 8.2) was 
gradually injected into the kidney-perfusing media 
over a 30”set period. The kidney effluent obtained 
during the arachidonate injection (approximately 
7-8ml) was recirculated through the kidney for a 
60-set period and the kidney was then removed from 
the perfusion apparatus and quick-frozen in liquid 
air. 

Analysis of lipid composition. The frozen kidneys 
were quickly halved and the cortex and medulla 
separated, homogenized in 20 ml Tris-HCl buffer 
(0.1 M, pH8.0) and extracted with chloroform- 
methanol (2: I) as described previously [lo]. The 
extracts were subjected to thin-layer chroma- 
tography on silica gel G plates (petroleum 
ether-diethyl ether-acetic acid. 70:30:2, v/v!v) to 
separate the neutral lipid fractions from the 
phospholipid fraction. The phospholipid zone (ori- 
gin of plate) was extracted with chloroform- 
methanol (2:l. v/v) and the concentrated extract 
subjected to thin-layer chromatography on silica gel 
G plates (chloroform-methanol-acettc acid-H?O. 
100:20:12.5:5, v/v/v/v). PA was clearly separated 
from PE. PI and phosphatidyl serine were separated 
by additonal chromatography on silica gel G, 
chloroform-acetone-methanol-acetic acid-Hz0 
(l&4:2:2: 1, v/v,$‘v/v). The radioactivity in each zone 
was determined by liquid scintillation spectrometry. 

~uter~uls. Al-‘~~]Arachidonic acid (specific 
activity 55 mCi/mole) was obtained from the Radio- 
chemical Centre (Amersham. U.K.). Lipid stan- 
dards for thin-layer chromatography (various 
phospholipids; tripalmitin: 1,2-dipalmitin: l-mono- 
palmitin) were obtained from Sigma Chemical Co. 
(St. Louis, MO). All other reagents were of ana- 
lytical grade. 

RESULTS AND DISCUSSION 

Slow infusion of ]“C]arachidonate into the per- 
fused ureter-obstructed rabbit kidney results in 8O- 
85% incorporation of the radioactive acid into renal 
lipids, mainly into PE (44%), PC (25%). PI (15%) 
and TG (7%) fractions. During subsequent perfusion 
for 6 hr, the ureter-obstructed kidney becomes 
super-sensitive to bradykinin or angiotensm II stimu- 
lated PGE2 release. Under these conditions, a dose 
of 2-5 pg of either hormone causes deacylation of 
approximately 20-50 pg arachidonate from renal lip- 
ids [S]. Furthermore, in a kidney initially prelabelled 
with radioactive arachidonic acid and then period- 
ically stimulated with bradykinin or angiotensin II 
during the perfusion, the specific activity of the 
released PGE2 increases, indicating a hormone- 
dependent transfer of the radioactive acid from 
hormone-insensitive to hormone-sensitive pool(s) 

1% 
We investigated several experimental approaches 

in an attempt to (1) identify the renal lipid fraction(s) 
which serves as precursor pool(s) for arachidonate 
released following specific hormone stimulation. and 
(2) examine the lipolytic reactions activated by the 
hormones. In previous studies of other cellular sys- 
tems, most notably platelets [3-h], significant 
changes in the amounts of cellular phospholipids and 
acylglycerols were demonstrated following stimula- 
tion with specific agonists ~thrombin. Ca’ .-iono- 
phore A23187). suggesting agonist activation of 
specific lipolytic enzymes. These studies, however, 
involved the use of high agonist doses, causing drastic 
or even irreversible metabolic and structural changes 
in the cells. In the perfused kidney model which we 
employed, the organ undergoes only transient 
dynamic changes in arachidonate metabolism upon 
stimulation with physiological amounts of bradyki- 
nin, thus reflecting more closely the in uiuo hom- 
eostatic conditions. Ilowever, under these condi- 
tions, the hormone-induced increased turnover of 
phospholipid arachidonate is very small compared 
to the total tissue arachidonate. Thus. the possible 
significant changes in the composition of specific 
hormone-sensitive lipids were not manifested when 
we compared the total amounts of cortical or med- 
ullary lipids (PC, PI, PE, PA..iysoPA. DC, TG) 
before and after bradykinin admmistration (data not 
shown). 

The experimental approach which we finally 
adopted is based on the fact that the turnover of 
arachidonic acid in the hormone-sensitive pool is 
selectively and drastically enhanced during the 10- 
60 secfollowing hormone administration 17.9. ll] and 
that the incresed incorporation of free arachidonate 
to replenish the just-depleted lipid pool is part of 
the overall hormone-induced event l&12]. The 
experimentai protocol thus involved p~llse-labelling 
of the kidney lipids with radioactive arachidonate 
immediately following stimulation with the hor- 
mone. as detailed in Materials and Methods. Control 
kidneys were given saline injections and then simi- 
larly labelled with radioactive arachidonate and 
frozen. 

The distribution of esterified (‘JC]arachidonate 
among the lipid classes of the cortex and medulla is 
given in Fig. 1. In the cortex of control kidneys, 
arachidonic acid was incorporated mainly into PE. 
PC, PI, DG andTG. Bradykinin administration prior 
to arachidonate labelling produced marked changes 
in the cortical lipid distributjon, producing a 2 to 
3-fold increase in ~~rachidonate’~ incorporation into 
PA, PI, DG and TG. and a concomitant decrease 
in its incorporation into PC and PE. The 
hormone-induced changes in arachidonate incor- 
poration into medullary lipids were quite different 
from those observed for cortical lipids. In medulla 
from control kidneys, arachidonate w~as incorporated 
mainlv into PE. DG, TG. PI, PA and PC. Bradvkinin 
administration caused a dramatic increase in arach- 
idonate‘s incorporation into medullary PI and PC. 
and a significant decrease in its incorporation into 
PE. PA and DG. 

Several lipolytic activities have been previously 
suggested to participate in the agonist-rnedi~~re~~ dea- 
cylation of arachidonate in various cells. These lipo- 
lytic systems can be divided into two distinct types: 
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Fig. 1. Pulse incorporation of [‘3C]arachidonic acid into the 
perfused rabbit kidney lipids. Pulse infusion of sodium 
[‘%]arachidonate solution (1 &i, approximately 5.5 pug 
arachidonic acid) was administered into the kidney immedi- 
ately after bradykinin injection (10 pg, dark columns) or 
saline injection (open columns). The kidnev was then 
quick-frozen and analysed for the distiibution of 
[‘%]arachidonic acid in the different renal lipids. For fur- 
ther details see Materials and Methods. Results are 

means 2 S.E. of three kidneys in each treatment, 

(1) a lipolytic activity which hydrdolyses arachidon- 
ate from the 2-position of phospholipids without 
affecting the phosphate bonding in the phospholipid 
molecule, and (2) lipolytic activities which release 
arachidonic acid following prior hydrolysis of the 
phospho-ester bond on either side of the phosphate 
group. Lipolytic activity of the first type is exempli- 
fied by phospholipase AI. Action of this enzyme on 
arachidonic-rich phospholipids (e.g. PI) could 
account for the selective release of arachidonic acid 
as seen in the perfused kidney treated with bradyk- 
inin or angiotensin II [7]. Lipolytic activities of the 
second type are those of(i) phospholipase c, followed 
by diglyceride lipase [6], (ii) phospholipase D to 
yield PA, followed by phospholipase AZ [4,13] and 
(iii) sequential action of phospholipase A$, DG 
kinase and phospholipase AZ [14,15]. Common to 
all the lipolytic sequences of the second type, regard- 
less of the initial phospholipase activity stimulated, 
is the incorporation of arachidonate into newly 
formed PA which serves either as precursor for the 
resynthesis of the depleted phospholipids (e.g. PI) 
or as precursor for di- and triglycerides. Thus the 
metabolic indication for enhanced synthesis of PA 
containing arachidonic acid is the concomitant 
increase in arachidonic acid incorporation into DG 
and TG fractions. 

and TG, this being supporting evidence for a mech- 
anism which involves the resynthesis of PA, con- 
taining newly incorporated arachidonic acid. In con- 
trast, the results of arachidonate incorporation into 
medullary lipids show that (1) both PI and PC are 
the main phospholipids into which arachidonate is 
preferentially incorporated after bradykinin stimu- 
lation; and (2) the hormone induces a decrease in 
the incorporation of arachidonate into PA and DG. 
supporting a mechanism which does not involve for- 
mation of newly synthesized PA, but rather the direct 
action of phospholipase AZ on PI or PC. 

As the cortex and medulla show considerable dif- 
ference in the make-up of their cellular populations 
and in their capacity for synthesis of different prosta- 
glandins (for review see [16]) these varied effects of 
bradykinin on arachidonate’s product generation in 
cortex vs medulla undoubtedly reflect activation of 
different lipolytic enzymes in the different types of 
renal cells which are coupled to subsequent arachi- 
donate oxygenation to cell-specific products. The 
concept of cell-specific coupled phospholipase- 
arachidonate oxygenation systems has recently 
gained support from several laboratories. Studies 
with the isolated perfused rabbit kidney in our lab- 
oratory [7,9] and in that of Needleman and co-work- 
ers [17] have demonstrated the presence of a unique 
lipolytic activity which is selectively sensitive to the 
peptide hormones, bradykinin and angiotensin II, 
with release of arachidonic acid tightly coupled to 
its conversion into PGE:. Recent studies by Humes 
and co-workers in mouse peritoneal macrophages 
(181 have indicated the presence of two distinct pro- 
cesses for agonist-activated generation of cyclooxy- 
genase and lipoxygenase products. These investi- 
gators concluded that in macrophages, different 
lipolytic activities yield arachidonic acid which is 
derived from different precursor phospholipid pools 
and which is subsequently coupled to specific oxy- 
genation reactions. The results presented in this work 
suggest that in the cortex and medulla, a single 
hormone, bradykinin, may concurrently activate dif- 
ferent lipolytic activities which are probably coupled 
to particular oxygenation enzymes, producing spe- 
cific biochemical products with unique physio-phar- 
macological properties. 

REFERENCES 

1. J. M. Schremmer. M. L. Blank and R. L. Wykle, 
Prostaglandins 18. 491 (1979). 

2. S. L. Hong and D. Deykin, .I. biol. Chem. 254. 11463 
(1979). 

Our results show that in the cortex, (1) PI is the 
major phospholipid into which exogenous arachi- 
donic acid is preferentially incorporated following 
hormone stimulation, suggesting that this lipid is the 
chief arachidonic acid donor for hormone-induced 
prostaglandin generation; and (2) following hormone 
stimulation, there is a parallel increase in the incor- 
poration of [“Clarachidonic acid into PI. PA. DG 

3. T. K. Bills. J. B. Smith and M. Silver. Biochim. bio- 
phvs. Acta 424. 303 (1976). 

4. ‘E.‘G. Lapetina. G. J: Schmitger, K. Chandrabose and 
P. Cuatrecasaa. Biochem. biopkys. Res. Cammun. 76. 
828 (1977). 

5. S. Rittenhouse-Simmons. F. A. Russel and D. Deykin. 
Biockem. biopkys. Res. Commun. 70, 295 (1976). 

6. R. L. Bell, D. A. Kennerlv. N. Stanford and P. W. 
Majerus, Proc. natn. Acad. 5&i. U.S.A. 76,3238 ( 1979). 

7. M. Schwartzman and A. Raz. Biochim. bioph!s. Acta 
572, 363 (1979). 

. _ 

8. M. Schwartzman and A. Raz. Biockem. J. 192, 127 
,.-ll,.l 
(IYWOJ. 

Bradykinin-stimulated AA incorporation into renal lipids 2845 



2846 A. RAZ and M. SCHWARTZMAN 

9. M. Schwartzman, E. Liberman and A. Raz, J. biol. 
Chem. 256, 2329 (1981). 

IO. A. Erman and A. Raz, B&hem. J. 194. 957 (1981). 
Il. A. Erman, M. Schwartzman and A. Raz, Prostuglan- 

dins 20, 689 (1980). 
2. M. Schwartzman and A. Raz, Biochem. Pharmac. 31. 

2453 (1982). 
‘3. E. G. Lapetina and P. Cuatrecasas, B&him. biophys. 

Actu 573. 394 (1979). 

14. M. M. Billah, E. G. Lapetina and P. C‘uatrcca\,l\. 
Biochem. biophys. Rec. Comm~rn. 90. 92 (I 979). 

15. M. M. Billah. E. G. Lapetina and P. Cuatrcca\a\. .I 
biol. Chem. 256, 5399 (19X1). 

16. W. L. Smith. Mineral Electrolyte Metub. 6. 10 (ILlSI) 
17. P. Needleman. a. Wyche, S. D. Bronson. S. Holmbcrg 

and A. R. Morrison, J. biol. Chem. 254. 9772 (1979). 
18. J. L. Humes, S. Sadowski. M. Galavage, M. Goldbey. 

E. Subers, R. J. Bonney and F. A. Kuehl. Jr.. J. hiol. 
Chem. 2.57. 1591 (1942). 


