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SUMMARY 

The s y n t h e s i s  o f  P r o s t a g l a n d i n  E2 (PGEy) from 5 , 8 , 1 1 , 1 4 - e i c o s a -  
t e t r a e n o i c  ac id  ( a r a c h i d o n i c  ac id )  by bovine seminal v e s i c l e  m ic ro -  
somes can be i n h i b i t e d  by the n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  agents 
indomethac in ,  naproxen,  i t s  enant iomer  and a s p i r i n .  The r e l a t i v e  
i n h i b i t o r y  po tenc ies  are 2140 to 150 to 2 to I .  These values co r -  
r e l a t e  in general  w i th  a n t i - i n f l a m m a t o r y ,  a n t i - p y r e t i c  and ana lges i c  
a c t i v i t i e s  of  these compounds, as eva lua ted  in a number o f  animal 
models. Since the p r o s t a g l a n d i n s  have been i m p l i c a t e d  in i n f l a m -  
mat ion ,  p y r e s i s  and pa in ,  t h i s  p o s i t i v e  c o r r e l a t i o n  adds suppor t  to 
the hypo thes is  t ha t  amode of  ac t i on  of  a s p i r i n - l i k e  drugs is  to i n h i b i t  
the b i o s y n t h e s i s  of  p r o s t a g l a n d i n s .  

In 1969 C o l l i e r  proposed t h a t  a s p i r i n  acted by b lock ing  the a c t i o n s  

of  humoral i n f l ammato ry  med ia to rs  t ha t  are formed as a consequence of 

the body 's  defense r e a c t i o n s  ~ Recen t l y ,  two groups of  worke rs ,  Vane 2, 

~ r r e i r a ,  Moncada and Vane 3, and Smith and W i l l i s  4 have shown t h a t  the 

n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  agents a s p i r i n ,  sodium s a l i c y l a t e  and 

indomethac in  i n h i b i t  p r o s t a g l a n d i n  s y n t h e s i s  in guinea pig lung homo- 

genates ,  per fused canine sp leen ,  and human blood p l a t l e t s .  The 

o b s e r v a t i o n s  t ha t  i n j e c t e d  p r o s t a g l a n d i n s  evoke i n f l ammato ry  s or p y r e t i c  ~ 

responses i n  v i v o  wh i l e  t h e i r  s yn thes i s  i n  v i t r o  can be i n h i b i t e d  by 

a s p i r i n  or indomethac in  have formed the bas is  f o r  a proposal  t h a t  

C o l l i e r ' s  humoral med ia to rs  are the p r o s t a g l a n d i n s .  

In the a forement ioned examples, the c h a r a c t e r i z a t i o n  of  p r o s t a -  

g land ins  and blockade of s y n t h e s i s  was e s t a b l i s h e d  and q u a n t i t a t e d  o n l y  

v ia  b i o l o g i c a l  assay b~cause of  the l i m i t e d  b i o s y n t h e t i c  c a p a b i l i t y  of  
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the systems. There fore ,  i t  was deemed of importance to study a 

w e l l - d e f i n e d  p ros tag land in  synthetase wi th s u f f i c i e n t  capac i ty  and 

y i e l d  to permit  physical  q u a n t i t a t i o n .  For t h i s  purpose we selected 

the bu l l  seminal ves i c le  microsome system which converts the r e q u i s i t e  

unsaturated f a t t y  acid precursors in to  PGE~ or PGE2 in high y i e l d  and 

we repor t  in t h i s  communication a f i rm c o r r e l a t i o n  between i n  v i v o  

a n t i - i n f l a m m a t o r y  and a n t i - p y r e t i c  a c t i v i t y  in animals of a number of 

non -s te ro ida l  a n t i - i n f l a m m a t o r y  agents and t h e i r  a b i l i t y  to i n h i b i t  the 

b iosyn thes is  of p ros tag land ins .  Fur ther  great  s p e c i f i c i t y  is demon- 

s t ra ted  by comparison of a d- and l - i somer  pa i r .  

MATERIALS AND METHODS 

5 , 8 , 1 1 , 1 4 - e i c o s a t e t r a e n o i c  acid (a rach idon ic  acid)  was purchased 

from the Hormel I n s t i t u t e ;  5 , 6 , 8 , 9 , 1 1 , 1 2 , 1 4 , 1 5 - [ 3 H ] - e i c o s a t e t r a e n o i c  

acid from New England Nuclear and l - [ 1 " C ] - e i c o s a t e t r a e n o i c  acid from 

Appl ied Science Labs.,  Inc. [ I"C]-PGE was prepared enzymat i ca l l y  by 

incubat ing  l - [ 1 4 C ] - a r a c h i d o n i c  acid wi th the microsomal enzyme prepar-  

a t ion  from bu l l  seminal ves ic les  as descr ibed below. Reduced g l u t a -  

th ione and l - e p i n e p h r i n e  were purchased from Sigma; indomethacin was 

the generous g i f t  of the Merck-Sharpe and Dohme Research Labo ra to r i es ,  

West Po in t ,  Pa., naproxen and i t s  enantiomer ~ were generously suppl ied 

by Dr. lan Harr ison o f  our I n s t i t u t e  of Organic Chemistry and the 

a s p i r i n  was obtained from commercial sources. The bul l  seminal ves i -  

c l e  microsome pros tag land in  syn thes i z ing  enzyme system (BSVM) was 

prepared as descr ibed by Sih et a l  7 

The incubat ion  m ix tu res ,  c o n s i s t i n g  of 1 ~Ci [3H]-ammonium a rach i -  

donate (0.33 mM), reduced g lu ta th ione (1.7 mM), l - e p i n e p h r i n e  (0.5 mM), 

Indomethacin = l - ( p - c h l o r o b e n z o y l ) - 5 - m e t h o x y - 2 - m e t h y l i n d o l e - 3 - a c e t i c  
acid 
Naproxen = d - 2 - ( 6 ' - m e t h o x y - 2 ' - n a p h t h y l ) - p r o p i o n i c  acid and i t s  enan- 
t iomer :  l - 2 - ( 6 ' - m e t h o x y - 2 ' - n a p h t h y l ) - p r o p i o n i c  acid 
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EDTA (0 .07 mM), I0 mg l y o p h i l i z e d  BSVM ( e q u i v a l e n t  to 1 gm wet w e i g h t  

t i s s u e )  and i n h i b i t o r  as i n d i c a t e d ,  in  1.5 ml 0 .2  M t r i s - H C l  b u f f e r ,  

pH 8.5 were i n c u b a t e d  in 12 x I00 mm t e s t  tubes a t  37 ° f o r  1 hr  w i t h  

g e n t l e  shak ing  in a Dubnof f  M e t a b o l i c  Shaking I n c u b a t o r .  At the end 

o f  the  i n c u b a t i o n  they  were t r e a t e d  in one o f  the two f o l l o w i n g  ways: 

. 

2. 

The m i x t u r e s  were d i l u t e d  w i t h  1.5 ml d i s t i l l e d  w a t e r ,  a c i d i f i e d  

w i t h  0 .5  ml of  1.0 N HCI and i m m e d i a t e l y  e x t r a c t e d  w i t h  2 x 5 ml 

e t h y l  e t h e r .  The e x t r a c t s  were back washed w i t h  one ml w a t e r ,  

d r i e d  w i t h  Na2S04, f i l t e r e d  th rough  p h a s e - s e p a r a t i n g  paper and 

c o n c e n t r a t e d  under a s t ream of  n i t r o g e n  gas. The c o n c e n t r a t e s  

were chromatogramed on t h i n - l a y e r  s i l i c a  p l a t e s  in e t h y l  a c e t a t e -  

a c e t i c  a c i d - i s o o c t a n e - w a t e r  ( 1 1 0 : 2 0 : 5 0 : 1 0 0 ) .  The deve loped  

p l a t e s  were scanned in a Packard Radiochromatogram Scanner  to 

l o c a t e  the r a d i o a c t i v e  zones.  Under the e x p e r i m e n t a l  c o n d i t i o n s  

d e s c r i b e d  the  BSVM system y i e l d e d  on l y  [3H]-PGE2 from the [ 3H ] -  

a r a c h i d o n i c  a c i d ,  even in the presence o f  the i n h i b i t o r s .  The 

degree o f  i n h i b i t i o n  o f  s y n t h e s i s  was e s t a b l i s h e d  by compar ing 

the area under the  [3H]-PGE2 peak in the t e s t  w i t h  t h a t  found f o r  

the c o n t r o l .  Average c o n v e r s i o n  o f  a r a c h i d o n i c  ac id  to PGE2 under 

normal c o n d i t i o n s  was about  60 p e r c e n t .  

The i n c u b a t i o n  m i x t u r e s  were d i l u t e d  w i t h  2 .0  ml d i s t i l l e d  w a t e r ,  

then a c i d i f i e d  by a d d i t i o n  o f  0 .5  ml o f  1.0 N HCI. One ml a l i q u e t s  

o f  the a c i d i f i e d  e x t r a c t s  were removed, f u r t h e r  d i l u t e d  w i t h  2 .0  

ml wa te r  and a known q u a n t i t y  o f  [14C]-PGE2 was added. The s o l u -  ~ 

t i o n s  o f  [3H,14C]-PGE2 were a l l owed  to s tand f o r  I0 min a t  5 ° then 

they  were e x t r a c t e d  and the e x t r a c t s  chromatogramed as d e s c r i b e d  

above. The doub ly  l a b e l l e d  PGE2 was e l u t e d  from the s i l i c a  p l a t e  

w i t h  e t h y l  a c e t a t e  and the 3H/ I "C r a t i o  de te rm ined  by s c i n t i l -  

l a t i o n  c o u n t i n g  in B r a y ' s  s o l u t i o n  us ing  a Packard S c i n t i l l a t i o n  

Coun te r .  The decrease  in the  3H/14C r a t i o  in  the t e s t  compared 
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to t h a t  r a t i o  found in the c o n t r o l  was taken as the measure of  

i n h i b i t i o n  of  p r o s t a g l a n d i n  s y n t h e s i s .  

RESULTS AND DISCUSSION 

F igure  1 shows the r e s u l t s  ob ta ined  when indomethac in ,  naproxen,  

i t s  enant iomer  and a s p i r i n  were eva lua ted  as i n h i b i t o r s  of  PGE2 syn- 

t h e s i s  in the BSVM system f f .  A l l  f ou r  compounds were i n h i b i t o r y  w i t h  

indomethac in  being the most p o t e n t ,  f o l l owed  in decreas ing  order  by 

naproxen,  i t s  enant iomer  and a s p i r i n .  Summarized in  Table I are the 

l . D . s 0  va lues ( l . D . 5 0  = c o n c e n t r a t i o n  of  i n h i b i t o r  r e s u l t i n g  in 50% 

i n h i b i t i o n  of  PGE2 s y n t h e s i s ) .  The r e l a t i o n s h i p  between indomethac in  

and a s p i r i n  is  q u a l i t a t i v e l y  in agreement w i t h  t h a t  repor ted  by 

o the rs  2-"  However, under the c o n d i t i o n s  in t h i s  s tudy w i t h  BSVM the 

abso lu te  d i f f e r e n c e  in po tenc ies  is  25 to I00 t imes those p r e v i o u s l y  
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CONCENTRATION OF I N H I B I T O R  
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FIGURE 1 I n h i b i t i o n  of  PGE2 Syn thes i s  from A r a c h i d o n i c  Acid by the 
BSVM System by Var ious A n t i - i n f l a m m a t o r y  Agents 

I n c u b a t i o n  and assay c o n d i t i o n s  are desc r ibed  under M a t e r i a l s  and 
Methods. Open symbols r ep resen t  r e s u l t s  ob ta ined  by d i r e c t  assay of  
3H (p rocedure  I ) .  Closed symbols r e p r e s e n t  r e s u l t s  determined by assay 
of  3H/z"C r a t i o s  (procedure  2) .  I n d o m e t h a c i n , D  • ; nap roxen ,<~O ; 
e n a n t i o m e r , A A  and a s p i r i n , O  Q .  

t t l n  a separa te  expe r imen t ,  s y n t h e s i s  of  PGEz from e i c o s a t r i e n o i c  ac id 
by the same enzyme system was i n h i b i t e d  by i ndomethac in ,  mec lo fena-  
mate, naproxen,  a s p i r i n  and sodium s a l i c y l a t e  ( unpub l i shed  r e s u l t s ) .  
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TABLE I 

COMPARISON OF THE INHIBITORY POTENCIES OF VARIOUS 
ANTI-INFLAMMATORY AGENTS ON THE I N  V I T R O  SYNTHESIS 
OF PGE2 FROM ARACHIDONIC ACID BY A BOVINE SEMINAL 

VESICLE MICROSOMAL ENZYME PREPARATION 

Compound IDso* 

Indomethacin 7 X IO-~M 

Naproxen 1 X IO-4M 

Naproxen 
enantiomer 7 × IO-3M 

Asp i r i n  1.5 X IO-2M 

IDso = Concentration of inhib i -  
tor result ing in 50% inhib i t ion 
of PGE2 synthesis. 

reported, 2140 in the BSVM against 47 in the guinea pig lung homoge- 

hate 2 system. This most l i ke l y  ref lects either a more sensitive or 

a purer and more concentrated enzyme system with a re lat ive lack of 

in ter fer ing materials and enzymes which may metabolize the PGE2 formed. 

Table I also shows the very interesting difference which exists bet- 

ween the potencies of naproxen and i ts  enantiomer as inh ib i tors .  Even 

though these compounds exhibit  similar binding a f f i n i t i e s  with certain 

plasma proteins 8 and have identical so lub i l i t i e s ,  naproxen is 70 times 

more potent an inh ib i to r  of PGE2 synthesis than is i ts  enantiomer. 

This difference must be attr ibuted to the configuration about the single 

asymmetric center in these compounds (Figure 2), which provides 

~ ~...CH 3 H~C ..H  ooo. 
C H 3 0 - "  ~ ~ CH30" ~ ~ <" 

FIGURE 2 - Enantiomers of 2-(6'-methoxy-2'-naphthyl)-propionic acid 
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an ideal  t es t  of the proposed r e l a t i o n s h i p  between i n h i b i t i o n  of 

p ros tag land in  synthes is  and a n t i - i n f l a m m a t o r y ,  a n t i - p y r e t i c  p rope r t i es  

Table I I  shows tha t  indeed naproxen also possesses lO -20 - fo l d  h igher 

a c t i v i t y  than the enantiomer as an an t i - i n f l ammato ry  or a n t i - p y r e t i c  

agent which s t r o n g l y  suggests tha t  these two sets of a c t i v i t i e s  are 

i n t i m a t e l y  r e l a t e d ,  and sub jec t  to the same s t e r i c  requi rements.  In 

f a c t ,  despi te  v a r i a t i o n s  of the l eve l s  of a c t i v i t i e s  in the d i f f e r e n t  

animal models the ove ra l l  c o r r e l a t i o n  between the a b i l i t y  to block 

PGE2 synthes is  and a n t i - i n f l a m m a t o r y ,  analgesic  and a n t i - p y r e t i c  

a c t i v i t i e s  is in the proper order fo r  a l l  four  compounds~ thus 

suppor t ing the cu r ren t  proposals wi th respect to the mode of act ion 

of non -s te ro ida l  an t i - i n f l ammato ry  drugs, The apparent absence of 

in termedia tes  between arach idon ic  acid and PGE2 during, incubat ion  in 

the presence of the i n h i b i t o r s  s t r ong l y  suggests tha t  the block in 

synthes is  is at an ear l y  step and most l i k e l y  at the leve l  of a rach i -  

donate. The p o s s i b i l i t y  tha t  a simple compet i t ion ex i s t s  between 

arach idonic  and the i n h i b i t i n g  acid is c u r r e n t l y  being i n v e s t i g a t e d .  
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