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Biology of Neuroglia (ed. by E. DeRobertis),  

L I B E R A T I O N  O F  H I S T A M I N E  A N D  S E R O T O N I N  AND V A S C U L A R  

P E R M E A B I L I T Y  IN AN A C U T E  A S E P T I C  I N F L A M M A T O R Y  F O C U S  

R.  U. L i p s h i t s  a n d  N. A.  K l i m e n k o  UDC 616-002:616-003.727+616.13<16 

Degranulation of mast  cells of a peri toneal  suspension and of the mesentery  of the small  
intestine and liberation of his tamine and serotonin in albino rats  with acute aseptic pe r i -  
tonitis were shown to begin during the f i rs t  minute after injury and to reach a maximum 
at the fifth minute. By the 15th minute the concentrat ions of the free amines had fallen 
sharply and did not differ significantly f rom the initial levels.  The dynamics of the 
immediate phase of increased vascular  permeabil i ty  corresponded to the dynamics of the 
free amines.  The most marked increase  in vascular  permeabi l i ty  was observed at the 
10th-15th minutes. By the 20th minute it was appreciably lower. P re l iminary  exhaustion 
of histamine and serotonin r e se rves  reduced the degree of disturbance of vascular  pe rme-  
ability only duringthe first  15 min after  application of the inf lammatory agent. It is con- 
cluded that histamine and serotonin cause disturbance of vascular  permeabi l i ty  in acute 
aseptic peritonitis chiefly during the f i rs t  15 min after injury. 

KEY WORDS: acute aseptic inflammation; mast cel ls ;  histamine; serotonin; vascular  
permeabil i ty  

The principal  mediators of the microe i rcu la to ry  changes that charac te r ize  the initial phase of inf lamma- 
tion are  histamine and serotonin. However, the duration of the period within which the action of these amines 
is the determining factor in the increased vascular  permeabil i ty  in a focus of acute inflammation has not yet 
been established. 

Most of the data on the role of histamine and serotonin in the immediate phase of increased vascular  
permeabi l i ty  are based on their  pharmaeodynamic action. The dynamics of the mediators  in the focus of 
inflammation direct ly after  application of the inf lammatory agent has not been studied. 
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The  o b j e c t  of th is  i n v e s t i g a t i o n  was to d e t e r m i n e  the  func t iona l  s t a t e  of the m a s t  c e l l s  of  a p e r i t o n e a l  
s u s p e n s i o n  and of the  m e s e n t e r y  of the  s m a l l  i n t e s t i n e ,  the  l i b e r a t i o n  of h i s t a m i n e  and s e r o t o n i n  f r o m  t h e m ,  
and the  changes  in v a s c u l a r  p e r m e a b i l i t y  in the  p e r i t o n e a l  c a v i t y  of a lb ino  r a t s  in the c o u r s e  of acu te  a s e p t i c  
p e r i t o n i t i s .  

A c c o r d i n g  to da ta  in the  l i t e r a t u r e  [8, 10, 11], the  m a s t  c e l l s  a r e  the  s o l e  s o u r c e  of d e t e c t a b l e  quan t i t i e s  
of h i s t a m i n e  and s e r o t o n i n  in t h e  p e r i t o n e a l  c a v i t y  of a lb ino  r a t s .  

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

E x p e r i m e n t s  w e r e  c a r r i e d  out on !94 n o n i n b r e d  f e m a l e  a lb ino  r a t s  we igh ing  150-220 g. A c u t e  a s e p t i c  
p e r i t o n i t i s  was induced  by i n t r a p e r i t o n e a l  i n j e c t i o n  of a m i x t u r e  of  0.05 ml  t u r p e n t i n e  and p h y s i o l o g i c a l  s a l i n e  
(1 : 10). The  a n i m a l s  w e r e  d e c a p i t a t e d  1, 5, 15, and 30 min  and 1, 2, and 5 h l a t e r ,  a p e r i t o n e a l  s u s p e n s i o n  was 
ob ta ined  [13], and i t  was i m m e d i a t e l y  kep t  in the  cold .*  The  m a s t  c e l l s  w e r e  s t a i n e d  with n e u t r a l  r e d  and 
e x a m i n e d  in a F u c h s - R o s e n t h a l  c h a m b e r  u n d e r  a m a g n i f i c a t i o n  of the m i c r o s c o p e  of  400 •  T h e i r  a b s o l u t e  
and r e l a t i v e  n u m b e r s  and the  p e r c e n t a g e  of d e g r a n u l a t e d  m a s t  c e l l s  w e r e  d e t e r m i n e d .  

Mas t  c e l l s  in the m e s e n t e r y  of the s m a l l  i n t e s t i n e  w e r e  s t a i n e d  with t o lu id ine  b lue  [12] and a l s o  with 
s a f r a n i n e  and a t c i a n  b l u e  [14] and e x a m i n e d  u n d e r  a m a g n i f i c a t i o n  of the  m i c r o s c o p e  of  400 •  The  n u m b e r  of  
m a s t  c e l l s  was counted  in 100 f i e lds  of v i s i o n  of the  m i c r o s c o p e  and the  p e r c e n t a g e  of d e g r a n u l a t e d  c e i l s  c a l -  
cu la ted .  

The  h i s t a m i n e  and s e r o t o n i n  c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  by mod i f i ed  f l u o r i m e t r i c  me thods  of  Shore  
and S n y d e r  [1, 5] in the  c e l l u l a r  and e x t r a c e l l u l a r  f r a c t i o n s  of  the  p e r i t o n e a l  wash ings  a f t e r  r e m o v a l  of the 
t u r p e n t i n e  and c e n t r i f u g a t i o n  of  the  wash ings  a t  350g and 4~ for  15 min  [8]. The c o n c e n t r a t i o n s  of the  a m i n e s  
w e r e  e x p r e s s e d  in  m i c r o g r a m s  p e r  r a t .  

The  s t a t e  of  p e r m e a b i l i t y  of  the  p e r i t o n e a l  v e s s e l s  a t  v a r i o u s  t i m e s  a f t e r  i n j e c t i o n  of  the  t u r p e n t i n e  was 
judged  f r o m  the  c o n c e n t r a t i o n  of i n t r a v e n o u s l y  i n j e c t e d  (5 min  b e f o r e  de t e rmina t i on}  t r y p a n  b lue  (0 .75-1 ml  of  a 
1% solution} in the  p e r i t o n e a l  wash ings  [2]. To ob t a in  the  w a s h i n g s ,  5 m l  of  T y r o d e  s o l u t i o n  was i n j e c t e d  i n t r a -  
p e r i t o n e a l l y .  T h e  c o n c e n t r a t i o n  of dye  in  the  wash ings  was  d e t e r m i n e d  c o l o r i m e t r i c a l l y  and e x p r e s s e d  in g / m l  

was h ings .  

To exhaus t  the  r e s e r v e s  of  h i s t a m i n e  and s e r o t o n i n  b i d i s t i l l e d  w a t e r  was  i n j e c t e d  i n t r a p e r i t o n e a l l y  in a 
v o l u m e  of 10 ml/100 g body weight  [9, 15]. 

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  

M a r k e d  d e g r a n u l a t i o n  of the m a s t  c e l l s  of  the  p e r i t o n e a l  s u s p e n s i o n  and m e s e n t e r y  of the  s m a l l  i n t e s t i n e  
(81.14 + 5.51 and 57.64 • 8.67% r e s p e c t i v e l y ,  c o m p a r e d  with 1.20 i 0.33 and 0.92 �9 0.26% in the  control}  was o b -  
s e r v e d  1 min  a f t e r  i n j e c t i o n  of  t u r p e n t i n e  and was a c c o m p a n i e d  by l i b e r a t i o n  of h i s t a m i n e  and s e r o t o n i n ,  with 
an i n c r e a s e  in t h e i r  c o n c e n t r a t i o n s  in the  e x t r a c e l l u l a r  f r a c t i o n  and a d e c r e a s e  in the  c e l l u l a r  f r a c t i o n  (Tab l e s  
1 and 2). The  a b s o l u t e  and r e l a t i v e  n u m b e r s  of  m a s t  c e l l s  in the  p e r i t o n e a l  s u s p e n s i o n  at  t h i s  t i m e  did not  
d i f f e r  s i g n i f i c a n t l y  f r o m  the c o n t r o l  (992 - 103 :L 225 �9 103 and 2.73 J: 0.49% in the c o n t r o l ;  725 �9 103 + 164" 103 and 

2.34 • 0.66% in the  e x p e r i m e n t } .  

No m a s t  c e l l s  could  be found in the  p e r i t o n e a l  s u s p e n s i o n  5 m i n  a f t e r  i n j e c t i o n  of t u r p e n t i n e  as  a r e s u l t  
of t h e i r  c o m p l e t e  d e g r a n u l a t i o n .  The  n u m b e r  of  d e g r a n u l a t e d  m a s t  c e l l s  in the  m e s e n t e r y  r e a c h e d  65.90 • 
7.45% and the  c o n e e n t r a t i o n s  of  f r e e  h i s t a m i n e  and s e r o t o n i n  w e r e  m a x i m a l  and e x c e e d e d  the  c o n t r o l  l e v e l  by 
4.6 and 3.3 t i m e s  r e s p e e t i v e l y .  H o w e v e r ,  by  the  15th minu te  a f t e r  i n j u r y  the  c o n c e n t r a t i o n  of the  f r e e  a m i n e s  
in the  i n f l a m m a t o r y  focus no l o n g e r  d i f f e r e d  s i g n i f i e a n t l y  f r o m  that  in the  c o n t r o l .  At  s u b s e q u e n t  t i m e s  of 
i n v e s t i g a t i o n  (unti l  the  fifth hour} the  c o n c e n t r a t i o n  of the f r e e  a m i n e s  showed  no s i g n i f i c a n t  ehange .  The  l eve l  
of  i n t r a e e l l u t a r  a m i n e s  con t inued  to r e m a i n  v e r y  low (Tab le s  1 and 2). 

The  p e r m e a b i l i t y  of the p e r i t o n e a l  v e s s e l s  was s h a r p l y  i n c r e a s e d  5 min  a f t e r  i n j e c t i o n  of t u r p e n t i n e ,  when 
i t  was m o r e  than 4 t i m e s  h i g h e r  than  in  the  c o n t r o l  (F ig .  1). In the p e r i o d  be tween  the  fif th and 15th minu t e s  i t  
r o s e  s t e a d i l y  and r e a c h e d  a m a x i m u m  by the 10th to 15th minu te ,  when it  was 7 t i m e s  h i g h e r  than  in the  c o n -  
t r o l .  By the 20th minu t e  a s i g n i f i c a n t  i n c r e a s e  in v a s c u l a r  p e r m e a b i l i t y  was  o b s e r v e d ,  a l though at  th i s  t i m e  
and l a t e r  du r ing  the  i n v e s t i g a t i o n  i t  con t inued  to r e m a i n  h ighe r  than  in the  c o n t r o l .  F o r  i n s t a n c e ,  1-2 h a f t e r  
i n j e c t i o n  of the  i n f l a m m a t o r y  agen t  the v a s c u l a r  p e r m e a b i l i t y  was 3 t i m e s  h i g h e r  than  in  the c o n t r o l .  The  

*The t i m e s  of d e c a p i t a t i o n  of the  a n i m a l s  a f t e r  i n j e c t i o n  of t u r p e n t i n e  a r e  g iven  in the  t ex t  and in the  t a b l e s .  
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Fig. I. Permeability of peritoneal vessels of albino rats in course of acute asep- 
tic peritonitis without exhaustion (unshaded columns) and after exhaustion (shaded 
columns) of histamine and serotonin reserves. Abscissa, time after injection of 
turpentine; C) control; ordinate, concentration oftrypanblue inperitoneal washings 
(in g/ml).  

Fig.  2. Mesen te ry  of albino ra t s  under 
no rma l  condit ions (a) and 10 days af te r  
i n t r ape r i t onea l  inject ion of b id i s t i l l ed  
water  (b). Toluidine blue, 150 • 

second,  slow, phase  of i nc r ea sed  v a s c u l a r  p e r m e a b i l i t y  was found 5 h af te r  injury.  At this  t ime it was s ign i f i -  
cant ly h igher  than that observed  1 and 2 h a f te r  the inject ion of turpent ine  and more  than 5 t imes  higher  than in 

the control .  

To confirm the role of biogenic amines in the increased vascular permeability in acute peritonitis, the 
permeability of the peritoneal vessels was studied in a separate series of experiments after preliminary 
exhaustion of the histamine and serotonin reserves. Intraperitoneal injection of bidistilled water, through its 
osmotic action, caused destruction and total disappearance of all the mast cells in the peritoneal cavity [9, 15]. 
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The investigation was carried out i0 days after the injection of water. By this time the initial vascular 

permeability, having been disturbed by the injection of water, was completely restored (Fig. i). No mast cells 

could be found in the peritoneal suspension or mesentery (Fig. 2). Very small quantities of free histamine 

(0.16 • 0.018 ~g per rat) were determined in the peritoneal suspension but serotonin was absent. The free 
histamine level was a little higher 5 and 15 rain after injection of turpentine into the same animals (1.03 • 0.207 
and i.Ii • 0.051 ~g per rat respectively), but did not exceed its level in the intact rats (P > 0.i); no serotonin 
was found under these circumstances. These results are in agreement with data [9] showing that the substance 
48/80, if injected intraperitoneally 7-10 days after an injection of distilled water, likewise does not liberate 
appreciable amounts of histamine. 

Preliminary exhaustion of the intraperitoneal histamine and serotonin reserves reduced the degree of 
disturbance of vascular permeability only 15 min after injection of the inflammatory agent. Vascular perme- 
ability was reduced by more than 40% 10-15 rain after the injection of turpentine compared with that found in 
animals without exhaustion of the reserves of biogenic amines. After 20 min and later the vascular perme- 
ability was the same in animals without and with exhaustion of the histamine and serotonin reserves (Fig. i). 

When the results of investigation of the concentration of biogenic amines and vascular permeability in the 
focus of acute inflammation are compared it will be seen that the most marked increase in vascular perme- 
ability is observed 5-10 rain after maximal liberation of the amines. Electron-microscopic investigations [6] 
showed that histamine, injected intraperitoneally, causes opening of the endothelial spaces of the mesenteric 
microvessels and an outflow of colloidal ink from the vessels into the tissue for a period of 5-10 rain. 

The dynamics of the immediate phase of increased vascular permeability corresponds to the dynamics 
of free amines. The intensity of outflow of dye into the peritoneal cavity was appreciably reduced 15 rain after 
injury. By this time the concentrations of free amines no longer differs significantly from their initial values. 
Preliminary exhaustion of the histamine and serotonin reserves reduced the severity of the disturbance of 
vascular permeability only for the first 15 rain after injection of turpentine. 

It can be concluded from the results of these experiments that histamine and serotonin cause increased 
vascular permeability in acute aseptic peritonitis mainly during the first 15 rain after injury. The possibility 
of interaction between mediators in the focus of inflammation must be taken into consideration [3, 4, 7]. 
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