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During aggregat ion induced by adrenal in , /3-1 ipoprote in ,  alkaline phosphatase ,  5~-nucleotidase,  
and fac tor  3 a r e  l ibe ra ted  f rom the p la te le t s .  The e lec t rophore t i c  mobil i ty  of p la te le t  alkaline 
phosphatase  is the s ame  as that  of the fl- l ipoprotein.  This sugges ts  that the f i- l ipoprotein,  alkaline 
phosphatase ,  and 5 ' -nuc leo t idase  a re  s t ruc tu ra l  components  of p la te le t  ma t e r i a l  c a r ry ing  the fac -  
tor  3 act ivi ty.  
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One of the mos t  impor tan t  consequences of reac t ions  assoc ia ted  with e m e r g e n c e  in neurohumora l  regula -  
tion of blood clotting is  the sec re t ion  of adrenal in  by the adrena ls  [4]. The i n c r e a s e d  l iberat ion of adrenal in  
into the blood s t r e a m  causes  the development  of a hypercoagulemic  reac t ion ,  the t ime  of which coincides with 
that  of i nc reased  act ivi ty  of alkaline phosphatase  and 5 ' -nuc leo t idase  in the blood p l a s m a  [2, 3]. During adren-  
al in- induced aggregat ion of p la te le t s ,  p ta te le t  fac tor  3 is l ibe ra ted  [13], whereas  5 ' -nuc leo t idase  and 80% of the 
alkaline phosphatase  a re  bound with m e m b r a n e  s t r u c t u r e s  which p o s s e s s  fac tor  3 act ivi ty  [7]. 

It  is poss ib le  that 5 ' -nuc leo t idase  and alkaline phosphatase  a r e  indica tors  of the appearance  of f r agmen t s  
of p la te le t  m e m b r a n e s  in the blood s t r e a m  during the reac t ion  of adrenal in- induced aggregat ion of p la te le ts .  
This p a p e r  desc r ibes  an a t tempt  to ver i fy  this hypothesis  exper imenta l ly .  

E X P E R I M E N T A L  M E T H O D  

Blood taken f r o m  the f emora l  a r t e r y  of dogs was s tabi l ized with 3.8% of sodium c i t ra te  (9:1) to study the 
p la te le t  r e l e a s e  reac t ion  in the p r e s e n c e  of p l a s m a ,  or  with EDTA solution (7.5 ml  of 0.077 M EDTA + 92.5 ml  
blood) to study the reac t ion  in buffer  solution, pH 7.4. P l a t e l e t - r i c h  p l a s m a  was obtained f r o m  blood by cen t r i -  
fugation at 12~ (280 g, 25 rain). A suspension of washed p la te le t s  was p r e p a r e d  by Dechavannets  method [11]. 
P l a t e l e t - r i c h  p l a s m a ,  s tabi l ized with EDTA, was centr i fuged a t  12~ (500 g, 30 min) and the res idue  of p la te le ts  
was r insed  twice with a solution containing 139 mM NaC1, 5 mM KC1, 5 mM glucose,  15 mM Tr is -HC1,  pH 7.4, 
and 0.5% bovine albumin,  and mixed with 77 mM EDTA in the ra t io  of 49 : 1. The washed pla te le ts  were  sus -  
pended in the s a m e  buffer  without EDTAo The morphologica l  control  and counting the p la te le ts  in the suspen-  
sions were  c a r r i e d  out by p h a s e - c o n t r a s t  m i c r o s c o p y  in a G o r y a e v ' s  counting chamber .  

The p la te le t  r e l e a s e  reac t ion  was induced by a 5.4 �9 10 -4 M (final concentration) solution of adrenal in  hy- 
drochlor ide  in the cell  of an a g g r e g o m e t e r  at  37~ with constant  mixing for  15 min.  To reproduce  the r e l e a se  
reac t ion  in buffer  at pH 7.4, f ibr inogen and CaC12 up to final concentra t ions  of 3.75 m g / m l  and 4 - 10 -4 M r e s p e c -  
t ively were  added to the p la te le t  suspension in addition to adrenal in .  Aggregat ion was r eco rded  automat ica l ly  
by the nephe lomet r i c  agg regom e t e r .  At the end of 15 rain the contents of the cel ls  were  centr i fuged at 40C 
(5000g, 30 rain). Activi ty of alkaline p-n i t rophenylphospha tase  [10], alkaline /3-glycerophosphatase [1], 5 ' -  
nucleot idase ,  and pla te le t  f ac to r  3 [5] was de te rmined  in the supernatant .  The r e su l t s  were  subjected to s t a t i s -  
t ical  ana lys i s  [8]. 
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Fig. 1. P la te le t  aggregat ion  induced by adrenalin:  1) in buffer  solution, pH 7.4; 2) 
in c i t ra ted  p l a s m a .  Absc i s sa ,  t ime  (in rain); ordinate ,  opt ical  density (in%). 

Fig. 2. E l ec t ropho re s i s  of  l ipoproteins  and alkal ine phosphatase  of e x t r a t h r o m -  
bocyt ic  medium:  a,  b) l ipopro te inogram before  and a f t e r  action of adrenal in  on 
p la te le t s ,  respec t ive ly ;  c) alkaline phosphatase  a f t e r  action of adrenal in  on p la t e -  
le ts .  1) Boundary between 3% and 3% gels with different  buffers ;  2) boundary be-  
tween 3% and 5% gels;  3) boundary between 5% and 10% gels.  I) Complex of albu- 
min with nones te r i f i ed  fat ty acids f rom bovine albumin prepara t ion ;  II) fl-LP; III) 
a lkal ine phosphatase .  Ar row indicates  di rect ion toward  finish. 

TABLE 1. Secret ion of Phosphohydro lases  
and Fac to r  3 of P la te le t s  during Adrenal in-  
Induced Aggregat ion (M + In) 

Enzymes 

Alkaline p-nitrophenyt- 
phosphatase 

Alkaline B-glycerophos- 
phatase 

5'-Nuc leotidase 
Activity of factor 3 

Activity released fzom 
1 " 107 ptatelets 
(in units) 

in citrated in buffer 
plasma soln.,pH 7.4 

0,27--+0,09 0,20-+ 0,04 

0,40-+0,07 0,47--+0,06 
0,53_+0,03 0,39_+0,13 
23,4_+2,4* 5,91_+0,4" 

* In % of init ial  act ivi ty.  

To detect  l ipoprote ins  (LP) the superna tant  was stained with Sudan Black B [12] and subjected to disk 
e l e c t r o p h o r e s i s  with a rod  [17] in a f o u r - l a y e r e d  po lyac ry lamide  gel [6] with a cur ren t  of 5 mA applied to the 
tube (4~ 1 h). The rods  were  then r em oved  f rom the gels and 0.1% iodine solution in 7% acet ic  acid was 
poured  into the resu l t ing  hole. Lipoprote ins  s tained with Sudan Black B not c lea r ly  dist inguishable a f te r  e l ec -  
t r opho re s i s  were  fixed with iodine solution and stained [15]. Chylomicrons  r ema ined  at the s ta r t ing  l ine,  next 
followed p r e - f l - L P ;  f l -LP were  found on the boundary between the 3~ and 5% gels ,  o~-LP at  the boundary be-  
tween the 5% and 10% ge ls ,  and the lowest  band of all  consis ted of a complex  of albumin with nones te r i f ied  fat ty 
acids .  In pa ra l l e l  t e s t s  of the superna tant  by disk e l ec t rophores i s ,  alkaline phosphatase  act ivi ty  was subse -  
quently detected by the azo-coupl ing  method [9]. The disks a f te r  e l ec t rophores i s  were  examined by d i rec t  
densi tography in the MF-4  mie ropho tome te r .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Aggregat ion of p la te le t s  induced by adrenal in  (1) was accompanied  by r e l e a s e  of fac tor  3, pa ra l l e l  with 
the l ibera t ion of alkaline phosphatase  and of 5 ' -nuc leo t idase  in both c i t ra ted  p l a s m a  and buffer  solution, pH 7.4 
(Table 1). The abili ty of p la te le t s  suspended in buffer ,  pH 7.4, to aggregate  was much lower  than in c i t ra ted  
p l a s m a  (Fig. 1). In the buffer  solution, m o r e o v e r ,  l e ss  of the fac tor  3 and 5 ' -nuc leo t idase  was l iberated.  The 
r e l e a s e  reac t ion  in buffer  solution was accompanied  by the appearance  of an additional f rac t ion  in the f l-LP 
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zone of the electrolipoproteinograms (Fig. 2a, b). Alkaline phosphatase was discovered by electrophoresis 
after  the original material  had been concentrated 20-fold by lyopholization, and its mobility was the same as 
that of fl-LP (Fig. 2c). 

It was also Shown previously [13, 16] that the quantity of factor 3 released into a medium containing 
platelets is proportional to the intensity of aggregation. The released fl-LP is evidently the ca r r i e r  of activity 
of platelet factor 3, which is known to be phospholipoprotein in nature. The identical eleetrophoretic mobility 
of fl-LP and alkaline phosphatase indicates that these are  structurally connected components, probably of the 
platelet plasma membrane. 

Platelet aggregation induced by adrenalin is thus accompanied by liberation of f i -LP,  alkaline phospha- 
tase, and 5'-nucleotidase into the blood stream. The hypercoagulemic reaction and increased activity of alka- 
line phosphatase and 5'-nucleotidase in the blood plasma after intravenous injection of adrenalin may perhaps 
be partly the result  of the action of adrenalin on the platelets. 
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