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Summary 

The prostaglandm l l - k e t o  reductase of  rabbits, which catalyzes the conver- 
stun of  prostaglandm D2 to prostaglandm F2~, is only found m the liver. This 
enzyme, whmh is prnnarfly locahzed m the soluble fraction, reqmres NADPH 
for achwty ,  its Km value for prostaglandm D2 is approx. 200 pM. [14C]Prosta- 
glandm D2 administered to rabbits wa the portal vein escapes from the liver 
unchanged, suggesting that  exogenous prostaglandm D2 may be inaccessible to 
the enzyme. The possible role of  this enzyme m the metabohsm of endogenous 
hepatm prostaglandm D2 is suggested by the demonstratmn that the hver 
synthesizes prostaglandm D2 from arachldomc acid. 

Int roduct ion 

Prostaglandm D2 is a metabohte  of  arachldomc acid found m several organs 
and cell types [1--6] .  Its funchon  in most  of  these tissues is, as yet ,  unknown.  
Prostaglandm D2 has, however,  been shown to be a potent  mhlbltor of  platelet 
aggregation [7,8].  We investigated possible routes of  metabohsm of the D 
prostaglandms by  various hssues. We report  the presence of  an enzyme, prosta- 
glandm l l - k e t o  reductase, whmh catalyzes the conversion of  prostaglandm D2 
to prostaglandm F2~ and its umque locahzatlon to the hver. Further studms 
demonstrate  that  the hver has the capacity to metabohze arachldomc acid to 
prostaglandm D2, which may provide an endogenous substrate for the enzyme. 

A b b r e v a t l o n  EGTA, ethylene glycol bls(fl-ammoethyl ether)-N,N'-tetxaacetlc acid 
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Materials and Methods 

Materzals [14C]Arachldomc acid (spec act. 55 C1/mol) and [3H]prosta- 
glandm D2 (spec. act. 130 C1/mmol) were obtained from New England Nuclear 
(Boston, MA) [3H]Prostaglandm E2 (spec act 100 C1/mmol) was obtained 
from Amersham Radlochemmals (Arhngton Heights, IL). Prostaglandm D2 and 
prostaglandm E2 were kindly supphed by  Dr. John Pike of  the Upjohn Co. 
NADPH and EGTA were purchased from Sigma Chemmal Co. (St. Louis, MO), 
fa t ty  acid-depleted albumin from Calblochem (La JoUa, CA) and thin-layer 
chromatography (TLC) plates from Bnnkman Instruments (Westbury, NY). 
[14C]Prostaglandm D2 was prepared as follows [14C]prostaglandm H2 was 
prepared from [ '4C]arachldomc acid incubated with an acetone/pentane 
powder  of  sheep seminal vesmles. [~4C]Prostaglandm H2 was incubated for 30 
mm at 37 ° C m 0 1 M potassmm phosphate buffer containing 0 3% bowne serum 
albumin. Under these condltmns, the major prostaglandm formed is prosta- 
glandm D2. Prostaglandm D2 was separated from other prostaglandms by TLC 
m system A9 [9],  the orgamc phase of  ethyl acetate/acetm acld/2,2,4-tmmethyl- 
pentane/water  (110 20 50 100, v/v) Prostaglandm D2 was eluted from 
TLC plates with methanol,  concentrated and stored at --20°C until use. 

Preparatzon o f  lwer enzyme Rabbit  hvers were homogemzed (1 3, w/v) m 
100 mM potassmm phosphate buffer  (pH 7.4) (buffer 1) using a Tekmar 
homogemzer.  The homogenate was centrifuged at 4°C m a Sorvall RC2-B 
centrifuge at 10 000 X g for 20 mm. The supernatant was then dmlyzed at 4°C 
agmnst buffer 1 for 16 h (three buffer changes). The dmlyzed supernatant was 
centrifuged m a Beckman ultracentrifuge for 90 mm at 100 000 × g. 

Measurement o f  11-keto reductase actwlty ~n wtro. The activity of l l - k e t o  
reductase was determined by measunng the conversmn of  [3H]prostaglandm 
D2 to [3H]prostaglandxn F2~ The standard reactmn mixture contamed the 
foUowmg 2 ~g prostaglandm D2 (5.64 nmol), 30 000 cpm [3H]prostaglandm 
D2, 300 nmol NADPH; hver supernatant (approx. 0.2 mg protem) m a fmal 
volume of 0.3 ml. Reactmns were carned out  at 37°C for 15 mm and were 
terminated by  addltmn of 2 M formm acid to bring the pH to 3.0--3.5. The 
reactmn mixture was extracted twine with 2 vol. ethyl acetate. The ethyl 
acetate was evaporated under N2, the samples were plated on sflma gel plates 
and developed m solvent system A9 to separate prostaglandm F2~ from prosta- 
glandm D2. The positron of  the prostaglandms on the TLC plates was deter- 
mined by addmg unlabelled prostaglandm standards to each of the samples and 
wsuahzmg them with mdme vapor. The locatmn of radmactlvlty on each plate 
was determined using a Vangard scanner. The appropriate sflma gel zones were 
scraped into sflmomzed glass tubes and the radmactlwty was extracted twine 
with 1 ml methanol.  The methanol was added to scintfllatmn fluor and the wals 
were counted m a Packard Tn-Carb 460C Counter. Recovery of  counts was 
between 35 and 40%. Results are not  corrected for recovery. 

Measurement o f  11-keto reductase actwzty ~n vwo. Male, New Zealand white 
rabbits, weighing 2--3 kg, were anesthetized with 30 mg/kg Nembutal  and 250 
U/kg hepann was administered To admmlster prostaglandm D2, a cannula (PE 
50 tubing) was inserted into a branch of the hepatic portal veto. Thus, the flow 
of blood m the hepatm portal veto was not  interrupted by the catheter. To col- 
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lect blood samples, a cannula (PE 160 tubing) was inserted into the mfenor  
vena cava just above the liver. To minimize dilution of the labelled compound 
into the blood, the following blood vessels were tied off  common carotid 
arteries, jugular veins, aorta -- below the level of the supenor mesentenc artery, 
and vena c a v a -  above the level of the renal veto. Two types of experiment 
were performed. In one set, a bolus injection of [14C]prostaglandm D2 (50 pg, 
1.5 106 cpm) was given and serial 5-ml blood samples were collected over the 
next 5 min. Salme was than given to the animal and an additional 5 mln were 
allowed to elapse before the final 5 ml blood sample was taken. In a second set 
of experiments, a bolus rejection was gwen and the blood was allowed to 
circulate for 15 min prior to sampling. At this point,  a 35 ml blood sample was 
removed. Extraction of label from the blood was accomphshed essentially as 
described in Ref. 10. Briefly, blood was centrifuged to remove red blood cells 
The plasma proteins were precipitated by addition of 2 vol. me-cold acetone 
and then were removed by centnfugatlon.  The remmnmg supernatant was 
extracted twice with 1 vol. petroleum ether (35--60°C). The aqueous layer was 
acldlfmd to pH 3 0--3 5 with 2 M formm acid and extracted twine with 2 vol. 
ethyl acetate The ethyl acetate was evaporated under N2 and samples were 
chromatographed as descnbed for measurement of  11-keto reductase actlwty in 
vitro 

Measurement of  11-keto reductase actwzty by b~oassay. The bmlogmal activ- 
Ity of the prostaglandm F2a formed in l l - k e t o  reductase mcubatlon mixtures 
was studied by measunng contractmn of rat stomach strips m a superfusmn 
cascade. Rat stomach strips were superfused at 37°C with Krebs-Henselelt 
medium, at a flow rate of 10 ml/mln. The tissues were also superfused with a 
mixture of antagomsts to histamine, catecholamlnes and acetylchohne to 
increase their sensitivity [11], and with mdomethacm. Dose-response curves to 
standards of  prostaglandm F2a and prostaglandln D2 were obtamed. Ahquots of 
the lncubatmn mixtures to be described were then applied to the tissues and 
the response was compared to prostaglandln F2~ standards. Changes m smooth 
muscle tension were measured with a Harvard smooth muscle transducer 
(Harvard Apparatus Co., Inc., Mllhs, MA). The standard reaction mixture, as 
described above, was used to determine conversion of prostaglandm D2 to 
prostaglandm F2~ radlochemmally. In parallel, mcubatlons were carned out,  
contmnlng all components of  the standard reactmn mixture, except [3H]prosta- 
giandm D2. The latter samples were incubated for 6, 15, 30 or 60 mln and were 
acldffmd and extracted into ethyl  acetate as descnbed above. The ethyl acetate 
was dissolved under N2 and the residue was re-dissolved in 0.25 ml sahne A 
15 pl aliquot of  the residue (equivalent to 6% of the orlgmal starting materml) 
was applied to rat stomach strips and the contractmns were measured 

Arachtdonzc aczd metabohsm of rabbzt hver. Rabbits were anesthetized and 
hepann was admlmstered as descnbed above. The portal vein was cannulated 
(PE 160) and salme was used to clear the liver of  as much blood as possible. 
The liver was homogemzed (1 : 3) using a Tekmar homogemzer in 100 mM 
potassium phosphate buffer (pH 8.0) (buffer 2) containing EGTA (10 mM) and 
bowne serum albumin (1.0%). The homogenate was centrifuged at 8000 × g in 
a Sorvall RC2B centrifuge for 15 mln and the supernatant was then cenSrffuged 
in a Beckman ultracentrifuge for 60 mln at 100 000 × g. The resulting micro- 
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somal pellet was washed three times with buffer 2 and was resuspended m the 
same buffer (volume = 1/4 of  the ongmal tmsue weight). Incubations contmned 
the following 1-[14C]arachldomc acid (1 ~g, 300 000 cpm), epinephrine (150 
nmol) and 0.1 ml (approx 300 /~g protein) of  mmrosomes m a final volume of 
0.15 ml. When present, glutathlone was used at a final concentration of  1.0 
mM. Incubations were camed  out, with stirring, at 37°C for 30 mm. Reactions 
were terminated by addition of 0.05 ml of  4 M formm acid. The reactlon mix- 
ture was extracted twine with 2 vol. of  ethyl acetate The ethyl acetate was 
evaporated under N2 and the residue apphed to mhca gel TLC plates. The 
plates were developed m solvent system C (chloroform/methanol/acetm acid/ 
water, 90 8 1 0 0 8, v/v) [12] Potations of  the prostaglandms was deter- 
mined by addmg unlabelled standards to the samples and vmuahzmg with 
iodine vapor. The potation of  radioactivity was determmed using a Vangard No. 
930 scanner. Locahzatmn of the radmactlvlty m selected samples was deter- 
mined by  autoradmgraphy. In this case, the TLC plate was placed on a pmce of 
Kodak X-Omat R X-ray film and was kept  m the dark for 48 h. After develop- 
rag, the pomtmn of the bands was compared to that  of  the standards as 
wsuahzed by mdme vapor. The approprmte lanes were cut and were counted m 
scmtfllatmn fluor (4a20-RPI Corp.) m a Beckman LS-230 scmtfllatmn counter.  

Results 

A posmble pathway m the metabohsm of prostaglandm D2 would be its 
convermon to prostaglandm F2, by a presumed prostaglandm l l - k e t o  reduc- 
tase. Therefore, several tmsues were examined for their ability to convert 
[3H]prostaglandm D2 to [3H]prostaglandm F2~. Under the condltmns used, the 
hver quantitatively converts either prostaglandm D2 or prostaglandm E2 to 
prostaglandm F2~. In Fig 1 are shown typmal radmchromatograms from mcu- 
batmns of  liver or kidney 100 000 × g supernatant with labelled prostaglandm 
D2 or prostaglandm E2. Followmg dlalysm of the 100 000 × g supernatant, no 
conversmn is detectable,  addltmn of NADPH to mcubatmn mixtures restores 
activity (Fig 1). Identity of the product  as prostaglandm F2, was confirmed by  
demonstrating that  the product  of  the reactmn comlgrates with authentm 
prostaglandm F2, m chromatographm system A9 (Fig. 1) as well as m chroma- 
tographm systems C and benzene/1,4-dmxane/acetm acid ( 6 0 . 3 0 : 3 ,  v/v) 
(results not  shown). Less than 5% of the actlwty of the hver l l - k e t o  reductase 
was detectable m several other tmsues, including heart, kidney cortex, kidney 
medulla, brain, lung, whole blood and plasma. Prostaglandm 9-keto reductase 
[13],  whmh catalyzes conversmn of prostaglandm E2 to prostaglandm F2~, is 
probably not  responmble for the conversmn of prostaglandm D2 to prosta- 
glandm F2a, since mcubatmn of [ 3H] prostaglandm D2 with kidney supernatant 
did not  result m conversmn to prostaglandm F2~, whereas prostaglandln E2 was 
metabohzed to prostaglanchn F2~ by either kidney cortex or medulla super- 
natant (Fig. 1). 

11-Keto reductase act lwty is found almost exclumvely m the soluble fractmn 
of hver. Enzyme actlwtms of  the 10 000 × g supernatant, the 100 000 × g super- 
natant and of the mmrosomal fractmn are 0 22 +- 0.01, 0.25 +- 0.7 and 0.03 +- 
0.01 nmol /mm per mg protein, respectively. 

Enzyme actlwty was determined as a functmn of substrate, cofactor  and 
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Fig  1 Pros tag lanchn  11- a n d  9 -ke to  r e d u c t a s e  act ,  v l ty  m rabb*t  h v e r  or  l~dney  s u p e r n a t a n t .  11- or  9 -ke to  
r e d u c t a s e  ac t .v , ty  of  a d i a lyzed  100  0 0 0  X g s u p e r n a t a n t  o f  e i t he r  r a b b i t  h v e r  or  k i d n e y  was  d e t e r m i n e d  
u s ing  [ 3 H ] p r o s t a g l a n d m  D 2 or [ 3 H ] p r o s t a g l a n d m  E 2,  r e spec t ive ly  R e a c t i o n  m*x tu re s  c o n t a i n e d  2 pg  of  

p r o s t a g l a n d m  D 2 (or p r o s t a g l a n d l n  E 2 )  , 30  0 0 0  c p m  of  [ 3 H ] p r o s t a g l a n d l n  D 2 (or p ros t ag lanchn  E 2 ) a n d  
0 1 M p o t a s m u m  p h o s p h a t e  b u f f e r ,  p H  7 4 ( b u f f e r  1) ,  m a f inal  v o l u m e  of  0 3 ml  N A D P H  was  e*ther 
p r e s e n t ,  a t  a eo n een t r a t *on  o f  1 0 m M  (heavy  h n e s ) ,  or  was  a b s e n t  (hgh t  h n e s )  Reae taons  w e r e  carmed o u t  
fo r  15 m m  a t  3 7 ° C  R e a c t m n s  were  ac , (h f led ,  e x t r a c t e d ,  c o n c e n t r a t e d ,  a n d  r e a c t a n t s  a n d  p r o d u c t s  were  
s e p a r a t e d  by  T L C  s y s t e m  A 9 L o c a l l z a t , o n  of  rachoactlv1ty was  d e t e r m i n e d  u s ing  a Vangaxd  s c a nne r  F ,  
p ros tag lanchn  F 2 a ,  E,  p r o s t a g l a n d m  E 2 , D.  p r o s t a g l a n d m  D 2 , A,  p r o s t a g l a n d l n  A 2 

F ig  2 E f f e c t  o f  subs t r a t e  and  c o f a c t o r  c o n c e n t r a t i o n  on p ros tag lanchn  l l - k e t o  r e d u c t a s e  act*v~ty Pros ta -  

glanchn 11 -ke to  r e d u c t a s e  a c t l w t y  was  d e t e r m i n e d  usang a chalyzed p repaxa t lon  of  r a b b i t  h v e r  1 0 0  0 0 0  X g 
s u p e m a t a n t  W h e n  the  p ros t ag lanchn  D 2 c o n c e n t r a t i o n  was  v a n e d  (o e .  l o w e r  scale)  reac t*on m i x -  
t u r e s  c o n t a i n e d  e n z y m e  ( a p p r o x  0 08 m g  p r o t e i n ) ,  N A D P H  (1 0 r a m ) ,  b u f f e r  1 ,  a n d  p r o s t a g l a n d m  D 2 a t  
a c o n c e n t r a t * o n  o f  24 t o  4 7 0  pM ( le f t -hand  orchna te )  W h e n  the  N A D P H  c o f a c t o r  c onc e n t r a t*on  was  
v a n e d  (X X,  u p p e r  scale)  r e a c t l o n  mlx t t t r e s  c o n t a l n e d  e n z y m e  ( a p p r o x .  0 2 m g  p r o t e i n ) ,  b u f f e r  I ,  

p r o s t a g l a n d m  D 2 , 18 8 ~tM, a n d  N A D P H  a t  a concen t r a t*on  of  0 01 to  1 0 m M  (mght -hand  o m d m a t e )  All 
r e a c t l o n s  w e r e  e a r n e d  o u t  a t  3 7 ° C  fo r  15 m m  Resu l t s  p r e s e n t e d  axe e x p r e s s e d  as n m o l / m l n  pe r  m g  p ro -  
tern  a n d  axe the  m e a n  + S E fo r  s even  e x p e r i m e n t s  

enzyme concentrations and as a funct ion of  time. Enzyme actlwty was tested 
with prostaglandm D2 at a concentration of  24 - -470  phi (Fig. 2). The Km 
value was determined to be between 180 and 350 pM. Hepatm l l - k e t o  reduc- 
tase exhibits a preference for NADPH as Its cofactor, as shown m Fig. 2. The 
minimum effective concentration of  NADPH to activate l l - k e t o  reductase m 
between 0.01 and 0 .05 mM, maximum activation is obtmned at 0.2 mM In 
contrast, NADH is much less effective as a cofactor, requmng 5-fold greater 
amounts to  achmve the same effect as NADPH. Enzyme actlwty is hnear with 
up to 500 pg of  protein per incubation and up to 30 mm of  incubation at 
37°C. No conversion of  prostaglandm D2 to prostaglandm F2~ was observed m 
the absence of  tmsue or m mcubatmns using enzyme whmh had been boiled for 
2 mm. 

Additionally,  we conftrmed the identity of  the product of  the reaction as 
prostaglandm F2~, using a bloassay system. In these experiments, advantage is 
taken of  the fact that prostaglandm F2~ is much more potent  m cont'ractmg 
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F~g 3 D e t e ~ n l n a t l o n  of  l l - k e t o  r e d u c t a s e  ac t iv i ty  us ing  r a t  s t o m a c h  s t r ip  b ioassay  l l - K e t o  r e d u c t a s e  
ac t iv i ty  w a s  d e t e r m i n e d  usang h v e r  s u p e r n a t a n t ,  a p p r o x  0 2 m g  p r o t e i n  ( L I V E R  S U P ) ,  p r o s t a g l a n d m  D2,  
2 #g ,  [ 3 H ] p r o s t a g l a n d m  D2 (30  000  c p m ,  r a d i o c h e m l c a l  e x p e r i m e n t s  o n l y ) ,  b u f f e r  1 m the  p resence  or  
absence  o f  N A D P H ,  1 0 m M  R e a c t i o n s  were  c a r n e d  o u t  fo r  6, 1 5 . 3 0  or  60  r m n  a t  37°C R e a c t i o n  m i x -  

t u r e s  were  ac id i f i ed ,  e x t r a c t e d  a n d  c o n c e n t r a t e d  A n  a h q u o t  e q m v a l e n t  to  6% of  t he  or ig ina l  r e a c t m n  m i x -  
tu re  was  a p p h e d  to ra t  s t o m a c h  s t r ips  a n d  c o n t r a e t m n  was  m e a s u r e d  Dose - re sponse  curves  were  de te r -  

n n n e d  w i t h  s t anda rd  p r o s t a g l a n d m  F 2 ~  (F2~)  and  p r o s t a g l a n d m  D 2 (D2)  In  the  r a d l o e h e n n c a l  exper i -  
m e n t s ,  the  c o n c e n t r a t e d  r e a c t i o n  m i x t u r e  was  a p p h e d  to  T L C  pla tes  a n d  the  a p p r o p r i a t e  zones  were  

sc raped  a n d  c o u n t e d  Resu l t s  p r e s e n t e d  are  the  average  of  t w o  e x p e r i m e n t s  

Fig  4 D e t e r m i n a t i o n  of  l l - k e t o  r e d u c t a s e  ac t i v i t y  in  v~vo [ 1 4 C ] P r o s t a g l a n d m  D 2 ( P G D 2 )  (1 5 106 
c p m ,  50 #g)  was  xnjected as a bo lus  i n t o  the  po r t a l  veto  of  a p r e p a r e d  r abb i t  Blood  s a mp le s  were  co l l ec t ed  

at  1 (B),  15 (4C)  and  60 m m  (D)  a f t e r  l m e c t m n  of  p r o s t a g l a n d m  D 2 Blood  s a mp le s  were  c e n t r i f u g e d  f~ee 
o f  red  cells and  p l a s m a  p r o t e i n s  were  p r e c i p i t a t e d  w i t h  a c e t o n e  P r o s t a g l a n d m s  were  r e c o v e r e d  f r o m  
the  ac e t o n e  by  ae lchf iea t ion ,  e x t r a c t m n  i n t o  e thy l  a ce t a t e  and  w e r e  t h e n  s e p a r a t e d  on T L C  s y s t e m  A 9 
Loca l i z a t i o n  of  radioact lwCy was  d e t e r m i n e d  us ing  a V a n g a r d  s c a nne r  In  A is s h o w n  an a u t h e n t i c  sample  
of  the  [ 1 4 C ] p r o s t a g l a n d l n  D 2 w h i c h  was  chromatog~caphed in  s y s t e m  A 9 F ,  p r o s t a g l a n d m  F 2 ~ ,  E,  

p ro s t ag l an d l n  E 2 , D,  p r o s t a g l a n d m  D 2 

smooth muscle than LS prostaglandm D2. The tissue used was rat stomach strip, 
whmh was cahbrated to known amounts of  prostaglandm D2 and prostaglandm 
F2~. When enzyme, substrate and cofactor are incubated together, the product 
is blologmally active. Generation of  a biologically actwe substance reqmres the 
presence of  cofactor (Fig. 3). Neither substrate (prostaglandm D2) nor enzyme 
alone reduces contraction of  the tmsue. The time dependence of  the reaction Ls 
also evident with longer incubation periods producing more of  the contractile 
substance (Fig. 3). Parallel incubations using [3H]prostaglandm D2 and the 
ldentmal preparation of  the enzyme contmn increasing amounts of  [3H]prosta- 
glandm F2~ with increasing incubation time (Fig. 3). Thus, hver supernatant 
converts prostaglandm D2 to a substance with both the ldentmal chroma- 
tographm mobility and bmlogmal actwlty of prostaglandm F2~ 

The presence of l l - k e t o  reductase m hver homogenates prompted us to 
assess if the actwlty of this enzyme could be detected m wvo. [14C]Prosta- 
glandm D2 was rejected as a bolus mto the portal veto of  an anesthetized rabbit 
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and serial 5-ml samples were collected over the next 5 mln from the vena cava. 
Radlochemlcal analysis of  the blood showed that ,  surprisingly, prostaglandln 
D2 appears to leave the hver unmetabohzed (Fig. 4). In other experiments, 15 
mln were allowed to elapse between time of  mjectmn and removal of blood. 
Even under  these conditions, the only radioactively labelled prostaglandln 
which was recovered is prostaglandm D2. This mdmated that  exogenous prosta- 
glandln D2 was not  accessible to l l - k e t o  reductase. 

An alternative function of  prostaglandln l l - k e t o  reductase would be to 
metabohze endogenous hepatic prostaglandln D2. Experiments were under- 
taken to determme if hver mlcrosomes could convert arachldonlc acid to 
prostaglandln D2. Incubatmn of  [14C]arachldomc acid with hver mmrosomes 
without  any cofactors resulted in the formation of prostaglandln D2, prosta- 

LIVER MICROSOMES + [,4 C] - ARACHIDONATE 

CONTROL + IMID + INDO 

-ORIGIN 

Fig 5 [ 1 4 C ] A r a c h i d o n a t e  conve r s ion  by  r abb i t  l iver  m i c r o s o m e s  Liver  m l c r o s o m e s  ( ap p ro x  0 3 m g  
p r o t e m )  were  i n c u b a t e d  in  a f inal  v o l u m e  of  0 15 ml  a t  37°C fo r  30 m i n  m the  p resence  of  the  fo l lowing  
(f inal  c o n c e n t r a t i o n )  [ 1 4 C ] a r a c h l d o m c  acid,  1 #g, 3 0 0 0 0 0  c p m  (21 9 /~M), e p l n e p h r m e  (1 0 raM),  
g lu t a th l one  (1 0 m M ) ,  p o t a s s i u m  p h o s p h a t e  b u f f e r ,  0 1 M, p H  8 0 Pros tag landlns  were  s ep a ra t ed  on  TLC 
in so lven t  s y s t e m  C and  were  t h e n  p laced  on  X-ray f i lm in casse t tes  fo r  2 days  A p p r o p r i a t e  zones  were  
sc raped  and  c o u n t e d  to  d e t e r m i n e  r ad loac t lv l t y  p r e s e n t  I n  the  con t ro l ,  c o u n t s  f o u n d  m each  zone  were  
p r o s t a g l a n d m  F 2 a  (F)  27 3 2 9 ,  t h r o m b o x a n e  B 2 (TxB)  2 5 8 8 ,  p ros t ag l and ln  E 2 (E)  4 5 2 4 ,  p r o s t a g l a n d m  
D 2 (D) 6 2 5 7 ,  1 2 - h y d r o x y - 5 , 8 , 1 0 - h e p t a d e c a t n e n o l c  ac id  ( H H T )  9 3 2 7 ,  a n d  a r a c h i d o m c  acid (AA)  31 833  
In  the  p resence  of  5 m M  m u d a z o l e  the  c o u n t s  were  as fo l lows F,  31 0 4 3 ,  TxB,  6 5 8 ,  E,  5 9 0 3 ,  D,  8 7 3 3 ,  
H H T ,  2 4 7 7 ,  A A ,  29 682  In  the  p resence  of  5 /~g/ml i n d o m e t h a c i n ,  less t h a n  0 5% of  the  c o u h t s  were  
f o u n d  in any  of  the  peaks  c o r r e s p o n d l n g  to  p ro s t a g l a nd in  p r o d u c t s  
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glandm F2~, prostaglandm E2 and thromboxane B2. No prostacychn synthems 
was measurable Convermon was markedly enhanced by the addltmn of epme- 
phnne (1.0 mM) to mcubatmns.  Addition of glutathmne (1.0 mM) further 
enhacned total arachldonate metabohsm with preferential productmn of 
prostaglandm F2a. In Fig. 5 are shown autoradmgraphs obtamed from mcuba- 
tmns of  [ '4C]arachldomc acid with hver mmrosomes m the presence of  both 
epmephrme and glutathmne. In the presence of  lmldazole, a selechve inhibitor 
of thromboxane synthetase [14],  thromboxane B2 and 12-hydroxy-5,8,10- 
heptadecatmenom acid productmn is wrtuaUy abohshed, concomitantly,  more 
prostaglandm F2a and prostaglandm D2 are formed. In the presence of mdo- 
methacm (5 pg/ml), no prostaglandm formatmn was seen (Fig. 5). 

Discuss ion  

Interest m prostaglandms of the D seines has been generated recently by the 
demonstrahon that both  prostaglandm D2 and its tmene cohgener prostaglandm 
D3 are potent  mhlbltors of  platelet aggregahon [7,8,15,16].  The potential 
usefulness of  prostaglandm D3 as a circulating antl thrombotm agent prompted 
the present s tudy of  posmble routes of metabohsm of the D prostaglandms. 
Prostaglandm D2 had prewously been shown not  to be a substrate for lung 15- 
hydroxy-prostaglandm dehydrogenase m vitro [ 17]. There had been a report  of  
convermon of both prostaglandm D2 and prostaglandm E2 to prostaglandm F2~ 
by fetal sheep blood,  but  no further charactemzahon of thin achwty  had been 
forthcoming [18].  In the present studms we could detect  no convermon of 
prostaglandm D2 to prostaglandm F2~ by  either whole blood or plasma. Thin 
may be due to specms differences. The only organ with detectable levels of l l -  
keto reductase m the rabbit  is the hver. Enzyme activity is enhanced by 
NADPH, whmh is much more potent  than NADH, the Km value of prosta- 
glandm D2 for the enzyme is approx. 200 p~VI. Since the hver contains both 
prostaglandm 9- and l l - k e t o  reductase actlwty, It m posmble that 9-keto reduc- 
tase m responmble for the convermon of prostaglandm D2 to prostaglandm F2~. 
There are several mmflarltms between the properties of  prostaglandm l l - k e t o  
reductase reported here and those of  9-keto reductase as prevmusly described. 
These include K m [  19--21],  subcellular locahzatmn [ 19,22] and preference for 
NADPH as cofactor  [20,22].  However, despite the mmflarltms between the l l -  
and 9-keto reductases, there are several reasons whmh make it unhkely that 
the convermon of prostaglandm D2 to prostaglandm F2~ is catalyzed by prosta- 
glandm 9-keto reductase. The first is that  pumfmd chmken heart 9-keto reduc- 
tase does not  metabohze prostaglandm D2 [23].  In addltmn, both kidney 
medulla and cortex can convert prostaglandm E2 to prostaglandm F2~, whereas 
under the same condltmns, prostaglandm D2 is not  metabohzed (Fig. 1). Thus, 
ff the reductmn of prostaglandm E2 to prostaglandm F2~ m hver and kidney m 
catalyzed by  the same enzyme, then clearly the conversmn of prostaglandm D2 
to prostaglandm F2~ reqmres the presence of a separate enzyme. Wong [24] has 
mmultaneously discovered the l l - k e t o  reductase actlwty. He punfmd the hver 
soluble enzyme and demonstrated that radmactlvely labelled prostaglandm E2 
was not  a substrate for the pumfmd l l - k e t o  reductase (personal communma- 
tmn). 
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In most cases, metabohsm of the primary prostaglandms results ,n the forma- 
tion of  less blologmally active products The finding that,  m wtro, prosta- 
glandm D2 m converted to prostaglandm F2~ is, therefore, of potential impor- 
tance. Prostaglandm F2~ is less active than prostaglandm D2 as an mhlbltor of 
platelet aggregation, but  is much more active than prostaglandm D2 m con- 
tractmg smooth muscle (Fig. 3) Therefore, the conversion of prostaglandm D2 
(or prostaglandm D3) to its prostaglandm F2~ counter part could mcrease side 
effects 0.e., gastromtestmal distress and pulmonary constriction) and hmlt  
therapeutm efficacy. It was of interest to determine if, indeed, prostaglandm 
D2 could be converted to prostaglandm F2~ m wvo Studms m whmh prosta- 
glandm D2 was rejected into the portal veto of an anesthetized rabbit mdmated, 
however, that  prostaglandm D2 escapes from the hver unchanged. Thus, 
exogenous D prostaglandms may not  be converted by the hver to more active 
products, at least m a short-term experiment. These results are m contrast to 
those obtmned by Elhs et al. [25] m monkey.  In their experiments, prosta- 
glandm D2 was converted to both prostaglandm F2~ and several of  its metab- 
ohtes, m fact, prostaglandm F-ring metabohtes accounted for over 2/3 of the 
radmactlvlty recovered m the urine. In the monkey expemments, prostaglandm 
D2 was refused for 6.5 h at the rate of 300 ~g/h and urine was collected for 
24 h. Such an exposure m conmderably longer than the time used m the present 
experiments. In addltmn, although prostaglandm F2~ was recovered m the 
urme, it accounted for only 1% of the recovered radmact,vlty whmh would 
probably be below our limit of detectmn. In the dmcusmon of  their results, Elhs 
et al. [25] suggested the presence of an l l - k e t o  reductase but  d,d not  confirm 
its exmtence m any monkey tmsues. Our results suggest that  it may be found m 
the monkey hver. The con tnbu tmn  of prostaglandm F-type metabohtes to the 
therapeutm effmay (or rode effects) of admmmtered prostaglandm D2 still 
remains to be determined. 

An alternative functmn of hepatm l l - k e t o  reductase would be the conver- 
stun of hepatm prostaglandm D2 to prostaglandm F2~. Therefore, we studmd 
the conversmn of  [ 14C] arachldomc acid to labelled products to determine ff the 
hver has the capacity to form prostaglandm D2. We determined that  prosta- 
glandm D2 m a normal metabohte  of arachldomc acid incubated with rabbit 
hver mmrosomes. Prostaglandm D2 and prostaglandm F2a are the major arachl- 
domc ac,d metabohtes formed by rabbit hver mmrosomes, m addltmn, prosta- 
glandm E2 and thromboxane B2 are formed. Prewous reports, using rat hver, 
had demonstrated that  the only products of arach,domc acid metabohsm m 
hver mmrosomes are prostaglandm E2 and prostaglandm F:~ [26]. We con- 
framed thin work (results not  shown). Thus, there seems to be a specms differ- 
ence m arachldomc acid metabohsm. It was of  interest, therefore, to determine 
ff rat hver contmned l l - k e t o  reductase actlwty. In three separate experiments 
we could not  detect  l l - k e t o  reductase activity m rat hver. Thus, rabbit hver, 
whmh has the capacity to form prostaglandm D2, can also metabohze it, 
whereas rat hver can neither form nor metabohze prostaglandm D2. 

We have demonstrated that  the hver contains the novel enzymatm activity 
prostaglandm l l - k e t o  reductase, whmh converts prostaglandm D2 to prosta- 
glandm F2~ m the presence of NADPH. Although thin enzyme does not  appear 
to metabohze exogenous prostaglandm D2, it may serve to metabohze hepatm 
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prostaglandm D2, formed from endogenous arachldomc acid, to prostaglandln 
F2a. Prostaglandm F2~ was also the major product of mmrosomal [14C]arachl- 
donm acid metabohsm. Thus, the hver has a substantial capacity to form 
prostaglandm F2~, both from endogenous arachldomc acid and from products 
of arachldomc acid cyclo-oxygenatmn. The rate of productmn of prostaglandm 
F2~ by the isolated perfused hver has been reported to increase following 
hypoxm [28]. The involvement of prostaglandm F2~ m other hver functmns 
has not yet been estabhshed. 
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