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Identification of 6-oxo-prostaglandin E1 as a naturally
occurring prostanoid generated by rat lung
C.N. Berry*', R.J. Griffiths2, J.R.S. Hoult*, P.K. Moore3 & G.W. Taylor**

Department ofPharmacology, Chelsea College, Manresa Road, London SW3 6LX, Department of
Pharmacology*, King's College, Strand, London WC2R 2LS and Department of Clinical Pharmacology*",
Royal Postgraduate Medical School, Ducane Road, London W10 OHS

1 The spontaneous release of prostanoids from rat isolated perfused lungs was studied after acid/
organic extraction of perfusates by bioassay, radioimmunoassay, thin layer and high performance
liquid chromatographic methods and by gas chromatography-negative ion mass spectroscopy (g.c.-
n.i.m.s.).
2 An acid/organic extractable anti-aggregatory vasodilator prostaglandin which inhibited the twitch
response of the field-stimulated guinea-pig vas deferens was released from the Krebs-perfused rat lung
in nanogram amounts similar to those of other detected prostanoids. Parallel biological assay

suggested that this prostaglandin had very closely similar pharmacological activity to authentic 6-
oxo-prostaglandin E, (6-oxo-PGE,), a metabolite ofprostacyclin (PGI2) generated by the action ofthe
enzyme 9-hydroxyprostaglandin dehydrogenase (9-PGDH).
3 6-oxo-PGE, was identified conclusively in extracts of rat lung perfusate by thin layer chromatogra-
phy, high performance liquid chromatography and g.c./m.s. combined with bioassay (inhibition of
platelet aggregation), and its covalent structure was defined by g.c. negative ion chemical ionization
mass spectroscopy.
4 The rank order of spontaneous release of prostanoids (measured by radioimmunoassay) from the
perfused rat lung was 6-oxo-PGFI, > thromboxane B2 (TXB2) > PGE2 > 6-oxo-PGE1 (measured
biologically) > PGF2,. Release of all five prostanoids was inhibited by indomethacin, but only that of
6-oxo-PGE, was inhibited by naringenin.
5 Rat lung lOO,OOOg cytosolic supernatants contained 9-PGDH activity capable of removing 9p-
tritium from labelled prostacyclin and forming an acid/organic extractable 6-oxo-PGEI-like anti-
aggregatory substance. This 9-PGDH activity was inhibited by naringenin (IC50 10.3 PM).
6 The relevance of these findings to the possible physiological role of 6-oxo-PGE1 in the lung is
discussed, andwe propose that 6-oxo-PGE, should be accorded the status ofa physiologically relevant,
naturally occurring metabolite of arachidonic acid.

Introduction

6-oxo-Prostaglandin El (6-oxo-PGE1), a stable pros-
tanoid with potent prostacyclin-like properties and
thus of possible therapeutic interest, was first iden-
tified as a product of 9-hydroxyprostaglandin de-
hydrogenase (9-PGDH)-dependent metabolism of
prostacyclin (PGI2) in perfused rabbit liver (Wong et
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al., 1980b). Since then, 9-PGDH enzymes capable of
forming 6-oxo-PGE, from PGI2 or, less commonly, 6-
oxo-PGF,,, have been found in several tissues, notably
kidney and platelets (Chang & Tai, 1982; Griffiths &
Moore, 1983a; Griffiths et al., 1985; Wong et al.,
1980a; Griffiths & Moore, 1983b). 6-oxo-PGE, shares
many similar pharmacological properties with pros-
tacyclin, and is often equipotent or more potent (for
reviews see Moore & Griffiths, 1983; Moore & Hoult,
1985). For example, it is vasodilator and hypotensive
(Quilley et al., 1979; Van Dam et al., 1981; Tod &
Cassin, 1981), bronchodilator (Spannhake et al.,
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1981), inhibits platelet aggregation (Wong et al.,
1980b; Miller et al., 1980; Whittle et al., 1981; Berry &
Hoult, 1983), and induces renal release of renin
(Jackson et al., 1981; McGiff et al., 1982) and of
erythropoietin (Nelson et al., 1983).
The acceptance of 6-oxo-PGE, as an important

physiologically relevant endogenous mediator rank-
ing alongside other bioactive prostanoids (e.g. PGE2,
PGF2,, PGI2, thromboxane A2 (TXA2) and PGD2)
requires proof of its generation from endogenous
arachidonic acid in intact tissues. In this paper we have
used the classical pharmacological technique of
parallel quantitative bioassay on three independent
test systems together with chromatographic methods
to show that the rat isolated perfused lung continuously
releases a 6-oxo-PGE1-like substance in quantities
similar to those of the above-mentioned prostanoids,
and that the rat lung contains 9-PGDH activity
capable ofconverting prostacyclin to 6-oxo-PGEI. We
have confirmed the identity of this lung-derived
material unequivocally as 6-oxo-PGE1 with the aid of
a novel and sensitive mass spectrometric procedure.
Some of these results have been communicated in
preliminary form (Griffiths & Moore, 1983c).

Methods

Preparation and perfusion of rat isolated lungs

Male Wistar rats weighing 250 g were stunned and
exsanguinated. The lungs were removed and perfused
at 5 ml min-' with warmed (37C), oxygenated (95%
02, 5% C02) Krebs solution (composition, mM:
NaCl65.3, KC14.75, KH2PO4 1.19, MgSO4 1.19,
NaHCO3 25, CaCl2 1.9 and glucose 11.1) via a cannula
inserted into the pulmonary artery. Perfusate was
collected every Omin in 50 ml fractions, acidified with
one or two drops of concentrated formic acid and
extracted using Waters C- 18 reverse phase Sep-Pak
cartridges. Prostanoids were eluted with 10 ml ethyl
acetate which was evaporated to dryness under a
stream of air at 30C. Extraction efficiencies obtained
using radiolabelled prostanoid tracers (6 determina-
tions) were PGE2 85.3%, PGF2, 90.8%, 6-oxo-
PGFI. 95.0% and TXB2 85.0%, or measured
biologically by inhibition of adenosine 5'-pyrophos-
phate (ADP)-induced human platelet aggregation (6
determinations) were PGEI 88.0% and 6-oxo-
PGEI 84.0%, and, accordingly, the measured values in
the reconstituted extracts have not been corrected.

Bioassay for 6-oxo-PGE-like activity

Dried rat lung perfusate extracts were resuspended in
an appropriate volume (50-500 pl) Krebs solution
and compared with authentic 6-oxo-PGE1 using three

biological assay preparations. For purposes ofcalibra-
tion and comparison, other biologically active pros-
tanoids were also tested in these preparations, as
indicated in the text.

Vasodilator activity was assessed as the ability to
decrease mean arterial blood pressure (MABP) in
anaesthetized rats. For these experiments, male Wistar
rats of 300-350 g were anaesthetized by intraperiton-
eal injection of urethane (1.2 g kg-') and cannulae
inserted retrogradely into the jugular vein (for injec-
tion of drugs) and into the carotid artery for
measurement of blood pressure using a Bell & Howell
pressure transducer coupled to a Devices pen recorder.
At least 4 doses ofextract or authentic prostanoid were
injected into each of 6 rats.
To determine the platelet anti-aggregatory activity

of the extract, 20ml blood was obtained by clean
venipuncture from non-medicated healthy human
volunteers and anti-coagulated with 3.8% (w/v)
trisodium citrate. Platelet-rich and platelet-poor
plasma (PRP and PPP) were prepared by differential
centrifugation (Moore, 1982). Aggregation was per-
formed using 0.1 ml aliquots ofPRP warmed to 37'C
and stirred at 1100 rev min-' in a Payton dual channel
aggregometer, model 300BD. To determine the anti-
aggregatory activity of extracts, aliquots (0.5-10Itl)
were preincubated with PRP for 1 min before addition
of 4-10 JtM ADP and the degree of inhibition deter-
mined 3 min later by comparison with the control
ADP response. Inhibition of ADP-induced aggrega-
tion by authentic 6-oxo-PGE, was also measured.
The effect of lung perfusate extract on contractions

of the field-stimulated guinea-pig vas deferens was
determined. Dunkin Hartley guinea-pigs (450 g) were
killed by a blow to the head and exsanguinated. Vasa
deferentia (epididymal end) were removed, cleared of
connective tissue and mounted in 20 ml organ baths
containing warmed and well-oxygenated Mg-free
Krebs solution. Contractions were recorded using
Grass FT03 force transducers connected to a Devices
pen recorder. Preparations were field stimulated using
platinum ring electrodes connected to an SRI square
wave stimulator (O.1 Hz, 1 ms, 150 V). Extract or
authentic 6-oxo-PGE, was added to the bath and kept
in contact with the tissue for 1 min. Responses were
measured in mg tension developed per twitch.

Chromatography

For thin layer chromatography (t.l.c.), dried residues
were resuspended in 151dl methanol and 5-10pl
applied onto plastic-backed silica gel-coated t.l.c.
sheets (Kodak type 13181), together with 5 ptg authen-
tic 6-oxo-PGE1, PGF24,, TXB2, 6-oxo-PGFI., PGE1
and PGE2 applied to separate channels. After develop-
ment to a distance of 10 cm in ethyl acetate, acetone,
acetic acid (90: 10. I v/v) the chromatogram was cut
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into ten 1 cm sections from which prostanoids were
eluted into 2 ml methanol. After evaporation of
solvent, samples were redissolved in Krebs solution
and assayed for platelet anti-aggregatory activity as
described above.
For high performance liquid chromatography

(h.p.l.c.), extracts were resuspended in 0.1 ml
0.034 M H3PO4/acetonitrile (2:1 v/v) and 0.05 ml injec-
ted onto a Partisil ODS-2 reverse phase column.
Prostanoids were separated by isocratic elution with
the same solvent at 0.85 ml min- ' and samples were
collected at 1 min intervals and extracted twice into
equal volumes of ethyl acetate. After evaporation of
the solvent, samples were redissolved in Krebs solu-
tion and assayed for platelet anti-aggregatory activity
or, alternatively, derivatized for gas chromatography/
mass spectrometry (g.c./m.s.) as described below.

For g.c. negative ion chemical ionization m.s. (g.c.-
n.i.c.i.m.s.), extracts prepared from the perfusate of
25-30 rat lungs were used. After preliminary purifica-
tion by h.p.l.c. and derivatization by sequential reac-
tion with methoxyamine hydrochloride in pyridine,
pentafluorobenzyl bromide and bis-(trimethylsilyl)
trifluoroacetamide (BSTFA), extracts were analysed
using either a Finnigan 4000 or 4500 automated gas
chromatograph mass spectrometer as described by
Barrow et al. (1982). The n.i.c.i. mass spectrum of
authentic 6-oxo-PGE, was obtained in like manner.

Radioimmunoassay

Dried residues from extracts of 50 ml lung perfusate
were resuspended in 1 ml distilled water and 2 p1 and
5 f.1 aliquots radioimmunoassayed for PGE2, PGF2,
6-oxo-PGF,, and TXB2 by a double antibody method
(Dighe et al., 1975) using antibodies kindly supplied by
Dr F.D.C. Lytton. The sensitivity of these assays was
10-20pg, and the coefficients of variation between
and within assays were as follows (percentages): PGE2
- 3.2, 11.6; PGF2,- 12.6, 10.2; 6-oxo-PGF1.- 17.5, 9.5
and TXB2- 15.7, 8.9. Percentage cross-reactivities
against PGE2, PGF2, 6-oxo-PGF I, TXB2 and 6-oxo-
PGE1 for anti-PGE2 were 100, 1.0, 0.7, 2.4 and 4.5,
respectively; for anti-PGF2, were 0.5, 100, 2.3, 0.3 and
0.2, respectively; for anti-6-oxo-PGFI,. were 4.0, 1.1,
100, 1.4 and 8.4, respectively; and for anti-TXB2 were
0.2, 0.2, 0.2, 100 and 0.2, respectively.

Effect ofdrugs on prostanoid releasefrom perfused
lung

In some experiments rat isolated lungs were perfused
for 10min with Krebs solution containing either the
cyclo-oxygenase inhibitor, indomethacin (20pM), or
naringenin (100 pM), a selective inhibitor of the
enzyme 9-PGDH.

Assay of9-PGDH activity in rat lung 100,000 g
cytosolicfractions

Cell-free 100 000g supernatants were prepared from
homogenized rat lungs and incubated with 1 plg ml-'
prostacyclin containing 0.05 gCi [9p-3H]-prostacyclin
tetramethylammonium salt as previously described
(Griffiths & Moore, 1983a). Conversion to E-type
prostaglandins by loss of tritium label at the 9p-
position was measured by comparing the acid/
organic-extractable radioactivity at timed intervals
with that in samples extracted at zero time on ice;
presence of 6-oxo-PGE, was also measured by resus-
pending part of the extract in 0.9% w/v NaCl solution
and testing its platelet anti-aggregatory activity as
described above.

Statistics

Results show mean ± s.e.mean with the number of
observations shown in parentheses. Statistically sig-
nificant differences between groups were determined
using Student's unpaired t test.

Materials

PGI2 sodium salt (stored at I mg ml-' in 0.1 M NaOH,
- 20°C) and 6-oxo-PGE, were gifts from Wellcome
Research Laboratories, Beckenham, Kent, and the
Upjohn Company, Kalamazoo, U.S.A., respectively.
All other prostanoids were obtained from Sigma
(London) Ltd, Poole, Dorset and dissolved in meth-
anol at 1 mg ml-' and kept at - 20°C until used.
Indomethacin and naringenin (Sigma) were dissolved
in 0.5% (w/v) Na2CO3 solution. Radiolabelled pros-
tanoids were obtained as follows: the multitritiated
[3H,] prostanoids used for radioimmunoassays had
specific activities of 140-180Cimmol-' and were
from Amersham International, whereas the [9p-3H]-
prostacyclin (sp. act. 12Cimmol-') was from New
England Nuclear (Dupont).

Results

Pharmacological activity ofrat lungperfusate extracts

Analysis of extracted lung perfusates on the three
bioassay test systems showed that they possessed a
profile of biological activity very closely similar to that
of authentic 6-oxo-PGE1 (Figure la). Two series of
experiments using 6 lungs in each case were perfor-
med. In the first set of experiments the estimated rate
of release of 6-oxo-PGE,-like material was
0.91 ± 0.18 ng min ', n = 9 (measured as the ability to
inhibit ADP-induced human platelet aggregation), or
0.95 ± 0.13 ngmin-', n = 9, measured as the fall in
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Figure 1 Biological activity ofextracted lung perfusate. (a) Representative traces comparing the effects ofauthentic 6-
oxo-prostaglandin El (6-oxo-PGEI; labelled PG in figure) with extracted rat lung perfusate (E) on ADP-induced
human platelet aggregation (i, direction of light transmittance shown by arrow), contraction of the field-stimulated
guinea-pig vas deferens (ii) and rat blood pressure (iii). (b) Dose-response curves comparing the biological effects of 6-
oxo-PGE, (PG, 0) with lung perfusate (0) (expressed as pI or ml volume) in each of the three bioassays. Data points
show mean and vertical lines s.e. mean for 12 observations (platelet, vas deferens) or 6 observations (blood pressure).

mean arterial blood pressure after intravenous injec-
tion in the anaesthetized rat. In the second set of
experiments, the rate of release was 0.41 ± 0.10 ng
min-l, n = 12 (measured using the inhibition of twitch
responses to field stimulation of the guinea-pig
isolated vas deferens preparation), compared to
0.36 ± 0.06 ngmin-', n = 12, assayed on platelet
aggregation inhibition. The 'within experiment' re-
sults are not significantly different. The identity of the
material in the rat lung perfusate extracts as 6-oxo-
PGE1 was further supported by the parallelism of the

extract curves and those of authentic 6-oxo-PGE, in
all three bioassay systems (Figure lb), whereas other
possible prostanoid candidates can be excluded as
follows.
The observed biological activity cannot be accoun-

ted for by any other single prostaglandin because
PGE1, PGE2 and PGI2, although vasodepressor, do
not all inhibit platelet aggregation (PGE2), inhibit
twitches of the field-stimulated guinea-pig vas de-
ferens (PGD2) or reduce blood pressure in the anaesth-
etized rat (PGD2). Furthermore, any PGI2 released
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Table 1 Effect of drugs on prostanoid release from rat isolated lungs

6-oxo-PGE, 6-oxo-PGF,6 PGE2 PGF2. TXB2

Control
Indomethacin (20 IM)
Control
Naringenin (100IM)

0.7±0.1 4.2± 1.2 1.0±0.5
0.2 ± 0.05* 1.1 ± 0.3* 0.2 ± 0.05*

0.1 ±0.02 2.5±0.2
0* 0.1 ± 0.1*

0.8±0.1 2.7±0.5 0.7±0.4 0.1 ±0.05 0.6±0.1
0.3±0.1* 3.1 ±0.6 0.6±0.1 0.1 ±0.03 0.5±0.1

Results show prostanoid release (ng min ') from 4 to 6 rat lungs. Perfusate was collected in 10 min portions (50 ml)
over the period 30-40 min after starting the experiment (control), and then indomethacin or naringenin was added to
the Krebs reservoir and perfusate collected 20 min later, viz. 60-70 min after starting the experiment. * P <0.05
compared to rate in control period.

from the lung is rapidly hydrolysed during the extrac-
tion procedure and appears as 6-oxo-PGF1, which has
minimal biological activity in all the assays used.
However, this does not rule out the possibility that a
mixture of prostaglandins in the lung eluate con-
tributes to the biological activity we have observed.
For this reason, extracts combined from 6 lungs were
assayed not only against 6-oxo-PGE1 but also against
other prostaglandins with similar biological activity in
each bioassay preparation. In this set of experiments
the rate of release of 6-oxo-PGE,-like material as
ng min ' and estimated against authentic 6-oxo-PGE,
was 0.87 ± 0.11 (anti-aggregatory assay), 0.78 ± 0.06
(vas deferens assay) and 0.80 ± 0.14 (vasodepressor
assay) (ratio = 1.1:1.0:1.0). In contrast, when the
samples were assayed against authentic PGE1 and
PGE2 (in parentheses) the estimated rate ofrelease was
17.1 ± 1.6 (no value for PGE2 which potentiates ADP-
induced human platelet aggregation), 2.12 ± 0.67
(6.91 ± 1.2) and 2.46 ± 0.8 (5.2 ± 1.3). The ratio of
biological activity for PGE, and PGE2 (in parentheses)
for the three assays was thus 8.1:1.0:1.2 (0:1.3:1.0).
Assayed in terms of PGD2 the lung released
9.4 ± 0.9 ng min-' anti-aggregatory activity. Since
PGD2 has little effect on the twitch response of the
guinea-pig isolated vas deferens preparation and is
pressor in the anaesthetized rat it was not possible to
assay lung extracts in terms of PGD2 using these
methods. Thus, calculation of the index of discrima-
tion for 6-oxo-PGE1, PGE, and PGE2 provides further
evidence for the identification of 6-oxo-PGE1 in
extracted rat lung perfusates. Moreover, it is quite
clear that PGD2, PGE1 and PGE2 cannot account for
the observed profile of biological activity. These
conclusions are reinforced by chromatographic and
mass spectrometric evidence as explained in sub-
sequent sections.

Release ofotherprostanoidsfrom perfused rat lungs

Although released in nanogram quantities, 6-oxo-
PGEI is not the most abundant cyclo-oxygenase
metabolite generated by the rat perfused lung under

basal perfusion conditions. The rate of release of four
other major prostanoids was determined by radioim-
munoassay and showed that the rank order of release
was 6-oxo-PGFI. > TXB2> PGE2> PGF2, with
rates of release (expressed as ng min', n = 8, in
perfusate collected over 10 min duration 30 min after
starting perfusion) of 3.1 ± 0.6, 1.94 ± 0.2, 0.6 ± 0.2
and 0.45 ± 0.09, respectively.
We have also studied the effect on pulmonary

prostanoid release of drugs which selectively interfere
with arachidonic acid metabolism (Table 1). Perfusion
of lungs with indomethacin, a potent cyclo-oxygenase
inhibitor, very substantially reduced the pulmonary
efflux of all five prostanoids as expected, whilst
naringenin, a selective inhibitor of9-PGDH (Moore et
al., 1983), reduced the release of 6-oxo-PGE1 by more
than 90% without affecting the release of the other
four prostanoids.
The two experiments in Table 1 also confirm the

general pattern of prostanoid abundance described
above; together with similar experiments on rats of
Peers & Hoult (1985) and averaging results from (n)
animals, the rates of basal release (ng min -) are 6-
oxo-PGFg - 3.31 ± 0.15 (28), TXB2 - 2.08 ± 0.16
(28), PGE2 - 0.73 ± 0.04 (28), 6-oxo-PGE, -
0.64 ± 0.04 (35) (measured by bioassay) and PGF2, -

0.22 ± 0.04 (28).

Chromatographic identification of 6-oxo-PGE,

Direct supportive physicochemical evidence for the
identity of the biologically active material in pulmon-
ary perfusates as 6-oxo-PGE1 was obtained using thin
layer and reverse phase high performance liquid
chromatography (Figure 2). In each case, the
biologically active material (assayed in terms ofinhibi-
tion of ADP-induced platelet aggregation) appeared
as a single peak comigrating with authentic 6-oxo-
PGE1. No anti-aggregatory activity was detected
comigrating with any other known prostanoid, in
agreement with our conclusions from parallel bioas-
say.

In order to obtain conclusive evidence for the
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Figure 2 Chromatography of prostaglandin-like
material from extracted lung perfusates. Thin layer
chromatography (a) was performed as described in
Methods. Biological activity of eluted sections from the
chromatogram was determined as ability to inhibit ADP-
induced human platelet aggregation and expressed as ng
6-oxo-prostaglandin El (6-oxo-PGEI) equivalents per
1 cm section. RF values of some authentic prostaglandin
standards are as follows: 6-oxo-PGF1. 0.12, PGF2 0.15,
thromboxane B2 (TXB2) 0.23, 6-oxo-PGE, 0.24,
PGE, 0.34, PGE2 0.35, PGD2 0.44. Eluate from the
h.p.l.c. column (b) was extracted and bioassayed for anti-
aggregatory activity. Results show ng 6-oxo-PGE,-like
biological activity per I min collection period. Retention
times for prostaglandins were 6-oxo-PGFI, 9.3 min, 6-
oxo-PGE1 10.6 min TXB2 14.6 min PGF2 20.5 min,
PGE, 25.4 min, PGD2 27.6 min and PGE2 32.8 min.
Extraction efficiencies for 6-oxo-PGE1 at I figml-
through the t.l.c. and h.p.l.c. procedures were
51.1 ± 5.6% and 57.8 ± 5.1% (n = 6), respectively.

identity of 6-oxo-PGE1 as the biologically active
principle in the lung perfusates, we turned to a
sensitive mass spectrometric assay. For these ex-
periments, perfusates from several rat lungs were
pooled, extracted and the 6-oxo-PGE1-like material
purified by h.p.l.c. Half of the purified material was
retained and bioassayed against authentic 6-oxo-
PGE, for its ability to inhibit ADP-induced human
platelet aggregation. An aliquot of the remainder was
derivatized for g.c.-n.i.c.i.m.s. as described in Meth-
ods.
The partial n.i.c.i. mass spectrum ofthe methoxime-

trimethylsilyl ether-pentafluorobenzyl ester (MOX-
TMS-PFB) derivative of the biologically active sub-
stance in rat lung perfusate exhibited an intense
fragment ion (M-PFB)- at m/z 569 (Figure 3a), and
little further fragmentation occurs. This ion corre-
sponds to dimethoximated, di-methylsilylated 6-oxo-
PGE, carboxylate anion. The spectrum was indistin-
guishable from that of the authentic prostanoid
(Figure 3b). Further, the gas chromatography reten-
tion times of perfusate-derived synthetic 6-oxo-PGE,
derivatives were identical (t, = 11.7 min for the major
methoxime isomer on SE54), and were different from
other prostanoids.

Derivatization using deuterated reagents provided
further evidence that intact rat lungs release 6-oxo-
PGE1. When the h.p.l.c. purified lung perfusate extract
was derivatized with 2H3-methoxyamine hydro-
chloride, the mass of the fragment ion (M-PFB)- so
obtained was increased by 6 mass units (from m/z 569
to m/z 575), indicating the presence of two carbonyl
functions per molecule. Similarly, derivatization with
2H3-BSTFA resulted in a shift of the major (M-PFB)-
fragment ion to m/z 587, defining the presence of two
hydroxyl groups (Figure 3c and d). In each case
authentic 6-oxo-PGE1 analysed immediately after the
naturally occurring substance behaved similarly. Im-
portantly, in a g.c./m.s. quantitative study offractions
from h.p.l.c. purification of rat lung material, the rise
and fall of 6-oxo-PGE, determined spectrometrically
correlated well with biological activity in tests from the
same h.p.l.c. fractions, further strengthening the
covalent structural assignment.

Assay of9-PGDH activity in rat lung 100,000 g
cytosolicfractions

Rat lung 100,000 g supernatant (protein concentration
15.1 ± 0.6mgml-', n = 6) converted radiolabelled
prostacyclin to nonradioactive metabolite(s) as deter-
mined by the loss of radioactivity method (Figure 4a).
The rate of utilization of PGI2 measured over the first
30 min incubation (0.27 ± 0.03 ngmg protein-'
min- ', n = 8) matched the rate of formation of 6-oxo-
PGEI assayed after acid/organic extraction for its
ability to inhibit ADP-induced human platelet
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aggregation (0.28 ± 0.05 ng mg protein' min- ,
n = 8). At zero time there was no acid/organic extrac-
table anti-aggregatory activity (complete loss of PGI2
and formation of6-oxo-PGFI. in amounts insufficient
to affect platelet function). Thus the loss of radioac-
tivity method may be assumed to be a valid index for
the conversion of PGI2 to 6-oxo-PGE1.

Formation of 6-oxo-PGE, plateaued after 120 min
incubation (34.6 ± 6.7% PGI2 converted, n = 8). The
inclusion of NAD' (19.2 ± 3.1% converted, n = 8)
and NADP+ (9.5 ± 4.7% PGI2 converted, n =8)
inhibited the oxidation of PGI2 to 6-oxo-PGE1 (for
both P <0.01). No loss of radioactivity was detected
following incubation for up to 120 min in Tris-HCI
buffer at pH 8.2 or in rat lung 100,OOOg cytosolic
fraction boiled for 2 min. Naringenin inhibited the
formation of6-oxo-PGE1 from PGI2 in a dose-depen-
dent manner (Figure 4b), and the concentration
required for 50% inhibition (ICm) ofrat lung9-PGDH
activity was 10.3 ± 0.8JMm, n = 8.

Discussion

These experiments show that nanogram quantities of
6-oxo-PGE1 are continuously released from the rat
isolated perfused lung. This prostaglandin has a wide
range of potent biological actions in the body, as
described in the Introduction and in the reviews cited
therein. We propose that 6-oxo-PGE, should now be
accorded the status of a naturally occurring and
potentially physiologically important endogenous
metabolite of arachidonic acid.
The cellular source of6-oxo-PGE1 in the lungs is not

known, but our experiments suggest strongly that its
formation depends upon the actions of cyclo-oxygen-
ase and 9-PGDH, i.e. that prostacyclin is an inter-
mediate, and thus that its source is likely to be vascular
endothelial cells. Indeed, a recent study has shown that
cultured rabbit coronary microvessel endothelial cells
contain 9-PGDH (Gerritsen& Cheli, 1983), and blood
vessels have been shown to be capable of 9-PGDH-
catalysed transformation of F-series prostaglandins
(Wong et al., 1977). Furthermore, we have also shown
that 100,OOOg cytosolic supernatants from homogen-
ized rat lungs effectively convert radiolabelled pros-
tacyclin to a non-radioactive 9p-tritium-depleted sub-
stance (Figure 4) characterized biologically (platelet

aggregation inhibition) as 6-oxo-PGE1. In separate
experiments (data not shown), this biologically active
material from the rat lung cytosolic incubations was
found to cochromatograph with 6-oxo-PGE, in both
t.l.c. and h.p.l.c. systems.

Platelets also contain an NAD+-dependent 9-
PGDH enzyme capable of converting PGI2 or 6-oxo-
PGFI, to 6-oxo-PGE1, either in vitro (Wong et al.,
1980a) or in intact platelets (Quilley et al., 1980;
Griffiths & Moore, 1983b; Berry & Hoult, 1983). Thus
it appears that there is a widespread system in both the
vasculature and formed elements ofthe blood with the
potential for generating not only prostacyclin, the
implications ofwhich have been widely discussed, but
also of 6-oxo-PGE1.
The continuous basal release of 6-oxo-PGE, from

rat lung is in the nanogram range, easily detectable by
the bioassays we have used, and is similar in mag-
nitude to that of PGE2, but less than that of prostacy-
clin or thromboxane A2. However, as with prostacy-
clin, the amounts are likely not to be sufficient to affect
platelet function. This is also in line with preliminary
estimates ofthe amount of6-oxo-PGE, in the blood of
rabbit (less than 70 pg ml-1, Haslam & McLenaghan,
1981), humans (<9 to 30pgml', Jackson et al.,
1982) and rat (up to 52 pg ml-' in 2 out of 8 samples
tested, Pace-Asciak & Micallef, 1984), and suggests
that, like prostacyclin, the compound has a local
hormonal rather than circulating hormone-like func-
tion. It is also possible that measurements of 6-oxo-
PGE, levels in blood may be serious underestimates of
total production because of its transformation to as
yet unknown catabolites (see Moore & Hoult, 1985,
for further discussion). There is also the possibility
that the lung may be capable of releasing pulses of 6-
oxo-PGE, in response to appropriate patho-
physiological triggers, and this may affect the lungs,
heart and associated vasculature since 6-oxo-PGE,
not only inhibits platelet aggregation at subnanogram
levels (Moore & Griffiths, 1983), but also stimulates
fibrinolysis (Korbut et al., 1983; Hussaini & Moore,
1985) and is bronchodilator (Spannhake et al., 1981).
In both ofthe latter effects 6-oxo-PGE1 is considerably
more potent than its precursor, prostacyclin.
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