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Abstract-The inactivation of 6-keto PGEl, a biologically active and stable metabolite of prostacyclin, 
was studied in 100,OOOg cytosolic supernatants by bioassay on rat stomach strip (contraction) and 
human platelets (inhibition of ADP-induced aggregation). PGEI was used as a reference compound. 
Both PGs were inactivated in supernatants from colon, kidney and liver of rat, rabbit and guinea-pig, 
Inactivation was time- and NAD+ -dependent and was generally greater for PGEl than 6-keto- 
PGEI. The enzyme responsible for 6-keto-PGEl inactivation in cytosolic supernatants is distinct from 
prostaglandin 15hydroxydehydrogenase and 9-keto reductase, is not inhibitable by sulphasalazine-like 
drugs and its activity is recoverable after precipitation by ammonium sulphate. We conclude that 6- 
keto-PGEZ can be inactivated by enzymes with wide tissue distribution, but further studies are needed 
for identification of these novel enzymes and the products formed as well as to assess their significance 
in the intact animal. 

6-Keto prostaglandin Et (Qketo-PGEl) has attracted 
recent interest because of its formation in vitro from 
prostacyclin (PGL) and 6-keto prostaglandin S, in 
human platelets [l-3] and in rabbit liver [4] and 
kidney [5]. In the case of human platelets, the conver- 
sion is effected by a NAD+ -dependent 9-hydroxy- 
prostaglandin dehydrogenase which has recently 
been isolated [ 11.6~Keto-PG& also occurs as one of 
several transient products of prostacyclin metabolism 
in the intact dog [6], and has been detected in 
human plasma by a gas-chromatogra hic-mass- 
spectrometric assay at levels of 9-23 p gP ml [7], i.e. 
at concentrations considerably higher than those pre- 
vailing for the stable prostacyclin hydrolysis product, 
6-keto prostaglandin F1, [S], but nevertheless below 
biological threshold. Taken together, these observa- 
tions suggest that 6-keto-PGE, might be a physio- 
logically significant endogenous metabolite of 
prostacyclin. 

Furthermore, 6-keto-PGE1 shares many of the 
biological properties of prostacyclin and, 
importantly, is chemically stable under physiological 
conditions. Briefly summarised, it inhibits platelet 
aggregation [4, P-111 and is a vasodilator, causing 
overall reductions in blood pressure and decreased 
resistance in many vascular beds 112-181. Like 
prostacyclin, it also causes bronchodilatation [19], 
inhibits gastric acid secretion [20], is cytoprotective 
[20], and stimulates renin release [21]. In isolated 
preparations, 6-keto-PGEI relaxes or contracts the 
superfused rabbit coeliac artery and rat stomach 
fundus strip preparations, respectively, [ll] and con- 
tracts other isolated gastrointestinal smooth muscle 
preparations [19] but unlike prostacyclin, also con- 
tracts strips of bovine coronary artery [3]. In many 

of these tests, 6-keto-PGEl is at least as potent as 
prostacyclin. 

Little is yet known about the biological inactiva- 
tion of 6-keto-PGE1, but-again like prostacyclin- 
it is not extensively inactivated in the rat isolated 
lung preparation [ll] and survives passage through 
the lungs of anaesthetised rats [12] and cats [13]. 
However, PGL is a good substrate for prostaglandin 
15hydroxydehydrogenase (PGDH, ref. 22), 
whereas 6-keto-PGE1 was found to be very poorly 
oxidised [ll]. 

In the light of these findings we have examined 
the metabolic inactivation of 6-keto-PGEl in various 
cytosolic organ supernatants and have attempted to 
define whether these processes are dependent upon 
the enzymatic actions of PGDH or prostagtandin 9- 
keto reductase (9-KR), both of which are involved 
in the inactivation of prostaglandins El and Ez. These 
prostaglandins were therefore used as reference stan- 
dards for the present experiments. 

MATERIALS AND METHODS 

Drugs. NAD+, NADP+, NADH, NADPH, 
glucose&-phosphate, glucose&phosphate dehy- 
drogenase, ~t~othreitol and indomethacin were 
purchased from Sigma (London) Ltd, Poole, 
Dorset, U.K. Radiochemicals were obtained from 
Amersham International, Amersham, U.K., and Ph 
CK 47A (4~arboxy-3~-carboxymethyl-4’-hy~oxya- 
zobenzene) was a kind gift from Pharmacia AB, 
Uppsala, Sweden. Bovine lung PGDH (75 mu/ml) 
was purchased from BDH, Dagenham, U.K., and 
human placental PGDH (200mU/ml) was gener- 
ously donated by Dr. J. Jeffery, Department of 
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Biochemistry, University of Aberdeen, U.K. One 
mU is defined as that amount of enzyme which 
oxidises 1 nanomole prostaglandin Ei per min at 37”, 
pH 7.4. Unlabelled prostaglandins were gifts from 
Dr. J. E. Pike, Upjohn Company, Kalamazoo, 
Michigan, U.S.A. 

Prostaglandin inactivation in 100,000 g supernat- 
ants [23]. All organs tested were homogenised 
in 4 vol ice-cold 50 mM phosphate buffer pH7.4 
(containing 1 mM EDTA and cysteine) and centrifu- 
ged at 3000 g at 4” for 15 min. The resulting supernat- 
ants were centrifuged at 100,OOOg for 45 min at 4”. 
The microsomal pellets were discarded and the 
lOO,~O g cytosolic supernatants stored at -20” until 
required. They were used within 14 days, and loss of 
activity on storage and thawing is less than 20%. 

Samples containing 180 @ cytosolic supernatant, 
2 ~1 PGEi or 6-keto-PGEt (final concentration 10 pg/ 
ml), 10 ~1 NAD+ (final concentration 5 mM), and 
10 ~1 Ph CK 47A (final concentration 50 @4) or 
vehicle, were incubated without shaking for 60 min 
at 37”. In some instances aliquots were removed at 
timed intervals and assayed for their ability to inhibit 
ADP-induced aggregation of human platelets sus- 
pended in platelet rich plasma, using a Payton 2- 
channel aggregometer [24]. In most experiments, the 
reactions were stopped with 0.2 ml absolute ethanol, 
acidified with 0.2 ml 1 M formic acid and the prosta- 
glandins extracted twice into ethyl acetate. 

After removing solvent and resuspending the dried 
extracts in 0.5 ml Krebs’ solution, prostaglandins 
were assayed in terms of PGEi or 6-keto-PGEr on 
the isolated rat stomach fundus strip preparation 

v31. 
PGE 9-keto reductase assay. Rabbit kidney cortex 

and duck heart 9-keto reductase activity was deter- 
mined using the method of Stone and Hart [25]. 
Organs were homogenised in 4 vol ice-cold 0.1 M 
potassium phosphate buffer containing magnesium 
chloride (4 mM) and dithiothreitol (0.1 mM) and 
100,000 g supernatants prepared as above. The 200 ,ul 
samples contained 100 $ supernatant, 2 ~1 of PGEr 
or 6-keto-PGEr (final concentration 10 iugfml), and 
either NADPH alone (0.1 or 1.0 mM final concentra- 
tion) or 0.1 mM NADPH plus a cofactor regener- 
ating system (0.5 units glucose-Bphosphate dehydro- 
genase and 2 moles glucose-&phosphate). The 
prostaglandins were extracted as above and the dried 
extracts resuspended in 1.0 ml distilled water and 
radioimmunoassayed for PGFrn and 6-keto-PGF1, 
WI- 

Ammonium sulphate fractionation. In order to 
obtain a less contaminated form of the metabolising 
enzymes than that present in the 100,000 g supemat- 
ants (to enable the study of cofactor requirements), 
organs were homogenised in ice-cold 0.1 M phos- 
phate buffer containing 0.1 mM dithiothreitol and 
100,000 g cytosolic supernatants were prepared. All 
procedures were at 4”. Solid ammonium sulphate 
was added with stirring to the supernatant to 30% 
saturation. After 30min, the precipitate was 
removed by centrifugation at 10,000 g for 20 min. 
The supernatant fluid was then brought to 60% satu- 
ration and equilibrated for another 30 min. The pre- 
cipitate (insoluble in 60% saturated ammonium 
sulphate) was collected by centrifugation (10,000 g 

20 min), dissolved in phosphate buffer and dialysed 
overnight against 100 vol phosphate buffer. The dia- 
lysate was assayed for enzyme activity by incubation 
in the presence of NAD+, NADP+ (both SmM), 
NADH or NADPH (both 1 mM), followed by 
extraction and bioassay on the rat fundus strip as 
described above. 

RESULTS 

It was established that 100,000 g cytosolic superna- 
tants prepared from various sources efficiently 
inactivated 6-keto-PGEl when incubated in the pres- 
ence of NAD +. Figure 1 shows results obtained using 
colon, kidney and liver supemat~ts from 3 species 
as well as rat lung. In this experiment PGEl was used 
as a reference standard since it is good substrate for 
PGDH. There are clearly large differences in the 
efficiency with which the various supernatants inacti- 
vate both PGEi and 6-keto-PGE1; moreover there 
is no correlation between the apparent PGDH con- 
tent (i.e. ability to inactivate PGEi) and the extent 
to which 6-keto-PGEt is broken down (Fig. 1, inset). 
It is of interest to note that in all three species 
(guinea-pig, rat and rabbit) colon is rich in PGDH, 
whereas kidney activity varies (guinea-pig > rab- 
bit > rat, cf. 1231). Rabbit and guinea-pig liver 
both contain PGDH-like activity, whereas it is absent 
from rat liver. By contrast rat liver homogenates 
inactivate 6-keto-PGEi to a similar extent as those 
from rabbit and guinea-pig. 

These results were obtained by assaying timed 
extracts of the incubations against authentic stan- 
dards using the isolated rat stomach fundus strip 
preparation. It is possible that when inactivation is 
extensive the method may underestimate the true 
extent of metabolic transformation of both PGEt 
and, especially, 6-keto-PGEi if the products them- 
selves have biological activity or interfere with the 
assay. In the case of 6-keto-PGEr the products are 
not known, whereas those of PGEi (15keto-PGEi 
and 13,14-dihydro-15-keto-PGE~) possess little if any 
biological activity [27]. For this reason we validated 
the method by assaying samples from incubations of 
the three guinea-pig organs against ADP-induced 
aggregation of human platelets (PGEi and 6-keto- 
PGEi both inhibit aggregation). Table 1 shows that 
the two bioassays give identical results. 

The agreement between the two assay methods 
is further illustrated in Fig. 2 for experiments on 
supernatants prepared from guinea-pig kidney and 
rabbit kidney cortex. This graph also shows that 
inactivation is time-dependent. The experiments of 
Figs. 1, 2 and Table 1 all included NAD+ in the 
incubation mixtures as this is the cofactor required 
for type I PGDH. Figure 3 shows that NAD+ signifi- 
cantly enhances the inactivation of 6-keto-PGEt in 
rat colon, guinea-pig colon and guinea-pig kidney 
supernatants but not in rabbit kidney cortex. 
However, in the latter case addition of NAD+ did 
not enhance inactivation of PGEi either, suggesting 
that endogenous levels are sufficient for full enzyme 
activity [28]. 

Two possible candidate enzymes responsible for 
inactivating 6-keto-PGEl are type I NAD+-depen- 
dent PGDH and NADPH-dependent prostaglandin 
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Fig. 1. Biological inactivation of PGEr and 6-keto PGEr in cytosolic supematants of guinea-pig, rabbit 
and rat organs (C, colon; K, kidney; L, liver; Lu, lung). Tubes ~ntaining 10 &ml substrate (- 28 PM) 
and 5 mM NAD+ were incubated for 60 min (rat lung 90 min) and the extent of inactivation measured 
after bioassay of extracts on the rat stomach fundus strip preparation by comparison with control samples 
extracted at time zero. Results show mean values f S.E.M. (vertical bars), N = 4. To convert percentage 
inactivation to metabolism as pmoles/mg wet weight tissue/hr multiply values by 112 (rat lung by 74). 
The inset shows that there is no correlation between the extent of PGEl and 6-keto PGEl inactivation 
in each type of supernatant (r = 0.26, P > 0.1). This graph includes 2 data points (R) for results using 

purified PGDH preparations (see text). 

9-keto-reductase (9-KR, shown recently to be ident- 
ical to the type II NADP+-dependent PGDH, ref. 
[29]). However, it was found that 6-keto-PGEi was 
a poor substrate for partially purified bovine lung 
PGDH (inactivation of 32.0 + 8.0% compared to 
91.0 rt 2.0% for PGEi under identical conditions, 
90 min incubations containing 5 mM NAD+ and 
75 @_J enzyme in 0.2 ml, N = 4). Similar results were 
obtained using 100 &l purified human placental 
NAD’ dependent PGDH (2.7 f 8.9% inactivation 
of 6-keto-PGEi compared to 75.0 +. 4.0% for PGEi, 
N=4). 

Further evidence that PGDH activity cannot ex- 
plain the biological inactivation of 6-keto-PGEi 
observed in these experiments on supernatants was 
obtained using the sulphasalazine analogue Ph CK 
47A. This substance is a powerful inhibitor of PGDH 
[3O] with an IDSO 6 0.5 ph4 on the two purified enzyme 
preparations described in the preceding paragraph. 
Figure 4 shows that Ph CK 47A at 50 m significantly 
inhibits inactivation of prostaglandins El, Fzn and 6- 
keto-Fi, (measured by bioassay or radioimmuno- 
assay techniques) but did not affect breakdown of 6- 
keto-PGEi by the guinea-pig kidney supernatant. 

Table 1. Comparison of PGEr and 6-keto PGEt inactivation in supernatants from guinea-pig organs 
using two bioassay methods 

Inactivation of PGE, Inactivation of h-keto PGEr 

(%I (%I 
Fundus strip Platelets Fundus strip Piateiets 

Kidney 96.0 Y!Z 1.0 96.5 +- 3.0 53.8 rt 5.0 59.0 + 3.0 
Colon 97.0 * 1.0 96.4 22.0 80.0 rt 3.0 84.0 -c 3.0 
Liver 97.0 -+ 1.5 97.5 t 1.3 80.0 iz 2.5 80.0 t 3.0 

Incubations contained 5 mM NAD+ and 10 &ml substrate, 60 mitt at 37”; results show mean 
values ‘_ S.E.M.. N = 8. 
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Fig. 2. Time course of biological inactivation of PGEt 
(squares) and 6keto PGEl (circles) by 100,000g super- 
natants prepared from rabbit kidney cortex (upper graph) 
and guinea-pig kidney (lower graph) as assayed by bioassay 
on human platelets (open symbols) or the isolated rat 
stomach strip preparation (solid symbols). Conditions as in 

Fig. 1, results show mean f S.E.M., N = 4. 
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Similar conclusions were obtained in further experi- 
ments on guinea-pig colon, rat colon and rabbit 
kidney cortex supematants (Table 2): 50 ,uM sulphas- 
alazine analogue strongly inhibited the inactivation 
of PGEl (although the effect was much less marked 
on rabbit kidney cortex), but did not inhibit inacti- 
vation of 6keto-PGE,. At the same dose the 
analogue completely prevented the inactivation of 
PGEt, by the purified placental PGDH. 

Duck heart and rabbit kidney cortex 100,OOOg 
supernatants were selected as test systems for assay 
of 9-keto reductase activity because the avian heart 
and rabbit kidney are known sources of this enzyme 
[25,31]. It converts prostaglandin EZ to PGFz, [32] 
and would be expected to generate 6-keto-prosta- 
glandin Fl, from 6-keto-PGEl. In these experiments 
the putative products were measured by specific 
radioimmunoassays performed on incubation ex- 
tracts. With the addition of increasing amounts of 
NADPH or, better, addition of both NADPH and an 
enzymatic regenerating system, there was extensive 
conversion of PGEr to PGFza by both duck heart 
and rabbit kidney cortex supernatants (Table 3). 
However, under these optimal conditions there was 
negligible conversion of 6-keto-PGEI to &keto- 
PGFr, although some of the small increases 
achieved statistical significance (Table 3). Because 6- 
keto-PGEt possesses significant cross-reactivity with 
the antibody used for the 6-keto-PGFI, assay (7.2 2 
1.9%) it was verified in separate experiments that 
the method could clearly identify small proportions 
of 6-keto-PGFr, in mixtures ~ntaining excess quan- 
tities of 6-keto-PGEi. The sulphasal~ine analogue 
Ph CK 4i’A did not inhibit conversion of PGEr 
to PGF?, by 9-KR (in fact in rabbit kidney cortex 
conversion was enhanced by 44.0 * 14.5%, presum- 
ably because of inhibition of the competing PGDH 
pathway), and had no effect on the 6-keto-PGE1 
results. The ability of the duck heart and rabbit 

cl CONTROL 
5 II@ NAD+ 

(PGE1) 

Fig. 3. Effect of 5 mM NAD+ on 6-keto PGEl inactivation by various cytosolic supernatants. Conditions 
as in Fig. 1. PGEl was also tested in the rabbit kidney cortex experiments. Results show inactivation as 

mean values 2 S.E.M., N = 4. 
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Fig. 4. inactivation of four prostaglandins by 100,009g supematant from guinea-pig kidney (open 
columns) and its inhibition by 50 @I sulphasalaxine analogue Ph CK 47A (stippled columns). Substrates 
were 10 &ml (= 28 @I), incubated for 20 min and the extent of ina~vation was measured by smooth 
muscle bioassay or radioi~unoas~y of ‘extracts as indicated. Results show mean values and bars 

represent S.E.M., N = 4. 

Table 2. Sulphasai~ine analogue Ph CK47A inhibits PGEi but not 6-keto PGEr inactivation 
in cytosolic supematants 

Source of supernatant 

Inhibition by 50 r_LM Ph CK 47A 
(%) 

PGEi inactivation 6-Keto PGEi inactivation 

Guinea-pig colon 73.1 r 11.6*” 25.8 f 13.8 
Rat coton 82.4 + 26.8* IO.3 i 13.8 
Rabbit kidney cortex 39.3 -c 8.9** 11.6 t 14.5 

Incubations contained 10 &ml substrate and 5 mM NAD+ and inactivation (60 min, 37”) 
was measured by assay of extracts on the isolated rat fundus strip preparation. Results show 
inhibition in drug-treated samples compared to controls (mean 2 S.E.M., N = 4) and 
asterisks indicate significances of differences with respect to drug-free controls by Student’s 
unpaired r-test. 

* P < 0.05, ** P < 0.01, ***p < 0.002. 

Table 3. Prostaglandin 9-ketoreductase activity in rabbit kidney cortex and duck heart supematants using PGEr and 6- 
keto PGE, as substrates 

Experimental 
condition 

Percent conversion to F-series prostaglan~n 
Rabbit kidney cortex Duck heart 

PGE, 6-Keto PGEi PGEz 6-Keto PGEl 

Zero time control 0.5 rt 0.1 3.2 + 0.2 3.7 2 0.4 1.9 -+ 0.3 
No cofactor 1.2 + 0.2 2.4 2 0.1 0.9 2 2.8 1.6 t- 0.2 
0.1 mM NADPH 3.7 2 0.6** 2.4 + 0.2 20.4 ?z 2.8’* 3.2 f 0.3** 
1.0 mM NADPH 55.7 r 21.9* 4.7 t 0.2*** 26.8 t 4.0*** 3.6 2 OS*” 
0.1 mM NADPH + 

regenerating system 74.7 + 11.3*** 8.3 -e 0.9*+* 74.7 -c 2.3*** 3.2 + 0.2*** 

Incubations contained 10 &ml substrate for 30 min (rabbit kidney cortex) or 60 min (duck heart) at 37”. Results show 
mean values & S.E.M., N = 4, and were obtained by RIA of extracts. Asterisks indicate significances of differences with 
respect to ‘no cofactor’ control by Student’s unpaired t-test. 

* P < 0.05, ** P < 0.01, *** P < 0.002. 
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Table 4. Effect of different cofactors on the biological inactivation of 6-keto PGEl by precipitated and dialysed guinea- 
pig supernatant enzymes 

Source of supernatant 

Kidney 
Colon 
Liver 

No cofactor 

36.6 ” 12.0 
Ok 2.0 

14.2 * 6.0 

Percent inactivation 
NAD’ NADP+ NADH NADPH 

77.2 t 3.5** 57.8 * 5.8 1.5 + 5.3* 17.2 5 3.2 
35.4 * 6.1*“* 15.5 t 4.8* 3.8 ? 4.5 0 2 11.7 
49.8 * 2.4*** 15.7 t 5.1 19.6 ? 4.9 18.3 ” 4.9 

Substrate concentration was 10 pgjml, incubations 60 min at 37” and assayed on rat stomach strip preparation. Values 
show inactivation, mean + S.E.M., N = 4, relative to control taken at time zero. Cofactors were added at 5 mM (NAD+, 
NADP*) or 1 mM (NADH, NADPH). The statisticai significance of differences of cofactor-treated incubations relative 
to controls lacking cofactors were analysed by Student’s r-test. 

* P < 0.05, ** P < 0.02, *** P < 0.002. 

kidney cortex supernatants to metabolise 6-keto- 
PGEl was checked by bioassay: under the conditions 
shown in Table 3, the rabbit kidney preparation was 
active (inactivation at 30 min was 29-46%), whereas 
duck heart was essentially inactive (< 15 % at 60 min) . 
The latter preparation was not tested using either 
NAD+ as cofactor with 6-keto-PGE, or PGEl or 
PGEz as substrate for bioassay deter~nation, so 
the presence of an NAD+-dependent 6-keto-PGEl 
metabolising enzyme or PGDH cannot be excluded. 

generality of these findings. However, we have also 
found that other organs including different parts of 
the gastrointestinal tract, including human colonic 
and stomach mucosa, inactivate 6-keto-PGE1 by a 
time- and NAD+-dependent enzymatic mechanism 
which is thermolabile, i.e. abolished by 15 min pre- 
incubation at 55” (C. N. Berry and J. R. S. Ho&, 
unpublished experiments). 

The cofactor requirements for 6-keto-PGEl meta- 
bolising activity were tested in further experiments 
by precipitating the enzyme(s) with ammonium 
sulphate and subjecting the redissolved preparation 
to extensive dialysis. This was done for guinea-pig 
kidney, colon and fiver (Table 4). The results show 
that addition of NAD+ considerably enhanced 6- 
keto-PGEI inactivation as determined by bioassay. 
NADP+ at the same concentration had a smaller 
effect except in liver. NADH and NADPH were not 
active. Identical experiments were performed using 
PGEl as substrate as a positive control (data not 
shown); the results were similar in that NAD+ was 
the preferred cofactor and the reduced forms were 
inactive or inhibitory. 

Three questions follow from these studies: What is 
the enzyme responsible? What metabolite is formed? 
Does this occur in vivo? 

In contrast to the ability of various cytosolic super- 
natants to inactivate &keto-PGE,, human red blood 
cells were inactive. After preparing platelet rich 
plasma from titrated human blood, the packed red 
cells from the 200g centrifugation were incubated 
with 5 mM NAD+ and 10 &ml 6-keto-PGEl and 
timed extracts prepared for bioassay as spasmogens 
on the rat stomach strip and as inhibitor of ADP- 
induced platelet aggregation. Over 60 min there was 
no decrease in biological activity according to either 
method. 

DISCUSSION 

Although 6-keto-PGEI inactivation in vitro ap- 
pears to be NAD+-dependent (Fig. 3, Table 4), a 
major contribution from PGDH (NAD+-dependent 
prosta~andin 15-hydroxydehydrogenase, EC 1.1.1. 
141) can be excluded for several reasons. Firstly, a 
highly purified human placental PGDH preparation 
failed to inactivate 6-keto-PGEI under conditions 
favourable for PGEl breakdown; likewise semi-pur- 
ified bovine lung PGDH only slightly inactivated 6- 
keto-PGE1 (and this itself could conceivably have 
been due to contamination by other enzymes). 
Moreover, in previous spectrophoto~uorometric ex- 
periments we found that 6-keto-PGE1 is oxidised by 
placental PGDH at only 9% of the rate of PGEl 
[ll]. Secondly, Fig. 1 also shows clearly that there is 
no correlation in various systems between cytosolic 
PGEl inactivation--presumed to reflect PGDH 
activity-and 6-keto-PGEI breakdown. Finally, the 
sulphasalazine analogue Ph CK 47A failed to inhibit 
6-keto-PGEI inactivation in all test systems that we 
have so far examined (Fig. 4, Table 2), whereas 
as predicted the PGDH-dependent inactivation of 
PGEl, PGF2, and 6-keto-PGF,, was markedly inhib- 
ited. This analogue was selected because it is the 
most potent of a large series of novel homosalazine 
analogues which inhibit PGDH [30,33]; the present 
results also show that Ph CK 47A does not inhibit 
prostaglandin 9-keto reductase. 

Our experiments provide a detailed survey of the Our experiments also ruled out any role for prosta- 
capacity of cytosolic supernatants to inactivate 6- glandin 9-keto reductase as the enzyme responsible 
keto-PGE1, a biologically active and chemically for 6-keto-PGE1 degradation (the observed NAD+- 
stable metabolite of prostacyclin. Inactivation of 6- dependency would in any case make this unlikely as 
keto-PGEl was time-dependent and occurred in 9-ketoreductase is NADPH-dependent, refs. [25,31, 
supernatants prepared from the colon, kidney and 321 and Table 3). In brief, 6-keto-PGF1, was not 
liver of guinea-pig, rat and rabbit, although there detectable in incubations in which 6-keto-PGE1 was 
was considerable quantitative variation (Fig. 1). demonstrably inactivated (rabbit kidney cortex, 
Clearly it would be desirable to extend the range Table 3) and the duck heart preparation did not 
of species and organs tested so as to validate the inactivate 6-keto-PGEl or form 6-keto-PGF1,, , 
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despite very substantial conversion of PGE2 to PGFz~ 
(Table 3). 

There remain two general possibilities: either the 
enzyme responsible represents a novel &keto-PGEI- 
specific metabolising enzyme which is widely 
distributed, or 6-keto-PGEI degradation is catalysed 
by enzymes (? dehydrogenases) which fulfil other 
catalytic functions and which in a non-specific man- 
ner will accept this prostaglandin as substrate. 
Clearly, enzyme purification is needed to resolve 
these possibilities. 

in a manner similar to prostacyclin”, i.e. in liver 
and peripheral vascular beds. Thus in conclusion we 
suggest that like other biologically relevant prosta- 
glandins 6-keto-PGEI is subjected to rapid metabolic 
inactivation by cytosolic enzymes akin to those whose 
activity is demonstrated in this paper. 

As yet we do not know what are the products of 
6-keto-PGEl inactivation in vitro, except that they 
have little rat stomach strip spasmogenic and platelet 
anti-aggregatory activity. The delineation of these 
metabolic pathways would clearly be greatly facili- 
tated by the availability of radiolabelled 6-keto-PGE1 
as the alternative strategy (GC/MS separation and 
identi~cation) is not available to us. A reasonable 
hypothesis based on the present experiments show- 
ing NAD+-dependency is that 6-keto-PGE1 is inacti- 
vated by an oxidative process occurring at the ll- 
hydroxyl position rather than at C-15. There is a 
precedent in that Roberts et al. [34] have shown in 
guinea-pig liver homogenates that thromboxane B2 
is efficiently dehydrogenated at the C-11 hemiacetal 
alcohol group by a soluble NAD+-dependent en- 
zyme. This process also occurs in humans [34]. They 
did not test other organ supernatants, but it is notable 
in our experiments (Tables 1 and 4) that guinea-pig 
liver efficiently inactivates 6-keto-PGEI and that this 
is strictly NAD+-dependent (Table 4). However, in 
drawing this analogy it should be noted that the ll- 
hydroxyl groups of 6-keto-PGE1 (secondary alcohdl 
with beta-keto function) and thromboxane B2 (hemi- 
acetal alcohol) differ considerably in their chemical 
properties. 
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