
E F F E C T  OF E X O G E N O U S  A N D  E N D O G E N O U S  

S E R O T O N I N  ON H E M O S T A S I S  

V. P .  B a l u d a ,  V .  M. D o r o f e e v ,  
a n d  S. S. K h n y e h e v  

UDC 612.115.3: [ 612.018:547.757 

Serotonin was found to have no essen t i a l  role  in the m e c h a n i s m  of blood clotting, but it pa r t i c ipa t e s  
in h e m o s t a s i s  as a fac tor  s t imula t ing  aggregat ion  of the pIate le ts .  

Serotonin is cons idered  by some author i t ies  [4, 5, 10, 15] to par t i c ipa te  in the p r o c e s s  of blood c lot -  
ting, in the m e c h a n i s m  of inc rease  in the r e s i s t a n c e  of blood v e s s e l  wal ls ,  clot  r e t r ac t ion ,  and in the in- 
c r e a s e  in number  of blood pla te le ts ;  o thers  [1, 11-13, 17] r e j e c t  any ro le  of serotonin in h e m o s t a s i s .  It 
has  been shown c o m p a r a t i v e l y  r ecen t ly  [16] that  sero tonin  causes  aggregat ion of p la te le ts  in vi t ro .  

Data on the effect  of endogenous and exogenous serotonin  on h e m o s t a s i s  a re  p resen ted  in this paper .  

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

Expe r imen t s  were  c a r r i e d  out on 117 Wis ta r  r a t s  of both sexes ,  weighing 220-400 g, anes thet ized 
with nembutal  (30 m g / k g  body weight, in t raper i toneal ly) .  

In the expe r imen t s  of s e r i e s  I, aggregat ion of the p la te le t s  and act ivi ty  of f ac to r  XII Iwas  studied fol -  
lowing l iberat ion of serotonin f r o m  the t i s sues  under the influence of r e s e r p i n e .  Rese rp ine  (Rausedil,  
Hungary) was injected i n t r ade rm a l l y  in doses  of 1, 2, and 4 mg/kg .  The invest igat ions were  c a r r i e d  out 
18-20 h af ter  injection of r e s e r p i n e .  

In the expe r imen t s  of s e r i e s  II, to study the ef fec t  of serotonin on the same  indices,  s e r o t o n i n - -  
c rea t in ine  sulfate  (Lawson, England) was injected in t ravenous ly  in a dose of 0~ m g / k g  or  the sero ten in  
p r e c u r s o r  5-hydroxyt ryptophan was injected in t raper i tonea l ly  (50 m g / k g  body weight). Blood fo r  the t e s t s  
was taken 1-2 rain a f te r  the injection of serotonin and 1 h af ter  injection of 5-hydroxytryptophan.  

All de te rmina t ions  were  c a r r i e d  out on blood taken f r o m  the jugular  vein of the r a t s  into s i l icone-  
t r ea ted  sy r inges ;  the blood was mixed with 3.1% sodium c i t ra te  solution (9 : 1). Aggregat ion of the p la te -  
lets  [8], act ivi ty  of f ac to r  XIII [2], to le rance  of the f ib r in  clot  to p lasmin  [3], the p l a s m a  reca lc i f i ea t ion  
t ime [7], and the concent ra t ion  of serotonin  in the blood and duodenum (by a spec t ro f luo rome t r i c  method 
[18]) were  de termined.  Aggregat ion  of the pla te le ts  was e s t ima ted  f r o m  the degree  of reduct ion in optical  
densi ty  of p l a s m a  containing 100,000-150,000 p l a t e l e t s / m m  3. Observa t ions  on aggregat ion  continued for  
20 rain. 

EXPERIMENTAL RESULTS 

The r e su l t s  given in Table 1 show that a f te r  injection of r e s e r p i n e  in doses  of 1 and 2 m g / k g  a tend- 
ency was obse rved  for  the serotonin  concentra t ion to fall  in the blood and duodenum (dose of 2 m g / k g ) .  
Aggregat ion of the p la te le ts  was inc reased  while the ac t iv i ty  of fac tor  XIII showed no s ignif icant  change. 
After injection of reserpine in a dose of 4 mg/kg, the blood serotonin concentration fell by 84% and its 
concentration in the duodenum by 50%. Meanwhile, aggregation of the platelets increased threefold and the 
act ivi ty  of f ac to r  XIII r o s e  by 35%. 
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TABLE I. Effect of Reserpine, Serotonin, and 5-Hydroxytryptophan on the Blood Clotting 
System 

Index 

Aggregat ion of p la te le ts  G)  
Activi ty of fac tor  XlII (%) 
To le rance  of f ibr in  clot  to 

p l a smin  (sec) 
P l a s m a  reca lc i f ica t ion  t ime 

(sec) 
Serotonin concentrat ion:  

in blood (]~g/ml) 
in duodenum (~g/g) 

Control  

100 

100 

119 

125 

0.31 
5.13 

Reserp ine  
(mg/kg)  

1 4 

138 163" 300* 
84 101 135" 

0.18 0.20 0.05* 
4.13 3.52* 2.25* 

Serotonin 
(0.1 m g / k g )  

148" 
88* 

105 

118 

0.44 

5-Hydroxyt ryp to-  
phan 

(50 m g / k g )  

67 
97 

106 

132 

1.45" 

*Relative to group of contro l  an imals  P < 0.05. 

It is poss ible  that the endogenous sero tonin  l ibera ted  by the action of r e s e r p i n e  f r o m  the intestine 
and other t i s sues ,  being in a f r ee  s ta te ,  could aggregate  the p la te le ts .  If this were  so, int ravenous injec-  
tion of exogenous sero tonin  ought, it would s eem,  also to br ing about an inc rease  in aggregat ion of the 
p la te le ts .  To tes t  this suggest ion expe r imen t s  were  c a r r i e d  out with intravenous injection of exogenous 
serotonin  in doses  c lose  to those l ibera ted  f r o m  the t i s sues  by the action of r e s e r p i n e  in a dose of 2 mg/kg .  

An inc rease  in aggrega t ion  of the p la te le ts  by 48% and a dec r ea se  in act ivi ty  of fac tor  XIII by 12% 
were  obse rved  1-2 rain a f te r  injection of serotonin in a dose of 0.1 m g / k g ,  the other  indices of h e m o s t a s i s  
r emain ing  unchanged (Table 1). 

The r e su l t s  given in this table a lso  show that 1 h af ter  in t raper i tonea l  injection of 5 -hydroxyt ryp to-  
phan in a dose of 50 m g / k g  the concentra t ion of bound serotonin  in the blood was a lmos t  5 t imes  higher  
than in the control .  However ,  o ther  indices of h e m o s t a s i s  were  not s ignif icant ly  different  f r o m  the control .  

The r e su l t s  of these  e x p e r i m e n t s  thus showed that serotonin,  when in the bound fo rm,  has  no effect  
on aggregat ion of the p la te le t s .  

The r e su l t s  of these  e x p e r i m e n t s  demons t r a t e  that  when sero tonin  is l ibera ted  f r o m  the t i s sues  as a 
r e su l t  of admin is t ra t ion  of r e s e r p i n e ,  and also af ter  intravenous injection of serotonin,  an inc rease  in 
p la te le t  aggregat ion  takes  place.  Serotonin had no effect  on the p l a s m a  reca lc i f tca t ion  t ime,  re f lec t ing  the 
o v e r - a l l  coagnlabi l i ty  of the blood, on fac to r  XIII act ivi ty and on to le rance  of the f ibr in  clot  to p lasmin ,  
i .e . ,  on indices of the third phase  of blood coagulation. It is evident that sero tonin  plays  no essen t i a l  role  
in the p r o c e s s  of blood clotting. This  conclusion is in a g r e e m e n t  with much evidence in the l i t e ra tu re  [6, 
13, 14]. 

However ,  the impor tance  of serotonin  in h e m o s t a s i s  cannot  be ruled out complete ly .  According to 
Co r r e l l  and c o - w o r k e r s  [9], for  instance,  serotonin  s tops bleeding by  nar rowing  the lumen of the blood 
ves se l s .  The r e s u l t s  of the p r e s en t  expe r imen t s  showed that another  m e c h a n i s m  for  the stopping of b leed-  
ing is poss ib le :  by convers ion  of serotonin into a f r ee  s ta te ,  a ssoc ia ted  with increased  aggregat ion  of the 
p la te le t s .  F r e e  serotonin ,  by inc reas ing  the abi l i ty of the p la te le t s  to aggrega te ,  thus provides  favorable  
conditions for  m i c r o t h r o m b u s  format ion .  Serotonin has the power to s t imula te  aggregat ion of the p la te le ts  
only if in a f ree  state.  In the bound fo rm,  sero tonin  does not i nc rease  aggregat ion of the p la te le t s ,  despite  
a m a r k e d  inc rea se  in its concentra t ion in the blood, as demons t r a t ed  by expe r imen t s  with the serotonin 
p r e c u r s o r  5-hydroxytryptophan.  

Serotonin thus does not play an es sen t i a l  ro le  in the m e c h a n i s m  of blood coagulation,  but it pa r t i c i -  
pa tes  in h e m o s t a s i s  as a fac tor  s t imulat ing aggregat ion  of the p la te le t s .  
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