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Severa l  phys i ca l  and  chemica l  s t imul i  i n d u c e  i r r evers ib le  p la te le t  
agg rega t ion  w h i c h  is a c c o m p a n i e d  b y  the  syn thes i s  of p r o s t a g l a n d i n s  E2 
and  F2~ (24, 25). These  e n d - p r o d u c t s  in p r o s t a g l a n d i n  syn thes i s  do not  
t h e m s e l v e s  i n d u c e  p la te l e t  agg rega t ion  (14) b u t  the i r  p recursor ,  
a r a c h i d o n i c  ac id  (AA) and  i n t e r m e d i a t e  c o m p o u n d s  (p ros t ag land in  
e n d o p e r o x i d e s ,  PGG2 and  PGH2) in p r o s t a g l a n d i n  b i o s y n t h e s i s  do  so (10, 
23). As a m a t t e r  of fact  a r ach idon i c  ac id  owes  its agg rega t ion  ac t iv i ty  to 
p r o s t a g l a n d i n  e n d o p e r o x i d e s  w h i c h  are  de r ived  f rom it. R e c e n t l y  a new 
d i m e n s i o n  has  been  a d d e d  to the  u n d e r s t a n d i n g  of p la te le t  agg rega t ion  
due  to the  d i s cove ry  of t h r o m b o x a n e s ,  a new group  of b io log ica l ly  ac t ive  
c o m p o u n d s  de r ived  f rom p r o s t a g l a n d i n  e n d o p e r o x i d e s  (9). Bo th  the  endo-  
p e r o x i d e s  and  t h r o m b o x a n e s  are f o r m e d  in h u m a n  p la te le t s  f rom 
a rach idon i c  ac id  r e l eased  f rom p la te le t  m e m b r a n e  p h o s p h o l i p i d s  due  to 
the  ac t ion  of ac t iva t ed  p h o s p h o l i p a s e  h 2 in r e s p o n s e  to s t imul i  and  these  
c o m p o u n d s  (PGG2, PGH2 and  t h r o m b o x a n e  A2, TXA2) are  e x t r e m e l y  
p o t e n t  agg rega t ing  agen t s  (9, 10, 23). T h r o m b o x a n e  B2 (TXB2) f o r m e d  non-  
enzyma t i ca l l y  by  i nco rpo ra t i on  of a mo lecu l e  of wa te r  into TXA 2 is b io log-  
ica l ly  inact ive.  

A r a c h i d o n i c  ac id  in i ts free fo rm is p r e s e n t  in p la te le t s  on ly  in negli-  
g ib le  a m o u n t s  (3), bu t  is p r e s e n t  in fa i r ly  la rge  a m o u n t s  in the  b o u n d  form 
in p la te l e t  m e m b r a n e  p h o s p h o l i p i d s  (16). Usua l l y  the  ra te  l imi t ing  fac tor  
of p r o s t a g l a n d i n  syn thes i s  in a b io log ica l  s y s t e m  is the  ava i l ab i l i ty  of free 
p e r c u r s o r  ac id  and  p la te l e t  is no e x c e p t i o n  to this.  When  p la te le t s  are  
e x p o s e d  to a s t imulus ,  as for e x a m p l e  col lagen,  p r o s t a g l a n d i n  e n d o p e r o x -  
ides  and t h r o m b o x a n e  A 2 are f o r m e d  in suff ic ient  a m o u n t s  to i nduce  

Melvian et al. (Prostaglandins [abstr.], April 1978, vol. 15, No. 4, p. 706) have 
examined the alteration of profile and amount of prostaglandins and thromboxanes 
produced by platelets and adipocytes from rats that were fed 8 levels of dietary 
linoleate varying from 0-30% of total calorie intake for 1-6 months. The following 
results were obtained: PGE2 with all linoleate levels increased 2-fold; TXB 2 
increased 3-fold between 20-30% linoleate calories; and PGE 1, PGE 2, and PGF2~ 
increased linearly in adipocytes from rats fed 1-20% linoleate calories. These results 
thus indicate a complex relationship between dietary fat and prostaglandin and 
thromboxane synthesis. 
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i r r e v e r s i b l e  p l a t e l e t  agg rega t i on .  A n  a n t a g o n i s t  i n  p r o s t a g l a n d i n  s y n t h e s i s  
i n h i b i t s  p r o s t a g l a n d i n  f o r m a t i o n  b y  p la t e l e t s  (25) a n d  also the  a g g r e g a t i o n  
a s soc i a t ed  w i t h  it (22) b u t  it  does  n o t  i n h i b i t  a g g r e g a t i o n  i n d u c e d  b y  
p r o s t a g l a n d i n  e n d o p e r o x i d e s  (10, 23). I t  is t h o u g h t  t h a t  t h r o m b o x a n e  A2 is 
t he  t r u e  m e d i a t o r  of p l a t e l e t  a g g r e g a t i o n  a n d  re l ease  (9), b u t  s o m e  r e c e n t  
d a t a  of S m i t h  a n d  his  g r o u p  cas t  d o u b t  o n  th i s  s u p p o s i t i o n .  T h e s e  w o r k e r s  
h a v e  s h o w n  t h a t  e n d o p e r o x i d e s  r e a r r a n g e  in  p l a t e l e t - r i ch  p l a s m a  (PRP)  
i n to  PGE2 a n d  p r o s t a g l a n d i n  D 2 (PGD2) w i t h o u t  a p p r e c i a b l e  f o r m a t i o n  of 
t h r o m b o x a n e  B 2 a n d  ye t  are  ab l e  to c ause  p l a t e l e t  a g g r e g a t i o n  (26). Th i s  
o b s e r v a t i o n  goes  s t r o n g l y  in  f a v o u r  of the  s u g g e s t i o n  tha t  e n d o p e r o x i d e s  
m a y  h a v e  the i r  o w n  ac t iv i ty  i n  p l a t e l e t  aggrega t ion .  

Th i s  p a p e r  g ives  s o m e  da t a  on  the  i n c o r p o r a t i o n  of r a d i oa c t i ve  A A  in to  
p l a t e l e t  p h o s p h o l i p i d s ,  its r e l ease  in  r e s p o n s e  to t h r o m b i n  a n d  effects  of 
l ino le ic  a n d  d ihomo-7-1 ino len ic  ac id  on  the  p la te l e t  u t i l i z a t i on  of 
a r a c h i d o n i c  ac id  w i t h  t he  a i m  to e x p l a i n  t he  a n t i t h r o m b o t i c  ac t iv i ty  of 
t he se  two e s s e n t i a l  fa t ty  acids .  

M a t e r i a l s  a n d  m e t h o d s  

Arachidonic acid (1-14C) (specific activity 60.2 mCi/mmol) was purchased from 
The Radiochemical Centre, Amersham, dihomo-u acid (1-14C) (specific 
activity 55 mCi/mmol) was purchased from New England Nuclear (NEN Chemicals) 
and linoleic and dihomo-7-1inolenic acids were purchased from Nu Check Prep, 
Inc., P. O. Box 172, Elysian, Minnesota. Prostaglandins E2 and F2a were obtained as 
generous gifts respectively from Prof. D. A. van Dorp of the Unilever Research, 
Vlaardingen, The Netherlands, and Dr. Kazuo Sano of the Ono Pharmaceutical Co. 
Ltd., Osaka, 541 Japan. 

PreparatJ'on of  platelets 

Blood from healthy donors who had not taken aspirin at least two weeks before 
donating blood was collected into 3.8% sodium citrate containing 1 mM EDTA, 
blood and anticoagulant ratio being 9 : 1 by volume. Platelets were isolated from 
other blood particles by differential centrifugation at 250 x g for 10 rain at room 
temperature. Siliconized glass ware was used throughout. 

Preparation of salts of acids 

Arachidonic, dihomo-7-1inolenic and linoleic acids were used as sodium salts 
prepared by adding 100 mM sodium carbonate and mixing under  nitrogen to yield a 
water-clear solution. 

Preparation of  labelled platelet suspension 

Platelet-rich plasma (PRP) was prepared as described earlier (3). In all 40 ml 
PRP was used for labelling the platelets by incubating PRP withO.25 FtCi of 1-14C 
arachidonic acid dissolved in 40 ~l ethanol for 1 h at 37 ~ The incubation mixture 
was cooled to 4 ~ and sodium ethylenediamine tetraacetate (EDTA), pH 7.4, was 
added to a concentration of 1 mM followed by centrifugation at 4 ~ for 20 min at 
2000 x g. The supernatant  containing excess of arachidonic acid was discarded, the 
platelet pellet was washed with saline and resuspended in tris-saline EDTA buffer 
(1 rnM EDTA, 5 mM D-glucose, 0.134 M sodium chloride, 15 mM Tris. HCl, pH 7.4). 
The platelets were recentrifuged at 2000 • g for 20 min at 4 ~ and finally resus- 
pended in Tris-saline buffer (0.134 M sodium chloride, 5 m/Vi D-glucose, 15 mM Tris. 
HC1, pH 7.4) (3) to a final concentration of 1 • l0 s platelets per ml buffer. 
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Incubation 

(A). P l a t e l e t s  w e r e  i n c u b a t e d  e i t h e r  as p l a t e l e t - r i ch  p l a s m a  or  as  w a s h e d  
p la te le ts .  B l a n k  d e t e r m i n a t i o n s  w e r e  c o n d u c t e d  w i t h  iden t i ca l  p l a t e l e t  p r e p a r a t i o n s  
p r e i n c u b a t e d  w i t h  2 x 10 -4 M aspi r in .  Af t e r  i n c u b a t i o n ,  50 ~g of t he  p r o s t a g l a n d i n s  
w e r e  a d d e d  fo l lowed  b y  ac id i f i ca t ion  to p H  3, w i t h  fo rmic  acid.  I n  t h e  case  of 
e n d o p e r o x i d e  d e t e r m i n a t i o n  no  ac id i f i ca t ion  w as  n e c e s s a r y  o n  a c c o u n t  of t h e  
f o r m a t i o n  of h y d r o c h l o r i c  ac id  d u e  to t h e  h y d r o l y s i s  of s t a n n o u s  c h l o r i d e  in  
a q u e o u s  m e d i u m .  

(B). P l a t e l e t s  l abe l l ed  w i t h  t r ace  a m o u n t s  of a r a c h i d o n i c  ac id  a n d  la te r  sus-  
p e n d e d  in  Tr i s - sa l ine  b u f f e r  (1 m l  s u s p e n s i o n )  w e r e  i n c u b a t e d  w i t h  t h r o m b i n  in 
sa l ine  at  a f ina l  c o n c e n t r a t i o n  of 5 U / m l  for  5 min .  Con t ro l  was  r u n  a t  t h e  s a m e  t i m e  
b y  i n c u b a t i n g  l abe l l ed  p la t e l e t  s u s p e n s i o n s  on ly  w i t h  sal ine.  

Lipid extraction 

I n c u b a t i o n  m i x t u r e s  c o n t a i n i n g  p l a s m a  were  e x t r a c t e d  by  a d d i n g  a n  e q u a l  
v o l u m e  of sa l ine  fo l lowed  b y  a d d i t i o n  of fo rmic  ac id  to o b t a i n  a p H  of 3. To t h i s  
ac id i f ied  m i x t u r e  w e r e  a d d e d  2 v o l u m e s  of a b s o l u t e  e t h a n o l  a n d  t h e n  e x t r a c t e d  
t h r e e  t i m e s  w i t h  four  v o l u m e s  of ch l o r o f o r m .  T h e  m i x e d  c h l o r o f o r m  phase ,  a f te r  
w a s h i n g  w i t h  w a t e r  in  o rde r  to r e m o v e  f o r m i c  acid,  was  s e p a r a t e d  by  c e n t r i f u g a t i o n  
a n d  e v a p o r a t e d  to a r e s i due  u n d e r  n i t r o g e n  (29). 

I n c u b a t i o n  m i x t u r e s  c o n t a i n i n g  p l a t e l e t  s u s p e n s i o n s  f ree  of p l a s m a  p r o t e i n s  
w e r e  e x t r a c t e d  w i t h  c h l o r o f o r m - m e t h a n o l  (2 : 1, v/v)  a f te r  ac id i f i ca t ion  to p H  3. T h e  
o rgan ic  p h a s e  was  s e p a r a t e d  f r o m  t h e  a q u e o u s  phase .  The  a q u e o u s  p h a s e  was  re- 
e x t r a c t e d  w i t h  ch lo ro fo rm.  T h e  o rgan ic  p h a s e  w as  m i x e d  a n d  e v a p o r a t e d  to a 
r e s i d u e  u n d e r  n i t rogen .  F o r  t h e  s e p a r a t i o n  of t h e  o rgan ic  p h a s e  f r o m  t h e  a q u e o u s  
phase ,  c e n t r i f u g a t i o n  was  e m p l o y e d .  

Thin-layer chromatography (TLC) 

(i) T h e  ex t r ac t s  w e r e  s u b j e c t e d  to TLC in  t h e  fo l lowing  success ion :  so lven t  (I) 
e thy lace t a t e ] i so -oc t ane / ace t i c  a c i d / w a t e r  (110 : 20 : 10 : 100, v /v  e q u i l i b r a t e d  for 1 h 
be fo re  u s i n g  t he  o rg an i c  p h a s e )  in  w h i c h  PGF2~ a n d  P G E  2 m o v e d  w i t h  Rf va lues  
0.34 a n d  0.49 r e spec t i ve l y  (4). T h e  m a t e r i a l  of t h e s e  two  zones  was  e x t r a c t e d  
q u a n t i t a t i v e l y  in to  m e t h a n o l  a n d  s u b j e c t e d  to a f u r t h e r  TLC u s i n g  s o l v e n t  (II) 
c o n s i s t i n g  of b e n z e n e / d i o x a n e / a c e t i c  ac id  (20 : 20 : 1, v/v)  in  w h i c h  PGF2~ a n d  PGE2 
s e p a r a t e d  w i t h  Rf v a l u e s  0.48 a n d  0.63 r e s p e c t i v e l y  (7). T h e  m a t e r i a l  f r o m  t h e s e  two  
zones  was  e x t r a c t e d  w i t h  m e t h a n o l  a n d  s u b j e c t e d  to a t h i r d  TLC s e p a r a t i o n  u s i n g  
s o l v e n t  (III) c o n s i s t i n g  of c h l o r o f o r m / m e t h a n o l / a c e t i c  ac id /wa te r  ( 9 0 : 9 : 1 : 0 . 6 5  
v/v) in  w h i c h  PGF2~ a n d  PGE2 m o v e d  w i t h  R~ va lues  0.20 a n d  0.34 r e spec t i ve ly  (19). 
T h e  R f va lues  of t h r o m b o x a n e  B 2 (TXB 2) in  t h e  f i rs t  two  so lven t s  we re  r e s p e c t i v e l y  
0.60 a n d  0.72 t h u s  c lear ly  s e p a r a t i n g  i tself  f r o m  PGE2 a n d  PGF2~ (il). F o r  t h e  
s e p a r a t i o n  of o t h e r  o x y g e n a t e d  p r o d u c t s  of a r a c h i d o n i c  ac id  a d i f f e ren t  s c h e m e  was  
used .  T h e  i n c u b a t i o n  e x t r a c t  was  s u b j e c t e d  to a f i rs t  TLC on  sil ica gel G u s i n g  
s o l v e n t  (IV) c o n s i s t i n g  of h e x a n e / d i e t h y l e t h e r / a c e t i c  ac id  (80 : 20 : 1, v/v)  in  w h i c h  
all  t h e  p r o s t a g l a n d i n s  a n d  t h r o m b o x a n e  B2 r e m a i n e d  at  t he  a p p l i c a t i o n  l ine  (R~ 0.00) 
w h i l e  h y d r o x y  ac ids  (HHT a n d  H E T E )  m o v e d  to Rf v a l u e  0.1-0.13.  E x c e s s  
a r a c h i d o n i c  ac id  (Rf 0.30) was  s e p a r a t e d  f r o m  t h e s e  c o m p o u n d s  (15). The  pros ta -  
g l a n d i n s  a n d  t h r o m b o x a n e  B2, a n d  h y d r o x y  ac ids  w e r e  f u r t h e r  r e s o l v e d  s e p a r a t e l y  
o n  si l ica gel G a n d  s i lve r  n i t r a t e  c o a t e d  sil ica gel G [ so lven t s  (V) c h l o r o f o r m /  
m e t h a n o l / a c e t i c  acid,  9 0 : 5 : 5  v/v;  (VI) e t h y l a c e t a t e / a c e t i c  ac id / i so -oc tane /wa te r ,  
80 : 20 : 50 : 100 v /v  respec t ive ly) .  I n  s o l v e n t  (V), T X B  2 m o v e d  d i sc re t e ly  b e t w e e n  
P G E  2 a n d  PGF2~ (11). H H T  a n d  H E T E  were  r e so lved  by  a r g e n t a t i o n  TLC (27). 
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Fig. 1. Human platelet prostaglandin E 2 (PGE2) synthesis as a function of arachidon- 
ate concentration. Mean of triplicate experiments. Platelets 0.5 • 10 ", reduced 
glutathione (GSH) 1 raM, total incubation volume 1.2 ml, incubated for 30 rain at 

37 ~ in Tris/saline buffer, pH 7.4. 

R e s u l t s  

D i s t r i b u t i o n  o f  r a d i o a c t i v i t y  in  p h o s p h o h ' p i d s  

There is a difference in the way  arachidonic  acid is utilized by  platelets. 
With trace amoun t s  of arachidonic  acid in presence  of plasma, i.e., incubat-  
ing trace amoun t s  of arachidonic  acid with PRP,  the radioactivi ty was 
mainly  conf ined to phosphol ipids .  Oxygena t ion  p roduc t s  of arachidonic  
acid were not  shown to be present  in the superna tan t  p lasma by s tandard  
TLC procedure.  Examina t ion  of the platelet ext rac t  for the dis t r ibut ion of 
radioactivi ty showed  that  a lmost  all (ca. 97%) of the up taken  radioactivi ty 
was present  in the phosphol ip id  zone whose  fur ther  analysis showed  that  
mos t  of the radioact ivi ty was confined to phospha t idy lchol ine  (PC), phos-  
pha t idy le thanolamine  (PE), phosphat idy lser ine  and phosphat idyl inos i to l  
- represent ing respect ively 52.7, 18.1, 9.9 and 16.5% (Table 1). 

E f f e c t  o f  t h r o m b i n  on  re2ease o f  r a d i o a c t i v i t y  f r o m  l a b e l l e d  p ]a t e l e t  p r e p -  
arat ion  

When arachidonie acid labelled platelet suspensions  were treated with 
th rombin  for 5 rain at 37 ~ decrease in radioaetivities were observed  
mainly  in the PC and  phosphat idylser ine /phosphat idyl inos i to l  fractions. 
Of the total loss of radioactivity,  68% was f rom PC and 21.6% from P I  and 
10% from PE  fractions. Phospha t idy lse r ine  seemed to lose no radioactiv- 
ity in presence  of thrombin.  Incuba t ion  of such  platelet prepara t ions  with 
pros taglandin  synthetase  inhibitor-aspirin did not  affect the release 
(Table 1). 
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CPM 
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~.500 

3000 
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012 O.~i " 0.6 0.8 1.0 1.2 1.L, 

Fig. 2. H u m a n  p l a t e l e t  P O E  2 s y n t h e s i s  as a f u n c t i o n  of p la t e l e t  c o n c e n t r a t i o n .  M e a n  
of t r ip l i ca te  e x p e r i m e n t s .  G S H  1 mM, a r a c h i d o n a t e  16 ~ / i ,  i n c u b a t i o n  v o l u m e  

1.5 ml,  i n c u b a t e d  for  30 m i n  a t  37 ~ in  Tr i s / s a l ine  buf fer ,  p H  7.4. 

Platelet PGE2 synthesis as a function of arachidonate concentration, 
plate]et concentration and pS 

The results are shown in figures I, 2 and 3. As expected the amount of 
PGE 2 synthesized depended on the amount of the substrate and platelet 
concentration. Maximum PGE 2 synthesis was observed at pH 8.5. The 
identity of the PGE 2 biosynthesized in human platelets was established by 
treating the material obtained from the PGE 2 zone from the third and the 
last TLC with alkali and subjecting the reaction 9roducts to standard TLC 

"PM 

2500 

2000 

1500 

1000 

500 

II 710 810 910 10,0 b pH 
Fig. 3. H u m a n  p l a t e l e t  P G E  2 s y n t h e s i s  as a f u n c t i o n  of pH. M e a n  of t r ip l i ca te  
e x p e r i m e n t s .  P l a t e l e t s  0.5 x 109, G S H  1 mM, a r a c h i d o n a t e  8 ~ I ,  i n c u b a t i o n  v o l u m e  

1.2 ml,  i n c u b a t e d  for  30 r a in  at  37 ~ in Tr i s / sa l ine  buffer .  
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Table 2. Conversion of prostaglandin E 2 (PGE2) into prostaglandin B2 (PGB2) by 
treatment with a base. 

TLC separation 
Radioactivity (CPM) 

PGE 2 zone PGB 2 zone 

Reaction product (D ~ (II) --* (III) 
Material present in the PGE zone (III) 
treated with KOH 

6796 315 

104 6432 

Platelets 0.5x 10 ~ reduced glutathione 1 raM, arachidonate 25 ~ I ,  total incuba- 
tion volume 1.2 ml, incubated for 30 rain at 30 ~ in Tris/saline buffer, pH 7.4. The 
solvent systems used in the TLC separations are indicated in parentheses. 

p r o c e d u r e .  A m a j o r  p o r t i o n  of the  r a d i o a c t i v i t y  was  c o n f i n e d  to the  PGB2 
zone  as s h o w n  i n  T a b l e  2. 

E f f e c t  o f  l inoleate  on the util ization o f  arachidonic acid b y  h u m a n  p la te le t s  

With  w a s h e d  h u m a n  p la t e l e t  s u s p e n s i o n s  effect  of l i no l e a t e  o n  t he  
m e t a b o l i z a t i o n  of a r a c h i d o n i c  ac id  was  e x a m i n e d .  V a r i o u s  l i no l e a t e  con-  
c e n t r a t i o n s  (0.1-1.6 raM) were  used .  No effect  of l i no l ea t e  was  o b s e r v e d  on  
the  f o r m a t i o n  of PGF2, ,  P G D  2 a n d  t h r o m b o x a n e  B2 at  a n y  of its c o n c e n t r a -  
t i ons  u s e d  e x c e p t  o n l y  a t  1.6 m M  l ino l ea t e  c o n c e n t r a t i o n  a t  w h i c h  the  
q u a n t i t y  of TXB2 s y n t h e s i z e d  was  f o u n d  to be  r e d u c e d .  Whi le  the  fo rma-  
t i o n  of H H T  a n d  H E T E  r e m a i n e d  u n a f f e c t e d  a t  f r o m  0.1 to 0.4 mlVI l inole-  
a te  c o n c e n t r a t i o n s ,  t he  q u a n t i t y  of H H T  was  r e d u c e d  a n d  t h a t  of H E T E  
i n c r e a s e d  a t  0.8 a n d  1.6 m M  l ino lea te  c o n c e n t r a t i o n s  (Table  3a). I n  a n o t h e r  
e x p e r i m e n t  d o n e  p r e v i o u s l y  w a s h e d  p l a t e l e t  p r e p a r a t i o n s  a n d  p la te l e t s  as 
i n  P R P  were  u s e d  to see the  effect  of l i no l ea t e  o n  t he  P G E  2 s y n t h e s i s  f rom 
e x o g e n o u s  a r a c h i d o n a t e .  R e s u l t s  are  s h o w n  in  T a b l e s  3b, 3c. 

A s s a y  o f  prosfaglandin endoperox ides  f o r m e d  b y  h u m a n  platelets f rom 
added arachidonate  in p r e s e n c e  o f  l inoleate 

F r o m  T a b l e s  4a, 4b it  is o b v i o u s  t ha t  e n d o p e r o x i d e  f o r m a t i o n  r e m a i n e d  
u n a f f e c t e d  a t  l ower  l i no l ea t e  c o n c e n t r a t i o n s  (0.1-0.4 raM) b u t  its f o r m a t i o n  
was  r e d u c e d  at  h i g h e r  c o n c e n t r a t i o n s  (0.8 a n d  1.6 raM). 

Ef f ec t  o f  dihomo-7-1inolenafe on the util ization o f  arachidonic  acid b y  
h u m a n  pla te le fs  

15 rain incubation.  W h e n  the  ra t ios  of a r a c h i d o n a t e  to d ihomo-u  
ha t e  w e r e  1 : 2 a n d  1 : 4, t he r e  was  f o u n d  r e d u c e d  s y n t h e s i s  of P G E  2 (by  ca. 
50 a n d  80%), t h r o m b o x a n e  B 2 (by ca. 40 a n d  70%) a n d  P G F 2 a  (by ca. 54 a n d  
82%). Howeve r ,  w h e n  t he se  two  p r o s t a g l a n d i n  p r e c u r s o r  ac ids  w e r e  pres -  
e n t  i n  e q u i m o l e c u l a r  p r o p o r t i o n s ,  d ihomo-7-1 ino lena te  d id  n o t  affect  the  
s y n t h e s i s  of t he se  c o m p o u n d s  (Tab le  5). 

45 seconds  incubation.  W h e n  these  ac ids  w e r e  p r e s e n t  i n  I : 4 rat io,  
r e d u c e d  s y n t h e s i s  of t hese  c o m p o u n d s  was  obse r ve d .  B u t  w h e n  p r e s e n t  i n  
1 : 1 a n d  1 : 2 rat ios,  no  c h a n g e  was  n o t i c e d  (Tab le  5). 
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T a b l e  3b.  F o r m a t i o n  of P G E  2 b y  h u m a n  p la t e l e t s  f r o m  a d d e d  a r a c h i d o n a t e  in  
a b s e n c e  a n d  p r e s e n c e  of l inoleate .  

W a s h e d  p l a t e l e t  i n c u b a t i o n  

C o n d i t i o n s  C P M  (PGE2) 

B l a n k  ( l ino lea te  no t  p r e s e n t )  
0.1 m M  l ino lea te  
0.2 m M  l ino lea te  
0.4 m M  l ino lea te  
0.8 m M  l ino lea t e  
1.6 m M  l ino lea te  

3429 • 177 
3204 • 137 
2987 • 155 a 
3596 • 337 
4747 • 380 b 
8592 • 969 c 

P l a t e l e t s  1.0x109, G S H  1 raM, a r a c h i d o n a t e  0.55 m M  ( rad ioac t ive  : n o t  radio-  
ac t ive  = 1 : 10), i n c u b a t i o n  v o l u m e  1.2 ml.  S a m p l e s  w e r e  f i rs t  i n c u b a t e d  w i t h  l ino- 
l ea te  in  a p p r o p r i a t e  c o n c e n t r a t i o n s  for  30 r a i n  a t  37 ~ fo l lowed  b y  a d d i t i o n  of  G S H  
a n d  a r a c h i d o n a t e  a n d  i n c u b a t e d  for  a n  a d d i t i o n a l  30 rain.  M e a n  of t h r e e  d e t e r m i n a -  
t ions .  

a =  p < 0 . 0 2 5  b = p < 0 . 0 1  c = p < 0 . 0 0 5  

Utilization o f  arachidonic  and  dihomo-y- l inolenic  acid b y  h u m a n  plate le ts  

I n  i n c u b a t i o n s  w h e r e  p l a t e l e t s  w e r e  i n c u b a t e d  s e p a r a t e l y  w i t h  e i t h e r  of  
t h e s e  p r o s t a g l a n d i n  p r e c u r s o r s ,  d i f f e r e n t  w a y s  o f  u t i l i z a t i o n  o f  t h e s e  a c i d s  
b e c a m e  o b v i o u s .  A s  s h o w n  i n  T a b l e  6 e n d o p e r o x i d e s  a n d  t h r o m b o x a n e  
f o r m a t i o n  w a s  m a n y  t i m e s  m o r e  f r o m  a r a c h i d o n a t e  c o m p a r e d  t o  t h e  
c o r r e s p o n d i n g  c o m p o u n d s  f o r m e d  f r o m  d i h o m o - y - l i n o l e n a t e .  O n  t h e  c o n -  
t r a r y  t h e  a m o u n t s  o f  P G E 1 ,  P G F 1 ,  a n d  P G D 1  f o r m e d  w e r e  2 -3  t i m e s  m o r e  
t h a n  s i m i l a r  c o m p o u n d s  o f  t h e  2 s e r i e s .  

D i s c u s s i o n  

I t  i s  w e l l  e s t a b l i s h e d  t h a t  w h e n  p r o s t a g l a n d i n  p r e c u r s o r  a c i d s  a r e  
a d d e d  t o  p l a t e l e t  p r e p a r a t i o n s ,  e i t h e r  a s  i n  P R P  o r  i n  w a s h e d  s u s p e n s i o n s ,  
t h e y  a r e  c o n v e r t e d  i n t o  a v a r i e t y  o f  p r o d u c t s .  T h e  i n i t i a l l y  r e p o r t e d  p r o -  

T a b l e  3c. F o r m a t i o n  of P G E  2 b y  h u m a n  p la t e l e t s  f rom a d d e d  a r a c h i d o n a t e  in  
a b s e n c e  a n d  p r e s e n c e  of l inolea te .  

P R P  i n c u b a t i o n  

C o n d i t i o n s  C P M  (PGE2) 

B l a n k  ( l ino lea te  a b s e n t )  
0.1 m M  l ino lea te  
0.2 m M  l ino lea t e  
0.4 m M  l ino lea te  
0.8 m M  l ino lea te  

562 • 59 
463 • 62 
533 • 68 
605 • 86 
815 •  p < 0 . 0 2 5  

P R P  1 m l  (2.32• platelets) ,  G S H  1 mlVi, a r a c h i d o n a t e  0.55mlVi ( radioac-  
t ive  : no t  r ad ioac t ive  = 1 : 10), i n c u b a t i o n  v o l u m e  1.2 ml.  S a m p l e s  we re  f i rs t  incu-  
b a t e d  w i t h  l ino lea te  in  a p p r o p r i a t e  c o n c e n t r a t i o n s  for  30 r a in  a t  37 ~ fo l lowed  b y  
a d d i t i o n  of G S H  a n d  a r a c h i d o n a t e  a n d  i n c u b a t e d  for  a n  a d d i t i o n a l  30 ra in .  M e a n  of 
t h r e e  d e t e r m i n a t i o n s .  
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Table 4a. Assay of prostaglandin endoperoxides formed in human platelets from 
added arachidonate in presence of linoleate. 

Conditions CPM (PGF2,) 

Blank (linoleate absent) 469 4- 38 
0.25 mM linoleate 457 m 66 
0.40 mM linoleate 422 • 86 

Platelet (suspension) 0.2x 109, arachidonate 0.29 mM (radioactive : not radioac- 
tive = 1 : 6), incubation volume 1.2 ml. Samples were first incubated with linoleate 
in appropriate concentrations for 30 rain at 37 ~ followed by incubat ion with 
arachidonate for 45 seconds and addition of 5 ml stannous chloride (0.5%) in 
ethanol. Mean of three determinations. 

duc t s ,  PGE2 a n d  PGE2a c o n s t i t u t e  a s m a l l  f r a c t i o n  w h e n  c o m p a r e d  w i t h  
t he  q u a n t i t i e s  of o the r  p r o d u c t s  fo rmed .  W h e n  p la t e l e t s  are  e x p o s e d  to 
free fa t ty  ac ids ,  t h e y  are r a p i d l y  t a k e n  u p  b y  t h e m  (1, 6). T h e s e  fa t ty  ac ids  
a re  u s u a l l y  i n c o r p o r a t e d  i n to  t he  m e m b r a n e  p h o s p h o l i p i d s .  F r e e  fa t ty  
ac ids  i n  ve ry  s m a l l  a m o u n t s  a c c u m u l a t e  i n  t he  p la te le ts .  

T h e r e  is a d i f f e r e n c e  in  the  w a y  a r a c h i d o n i c  ac id  is u t i l i zed  b y  p la te l e t s  
a n d  th i s  is d e t e r m i n e d  b y  t he  n a t u r e  of the  s u s p e n d i n g  m e d i u m  a n d  t he  
q u a n t i t y  of t he  ac id  added .  T h u s  a d d e d  in  s m a l l  a m o u n t s  to  p l a t e l e t - r i ch  
p l a sma ,  a l m o s t  all  a r a c h i d o n i c  ac id  t a k e n  u p  b y  t he  p l a t e l e t s  is c o n f i n e d  to 
m e m b r a n e  p h o s p h o l i p i d s  a n d  is n o t  a c c e s s i b l e  to  t he  p l a t e l e t  p r o s t a g l a n -  
d i n  s y n t h e t a s e  sys t em.  Th i s  is i n  a c c o r d a n c e  w i t h  t he  o b s e r v a t i o n s  of 
o the r s  t ha t  p l a s m a  or a l b u m i n  i n h i b i t s  t he  m e t a b o l i s m  of a r a c h i d o n i c  ac id  
b y  p la te l e t s  (2, 21). T h i s  c o u l d  be  d u e  to the  b i n d i n g  of p r o s t a g l a n d i n  
p r e c u r s o r s  to a l b u m i n  in  p l a s m a  w h i c h  p r e v e n t s  t h e m  f r o m  e n t e r i n g  
p la te le t s .  Th i s  m a y  e x p l a i n  w h y  h i g h  c o n c e n t r a t i o n s  of a r a c h i d o n a t e  
(0.5-1 raM) a re  n e e d e d  to i n d u c e  p l a t e l e t  a g g r e g a t i o n  in  p l a t e l e t - r i ch  
p l a s m a  (21). F r o m  this  it  w o u l d  i m p l y  t ha t  w h e n  p la t e l e t s  are  a c t i va t e d  b y  
a s t i m u l u s ,  p h o s p h o l i p a s e  A2 b e c o m e s  ac t ive  a n d  c leaves  t he  p r e c u r s o r  
ac id  f r o m  the  m e m b r a n e  p h o s p h o l i p i d s ,  t he  p r e c u r s o r  t h u s  r e m a i n i n g  
w i t h i n  t he  p l a t e l e t s  to b e  u t i l i zed  b y  t he  p l a t e l e t  p r o s t a g l a n d i n  syn t he t a se .  
W h e n  a r a c h i d o n i c  ac id  is a d d e d  to a w a s h e d  p l a t e l e t  s u s p e n s i o n  free of 
p l a s m a  p r o t e i n s  a n d  t h u s  a l so  free of a l b u m i n ,  p r o s t a g l a n d i n  s y n t h e s i s  (8, 

Table 4b. Assay of prostaglandin endoperoxides formed in human  platelets from 
added arachidonate in presence of linoleate. 

Conditions CPM (PGF2~) 

Blank (linoleate absent) 668 4- 23 
0.8 mM linoleate 526 4- 1 1 0  a 

1.6 mM linoleate 360 4- 59 b 

Platelet (suspension) 0.36 x 109, arachidonate 0.29 mM (radioactive : not radioac- 
tive = 1 : 6), incubat ion volume 1.2 ml. Condition of incubat ion and termination of 
reaction as above. 

a = p < 0.05 b = p < 0.0025 
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17) ~-oxidation (3) and l ipoxygenat ion  (8, 17) takes place. Arachidonic  acid 
is different f rom other  fatty acids in the way  that  it does no t  enter  into 
tr iglycerides while other  acids do so in the platelets as is our  exper ience  
wi th  linoleic and palmitic acids (unpubl i shed  data). 

There  are two independen t  reports  (3, 20) on the incorpora t ion  of 
radioact ive arachidonic  acid into platelet  phosphol ip ids  and its release 
f rom these on t rea tment  wi th  thrombin.  Bi l l s  et al. (3) have repor ted  that  
incorporat ion of arachidonic  acid into phosphol ip ids  follows the fol lowing 
order: PC > P I  > PE. This has not  been  found  to be so by  S e h o e n e  and 
I a c o n o  (20) who  found  arachidonic  acid incorporat ion to take place in the 
following order: PE  > P I  > PC > PS. 

B l l l s  et. al. (3) have repor ted  that  on t rea tment  with th rombin  a major  
por t ion  of arachidonic  acid comes  f rom PC fol lowed by PS  + PI;  PE  
seems to cont r ibute  nothing. On the cont rary  S c h o e n e  and I a e o n o  (20) 
have  repor ted  that  mos t  of the arachidonic  acid released comes f rom PI  
fraction, PE cont r ibut ing  no arachidonic  acid. Our results approx ima te  
those  of Bl l l s  et al. (3). Aspir in showed  no effect  on the release of 
arachidonic  acid f rom the labelled platelet phosphol ip ids  (Table 1). 

A compar i son  of the data on the incorpora t ion  of arachidonic  acid into 
platelet p h o s p h o l i p i d s  and the propor t ion  of endogenous  arachidonic  acid 
in platelet phosphol ip ids  suggests  that  there is a difference be tween  the 
two in that  in the endogenous  phosphol ipids ,  PE  comes  next  to PC and 
also sph ingomyel in  contr ibutes  to about  15% of the total. It should  be 
noted, however ,  that  the phosphol ip ids  which  incorporate  arachidonic  
acid most,  that  is PC and PI, are the chief source of release of this acid 
w h e n  labelled platelets are chal lenged with th rombin ;  PC losing the 
greatest  a m o u n t  of labelled arachidonic  acid. 

Effects of linoleic and dihomo-y-l inolenic acids on platelet prostaglan- 
din synthesis  f rom added  arachidonic  acid together  with the utilization of 
the latter (AA) has been  examined  wi th  the aim to see in wha t  way  these 
two acids behave  ant iaggregatory.  These  two acids seem to act differently 
f rom this points  of view. 

Linoleic acid at its var ious concent ra t ions  (0.1-1.6 raM) did not  show 
any effect on the synthesis  of PGF2~ and PGD 2. At 0.8 mM linoleate 
concentrat ion,  significantly more  PGE2 was synthesized. As PGF2~ and 
PGE2 do not  themselves  induce  platelet aggregation,  a change  in their  
synthet ic  rate has no significance in this context.  PGD2 is s t rongly antiag- 
gregatory  and its synthesis  remained  unaffected in presence  of linoleate. 
Two other  oxygena t ion  products  of AA which are of s ignif icance in 
platelet aggregat ion and its control  are prostaglandin endoperox ides  and 
t h r o m b o x a n  A2 (measured in the present  s tudy  as TXB2). Linoleate  does 
not  seem to affect the synthesis  of endoperoxides  at its lower concentra-  
tions (0.1-0.4 raM) while it significantly reduced  the synthesis  of these 
c o m p o u n d s  at 0.8 and  1.6 mM concentrat ions.  A l though  the format ion of 
T X B  2 remained  u n c h a n g e d  at f rom 0.1 to 0.8 mM linoleate concentrat ions ,  
at 1.6 mM linoleate concent ra t ion  it was found to be reduced.  Bu t  this may  
not  be of any significance because  its r educed  synthesis  could be due to 
reduc t ion  in the quanti t ies  of endoperoxides  synthes ized at this concen-  
tration. Thus  the present  in  v l t ro  s tudy  points  out  that  linoleic acids '  



260 Zeitschrift fi~r Ern~hrungswissenschaft, Band 17, Heft  4 (1978) 

ant i thrombot ic  activi ty could p a r t l y  be due to reduced  endoperox ide  
synthesis,  i.e. by  its direct  act ion on the platelet cyclo-oxygenase,  

That  h igh amoun t s  of linoleic acid intake helps in decreas ing throm-  
bosis t endency  in rats has been demons t ra t ed  by Vergroesen  (30). He 
in t roduced  a loop-shaped polye thylene  cannula,  (aorta loop) des igned by 
Hons t ra  (13), into the abdomina l  aorta of male rats and observed  the 
p roduc t ion  and  growth  of a fibrin-poor, platelet-rich mura l  t h r o m b u s  
induced  by endothel ial  damage  and flow dis turbances  which  occ luded  the 
cannula  after 5 days  (obstruct ion time, OT = 120 h). When  rats received fat- 
free diet, a low thrombos is  t endency  was observed (OT = 175). In these 
rats EFA-def ic iency was observed,  as de termined  by water  vapour  loss in  
v ivo  (28) and the fat ty acid pat tern  of total se rum lipids (12). Bu t  w h e n  the 
diet of these rats was supp lemented  by  5 cal% sunf lower  seed oil or 
(3 cal% linoleic acid), EFA-def ic iency was cured, bu t  this increased the 
th rombos is  t endency  (OT = 95 h). When the dietary linoleic acid conten t  
was gradual ly  increased f rom 3 to 40 cal%, the OT was raised f rom 95 to 
175 h. This s t rongly suggests  tha t  linoleic acid migh t  behave  an t i thrombo-  
tic in h igh dietary amounts .  

F r o m  the data obta ined on the synthesis  of PGE2 and  other  oxygena-  
t ion p roduc t s  fo rmed by platelets f rom added  arachidonate  in the pres- 
ence of dihomo-u it appears  that  these two acids compe te  wi th  
each other  as substrates for the platelet pros taglandin  synthetase.  Thus  a 
control  in the generat ion of t h r o m b o x a n e  A2 and PGG2 and PGH2, com- 
pounds  responsible  for platelet aggregat ion and release reaction, m a y  be 
exercised due to the s imul taneous  presence  of dihomo-u This 
might  be assisted in another  way  in that  t h r o m b o x a n e  A1 and PGG1 and 
PGH1 formed f rom this acid are not  aggregatory  and also that  PGE1 
formed f rom it is a potent  ant iaggregatory  substance.  As oral ingest ion of 
dihomo-7-1inolenate has been shown to enr ich p lasma lipids and platelet 
phosphol ip ids  at  the expence  of other  fatty acids including arachidonic  
acid in rats (5) and in rabbits  (18), Wlllls et al. (32) have sugges ted  that  for 
the prevent ion  of arterial th rombos i s  (heart a t tack and stroke) in man,  
ingest ion of dihomo-y-l inolenate in g ram quanti t ies may  be under taken.  
The substrate  compet i t ion  observed  in in vi tro studies and  also similar 
results obtained by  others (31) suppor t  the hypothes is  of Willis. The 
encourag ing  par t  is tha t  Willis and co-workers  (32) did not  observe any  
gross toxic effects in any  of the animal  studies with dihomo-7-1inolenate. 
In  a way  dihomo-y-l inolenate combines  the ant i - thrombot ic  effects of 
aspirin and PGE1 with the disadvantages  of neither. 
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Summary  

In vitro human platelet prostaglandin synthesis has been studied from added 
radioactive arachidonic acid (i) as function of substrate concentration, (ii) as func- 
tion of platelet concentration and (iii) as function of pH. Platelets, as in platelet rich 
plasma when labelled with arachidonic acid, washed and treated with thrombin, 
released radioactivity mainly from phosphatidylcholine and phosphatidylinositol. 
The released radioactivity was mostly accounted for by the formation of the 
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p rev ious ly  iden t i f i ed  o x y g e n a t i o n  p r o d u c t s  of a rach idon ic  acid. P la te le t  ut i l izat ion 
of a rach idon ic  acid  was  also s t ud i ed  in  p r e s e n c e  of l inoleic  and  d ihomo-u  
acids,  the  two  essen t ia l  fa t ty  ac ids  k n o w n  for  a n t i t h r o m b o t i c  effect .  At  i ts  h igh  
c o n c e n t r a t i o n s  l inoleic  ac id  d e c r e a s e d  p la te le t  cyc lo -oxygenase  act ivi ty  as s e e n  by  a 
d e c r e a s e d  fo rma t ion  of e n d o p e r o x i d e s  f rom a rach idon ic  acid. Dihomo-y- l ino len ic  
acid  was  f o u n d  to be  a mu tua l ly  c o m p e t i t i v e  subs t r a t e  w i t h  a r ach idon ic  acid  for t he  
p la te le t  p ro s t ag l and in  s y n t h e t a s e  t hus  caus ing  r e d u c e d  ut i l izat ion of a r ach idon ic  
acid as s h o w n  by  m e a s u r i n g  the  var ious  o x y g e n a t i o n  p r o d u c t s  of a r ach idon i c  acid. 
T h e s e  two  ac ids  w e r e  ut i l ized d i f fe ren t ly  by pla te le t  p r o s t a g l a n d i n  syn the ta se .  
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