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Effect of glucocorticoids on vascular reactivity to
vasoactive hormones in rat isolated kidney: lack of
relationship to prostaglandins
Christy L. Cooper& Kafait U. Malik

Department of Pharmacology, College of Medicine, University of Tennessee Center for the Health Sciences,
Memphis, Tennessee 38163, U.S.A.

1 The relationship between the effects of glucocorticoids on renal vascular reactivity and prosta-
glandin synthesis elicited by noradrenaline (NA), angiotensin IL (All), arginine vasopressin (AVP)
and bradykinin (Bk) was investigated in the isolated kidney of the rat perfused with Tyrode solution.
2 Administration of NA 0.3-3.Onmol, AII 0.028-0.28nmol, AVP 0.027-0.27nmol and Bk
0.28- 2.8 nmol enhanced in a dose-dependent manner the renal output of immunoreactive prostag-
landin E2 (PGE2) and 6-keto-PGFia. NA, All and AVP, but not Bk, produced renal vasoconstric-
tion and increased perfusion pressure.

3 In the presence of dexamethasone (2.6 x 10- M) or corticosterone (2.9 x 10- M), the effects of
NA and All, in enhancing prostaglandin synthesis and producing renal vasconstriction, were

reduced. In contrast, stimulation of prostaglandin synthesis by Bk and AVP and the renal
vasoconstriction produced by AVP were not altered by the glucocorticoids. Dexamethasone or

corticosterone did not alter the output of prostaglandins elicited by A-23187 or arachidonic acid
(AA).
4 Addition of mepacrine (2.1 X 1O-5M) to the perfusion fluid reduced the renal output of
prostaglandins elicited by the vasoactive hormones and by A-23187, but not by AA; the vasocon-
strictor response to NA and All, but not to AVP was reduced.
5 In kidneys in which prostaglandin synthesis was inhibited by indomethacin (2.8 x 10-6 M),
administration of dexamethasone also reduced the renal vasoconstrictor effect of NA and AII.
6 These data indicate that in Tyrode-perfused rat kidney the glucocorticoids dexamethasone and
corticosterone exert a differential effect on the renal vascular reactivity to vasoactive hormones, and
that their inhibitory effect on NA and All-induced renal vasoconstriction appears to be unrelated to
prostaglandin synthesis.

Introduction

Glucocorticoids in large doses produce hypertension
in the rat and sheep (Knowlton et al., 1952; Krakoff
et al., 1975; Scoggins et al., 1978) and enhance the
pressor response and vascular reactivity to norad-
renaline (NA) and in some species to angiotensin II
(All) (Raab et al., 1950; Kurland & Freeberg, 1951;
Mendlowitz et al., 1958; Kalsner, 1969; Schomig,
Liuth, Dietz & Gross, 1976). Both NA and AII
stimulate prostaglandin synthesis in several tissues
including the kidney (Gilmore et al., 1968; McGiff, et
al., 1970; 1972; Needleman et al., 1973; Mullane &
Moncada, 1980; Shebuski & Aiken, 1980). The abil-
ity of prostaglandins, particularly PGE2 and PGI2, to
reduce vascular reactivity to vasoconstrictor stimuli
(Lonigro et al., 1973; Malik et al., 1980; Susic et al.,

1981) and the demonstration that glucocorticoids
inhibit prostaglandin synthesis in several intact cell
systems and perfused organs (Kantrowitz et al.,
1975; Tashjian et al., 1975; Lewis & Piper, 1975;
Hong & Levine, 1976; Gryglewski, 1976;
Herbaczynska-Cedro & Staszewska-Barczak, 1977;
Blackwell et al., 1978; Zusman & Keiser, 1980)
presumably by stimulating the synthesis of a phos-
pholipase A2 inhibitor(s) (macrocortin, lipomodulin
or renocortin) (Flower & Blackwell, 1979; Hirata et
al., 1980; Cloix et al., 1983), has led to the proposal
that glucocorticoids enhance vascular reactivity to
NA by inhibiting the synthesis of PGE2 and PGI2
(Rascher et al., 1980; Axelrod, 1983). However, the
finding that in the isolated kidney of the rat in vitro,
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prostaglandins do not inhibit but rather potentiate
the vasoconstrictor effect of NA and AII (Malik &
McGiff, 1975; Armstrong & Lattimer, 1976) raises
the possibility that glucocorticoids may reduce vascu-
lar reactivity to vasoconstrictor stimuli. To test this
hypothesis we have investigated the effect of dex-
amethasone and corticosterone on the output of
prostaglandins and on the vascular reactivity to NA,
AII, arginine vasopressin (AVP) and bradykinin
(Bk) in the isolated kidney of the rat perfused with
Tyrode solution. To distinguish the action of
glucocorticoids that are related to inhibition of pros-
taglandin synthesis from those that are not, we have
also examined the effect of dexamethasone on the
renal vascular response and on prostaglandin output
elicited by vasoactive hormones in the presence of
indomethacin, a cyclo-oxygenase inhibitor. A pre-
liminary account of this work has been published
(Malik & Cooper, 1983).

Methods

Male Sprague-Dawley rats, weighing 350-400 g,
maintained on normal chow, were anaesthetized with
ether, and the abdomen was opened by a midline
laparotomy. The aorta was ligated proximal and dis-
tal to the left renal artery. A catheter was inserted
into the renal artery and the kidney was flushed with
heparinized saline (100 units ml1). The kidney was
isolated and perfused with Tyrode solution according
to the procedure described previously (Malik &
McGiff, 1975). The kidney was perfused at a flow
rate of 5 ml min-1 by means of a Harvard peristaltic
pump. Tyrode solution was maintained at 37°C and
gassed with a mixture of 95% 02 and 5% CO2. The
composition of this solution was, in (mmol -l1): NaCl
137, KCl 2.7, CaC12 1.8, MgCl2 1.1, NaHCO3 12,
NaH2PO4 0.42 and D(+)-glucose 5.6. Perfusion
pressure was measured with a pressure transducer
(Statham P23Db) and recorded on a physiograph.
Since flow rate was maintained constant, changes in
perfusion pressure reflect alterations in renal vascu-
lar resistance. The kidney was perfused for 35 min
before beginning any experimental intervention.

Experimental protocol

All experiments were performed during 35-125 min
of perfusion because the basal output of prostaglan-
dins in this period was stable and it was lower before
35 min and higher after 125 min of perfusion. The
following three series of experiments were per-
formed.

Series 1 The purpose of this series of experiments
was to determine the effect of different doses of
noradrenaline (NA), angiotensin II (AII), arginine

vasopressin (AVP) and bradykinin (Bk) on the out-
put of prostaglandins and on renal vascular tone. NA
0.3-3nmol, AII 0.028-0.28nmol, AVP 0.027-
0.27 nmol, Bk 0.28-2.8 nmol or their respective veh-
icle was injected as a bolus at 15min intervals in
random order into the tubing leading to the catheter
inserted into the renal artery. Samples of the renal
perfusate were collected for 2 min periods im-
mediately before (basal) and after the administration
of various agents or their vehicle. Changes in perfu-
sion pressure were recorded and the output of pros-
taglandins in the renal perfusate was determined by
radioimmunoassay after purification of the samples
by the procedure to be described later.

Series 2 This series of experiments was performed to
investigate the effect of dexamethasone, corticos-
terone, mepacrine and indomethacin on the actions
of NA, AII, AVP, Bk, A-23187, a calcium
ionophore, and arachidonic acid (AA) on prosta-
glandin output and on vascular tone. Kidneys were
perfused with Tyrode solution containing dex-
amethasone (2.6 x 10- M), corticosterone (2.9 x
10-1 M), mepacrine (2.1 x 10-SM), indomethacin
(2.8x 10-6M) or their vehicle. NA 1.6nmol, AII
0.097 nmol, AVP 0.27 nmol, Bk 0.94 nmol, A-
23187 9.6 nmol, AA 33 nmol or their respective
vehicle was administered, and the samples of renal
perfusate for the determination of prostaglandins
were collected as described for experimental Series 1.
In two additional experiments kidneys were perfused
for 4 h with Tyrode solution containing dex-
amethasone before the administration of vasoactive
hormones.

Series 3 This series of experiments was performed to
investigate the effect of dexamethasone on the ac-
tions of NA and AII on release of prostaglandins and
on renal vascular tone in kidneys perfused with
Tyrode solution containing indomethacin (2.8 x
10-6M). NA 1.6 nmol, All 0.097 nmol or their vehi-
cle was injected into the kidney. Changes in perfusion
pressure were recorded, and samples of renal perfu-
sate for prostaglandin determination were collected
as described for Series 1 experiments.

Determination ofprostaglandins

Prostaglandin E2 and 6-keto-prostaglandin-F1cX in
the renal perfusate were measured by radioim-
munoassay. Perfusate samples were allowed to thaw
at room temperature; 5 ml aliquots were acidified to
pH 2.8-3.0 with 2NHCl and passed through C-18
Sep Paks (Water Associates, Inc., Milford, MA) that
were preequilibrated with 0.00 1 N HCl. The columns
were then washed sequentially with 10 ml each of
0.001 N HCl, 15% ethanol, petroleum ether, methyl
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formate and methanol. The methyl formate fraction
was evaporated to dryness with nitrogen and the
residue dissolved in 1 ml of gelatin phosphate buffer
(pH 7.4) composed of (gl-t) NaN3 1.0, NaCl 9.0,
KH2PO4 3.4, K2HP04 13.1 and gelatin 1.0 (Fisher
100 bloom). Aliquots (0.1 ml) of each sample were
then added to polypropylene tubes together with
0.1 ml (8000 dpm) of [3H]-PGE2, or [3H]-6-keto-
PGFI1, (New England Nuclear, Boston, MA) dissol-
ved in gel buffer and 0.1 ml of the appropriate antis-
era. The tubes were vortexed and incubated at 0°C
for 2 h for PGE2 assay and 18 h for 6-keto-PGF1,,
assay. After the incubation period, 1 ml of a charcoal-
dextran mixture (2.5 g of charcoal and 0.25 g of
dextran l-I of gel buffer) was added to each tube, and
10 min later the tubes were centrifuged. The super-
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Figure 1 Effect of noradrenaline (NA), arginine vasopressin (AVP) bradykinin (Bk) and angiotensin II (AII) on
the output of prostaglandins E2 (PGE2, upper panel) and 6-keto-PGFj,i (6-K-PGF1,,) (middle panel) and on the
perfusion pressure (bottom panel) in the rat isolated kidney perfused with Tyrode solution. Bars show s.e.mean,
* denotes value significantly different from basal (P< 0.05).
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Drugs

The following drugs were used: noradrenaline bitar-
trate (NA) (Levophed, Winthrop), angiotensin II
(All), dexamethasone acetate, corticosterone,
quinacrine hydrochloride (mepacrine) and in-
domethacin (Sigma Chemical Co.), arginine vasop-
ressin (AVP) (Bachem Inc.), bradykinin diacetate
(Bk) (Protein Research Foundation, Minoh-shi), A-
23187 (Eli Lilly Co.) and arachidonic acid (AA) (Nu
Check Prep. Inc).

AII, AVP and Bk were dissolved in saline and
A-23 187 in dimethyl sulphoxide (1 mg ml-') to pre-
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FIgure 2 Effects of noradrenaline (NA) and angiotensin II (AII) on the output of prostaglandin E2 (PGE2, upper
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Tyrode solution (10 mg per 0.5 1) by vigorous stirring
for about 1-1.5 h and then added to the perfusion
fluid to obtain the final concentration. Indomethacin
and mepacrine (10mgml-1) were dissolved in
Tyrode solution by vigorous shaking and added to the
perfusion fluid to obtain the final concentration.

Analysis of data

The basal output and increase in prostaglandin out-
put elicited by various agents is expressed as ng min1-I
of immunoreactive PGE2 and 6-keto-PGF1,. The
basal output of prostaglandins represents the amount
of prostaglandins in the samples collected for the
2 min period immediately before the administration
of a drug. The increase in the output of prostaglan-
dins elicited by an agent was calculated by subtracting
the basal prostaglandin output from that obtained
during 2 min periods just after the injection of a drug
into the kidney. The results are presented as mean
± s.e.mean. The data were analysed by one-way
analysis of variance, and Dunnett's test was used to
determine the difference between means and Stu-
dents' t test for unpaired observations. Differences
between means were considered significant if the
probability (P) of the null hypothesis being true was
less than 0.05.

Results

Effect of NA, A VP, Bk and All on the output of
prostaglandins and on vascular tone in the isolated
kidney (Figure 1)

Administration of NA 0.3-3.0 nmol, AVP
0.027-0.27nmol, Bk 0.28-2.8nmol, or All
0.028-0.28nmol, into the renal arterial circuit en-
hanced in a dose-dependent manner the output of
immunologically detected PGE2 and 6-keto-PGF1a;
the amount of PGE2 being significantly greater than
that of 6-keto-PGFi, (P<0.05). In two experiments
the amount of immunoreactive PGF2, was also meas-
ured. Both the basal (0.2-0.5 ng min- l) as well as the
increase elicited by the vasoactive agents
(0.4-0.6 ng min'l) was considerably less than that of
PGE2 and 6-keto-PGF1,, and it was not measured in
subsequent experiments. NA, AII and AVP but not
Bk also produced vasoconstriction and a dose-
related increase in perfusion pressure. The rise in
perfusion pressure elicited by NA peaked in 10-20 s
and that elicited by All and AVP peaked within
30-40s. The output of prostaglandins elicited by
these vasoconstrictor agents as well as by Bk reached
maximal level in 2 min and gradually retumed to
preinjection level within the next 5 min. Injections of
the vehicle into the kidney did not alter the output of
prostaglandins or perfusion pressure.

Effect ofdexamethasone, corticosterone, mepacnne
and indomethacin on the actions ofNA, AII, A VP,
Bk, A-23187andAA on the outputofprostaglandins
and on vascular tone (Figures 2, 3, 4 and 5).

In kidneys perfused with Tyrode solution containing
either dexamethasone (2.6 x 10- M) or corticos-
terone (2.9 x 10-5 M), injections ofNA 1.6 nmol, All
0.097 nmol, AVP 0.27 nmol, Bk 0.94 nmol, A-
23187 9.6 nmol or AA 33 nmol enhanced the output
of both PGE2 and 6-keto-PGF1,. However, the out-
put of prostaglandins elicited by NA and All (Figure
2) but not that caused by AVP (Figure 3), and
A-23187 (Figure 4) or AA (Figure 5), was signific-
antly less in the presence of glucocorticoids than that
obtained during infusion of their respective vehicle.
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Figure 3 Effect of arginine vasopressin (AVP) on renal
output of prostaglandin E2 (PGE2, upper panel) and
6-keto-PGF1, (6-K-PGF1,,) (middle panel) and on the
perfusion pressure (bottom panel)in the rat kidney per-
fused with Tyrode solution containing inhibitors. All
details as for Figure 2 (see legend).
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Figure 4 Effect of bradykinin (Bk) and A-23187 on renal output of prostaglandin E2 (PGE2, upper panel) and
6-keto-PGF1,, (6-K-PGFi,, middle panel) and on the perfusion pressure (bottom panel) in the rat kidney perfused in
the presence of inhibitors. All other details as for Figure 2 (see legend).

The rise in perfusion pressure elicited by NA and
AII, but not that caused by AVP or AA, was also
reduced by dexamethasone (28 ± 2% and 29 + 2%,
respectively) and by corticosterone (29 ± 3% and
29 ± 1%, respectively). Similar results were obtained
in kidneys perfused with dexamethasone or
corticosterone-containing Tyrode solution for up to
4 h. The basal output of prostaglandins and the perfu-
sion pressure were not affected by the glucocor-
ticoids. The effect of lower doses of AVP
(0.027 nmol) on prostaglandin output was also unaf-
fected by administration of dexamethasone or cor-
ticosterone, as shown in Figure 3 for the higher dose
of this peptide. Lower concentrations of dex-
amethasone or corticosterone (1 x 10-s M or less)
failed to alter the effect of vasoactive hormones on
prostaglandin release or perfusion pressure.

In the presence of mepacrine, a phospholipase A2
inhibitor, the effects of NA, All, AVP, Bk and
A-23 187 but not that of AA in enhancing release of
PGE2 and 6-keto-PGF1,, were significantly reduced.
The rise in perfusion pressure elicited by NA and
AII, but not that produced by AVP or AA, was
attenuated by mepacrine. The basal output of pros-
taglandins and the perfusion pressure were not al-
tered in the presence of mepacrine.

In kidneys perfused with indomethacin, a cyclo-
oxygenase inhibitor, the increased prostaglandin out-
put elicited by the vasoactive hormones, A-23187 or
AA was abolished; the basal output of prostaglandins
was also reduced. The rise in perfusion pressure
caused by NA, AII and AA was reduced in the
presence of indomethacin.

Effect ofdexamethasone on the actions ofNA and AII
onprostaglandin output and on renalperfusion
pressure in the presence ofindomethacin (Figure 6)

In kidneys perfused with Tyrode solution containing
indomethacin 2.8 x 10-6M, administration of NA
1.6 nmol and All 0.097 nmol did not alter the output
of prostaglandins but increased renal perfusion pres-
sure. However, the increase in perfusion pressure
produced by NA or AII in kidneys perfused with
dexamethasone-containing solution was significantly
less than in those kidneys perfused with the solution
containing its vehicle. The degree of reduction pro-
duced by dexamethasone in NA and AII-induced
renal vasoconstriction in the presence of indometha-
cin (31 ± 2% and 30 ± 2%, respectively) was similar
to that obtained in the absence of the cyclo-
oxygenase inhibitor (P> 0.05) (see Figure 3).
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Discussion

The present study, which was undertaken to deter-
mine the relationship between the effects of
glucocorticoids on renal vascular response and pros-
taglandin synthesis elicited by vasoactive hormones
in the isolated kidney of the rat, indicates that (a)
glucocorticoids exert a differential effect on renal
vascular response to vasoactive hormones and (b)
their effect on renal vascular response to vasocon-
strictor stimuli appears to be unrelated to prostaglan-
din synthesis.

In the rat isolated kidney perfused with Tyrode
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Figure 5 Effect of arachidonic acid (AA) 33 nmol on

the output of prostaglandin E2 (PGE2, upper panel) and
6-keto-PGF1,, (6-K-PGF1,,, middle panel) and on the
perfusion pressure (bottom panel) in the rat kidney
perfused with Tyrode solution containing various in-
hibitors. All other details as for Figure 2 (see legend).

Fgure 6 Effect of dexamethasone (Dex 2.6 x 10-5M)
or its vehicle (Veh) on the output of prostaglandin E2
(PGE2, upper panel) and 6-keto-PGF1, (6-K-PGF1,,,
middle panel) and on the perfusion pressure (bottom
panel) elicited by noradrenaline (NA) and angiotensin
II (All) in the rat kidney in the presence of indometha-
cin (Indo) 2.8 x 10-6 M. Bars show s.e.mean, * denotes
values significantly different from basal value and *
represents values significantly different from that ob-
served during vehicle infusion (P< 0.05).



686 C.L. COOPER & K.U. MALIK

al., 1976), was reduced in the rat kidney. The inhibi-
tion of renal vascular reactivity to NA by glucocor-
ticoids was not specific because they also attenuated
the vasoconstrictor response elicited by AII.

Since (a) the renal vasoconstriction and renal out-
put of prostaglandins caused by NA and All in the
present study were also reduced by mepacrine, and
(b) the administration of exogenous PGE2 in Tyrode-
perfused rat kidney enhanced the vasoconstrictor
response to NA and All (Malik & McGiff, 1975;
Armstrong & Lattimer, 1976), it might appear that
the inhibitory effect of dexamethasone and corticos-
terone on NA and All-induced renal vasoconstric-
tion is related to inhibition of prostaglandin synth-
esis. However, this seems unlikely for the following
reasons. First, the prostaglandin synthesis elicited by
AVP, Bk or A-23187 was not affected by dex-
amethasone or corticosterone but was inhibited by
mepacrine. Second and perhaps most tellingly, dex-
amethasone reduced the renal vasoconstrictor effect
of NA and All in kidneys in which prostaglandin
synthesis elicited by these agents was already
abolished by indomethacin, and the magnitude of
reduction was similar to that obtained in the absence
of the cyclo-oxygenase inhibitor (Figures 2 and 6).
Therefore, it appears that the effect of glucocor-
ticoids in attenuating NA and All-induced renal
vasoconstriction is due to a direct action on the
vascular smoooth muscle interfering with the interac-
tion of NA and All with the receptor sites and/or the
postreceptor events that in turn reduce the effect of
these hormones on prostaglandin synthesis.

Attenuation by glucocorticoids of prostaglandin
output elicited by NA or All was not due to de-
creased cyclo-oxygenase activity, because both dex-
amethasone and corticosterone failed to alter the
effect of arachidonic acid in increasing the output of
PGE2 and 6-keto-PGF10 and producing renal vaso-
constriction. Whether inhibition by glucocorticoids
of prostaglandin synthesis elicited byNA and All but
not by AVP, Bk or A-23187 reflects a difference in
phospholipase species activated by these agents in
the rat kidney is not known. Blackwell et al. (1978)
and Robinson & Hoult (1980) have reported that
glucocorticoids also failed to alter the effect of Bk but
not that of other agents such as histamine or antigen
challenge in enhancing prostaglandin synthesis in the
guinea-pig perfused lung, and they attributed this
differential effect of glucocorticoids to two distinct
'types' or 'pools' of phospholipase. However, Zus-
man & Keiser (1980) have shown that in renomedul-

lary interstitial cells, dexamethasone inhibited pros-
taglandin synthesis elicited by Bk as well as All and
AVP. Moreover, recently Schleimer et al. (1983)
have reported that dexamethasone inhibited the re-
lease of prostaglandins from human lung fragments
but not in purified human lung mast cells. These
observations together with our findings suggest that
the effect of glucocorticoids on prostaglandin synth-
esis may also vary in different cell types and tissues.
Whether these differences are related to their ability
to stimulate the synthesis of phospholipase A2 in-
hibitor (Flower & Blackwell, 1979; Hirata et al.,
1980; Cloix et al., 1983) or to differences in sensitivi-
ty of various hypothetical phospholipase A2 'pools'
(Blackwell et al., 1978; Robinson & Hoult, 1980;
Schwartzman et al., 1981) and/or alterations in the
interaction of agonists with their receptor sites during
treatment with glucocorticoids remains to be deter-
mined.

In conclusion, the glucocorticoids dexamethasone
and corticosterone exert a differential effect on the
renal vascular reactivity to vasoactive hormones in
the rat kidney in vitro. The inhibitory effect of acute
administration of glucocorticoids on renal vasocon-
striction elicited by NA and All appears to be unre-
lated to prostaglandin synthesis and is probably due
to their direct influence on adrenergic and All recep-
tor interaction and/or associated events. However,
the possibility that a reduction in AA products
formed through lipoxygenase or mono-oxygenase
pathway that could contribute to the inhibitory effect
of glucocorticoids on NA and AII-induced renal
vasoconstriction remains to be explored. Moreover,
in view of the demonstration that PGE2 can exert an
opposite effect in vitro and in vivo on the rat renal
(Malik & McGiff, 1975; Haylor & Towers, 1982;
Jackson et al., 1982; Sakr & Dunham, 1982; In-
okuchi & Malik, 1982) and mesenteric vasculature
(Malik et al., 1976; Jackson & Campbell, 1980), the
relationship between the actions of glucocorticoids
and prostaglandin synthesis in vivo in this species
need to be examined.

We wish to thank Elizabeth Bordwell for technical assis-
tance and Jean Higdon for typing this manuscript. We also
thank Dr Lawrence Levine of Brandeis University for the
generous supply of PGE2 and 6-keto-PGFIx antibodies.
This study was supported by U.S. Public Health Service
Grant HL 19134 from the National Heart, Lung and Blood
Institute.

References

ARMSTRONG, J.M. & LATTIMER, N. (1976). Prostaglandin
E2 released from the kidneys of genetic hypertensive

rats contributes to the vasoconstrictor supersensitivity to
angiotensin II in vitro. Br. J. Pharmac., 58, 462 P.



GLUCOCORTICOIDS AND VASCULAR REACTIVITY 687

AXELROD, L. (1983). Inhibition of prostacyclin production
mediates permissive effect of glucocorticoids on vascu-
lar tone. Pertubations of this mechanism contribute to
pathogenesis of Cushing's syndrome and Addison's dis-
ease. Lancet, i, 904-906.

BLACKWELL, G.J., FLOWER, R.J. NIJKAMP, F.P. & VANE,
J.R. (1978). Phospholipase A2 activity of guinea-pig
isolated perfused lungs: Stimulation, and inhibition by
anti-inflammatory steroids. Br. J. Pharmac., 62,79-89.

CLOIX, J.F., COLARD, O., ROTHHUT, B. & RUSSO-MARIE,
F. (1983). Characterization and partial purification of
'renocortins': Two polypeptides formed in renal cells
causing the anti-phospholipase-like action of glucocor-
ticoids. Br. J. Pharmac., 79,313- 321.

FLOWER, R.J. &BLACKWELL,G.J. (1979). Antiinflammat-
ory steroids induce biosynthesis of a phospholipase A2
inhibitor which prevents prostaglandin generation. Na-
ture, 278,456-459.

GILMORE, N., VANE, J.R., WYLLIE, J.H. (1968). Prostag-
landins released by the spleen. Nature, 218,1135 -1140.

GRYGLEWSKI, R.J. (1976). Steroid hormones, anti-
inflammatory steroids and prostaglandins. Pharmac.
Res. Commun., 8,337-347.

HAYLOR, J. & TOWERS, J. (1982). Renal vasodilatory ac-
tivity of prostaglandin E2 in the rat anaesthetized with
pentobarbitone. Br. J. Pharmac., 76, 131- 137.

HERBACZYNSKA-CEDRO, K. & STASZEWSKA-
BARCZAK, J. (1977). Suppression of the release of
prostaglandin-like substances by hydrocortisone in vivo.
Prostaglandins, 13,517-531.

HIRATA, F., SCHIFFMANN, E., VENKATASUBRAMANIAN,
K., SALOMON, D. & AXELROD, J. (1980). A phos-
pholipase A2 inhibitory protein in rabbit neutrophils
induced by glucocorticoids. Proc. Nat. Acad. Sci.
U.S.A., 77,2533-2536.

HONG, S.L. & LEVINE, L. (1976) Stimulation of prostaglan-
din synthesis by bradykinin and thrombin and their
mechanisms of action on MC5-5 fibroblasts. J. biol.
Chem., 25, 5814-5816.

INOKUCHI, K. & MALIK, K.U. (1982). Prostaglandins at-
tenuate adrenergically-induced vasoconstriction in the
kidney of the anesthetized rat. Fedn Proc., 41, 1723.

JACKSON, E.K. & CAMPBELL, W.B. (1980). The in situ
blood perfused rat mesentery: A model for assessing
modulation of adrenergic neurotransmission. Eur. J.
Pharmac., 66, 217-229.

JACKSON, E.K., HEIDEMANN, H.T., BRANCH, R.A. & GER-
KENS, J.F. (1982). Low dose intrarenal infusion of
PGE2, PGI2 and 6-keto-PGE1 vasodilate the in vivo rat
kidney. Circulation Res., 51,67-72.

KALSNER, S. (1969). Mechanism of hydrocortisone poten-
tiation of responses to epinephrine and norepinephrine
in rabbit aorta. Circulation Res., 24,383-395.

KANTROWITZ, F., ROBINSON, D.R. & McGUIRE, M.B.
(1975) Corticosteroids inhibit prostaglandin production
by rheumatoid synovia. Nature, 258,737-739.

KNOWLTON, A.J., LOEB, E.N., STOERK, H.C., WHITE, J.P. &
HEFFERNAN, J.F. (1952). Induction of arterial hyper-
tension in normal and adrenalectomized rats given cor-
tisone acetate. J. Exp. Med., 96, 187-205.

KRAKOFF, L.R., SELVADURAI, R. & SuITrER, E. (1975).
Effect of methylprednisolone upon arterial pressure and
the renin angiotensin system in the rat. Am. J. Physiol.,
228,613-617.

KURLAND, G.S, & FREEBERG, A.S. (1951). The potentiat-
ing effect of ACTH and of cortisone on pressor response
to intravenous infusion of L-norepinephrine. Proc. Soc.
exp. Biol. Med., 78,28-31.

LEWIS, G.P. & PIPER, P.J. (1975). Inhibition of release of
prostaglandins as an explanation of some of the actions
of anti-inflammatory corticosteroids. Nature, 254,
308-311.

LONIGRO, A.J., TERRAGNO, N.A., MALIK, K.U. & McGIFF,
J.C. (1973). Differential inhibition by prostaglandins of
the renal action of pressor stimuli. Prostaglandins, 3,
595-606.

MALIK, K.U. & COOPER, C.L. (1983). Effect of dex-
amethasone, corticosterone and mepacrine on prostag-
landin synthesis elicited by vasoactive hormones in the
isolated rat kidney. Fedn Proc., 47,640.

MALIK, K.U. & MCGIFF, J.C. (1975). Modulation by prostag-
landins of adrenergic transmission in the isolated per-
fused rabbit and rat kidney. Circulation Res., 36,
599-609.

MALIK, K.U., RYAN, P. &McGEFF,J.C. (1976). Modification
by prostaglandin E1 and E2, indomethacin, and
arachidonic acid of the vasoconstrictor responses of the
isolated perfused rabbit and rat mesenteric arteries to
adrenergic stimuli. Circulation Res., 39, 163- 168.

MALIK, K.U., SUSIC, H. & NASJLETTI, A. (1980). Modula-
tion of adrenergic neuroeffector events in the renal
vasculature: Role of prostaglandins. Prog. Biochem.
Pharmac., 17,108-115.

McGLIFF, J.C., CROWSHAW, K., TERRAGNO, N.A., MALIK,
K.U. & LONIGRO, A.J. (1972). Differential effect of
noradrenaline and renal nerve stimulation on vascular
resistance in the dog kidney and the release of a prostag-
landin E-like substance. Clin. Sci., 42,223-233.

McGIFF, J.C., CROWSHAW, K., TERRAGNO, N.A., MALIK,
K.U. & LONIGRO, A.J. (1970). Release of a prostaglan-
din like substance into renal venous blood in response to
angiotensin II. Circulation Res., 26 and 27 (Suppl I),
1-121-1-130.

MENDLOWITZ, M., GITLOW, S. & NAFTCHI, N. (1958).
Work of digital vasoconstriction produced by infused
norepinephrine in Cushing's syndrome. J. appl. Physiol.,
13,252-256.

MULLANE, K.M. & MONCADA, S. (1980). Prostacyclin re-
lease and the modulation of some vasoactive hormones.
Prostaglandins, 20,25-49.

NEEDLEMAN, P., KAUFFMAN, A.H., DOUGLAS, JR. J.R.,
JOHNSON, JR. E.M. & MARSHALL, G.R. (1973). Specific
stimulation and inhibition of renal prostaglandin release
by angiotensin analogs. Am. J. Physiol., 224,
1415- 1419.

RAAB, W., HUMPHREYS, R.J. & LEPESCHKIN, E. (1950).
Potentiation of pressor effects of nor-epinephrine and
epinephrine in man by deoxycorticosterone acetate. J.
clin. Invest., 29,1397-1404.

RASCHER, W., DIETZ, R., SCHOMIG, A., BURKART, G. &
GROSS, F. (1980). Reversal of corticosterone-induced
supersensitivity of vascular smooth muscle to norad-
renaline by arachidonic acid and prostacyclin. Eur. J.
Pharmac., 68,267-273.

ROBINSON, C. & HOULT, J.R.S. (1980). Evidence for func-
tionally distinct pools of phospholipase responsible for
prostaglandin release from the perfused guinea-pig
lung. Eur. J. Pharmac., 64,333-339.



688 C.L. COOPER & K.U. MALIK

SAKR, H.M. & DUNHAM, E.W. (1982). Mechanism of
arachidonic acid-induced vasoconstriction in the intact
rat kidney: Possible involvement of thromboxane A2. J.
Phamac. exp. Ther., 221,614-622.

SCHLEIMER, R.P., SCHULMAN, E.S., MACGLASHAN, JR.
D.W., PETERS, S.P., HAYES, E.C., ADAMS, III G.K.,
LICHTENSTEIN, L.M. & ADKINSON, JR. N.F. (1983).
Effects of dexamethasone on mediator release from
human lung fragments and purified human lung mast
cells. J. clin. Invest., 71, 1830-1835.

SCHOMIG, A., LOTH, B., DIETZ, R. & GROSS, F. (1976).
Changes in vascular smooth muscle sensitivity to vas-
oconstrictor agents induced by corticosteroids, ad-
renalectomy and differing salt intake in rats. Clin. Sci.
Mol. Med., 51 (Suppl 3),61S-63S.

SCHWARTZMAN, M., LIBERMAN, E. & RAZ, A. (1981).
Bradykinin and angiotensin II activation of arachidonic
acid deacylation and prostaglandin E2 formation in rab-
bit kidney. J. biol. Chem., 256,2329-2333.

SCOGGINS, B.A., BUTKUS, A., COGHLAN, J.P., DENTON,

D.A., FAN, J.S.K., HUMPHREY, T.J. &WHITWORTH, J.A.
(1978). Adrenocorticotropic hormone-induced hyper-
tension in sheep. A model for the study of the effect of
steroid hormones on blood pressure. Circulation Res.,
(Suppl 1) 43,76-81.

SHEBUSKI, R.J. & AIKEN, J.W. (1980). Angiotensin II-
induced prostacyclin release suppresses platelet aggreg-
ation in the anesthetized dog. Adv. Prostaglandin
ThromboxaneRes., 7, 1149-1152.

SUSIC, H., NASJLEITI, A. & MALIK, K.U. (1981). Inhibition
by bradykinin of the vascular action of angiotensin II in
the dog kidney. J. Pharmac. exp. Ther., 218, 103 - 107.

TASHJIAN, JR. A.H., VOELKEL, E.F., McDONOUGH, J. &
LEVINE, L. (1975). Hydrocortisone inhibits prostaglan-
din production by mouse fibrosarcoma cells. Nature,
258,739-741.

ZUSMAN, R.M. & KEISER, H.R. (1980). Regulation of pros-
taglandin E2 synthesis by angiotensin II, potassium,
osmolality, and dexamethasone. Kidney Intemational,
17,277-283.

(Received November21, 1983.
Revised January 19, 1984)


