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SUMMARY 

A simple, efficient and relatively cheap procedure for 
synthesising radiolabelled PGF from arachidonate or PGE2 
is described. 
enzymatic reduction of PGE2 by FGE2-9-ketoreductase from 
rabbit renal cortex. 

The method explgts the stereospecific 

INTRODUCTION 

Studies on the biology of prostaglandins have increased 
logarithmically following the implication of these acidic 
lipids in control mechanisms for the cardiovascular system, 
the respiratory system, gastro-intestinal function, mechanisms 
of inflammation, fever, thrombosis and reproduction. The 
demand for radiolabelled prostaglandins has increased accord- 
ingly. Recently, we described a cytoplasmic NADPH-dependent 
XEz-9-ketoreductase which occurs in rabbit renal cortex and 

PGFa (1). 
reductase in a simple, efficient and relatively cheap 
procedure for synthesising radiolabelled PGFa from either 
arachidonate or FGE2. 

which has the capacity to quantitatively convert PGE2 to 
In this paper we report the utilisation of this 

0 1976 by John WiZey & Sons, Ltd. 
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MATERIALS AND METHODS 

X.J. Stone and M. H a r t  

Chloroform was redistilled before use, all other solvents 
were of Aaalar grade. Chromatography on 0.25 mm thin-layers 
of Kieselgel 60 (Merck) utilised the following solvent systems: 
1% (v/v) formic acid in ethyl acetate, System 1; ethyl 
acetate-acetone-acetic acid (90 : 10 : 1, v/v/v), System 2; 
ethyl acetate-methaaol-acetic acid (100 : 10 : I, v/v/v), 
System 3. 

Pr epasa t i on o f Enzymes 

Prostaglandin synthetase was prepared from homogenates of 
ovine seminal vesicles by precipitation with citric acid 
followed by extraction with acetone and pentane as previously 
described (2). Prostaglandin-E2-9-ketoreductase was prepared 
from female 6 - 8 week old Himalayan rabbits. Animals were 
killed by cervical dislocation, the kidneys were removed and 
the renal cortex obtained by dissection. This material was 
cut into small pieces aad homogenised in 3 volumes of 0-1! 
potassium phosphate buffer pH 7 .3 ,  containing 4 mM_ MgC12 and 
0.1 mi2 dithiothreitol. 
10,000 x g for 20 min and the supernatant re-centrifuged at 
100,000 x g for 60 min. 
supernatant, which contained 20 mg protein/ml,was stored at 
- 17" until required. All operations concerning the prepara- 
tion of this enzyme were carried out at 0 - 4". 

The homogenate was centrifuged at 

The precipitate was discarded and the 

Preparation of [1-14C]-€GFh from [1-14C]-arachidonic acid 

The enzyme preparations utilised in this synthesis were 
added to incubation mixtures in excess in order to ensure 
rapid and efficient conversions of substrate to product. 
Similar percentage yields may be obtained with larger amounts 
of high specific activity substrates without using proportion- 
ally greater amolmbof enzymes. Silanised or siliconised 
glassware was used throughout. 

Potter-Elvjhem homogeniser with 0 2 ml 0-1E Tris-HC1 bilffer, 
pH 8.2 and 0.1 ml of 25 mM_ L-epinephrine (Sigma (London) 
Chemical Co. Ltd.). The mixture was incubated at 30" for 
5 min before the addition of 0-2 ml of arachidonic acid 
solution containing 5 pCi [l-14C]-arachidonic acid (54 mCi/ 
mmol, The Radiochemical Centre, Amersham, Bucks.) dissolved 
in an anti-oxidant solution consisting of 0.01 ml benzyl- 
alcohol, 4 mg disodiumethylenediaminetetra-acetic acid, 2.mg 
propylgallate, 2 mg butylatedhydroxytoluene and 40 mg sodi? 
metatxisulphite per ml of solution adjusted to pH 9.8 with 
NaOH. Tris-HC1 buffer (4 ml, of a 0.1 solution pH 8-2), 
and a solution in buffer of reduced glutathione (0-2 ml, 
2 mg) were added before the reaction was incubated at 30" for 
30 min. 

15 mg of acetone-pentane powder were homogenised in a 

Half of the reaction mixture (2-25 ml) was transferred to 
citric acid, 

The 

a 15 ml centrifuge tube containing 1 ml of a 2 
3 - 3  NaCl solution, and thoroughly mixed. The mixture was 
extracted four times each with 2 ml of ethyl acetate. 
organic phase which separated on centrifugation was combined 
(Sample A ) .  
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To the remaining 2-25 ml of reaction mixture the following 
were added: glucose-6-phosphate (Boehringer, 9.1 mg), glucose- 
6-phosphate dehydrogenase (Sigma, 6-5 Units), NADPH (Boehringer 
0.25 mg), MgCl (2-45 mg), dithiothreitol (BDH, 46.7 Wg), 
0 - 5  ml of the !?OO,OOO x g supernatant from rabbit renal cortex, 
and the volume was adjusted to 3.0 ml with Tris-HC1 buffer 
0.1 M pH 8.2. 
at 37” after which it was acidified with citric acid, NaCl 
solution and extracted with ethyl acetate as before to give 
Sample B. 

Approximately 10 pl of Sample A and Sample B were each 
subjected to chromatography using system 1. 

The reac’tion was incubated for a further 90 min 

Purification of radioactive products 

Sample A and Sample B were each purified as follows. 

The organic extract was evaporated to dryness under a 
stream of oxygen-free nitrogen and applied, redissolved in 
2 x 0.2 ml 1% (v/v) methanol/chloroform to a 5 cm x 0.4 cm 
column of silicic acid (Sil-A-200, Sigma) which had been 
previously washed with 400/0 (v/v) methanol/chloroform 
followed by chloroform. The column was packed in a pasteur 
pipette with chloroform and eluted with increasing concentra- 
tions of methanol. Fractions were collected as follows: 

Sam le A: 6 ml CHC13, 6 ml 1YL (v/v) methanol in chloroform, 
&ml fractions of 2.5%, 1.5 ml of 8% and 4.5 ml of 8%. 
Sam le B: 6 ml CHCl  , 6 ml l%, 4.5 ml 2-5%, 1-5 ml 2.5%, 
and” four 1.5 ml fraztions of 8%. 

RESULTS 

Products of prostaglandin synthetase 

Incubation of prostaglandin synthetase from ovine seminal 
vesicles with arachidonate in the presence of reduced gluta- 
thione produces PGE2 as the major product (3). 
chromatography with three different solvent systems of a 
portion of Sample A confirmed that the major peak of radio- 
activity (75% of the total radioactivity) co-chromatographed 
with authentic EE2, lesser amounts of radioactivity chroma- 
tographed with PGF (@/o) and arachidonate (12%). Products 
less polar than PG@ accounted for 9% of the radioactivity 
(Fig. 1A). 

Thin-layer 

Products of FGE2-9-ketoreductase 

Chromatography of a portion of Sample B in system 1 
identified the major radioactive component (77% of the total 
radioactivity) of the reaction mixture as EF2. Arachidonic 
acid accounted for 11%, PGE for 5% and other products for 
7% of the recovered radioackvity (Fig. 1 B ) .  From these data 
it may be concluded that 93 - 95% of the PGE2 synthesised by 
the seminal vesicle enzyme was converted to PGF2 by the renal 
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enzyme. T h i s  reslllt a rees with incubations on a smaller scale 
in which purified [l-l%]-PGE was converted qlantitatively 
and exclusively to EF'a by €8E2-9-ketoreductase (Fig. 2). 
Chromatography of this radiolabelled product in system 2 
followed by redevelopment of the chromatogram in system 3 (4) 
(with PGF and PGFzp, prepared by the action of NaBHy on 
Cl-14CI-F&& (5),  as reference compounds) restllted in a single 
radioactive peak which corresponded to the F a  isomer (Fig. 3). 
When the rate of enzymatic production of PGFa  was monitored 
by radioimmunoassay using antibodies specific for FGFa and 
by measurement of radioactivity following chromatography, the 
data coincided (1). 
evidedce f o r  the identity of the product as PGFa. 

These results support the chromatographic 

FlQURE 3 Stereospecific reduction of PGE2 

I PGF2e PGF2- PGE, 

A Perlial reduction of PGE, w i t h  NeBH, 

8 Partlel reduction of PGE, with renal  PGE,-O-ketormductaae 

Column chromatography 

Preliminary experiments showed that arachidonic acid, PGE2 
and PGFa may be efficiently separated on s h o r t  columns of 
silicic acid with mixtures of CHC13 and MeOH. 
type of silicic acid used in the procedure described above 
resulted in no appanent dehydration of PGE2 to FGA2. 
of radioactivity f rom the column was routinely 90 - l O P ? .  
Elution profiles f o r  Samples A and B are shown in Table 1. 
Thin-layer chromatography of the column fractions confirmed 
the product separation. Fraction El plus E2 (Table 1) con- 
tained RE2 wibh a radiopurity of > 93% and represented an 
overall yield of 62%. 

The particular 

Recovery 

Fraction F1 plus F2 (Table 1) contained 
with a radiopurity of > 98% and represented an overall 
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Yields and Recoveries of [1-14C]-PGE2 and [1-14C]-PGF2a 

Synthesised from [1-14C]-arachidonate 

Analysis of Sample A* 

% arachidonate converted to PGE2 (measured by TLC) 75% 
% ofbtal radioactivity extracted from incubation A 

% recovery of radioactivity from column chromatograph 

Calculated yield of [ 1-14C] -PGE2 

9V/0 

98% 

67% 
66% Overall yield of radioactivity in fractions El + 332 

Overall yield of [1-14C]-PGE2 in fractions El + E2 
= 66-4 x 0.93 = 62% 

(1.55 pci) 

Analysis of Sample B* 

% of arachdionate converted to PGFa (measured by TLC) 77% 
% of total radioactivity extracted froa incubation B 9@/0 
% recovery of radioactivity from column chromatograph 93% 
Calculated yield of [1-14C]-PGF, 64% 

Overall yield of radioactivity in fractions F1 + F2 59% 
14 Overall yield of [l- C]-FGF2a in fractions F1 + F2 

= 59-4 x 0-98 = 58% 
(1-45 pCi) 

93 - 95% 1 of the enzymatic reduction of [1-14C]-FGE2 
14 

* Organic extracts obtained after incubating I: 1-14C] -arachidonic 
acid with either prostaglandin synthetase (Sample A) or 

?Sample B). 
rostaglandin synthetase followed by PGE2-9-ketored;lctase 
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Efficiency of syn thes i s ,  ex t r ac t ion  and p u r i f i c a t i o n  

I n  Table 2 a r e  shown the y i e l d s  of product a t  var ious 
s t ages  i n  t h e  p re  a r a t i o n  of €GF2 . 
a t  g r e a t e r  than 98% e f f i c i ency  wiqh the exception of the i n i t i a l  
synthesis  of PGE2. 
(approx. 12% of the o r i g i n a l  s u b s t r a t e )  may be recovered from 
the i n i t i a l  column chromatographic f r a c t i o n s  and recycled t o  
improve the  e f f i c i ency  of t h i s  f i r s t  s tep.  When p u r i f i e d  
PGE 

Each operation proceeds 

Unused r ad io l abe l l ed  arachidonic acid 

was used a s  subs t r a t e  f o r  FGE2-9-ke€oreductase ove ra l l  
y i e  i! ds of 93 - 93% were 03tained. 

D I S C U S S I O N  - 

The procedure described above has been rou t ine ly  used i n  
our l abora to r i e s  t o  synthesise  and pu r i fy  [l-14C]-PGE2 and 
[1-14Cl-PGF from [1-14]-arachidonic acid. The method i s  
f a s t ,  excep&onally e f f i c i e n t  and produces prostaglandins with 
the "natural"  geometry a t  each o p t i c a l l y  a c t i v e  centre .  The 
absence of PGF2p formation considerably s impl i f i e s  the pa r i -  
f i c a t i o n  of the product. Both the  enzymes u t i l i s e d  i n  this 
s;ynthesis of PGF2,,are s t a b l e  a t  - 17" and may be s to red  a t  
this temperature without l o s s  3f a c t i v i t y  f o r  many months. 

When PGE2 i s  the desired product from l a r g e  sca l e  pre- 
pa ra t ions ,  gradient e l u t i o n  of the column chromatograph may 
be used t o  increase the separat ion of PGE2 from minor s ide  
products. When PGF2, i s  t h e  desired prodiuct, stepwise e lu t ion  
i s  e n t i r e l y  s a t i s f a c t o r y .  

I n  p r inc ip l e  the  method could a l s o  be med t o  prepare 
radiola3el led PGFl, and PGF3,. from e i cosa t r i eno ic  acid and 
eicosapentaenoic acid respect ively.  

glandins with the exception of  [2-14C]-PGE1 a r e  l a b e l l e d  w i t h  
t r i t i um.  The above method as the  advantage of u t i l i s i n g  
commercially ava i l ab le  [l-l'C]-fatty acid subs t r a t e s  t o  prepare 
[1-14C]-PGEl, :PGE2, -PGFI,, -PGF2, ( see  TaSle 3 ) .  Furthermore 
a s  the enzymatic reduct ion,  unl ike t h a t  using borohydride, 
produces only the 901 isomer, PGFl, and PGF2, may be prepared 
from rad io l abe l l ed  PGEl and PGE2 with y i e l d s  approaching lOoO/o. 

The e f f i c i ency  with which the renal  enzyme converts PGE 
t o  PGF, might a lso be exploi ted i n  c e r t a i n  r eac t ion  schemes 
in which unlabelled PGF, i s  synthesised v i a  a PGE de r iva t ive .  
F o r  example, the syntheses of EF2, from ( l 5 R ) -  aad (15s)- 
PGA2 e s t e r s ,  which a r e  r e a d i l y  obtainable from the gorgonian 
Plexaura hornornalla, have been described (6). The syntheses 
involve epoxidisa.tion of the PGA2 de r iva t ive  t o  a x ix tu re  of 

isomeric 10,l l-epoxides which a r e  reduced to a mixture of 
isomeric 11-hydroxy PGE e s t e r s .  These e s t e r s  a r e  separated 
by chromatography, and ?he 11, isomer i s  reduced t o  the  PGF2 
de r iva t ive  with borohydri.de and hydrolysed. 
PGE2-9-ketoreductase would not only improve the synthesis  of 
t he  % i somer , , bu t  might a l s o  e l i n i n a t e  the necess i ty  t o  
separate  the 11-isomers before reduction of the 9-keto function. 

Currently a l l  commercially ava i l ab le  radioact ive prosta-  

Use of the renay 
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