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Influence of Pros tag landins  E~ and E 2 on Coagulat ion  of Rat Blood 

P r o s t a g l a n d i n  E 1 (PGE1)  i n h i b i t s  in  v i t r o  b o t h  b l o o d  
p l a t e l e t  a d h e s i v e n e s s  (to g lass)  a n d  a g g r e g a t i o n  1, t h e  
l a t t e r  p r o c e s s  b e i n g  i n d u c e d  b y  s e v e r a l  a g e n t s ,  in  p l a s m a  
of  v a r i o u s  spec i e s  1,2. I n  v i v o ,  P G E  1 s u p p r e s s e s  p l a t e l e t  
t h r o m b u s  f o r m a t i o n  i n d u c e d  b y  m e c h a n i c a l  i n j u r y  o r  
e l e c t r i c a l  s t i m u l u s  e,3. O n  t h e  o t h e r  h a n d ,  P G E  2 s t i m u -  
l a t e s  p l a t e l e t  a g g r e g a t i o n  in  v i t r o ,  i n d u c e d  b y  A D P  or  
t h r o m b i n  4. 

W e  h a v e  n o w  i n v e s t i g a t e d  t h e  i n f l u e n c e  of  P G E t  a n d  
P G E  2 o n  t h e  c o a g u l a t i o n  of  r a t  b l o o d  or  p l a s m a  b y  m e a n s  
of  t h r o m b e l a s t o g r a p h y  - to  o b t a i n  i n f o r m a t i o n  o n  t h e  
o v e r a l l  i n t r i n s i c  c l o t t i n g  p r o c e s s  - a s  wel l  a s  b y  t h e  ' o n e -  
s t a g e '  p r o t h r o m b i n  t i m e  t e s t  - to  g a i n  i n f o r m a t i o n  o n  t h e  
e x t r i n s i c  c l o t t i n g  p r o c e s s ,  e s p e c i a l l y  w i t h  r e g a r d  t o  t h e  
q u e s t i o n  w h e t h e r  p r o s t a g l a n d i n s  c a n  i n t e r a c t  w i t h  o r  re-  
p l a c e  t i s s u e  t h r o m b o p l a s t i n .  F i n a l l y ,  t h e  i n f l u e n c e  o f  
P G E  1 o n  t h e  c a l c i u m  c l o t t i n g  t i m e  of  p l a s m a  h a s  b e e n  
e x a m i n e d  a t  v a r i o u s  C a - i on  c o n c e n t r a t i o n s .  

Materials  and methods. A n i m a l s :  a d u l t  m a l e  W i s t a r  
r a t s ;  e t h e r - a n a e s t h e t i z e d .  B l o o d  w a s  c o l l e c t e d  f r o m  t h e  
j u g u l a r  v e i n  e i t h e r  i n t o  a s i l i con ized  t e s t  t u b e  c o n t a i n i n g  
1 vol .  o f  3 . 8 %  t r i s o d i u m  c i t r a t e .  5 aq .  p e r  9 vol .  o f  b lood ,  
or,  for  s t u d y i n g  t h e  e f f ec t s  o f  P G E ' s  o n  t h r o m b e l a s t o -  
g r a p h  v a l u e s  in  v i t r o ,  i n t o  a d i s p o s a b l e  t h r o m b e l a s t o -  
g r a p h  c u p  5 c o n t a i n i n g  0.1 m l  s a l i ne  (0 .85% NaC1) w i t h  
v a r i o u s  c o n c e n t r a t i o n s  of  p r o s t a g l a n d i n .  B l o o d  w a s  a d d e d  
u p  to  a f i n a l  c u p  c o n t e n t  of  0.35 ml .  T h e  e f f ec t  of  P G E 1  in  
v i v o  w a s  s t u d i e d  b y  i n j e c t i n g  0.5 m l  s a l i ne  c o n t a i n i n g  10 
o r  20 ~xg P G E  1 v i a  t h e  d o r s a l  v e i n  of  t h e  p e n i s  of  t h e  r a t s  
( m e a n  b o d y  w e i g h t  237 g), 1 r a i n  b e f o r e  0.35 m l  b l o o d  w a s  
co l l e c t ed  i n t o  a n  e m p t y  p r e h e a t e d  t h r o m b e l a s t o g r a p h  cup .  
T h r o m b e l a s t o g r a p h y  w a s  c a r r i e d  o u t  a s  d e s c r i b e d  b y  
HARTERT 6. 

C i t r a t e d  p l a t e l e t - p o o r  ( c P P P )  or  p l a t e l e t - r i c h  p l a s m a  
( c P R P )  w a s  p r e p a r e d  b y  c e n t r i f u g a t i o n  (30 r a i n  a t  1000 g 
o r  15 r a in  a t  190 g, r e s p e c t i v e l y )  of  c i t r a t e d  b l o o d  p o o l e d  
f r o m  v a r i o u s  a n i m a l s  T h e  ' o n e - s t a g e '  p r o t h r o m b i n  t i m e  
w a s  d e t e r m i n e d  b y  t h e  Q u i c k  p r o c e d u r e  7 u s i n g  c P P P ,  
w h i c h ,  in  s o m e  cases ,  h a d  to  be  d i l u t e d  (1 :1  v /v )  w i t h  
sa l ine .  P r o s t a g l a n d i n  (2 ~xg/0.1 m l  sa l ine)  w a s  i n t r o d u c e d  
i n s t e a d  of  or  in a d d i t i o n  to  t h r o m b o p l a s t i n  (ex Difco) .  T h e  
c a l c i u m  c l o t t i n g  t i m e  7 of c P R P  w a s  d e t e r m i n e d  u s i n g  a 
v a r i e t y  of  CaC12 c o n c e n t r a t i o n s  for  r e c a l c i f i c a t i o n  of  t h e  
p l a s m a .  

Results and discussion. T h e  e f f ec t s  of  p r o s t a g l a n d i n s  E 
o n  t h e  t h r o m b e l a s t o g r a p h y  v a l u e s  of  r a t  b l o o d  a r e  s h o w n  
in  T a b l e  I.  

I n  v i t r o ,  n e i t h e r  P G E ~  n o r  P G E  2 i n t e r f e r e s  w i t h  t h e  
c o a g u l a t i o n  p r o c e s s  (no d i f f e r e n c e s  in  r-  o r  k - v a l u e s ) .  
P G E ,  h o w e v e r ,  u n l i k e  P G E  v a f f e c t s  t h e  s t r e n g t h  of  t h e  
c lo t  f o r m e d ,  as  t h e  m A - v a l u e s  a r e  s i g n i f i c a n t l y  lower  t h a n  
t h e  c o r r e s p o n d i n g  c o n t r o l  v a l u e .  A r e d u c e d  m A - v a l u e  
s u g g e s t s  a d e f i c i e n t  p l a t e l e t  f u n c t i o n  s, w h i c h  in  a d d i t i o n  
to  t h e  r e s u l t s  of  t h e  a d h e s i v e n e s s  a n d  a g g r e g a t i o n  
s t u d i e s  1-4 s u g g e s t s  a spec i f ic  e f f ec t  of  P G E t  o n  b l o o d  
p l a t e l e t s .  

S ince  P G E  2 s t i m u l a t e s  p l a t e l e t  a g g r e g a t i o n  in  v i t r o ,  
i t  c o u l d  be  e x p e c t e d  to  c a u s e  a n  i n c r e a s e  i n  t h e  m A -  
v a l u e .  W h e n  w e  c o n s i d e r  t h a t  t h e  c o n t r o l s  i n v a r i a b l y  
s h o w  a m a x i m u m  m A - v a l u e ,  i t  is, h o w e v e r ,  u n d e r s t a n d -  
a b l e  t h a t  o u r  e x p e r i m e n t s  do  n o t  c o n f i r m  t h e s e  e x p e c t a -  
t i ons .  

T h e  f a i l u r e  of  P G E ~  to  a f f e c t  t h e  m A - v a l u e  w h e n  in-  
j e c t e d  i .v .  m a y  be  d u e  to  a d i f f e r e n c e  in  t h e  a c t u a l  P G E ~  
c o n c e n t r a t i o n  in  t h e  b l o o d  b e t w e e n  t h e  e x p e r i m e n t s  in  
v i t r o  a n d  t h o s e  in  v i vo .  P G E  1 d i s a p p e a r s  f r o m  t h e  b l o o d  
v e r y  r a p i d l y  4, 9-11, so  t h a t  i t s  c o n c e n t r a t i o n  i n  t h e  b lood ,  
s a m p l e d  1 m i n  a f t e r  i .v .  i n j e c t i o n ,  m u s t  h a v e  b e e n  m u c h  

l o w e r  t h a n  e x p e c t e d .  T h e  d i f f e r e n c e  i n  m A - v a l u e  b e t w e e n  
t h e  c o n t r o l  in  v i t r o  a n d  t h a t  in  v i v o  i s  d u e  t o  t h e  h i g h e r  
d e g r e e  of  d i l u t i o n  o f  b l o o d  in  t h e  e x p e r i m e n t s  in  v i t r o .  O n  
t h e  o t h e r  h a n d ,  t h e  r-  a n d  k - v a l u e s  a r e  h a r d l y  i n f l u e n c e d  
b y  t h e  d e g r e e  of  d i l u t i o n .  

T h e  ' o n e - s t a g e '  p r o t h r o m b i n - t i m e  t e s t  s h o w s  t h a t  P G E  1 
o r  PGE2 ,  w h e n  a d d e d  in  a d d i t i o n  t o  t h r o m b o p l a s t i n ,  d o e s  
n o t  a f f e c t  t h e  p r o t h r o m b i n  t i m e  of  t h e  d i l u t e d  p l a s m a  
( T a b l e  I I ) .  

Table I. The effect of PGE 1 and PGE 2 added in vitro and of i.v. 
injected PGE 1 on the thrombelastography values of rat blood 

Experiment N R (min) K (min) MA (mm) 

Control 
PGE I ([zg) 

PGE2 ([~g) 

Control 

PGE 1 (~xg) 

in vitro 
43 5.9 2.1 66.9 

0.1 10 6.5 1.9 63.1 �9 
0.4 11 6.2 1.8 61.0 �9 
1.0 12 6.3 2.2 59.4 �9 
2.0 10 6.2 2.3 57.6 �9 
1.0 10 6.1 2.1 68.4 
2.0 10 5.7 2.3 64.5 

in vivo 
20 5.7 1.9 70.4 

10 10 6.4 1.9 71.0 
20 10 5.6 1.9 69.4 

N, nmnber  of animals; R, reaction time, i.e. the time needed for 
activation of the coagulation enzymes; K, clot-formation time; 
MA, maximum amplitude, which is a measure of the maximum 
strength of the clot. a Significantly different from control value 
(P2 < 0.001 ). 

Table II. Effect of PGE 1 and PGE= on 'one-stage' prothrombin 
time (see), using normal and diluted cPPP of rats (n - 5) 

Substance With thromboplastin Thromboplastin 
added omitted 

Normal Diluted Normal  Diluted 

- 13.8 15.4 - - 
Saline - 60.6 81.9 
2 ~xg PGE l - 16.0 59.3 85.6 
2 [zg PGE 2 15.3 64.1 80.5 
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Omiss ion  of t h r o m b o p l a s t i n  increases  t h e  coagu la t ion  
t i m e  4.5-5.5 t i m e s  b o t h  for n o r m a l  and  d i lu ted  p lasma.  
A d d i t i o n  of PGE~ or PGE~ ins t ead  of t h r o m b o p l a s t i n  has  
no  effect. W e  can  the re fo re  conclude  t h a t  PGEz  a n d  P G E  2 
do n o t  in te r fe re  w i t h  t h r o m b o p l a s t i c  a c t i v i t y  and,  
second,  t h a t  t h e y  do n o t  possess such  all ac t iv i ty .  

The  ca lc ium c lo t t i ng  t i m e s  of r a t  p l a s m a  (Table  III) are  
no t  a f fec ted  b y  P G E  1 a t  a n y  of t he  CaC12-concentrat ions 
used for reca lc i f ica t ion  of t he  p lasma .  FERRI e t  al. 1~, who  
e x a m i n e d  t h e  ca lc ium c lo t t i ng  t imes  of c i t r a t ed  r a t  b lood  
d ia lysed  aga in s t  sal ine for  7-8  h a t  va r ious  CaC12- 
concen t r a t i ons ,  f ound  s h o r t e r  ca lc ium c lo t t ing  t i m e s  in 

Table III. Effect of PGE 1 on calcium clotting time (see), using 
cPRP of rats (n = 6) 

CaClz-coneentration (mM) 

Substance 25 17.5 15 13.75 12.5 11.25 10 8.75 7.5 
added 

Saline (control) 60 68 72 79 84 98 124 162 260 
1 ~xg PGE 1 61 65 74 77 86 99 126 161 264 

t h e  presence  of P G E  1 (1 [~g/2 ml  blood)  t h a n  in  i ts  absence  
a t  a n y  of t h e  CaC12-concentrat ions used. T h e y  p o s t u l a t e  
t h a t  Ca-ions can  be  s u b s t i t u t e d  b y  P G E  1 in a r a t i o  
exceeding  1000: 1. The  d i s c r epancy  be tween  our  resu l t s  
a n d  those  o b t a i n e d  b y  FERRI et  al. 12 can  be exp la ined  b y  
a s suming  t h a t  a d ia lysab le  fac to r  - no t  t i le Ca-ions - can  
be  s u b s t i t u t e d  b y  P G E ~ S .  

Zusammen[assung. Die P r o s t a g l a n d i n e  E 1 (PGEI)  und  
E 2 (PGE2) h a b e n  ke inen  Einf luss  auf  die G e r i n n u n g  von  
R a t t e n b l u t .  I m  Gegensa tz  zu f r t iheren  P o s t u l a t i o n e n  
k 6 n n e n  die Ca- Ionen  im P l a s m a  n i c h t  yon  PGE~ e r se t z t  
werden .  P G E  1 bee in f luss t  die m a x i m a l e  A m p l i t u d e  des 
T h r o m b e l a s t o g r a m m s  in v i t ro  n a c h  Zugabe  y o n  0.3-  
6 vg/ml,  w ~ h r e n d  P G E  2 diesen E f f e k t  n i ch t  aufweis t .  
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U n s a t u r a t e d  F a t t y  A c i d s ;  P l a t e l e t - S e r o t o n i n  R e l e a s e r s  in  T i s s u e  E x t r a c t  

A fac tor  is p r e sen t  in  a lka l ine  e x t r a c t  of m a m m a l i a n  
t i ssue  wh ich  releases se ro ton in  f rom blood p la t e l e t s  z. 
P a r t i t i o n  w i t h  organic  so lven t s  and  th in - l aye r  c h r o m a t o -  
g r a p h y  2 i nd i ca t ed  t h a t  a m i x t u r e  of n a t u r a l l y  occur r ing  
u n s a t u r a t e d  f a t t y  acids such  as oleic a n d  l inoleic is re- 
spons ib le  for t h e  se ro ton in- re leas ing  a c t i v i t y  of t h e  a lka-  
l ine  t i s sue  e x t r a c t  a n d  in consequence , these  acids m a y  be  
a d d e d  to  t he  f a m i l y  of s e ro ton in  releasers.  I n  th i s  com- 
mun ica t i on ,  t h e  ac t ion  of pa r t i a l l y  pur i f ied  t i ssue  e x t r a c t  
on  p la t e l e t  cells a n d  i so la ted  a m i n e - c o n t a i n i n g  granu les  is 
explored.  

Methods. As r epo r t ed  in  a p rev ious  p a p e r  s, t h e  ac t ive  
mater ia l (s )  could  be  o b t a i n e d  more  ef fec t ively  b y  t o t a l  
l ip id  e x t r a c t i o n  a n d  s u b s e q u e n t  a lka l ine  t r e a t m e n t  of 
minced  hog  k idney .  Pu r i f i ca t i on  of ac t ive  principle(s)  was  
car r ied  ou t  w i t h  2 s teps  of t h i n - l a y e r  c h r o m a t o g r a p h y  a n d  
f ina l ly  t he  zone co r r e spond ing  to  mono-  and  di-enoic f a t t y  
acids was  e lua ted  w i t h  ace t one  2. R a b b i t  p la te le t s  were 
washed  a n d  r e s u s p e n d e d  in Tu l l i s -Toh ' s  so lu t ion  s. 
I so la t ed  a m i n e - c o n t a i n i n g  granules  were p r e p a r e d  b y  
son ica t ion  (100 W, 10 kc for  1 min)  a n d  d i f fe ren t ia l  cen t r i -  
f uga t i on  4 a n d  suspended  in  t h e  same  solut ion.  Se ro ton in  
release f rom p l a t e l e t  cells a n d  granules  was e s t i m a t e d  b y  
f luor ime t r i ca l  p rocedures  2, 5. 

Results and discussion. More t h a n  90% of t he  p l a t e l e t  
se ro ton in  was re leased b y  t h e  pur i f ied  m a t e r i a l  de r ived  
f rom 1-2 m g  or ig ina l  t i s sue  pe r  ml  cell suspens ion  f luid 
(ca. 10 s cells pe r  4 ml) in  60 m i n  a t  37 ~ The  s p o n t a n e o u s  
release of se ro ton in  r a n g e d  f rom 5 -10%.  T he  ac t ion  of t he  
se ro ton in- re leas ing  m a t e r i a l  of such  e x t r a c t  was  found  to  
be  m a r k e d l y  i n h i b i t e d  b y  a d d i t i o n  of glucose (0.1-  
5.5 r aM)  to  t h e  i n c u b a t i o n  m e d i a  a n d  A T P  (1-5 m M )  h a d  
l i t t le  effect. 

Cer ta in  s a t u r a t e d  f a t t y  ac ids  l ike pa lmi t ic ,  s tear ic  a n d  
behen ic  release p l a t e l e t  s e ro ton in  a n d  h i s t a m i n e  as well  

a n d  cause  adhes ion  of t he  cells to  t h e  vessel  wall  and  cell 
d a m a g e  6. However ,  t hese  acids requ i re  the  presence  of 
b lood p l a s m a  for t he i r  p l a t e l e t  effect. I n  cont ras t ,  even  
w h e n  all t he  se ro ton in  was released b y  t he  a lka l ine  t i ssue  
e x t r a c t  no  d i m i n u t i o n  in t h e  p la t e l e t  c o u n t  or s ign i f ican t  
adhes ion  and  aggrega t ion  was observed .  E lec t ron  micro-  
scopy  revea led  morpho log ica l  changes  such  as deg ranu la -  
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Fig. 1. Effect of the purified alkaline kidney extract on the serotonin 
content of platelets (top) and of granules (bottom). Incubation, with 
glucose (closed circle) or without glucose (open circle) in the medium, 
was carried out at 37~ for 60 min and at 24~ for 30 min, for 
platelets and for granules respectively. 


