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Interactions between 8-L-Arginine Vasopressin and

Prostaglandin E, in Human Mononuclear Phagocytes

RUDOLF LOCHER, WILHELM VETTER, and LuTtz H. BLOCK, Department of
Medicine, Universitdtsspital, CH-8091 Ziirich, Switzerland

ABSTRACT The effect of 8-L-arginine vasopressin
(AVP) on biosynthesis of prostaglandins in human
mononuclear phagocytes was examined. AVP, oxyto-
cin, and deamino-(8-D-arginine) vasopressin (dDAVP)
affected prostaglandin biosynthesis in a rank order that
parallels their pressor but not antidiuretic activity
(AVP > oxytocin > dDAVP). Radioimmunoassay, in-
corporation studies using ["*Clarachidonic acid and
radiometric thin-layer chromatography, revealed
prostaglandin E; (PGE,) to be the only prostaglandin
synthesized by the mononuclear phagocytes.

While high concentrations of PGE; elevated cyto-
plasmic levels of cyclic AMP by five- to sevenfold
above basal values, low concentrations of PGE, that
are released by the cells in the presence of AVP failed
to increase cyclic AMP content in the cells. However,
PGE,; at concentrations that do not alter cyclic AMP
levels markedly interferes with the activity of AVP.
This effect is, however, very time dependent. Addition
of PGE;, to the cells 30 min before AVP, was followed
by a period of unresponsiveness to the hormone that
lasts at least 30 min. Pretreatment of the cells with
indomethacin enhanced the AVP-mediated accumu-
lation of intracellular cyclic AMP level. PGE; did not
modify [PHJAVP binding, indicating that its inhibitory
effect on the activity of the peptide is not due to down-
regulation of vasopressin receptors.

INTRODUCTION

We have recently characterized specific 8-L-arginine
vasopressin (AVP)' receptors on the circulating mono-
nuclear phagocytes of human blood by using direct

Received for publication 10 May 1982 and in revised form
2 December 1982.

! Abbreviations used in this paper: AA, arachidonic acid;
AVP, 8-L-arginine vasopressin; cyclo VAVP, (1[8-mercapto-
B,8-cyclopentamethylene propionic acid], 4-valine, 8-D-ar-
ginine); dDAVP, deamino-(8-D-arginine) vasopressin; IBMX,
8-isobutyl-1-methylxanthine; PG, prostaglandin; TLC, thin
layer chromatography; Tx, thromboxane.
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binding studies with ['?*I]-AVP (1). An important ob-
servation in these studies was that AVP affects cyclic
AMP metabolism of these cells at comparable concen-
trations that are effective in mediating the activity of
AVP on osmotic water flow in toad bladder as well as
in mammalian collecting duct.

It is well established that the increase in perme-
ability to water that AVP elicits in both the renal col-
lecting duct and the toad urinary bladder involves
stimulation of the formation of cyclic AMP (2). Low
concentrations of prostaglandin (PG) E; have been
shown to antagonize the antidiuretic activity of AVP
by inhibiting the accumulation of cyclic AMP in ep-
ithelial cells of the toad bladder (3) and in slices of
renal medulla (4). In addition to its stimulatory effect
on intracellular cyclic AMP level, AVP was also shown
to increase biosynthesis of PGE; in cultured interstitial
cells from renal medulla of rabbit (5). Thus, a short-
loop feedback system has been proposed in which AVP
itself stimulates its antagonist PGE; in collecting duct
epithelial cells (6-8).

To evaluate whether human mononuclear phago-
cytes display certain characteristics of AVP action de-
scribed for the renal tissue, we determined the effect
of the hormone on PGE, biosynthesis. Further, we
studied the interactions between AVP and PGE; on
cyclic AMP metabolism of these cells.

METHODS

Pharmacological agents. AVP and deamino-(8-p-argi-
nine) vasopressin (dDAVP) were purchased from Ferring AB
Pharmaceuticals (Malmé, Sweden), Lys8-vasopressin and
oxytocin from Senn (Ziirich, Switzerland). (1[8-mercapto-
8.8-cyclopentamethylene propionic acid], 4-valine, 8-p-ar-
ginine) vasopressin (cyclo VAVP) was kindly provided by
Dr. M. Manning, Medical College of Ohio (Toledo, OH). dl-
Isoproterenol, 3-isobutyl-1-methylxanthine (IBMX), beef
heart cyclic 8',5'-phosphodiesterase, and indomethacin were
obtained from Sigma Chemical Co. (St. Louis, MO). (8-L-
arginine), [3-phenyl-3,4,5-°H(N)]vasopressin (*HJAVF; 45.3
Ci/mmol sp act), [*Hlarachidonic acid ((*H]JAA); 78.2 Ci/
mmol sp act) and ['*C]AA (56.3 Ci/mmol sp act) were pur-
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chased from New England Nuclear (Boston, MA). PGE,,
PGF,,, and thromboxane (TxB,) were obtained from Upjohn
Co., Kalamazoo, MI).

Preparation of mononuclear phagocytes. Individual
units of 500 ml of fresh, human, heparinized blood obtained
from healthy donors were sedimented and the buffy coats
aspirated. Mononuclear cells were isolated from the buffy
coat cells in Ficoll-Hypaque gradients (9). After two washes
in Hanks’ buffer (Microbiological Associates, Walkersville,
MD) at room temperature, the cells were suspended in Ea-
gle’s minimal essential medium, containing 24 mM Hepes
(Gibco Laboratories, Grand Island Biological Co., Grand Is-
land, NY). The viability of the cells was determined by try-
pan blue exclusion and was found to be >97%. This fraction
contained 16% monocytes, 80% lymphocytes, and 4% gran-
ulocytes, as determined by differential cell counting on cell
preparation stained with Tiirk’s solution.

For separation of mononuclear phagocytes, cells were in-
cubated in plastic petri dishes (35-mm diam; Falcon Lab-
ware, Div. of Becton, Dickinson & Co., Oxnard, CA) at a
concentration of 1 X 107 cells/ml per dish for 1 h at 37°C
in a 5% CO, atmosphere. After this incubation period, the
nonadhering cells (containing lymphocytes and polymor-
phonuclear leukocytes) were decanted and the dishes gently
rinsed with warm Eagle’s minimal essential medium. The
adhering cells were then removed by extensive washing with
cold Eagle’s minimal essential medium and the cells from
several dishes were pooled, washed (10 min, 400 g, 4°C) with
the assay buffer, and quantitated by the nonspecific esterase
method (10). The mononuclear phagocyte content of this
cell preparation was 86+7.7%. All cell counts were done in
triplicate with the aid of a Neubauer chamber. All assays
were done within hours after preparation of the cells, during
which time the cells were kept on ice.

Cyclic AMP accumulation measurements. To determine
the intracellular level of cyclic AMP, accumulation mea-
surements were performed in the presence of the phospho-
diesterase inhibitor IBMX at a final concentration of 0.1 mM.
Experimental treatment and processing of the cells for the
cyclic AMP assay were performed as previously described
(1). PGE, was dissolved in 0.2 M phosphate buffer and stored
at —=70°C. To determine the intracellular cyclic AMP level,
100-ul aliquots were assayed by using the cyclic AMP 125]
radioimmunoassay kit (New England Nuclear). Each sample
was assayed in triplicate. The results are expressed as pi-
comoles of cyclic AMP per milligram of protein (or 1.1
X 107 mononuclear phagocytes). The pellets were solubilized
in 2% sodium dodecyl sulfate and the protein content was
determined according to Lowry et al. (11) by using bovine
serum albumin (Sigma Chemical Co.) as a standard. Cyclic
AMP accumulation was further demonstrated by product
identification, as incubations of the supernates with beef
heart cyclic-3',5-phosphodiesterase (Sigma Chemical Co.)
for 3 h at 30°C at pH 7.5, according to the method of Butcher
and Sutherland (12), decreased the measurable cyclic AMP
by 98%.

Determination of PGE, biosynthesis. To assess PGE,
biosynthesis of mononuclear phagocytes in presence of AVP
and analogues, the cells were suspended in RPMI 1640 me-
dium (Flow Laboratories, Irvine, Ayrshire, England) con-
taining 50 U/ml of penicillin and 50 ug of streptomycin at
a concentration of 2 X 10° cells/ml per dish. The peptides
were stored as stock solutions of 1 mM saline adjusted to pH
3.5 with acetic acid. Equivalent volumes of the peptides,
isotonic saline plus acetic acid, and indomethacin (1 pg/ml)
serving as controls were added to the cultures. Cells were
incubated for various time intervals at 837°C in a 5% CO,
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atmosphere. The incubations were terminated by collecting
the culture fluids and centrifuging them at 500 g for 10 min
at 4°C. The resulting supernates were kept frozen at —70°C
until measurements of prostaglandin biosynthesis were per-
formed. Before use, all media were routinely assayed for
presence of prostaglandins.

PGE; biosynthesis was estimated by using PGE radioim-
munoassay kit (Clinical Assays Inc., Div. of Travenol Lab-
oratories, Cambridge, MA) after isolation and separation of
PGE, from the culture fluids by silicic acid chromatography
in columns. For calculation of recovery, 10,000 cpm (~20
pg of [PHJPGE,) was added to 1 ml of culture fluids. *°H]PGE,
was recovered by 66+12.1%. 1-ml aliquots of cell supernates
were extracted with 3 ml of ethylacetate, isopropanol, and
0.1 M HCI (3:3:1, vol/vol/vol) in polypropylene tubes (10
ml). After vortexing twice, the phases were separated by
centrifugation (1 min, 400 g, 4°C). The organic phase (2.5
of 3 ml) was then dried at 37°C in nitrogen. Silicic acid
chromatography in columns was performed according to
Jaffé and Behrman (13). The eluates were dried in nitrogen
and the residues redissolved in 1 ml of PGE,-radioimmu-
noassay buffer. After adjustment at pH 12.5-12.8 by 0.1 ml
of 1 M NaOH, the solution was boiled in tightly closed screw-
capped vials, leading to conversion of PGE into PGB. After
readjustment of pH to 7.4 with 10% (vol/vol) acetic acid,
PGB was determined by radioimmunoassay. Biosynthesis of
PGF, and TxB, was assayed by radioimmunoassays (Clinical
Assays, Inc. and New England Nuclear). Radioactivity was
measured in a liquid scintillation spectrometer.

To analyze prostaglandin end products in the cell super-
nates, mononuclear phagocytes (1.35 X 10°/ml per dish)
were incubated with ['*C]JAA (1 uCi, New England Nuclear)
in the presence or absence of indomethacin (1 ug/ml) for
2h at37°Cin a 5% CO, atmosphere. The culture fluids were
then collected, cleared by centrifugation (10 min, 400 g,
4°C), acidified to pH 3.0 with 0.5 N HCI, and extracted
twice with 3 vol of ethylacetate. After evaporation of ethyl-
acetate, the residues were dissolved in ethanol, and extracts
(50 ul vol) were applied onto silicic acid thin-layer chro-
matography (TLC) plates (TLC aluminium sheets silica gel
60 F 254, Merck AG, Darmstadt, West Germany). PGF,,,
PGE,;, TxB;, and AA were used as standards. After being
developed twice in the organic phase of ethylacetate/isooc-
tane/acetic acid/water (11:5:2:1, vol/vol), the prostaglandin
end products were visualized by exposing the TLC plates
to iodine vapor. The silica gel was divided into 30 segments,
scraped off, transferred to scintillation vials, and counted in
a liquid scintillation counter.

To determine the effect of AVP on biosynthesis of radio-
active PGE by mononuclear phagocytes, the cells (2 X 10%/
ml per dish) were incubated in the presence of [PH]AA (1
uCi) for 14 h at 37°C in a 5% CO, atmosphere. After this
incubation period, ~40% of radioactivity had been incor-
porated into lipids of the cells. The cells were then washed
twice with warm RPMI 1640 and redissolved in 1 ml of
medium. For experimental treatment, the cells were incu-
bated in presence of indomethacin (1 ug/ml) plus AVP for
two additional hours at 37°C in 5% CO,. After collection
of culture fluids, acidification, and extraction, TLC was per-
formed as described above. After the cell supernates were
decanted, 0.2 uCi each of ['*C]JAA and of ['"*C]JPGE, were
added to the cells to calculate recovery.

Experimental values are corrected for recovery of the “C-
{abeled standards. All experiments were performed in trip-
icate.

[*H]AVP binding assay. To evaluate whether PGE affect
[*HJAVP binding to mononuclear phagocytes, the cells were
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FiGure 1 Effect of AVP (O —— O) and its analogues on PGE; biosynthesis in human mono-
nuclear phagocytes. Cells (1.1 X 10?/ml) were incubated in the presence of various concen-
trations of the hormones at 37°C in a 5% CO, atmosphere for 24 h. The effect of cyclo VAVP

(@

@) was determined in absence and presence of AVP after a 30 min preincubation

period of the cells. The incubation was stopped by collecting the cell supernates and clearing
them by centrifugation. PGE; was determined by radioimmunoassay as described in Methods.
The data represent the mean of triplicate incubations of five independent experiments (+SD).

O

0O, oxytocin; V V, dDAVP; X

suspended in the assay buffer containing 100 mM Hepes,
120 mM NaCl, 15 mM sodium acetate, ] mM EDTA, and
1% bovine serum albumin, pH 8. [*HJAVP binding assay was
performed as previously described (1). “Specific” binding
of the radioligand was analyzed in the presence of a 500-
fold excess of unlabeled hormone, and was 80-85% of total
[PHJAVP bound to the cells. Values obtained for total binding
minus specific binding values refer to “nonspecific”” binding.
The experiments were performed in triplicate.

RESULTS

The effect of AVP on PGE; levels in human mono-
nuclear phagocytes. To demonstrate the ability of
AVP to increase PGE; biosynthesis in human mono-
nuclear phagocytes, the cells were incubated in the
presence of varying concentrations of the peptide and
its analogs. While AVP (500 pM) stimulated PGE, bio-
synthesis from 220+37.7 to 425+67.5 ng/mg protein
per 24 h, effective concentrations of oxytocin (1077 M)
increased the production of PGE; to 315+42.8 ng/mg
protein per 24 h and of dDAVP (1077 M) to 285%52
ng/mg protein per 24 h (Fig. 1). Thus, the efficacy of
AVP and its analogs to stimulate biosynthesis of PGE,
corresponds to the rank order of pressor activity of the
polypeptides (AVP > oxytocin > dDAVP; (14, 15).
Preincubation of the cells with cyclo VAVP (5 uM),
a specific antagonist of vasopressin’s pressor activity,
a compound that by itself is ineffective in stimulating
PGE; at various concentrations tested (15), led to in-
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X, cyclo VAVP + AVP (500 pM).

hibition of PGE; biosynthesis in the mononuclear
phagocytes when subsequently exposed to AVP (500
pM). As shown in Fig. 2, AVP increases PGE; levels
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FIGURE 2 PGE, biosynthesis as a function of time. The cells
(1.1 X 107/ml) were incubated in the presence and absence
of AVP (@ @, 500 pM) and its analogs and in the pres-
ence of indomethacin (® ®, 1 ug/ml) for the indicated
times. Experimental values represent the mean of triplicate
incubations of four independent experiments (£SD, P < 0.01).
(] 0, 107 M oxytocin; A A, 1007 M dDAVP;
0—— 0, basal.




in the mononuclear phagocytes as a function of time.
In addition, AVP stimulated PGE, synthesis by 50%
over a cell protein range between 95 pug and 1 mg.

Comparison of the experimental values obtained for
biosynthesis of PGF, and TxB, with that for PGE, in
the cell supernatants, by radioimmunoassay after in-
cubation with AVP, indicates that PGE, was virtually
the only prostaglandin released by the mononuclear
phagocytes (Table I). This was further substantiated
by radiometric TLC experiments in which the mono-
nuclear phagocytes were incubated with ['"*C]AA. As
shown in Fig. 3, there was only one radioactive peak
that comigrated with authentic PGE;. Similarly, when
using cells which had [*H]AA incorporated into cellular
lipids, AVP increased the release of radioactive PGE,
and AA but not that of any other product of fatty acid
cyclooxygenase (Fig. 4).

The effect of PGE, on cyclic AMP metabolism of
human mononuclear phagocytes. Prostaglandins have
been shown to be formed within AVP-sensitive tissues
(16, 17). To study whether PGE; affects cyclic AMP
metabolism of mononuclear phagocytes, varying
amounts of PGE, were added to the cells and accu-
mulation of intracellular cyclic AMP was determined.
As shown in Fig. 5, high concentrations of PGE, (10™*
M) increased intracellular cyclic AMP level by ap-
proximately five- to sevenfold above those that were
achieved in the presence of AVP (500 pM) and ap-
proximately threefold above those that were caused
by the B-adrenergic agonist dl-isoproterenol (107 M).
However, when using low concentrations of PGE, that
are released by cells after incubations with AVP (at
concentrations that are effective in vivo), intracellular

TaBLE 1
AVP-induced Biosynthesis of Prostaglandins by Human
Mononuclear Phagocytes

Biosynthesis in the

Biosynthesis in presence of indomethacin

Prostaglandins  the presence of AVP Basal level (1 pg/ml)
at 24 h/mg protein
PGE, 4254675 ng  250+37.7 ng 40+15 ng
PGF,, 195+25 pg 18015 pg —
TxB, 110%16 pg 80+9 pg —

Mononuclear phagocytes (2 X 10%/ml) were incubated for 24 h in
the presence and absence of AVP (500 pM) at 37°C in a 5% CO,
atmosphere in plastic petri dishes. The incubation was determined
by collection of the culture fluids and clearing them by centrifu-
gation (10 min, 400 g, 4°C). Biosynthesis of prostaglandins was
analyzed as described in Methods. The data are expressed per
milligram cell protein (equal to 1.1 X 107 cells) and represent the

mean of triplicate incubations of four independent experiments
(xSD).
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FiGure 3 Thin layer chromatogram of ['*CJAA metabolites
synthesized by human mononuclear phagocytes. Cells (1.35
X 10° ml per dish) were incubated for 2 h at 37°C in a 5%
CO, atmosphere with ['*CJAA (1 uCi) and in the presence
and absence of indomethacin. After collection of the culture
fluids and extraction of the organic phase, the extracts were
applied onto TLC plates and developed twice as described
in Methods. PGF,, PGE,, TxB,, and AA were used as stan-
dards. The data are the mean of three independent exper-
iments. O O, control; ® @, 1 pg/ml indomethacin.

cyclic AMP level did not significantly increase above
basal values.

There was no significant increase in PGE; biosyn-
thesis and cyclic AMP accumulation in the presence
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FiGURE 4 Facsimile of a thin-layer chromatogram of [PHJAA
metabolites that were incorporated into lipids of mononu-
clear phagocytes. Cells (2 X 10°/ml per dish) were prein-
cubated for 14 h at 37°C in a 5% CO, atmosphere in the
presence of [*’HJAA before the addition of either AVP, or
indomethacin, or AVP plus indomethacin. For experimental
details see Methods. Open circles represent relative mobility
of AA, TxB,, PGE;, and PGF,,. Experimental values are
radioactivity in disintegration per minute. The data repre-
sent the mean of three independent experiments.
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FIGURE 5 Stimulation of cyclic AMP accumulation by various concentrations of PGE,, AVP,
and dl-isoproteronol (107* M, O O) in human mononuclear phagocytes. Cells (8 X 10¢/
ml) were incubated for 30 min at 37°C with the agents. Cyclic AMP content in the cells was
determined in the presence of IBMX (0.1 mM), as described in Methods, and is expressed in
milligrams of cell protein per milliliter. Data are the mean+SD of four independent experi-

ments. ® - - - @, 500 pM AVP; X
107* M PGE,; V——V, 107* M PGE,.

of AVP in highly purified T and B lymphocytes (purity
by 95%), thrombocytes (purity by 90%), polymorpho-
nuclear leukocytes (purity by 96%), erythrocytes (pu-
rity by 97%), and basophils isolated from a patient
with chronic myelogenous leukemia (purity by 65%)
(data not shown).

Antagonism between PGE, and AVP on intracel-
lular cyclic AMP level of human mononuclear phago-
cytes. Low concentrations of PGE; have been re-
ported to inhibit AVP-induced cyclic AMP metabolism
in various tissues (18). To evaluate whether PGE, an-
tagonizes the AVP-dependent raise in intracellular
cyclic AMP in human mononuclear phagocytes, the
cells were preincubated for various time intervals with
PGE; (10~° M) before the addition of AVP (500 pM)
for an additional 30 min. If 30 min were permitted
to elapse before the addition of AVP, the inhibitory
effect of PGE, on accumulation of intracellular cyclic
AMP due to AVP was most pronounced (Table II). The
greatly reduced response to AVP by a pulse of PGE,
could almost be diminished by extensive washing of
the cells (three times for 10 min). Little, if any, in-
terference with the activity of AVP on cyclic AMP
metabolism of mononuclear phagocytes was seen when
the peptide was added either simultaneously or before
the addition of PGE,.

To study the effect of indomethacin on AVP-me-

888 R. Locher, W. Vetter, and L. H. Block

X, 107* M PGE,; 0——0, 100" M PGE;; B

u,

diated cyclic AMP accumulation in mononuclear
phagocytes, the cells were incubated for 30 min in the
presence and absence of indomethacin before addition
of AVP. As shown in Fig. 6, elevation of cytoplasmic
level of cyclic AMP by AVP was increased to 405+51.7
fmol/mg protein in the presence of indomethacin
peaking between 15 and 45 min and returning to basal
level at 120 min as compared with cells incubated in
the absence of indomethacin (302+37.4 fmol/mg pro-
tein) peaking at 15 min and returning to basal values
at 60 min.

Lack of interference of PGE; on AVP binding to
human mononuclear phagocytes. Since AVP binding
and elevation of intracellular concentrations of cyclic
AMP in mononuclear phagocytes are related, it ap-
peared possible that PGE; interferes with AVP binding
to these cells. We therefore determined specific
[*HJAVP binding to intact cells in the presence of var-
ious concentrations of PGE,, PGF,,, and TxB;. How-
ever, the PGE did not significantly modify the PHJAVP
binding activity (4.2+0.7-4.6+0.5 pmol per 1.5 X 10°
cells/ml in the presence of 100-1,000 ng PGE,,
4.0+0.8-4.5+0.7 pmol per 1.5 X 10° cells/ml in the
presence of 100 pg-1 ug PGF,,, and 4.4+0.4-4.7+0.5
pmol per 1.5 X 10° cells per ml in the presence of TxB;)
as compared with values determined in the absence
of prostaglandins (4.240.6 pmol per 1.5 X 10° cells/



TaBLE 11
Interference with the Activity of AVP by PGE, on
Accumulation of Intracellular Cyclic AMP Level
in Human Mononuclear Phagocytes

A lation of i ol

Additions and procedures cyclic AMP
pmol /mg cell protein per 30 min
Basal level without IBMX 139+13.6
Basal level with IBMX (107* M) 154+14.8
PGE, (107° M) 163+10.3
AVP (107° M) 315+49.5
AVP + PGE,
0’ 294+39.4
+15' 237+36.7
+30’ 219+22.9
+ Pretreatment with PGE,
-15' 150+12.6
-30’ 143+13.1

Time elapsed (—, minutes before and +, minutes after) between
the addition of PGE, and the addition of AVP. AVP and PGE,
were added to the cells (2 X 10/ml) at the indicated times in the
presence of IBMX at 37°C. The incubations were continued for
the usual 30-min period. Cyclic AMP content in the cells is ex-
pressed in milligrams of cell protein per milliliter (equal to 1.1
X 107 cells). IBMX was present in all incubations. Extracellular
cyclic AMP was estimated in the incubation medium at the same
time points as when the cells manifested elevated intracellular levels
and occasionally at subsequent time points when the intracellular
accumulation was at or below control levels. Extracellular cyclic
AMP level did not increase above 5-15% of basal values. The ex-
perimental values are the mean of triplicate incubations of four
independent experiments (+SD).

ml). An additional experiment showing the displace-
ment of *HJAVP binding by AVP analogues in pres-
ence of PGE,, PGF,,, and TxB, did not result in
changes of the displacement of binding by the ana-
logues (data not shown).

DISCUSSION

AVP and its analogues have been reported to increase
PGE; biosynthesis in various tissues (7, 19). The stim-
ulation of renal biosynthesis of PGE, by AVP in mam-
malian kidney, however, is difficult to evaluate, for
only urinary PGE have been determined. Urinary PGE
include a portion of circulating PGE that were filtered
or secreted into tubules as well as PGE that were syn-
thesized within the kidney (20).

Although one cannot formally exclude the possibil-
ity that small numbers of cells could be responsible for
the reported effects of our studies, we conclude that
mononuclear phagocytes contribute to the release of
PGE; into circulation. This is evidenced from the ob-
servation that highly purified T and B lymphocytes,
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polymorphonuclear leucocytes, erythrocytes, throm-
bocytes, and basophils lacked significant response to
AVP. In addition, highly purified mononuclear phago-
cytes from human circulating blood and mouse peri-
toneal macrophages have been shown to be capable
of releasing PGE; in the presence of potent stimulators,
e.g., endotoxic lipopolysaccharide (21). The effective-
ness in the stimulation of PGE, biosynthesis of ap-
proximately twofold over basal values in response AVP
(500 pM) and its analogues oxytocin (~1%-fold) and
dDAVP (~0.5-fold) is comparable with that obtained
from studies with rat medullary interstitial cells (5).
The rank order in the stimulation of PGE, biosynthesis
by mononuclear phagocytes in response to the poly-
peptides appears to be the same as that for rat med-
ullary interstitial cells (AVP > oxytocin > dDAVP),
corresponding with their rank order of pressor activ-
ities. The results obtained from radiometric TLC ex-
periments with the cells incubated with ['*C]JAA and
with mononuclear phagocytes labeled overnight with
[PH)JAA, demonstrated PGE, to be the only detectable
prostaglandin produced by the cells. The product iden-
tification of PGE, was further substantiated by the use
of different radioimmunoassays for TxB, and PGF,,
that indicated the lack of significant amounts of PGs
other than PGE,. An additional proof for the stimu-
latory effect of AVP on PGE biosynthesis was the
blockade of PGE, release after preincubation of the
cells with cyclo VAVP, a synthetic nonpressor sub-
stance, and specific nondiuretic antagonist of vaso-
pressin’s pressor activity (15).

While high concentrations of PGE, that cannot be
achieved under in vivo conditions led to a moderate
increase in intracellular cyclic AMP content, low con-
centrations of PGE, that can be released by the cells
in response to AVP inhibited the AVP-dependent raise
in cyclic AMP. This finding agrees with the observation
of Omachi et al. (3) and Beck et al. (4), who demon-
strated a reduced response in the accumulation of
cyclic AMP to AVP in epithelial cells of the bladder
and in slices of renal medulla by low concentrations
of PGE,. The time at which PGE, is added in relation
to AVP thereby appears to be critical. For example,
those concentrations of PGE, that cause no significant
elevation in cytoplasmic cyclic AMP levels must be
added before AVP. If, however, PGE, is added either
simultaneously or after AVP, it no longer has an effect
on the ability of AVP to stimulate cyclic AMP metab-
olism of monocytes. This indicates that those steps in
the activity of AVP that are sensitive to effects of cyclic
AMP, are the earliest steps involved in the sequence,
whereas there are later steps or components involved
in the action of AVP that are no longer sensitive to the
effect of cyclic AMP. The finding that indomethacin
treatment enhanced the AVP-mediated raise in cyto-
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FIGURE 6 Stimulation of cyclic AMP accumulation by AVP (500 pM) in the presence and
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@, respectively. Cells (8 X 10°/ml

were preincubated for 30 min at 37°C in the presence and in the absence of indomethacin
before the addition of AVP (- - -). The incubation was then continued for the indicated times.
Cyclic AMP content in the cells was determined in the presence of IBMX (0.1 mM). The data
are expressed in milligrams of cell protein per milliliter and are the mean+SD of four inde-

pendent experiments.

plasmic cyclic AMP level of mononuclear phagocytes
provides further support that endogenous PGE inter-
fere with cellular actions of AVP to generate cyclic
AMP. This observation corresponds with a report by
Lum et al. (22) who demonstrated the activity of in-
domethacin to potentiate the renal medullary cyclic
AMP response to AVP in vivo.

The molecular basis for the inhibitory effect of PGE,
on AVP-induced elevation of intracellular cyclic AMP
cannot be attributed to agonist-mediated decrease in
AVP receptors or to interference with affinity of the
hormone, since [*’H]JAVP binding and displacement of
binding by analogs to the cells were not affected by
PGE;. The evidence suggests that the inhibitory effect
of PGE; on cyclic AMP accumulation resides at a locus
subsequent to hormonal binding to the receptor. Ad-
ditionally, there is evidence for PGE; receptors that
are coupled to adenylate cyclase in a mode that stim-
ulates the enzyme, which would explain the stimula-
tory effect of high concentrations of PGE, on cyclic
AMP accumulation in the mononuclear phagocytes.

Our studies on vasopressin-prostaglandin interac-
tions at human mononuclear phagocytes show striking
similarities with that of renal collecting duct and toad
urinary bladder relevant for regulation of water bal-
ance, in that AVP stimulates intracellular accumula-
tion of cyclic AMP subsequent to binding of the hor-
mone and stimulates PGE, biosynthesis. In addition,
low concentrations of PGE, that are released by the
cells after stimulation by the hormone, inhibit cyclic
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AMP accumulation, indicating a role for PGE; as a
negative feedback-modulator of vasopressin’s activity.
Human mononuclear phagocytes may provide a useful
instrument to study the interrelationships of both sub-
stances in vitro as indicated by these studies.
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