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A study of the ef fec t  of p e r i p h e r a l  serotonin antogonists  on exophthalmos and d ia r rhea  in-  
duced by serotonin showed that the un iversa l  antagonist  (prepara t ion PVM*) inhibits both 
the exophthaLamos and the d i a r rhea ,  whereas  D-antagonis ts  (5-methoxyt ryptamine ,  6 -me th -  
oxyt ryptamine ,  d ihydroergotamine)  inhibit only the exophthalmos and M-antagonis ts  (mor -  
phine, t r imeper id ine)  inhibit only the d ia r rhea .  

Labor ious  methods of invest igat ion have to be used at  the p re sen t  t ime for  the p r i m a r y  sc reen ing  of 
subs tances  inhibiting pe r iphe ra l  M- and D-sero toninerg ic  s t ruc tu re s  by in vivo tes ts  [4, 7, 9]. 

In the investigation desc r ibed  below the poss ib i l i ty  of identifying pe r iphe ra l  M- and D-antagonis ts  of 
serotonin by means of s imple  expe r imen ta l  models  was studied. 
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Fig.  1.  Logar t ihm of 
d o s e - e f f e c t  cu rves  of 
s e ro ton inbe fo re  (1) and 
a f te r  intravenous in-  
ject ion of morphine in 
doses  of 2 (27 and 5 (37 
mg/kg .  Absc i ssa ,  nega-  
t ive logar i thm of s e r o -  
tonin dose (in pg/kg); 
ordinate ,  e f fec t  (in % 
of maximal) .  

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

Tes ts  were c a r r i e d  out on mice of both sexes  weighing 18-22 g. The 
effect  of pe r iphe ra l  serotonin antagonists  were studied on the exophthalmos and 
d i a r rhea  developing a f t e r  injection of serotonin.  

Exophthalmos was induced by rapid  injection of serotonin in a dose of 
10 mg/kg  into the caudal  vein. The ef fec t  appeared  immedia te ly  a f te r  the 
injection and lasted for  30-60 see .  F r o m  2 to 3 min af ter  the injection of 
serotonin the animal  developed seve re  d ia r rhea ,  which continued for  20-30 
min.  

The subs tances  to be tes ted  were injected in t raper i tonea l ly  in aqueous 
solution 20 min before the injection of serotonin. To determine the specifi- 
city of the antiserotonin properties of the compounds tested, their effect was 
studied on the exophthalmos induced by adrenalin, injected intravenously in 
a dose of 200 #g/kg. In addition, the specificity of the serotonin-negative 
action of some serotonin antagonists (in particular, morphine) was studied 
by the diarrhea test. The relationship between the effect and dose of sero- 
tonin with and without previous injection of morphine was expressed as a 
straight line on the logarithm of dose-effect graph. Both the exophthalmos 
and diarrhea were assessed in alternative form. Statistical analysis of the 
results was carried out by the method of Litchfield and Wileoxon. 

*An analog of dixyrazine.  
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TABLE 1. Effect  of Various Substances on Serotonin and Adrenalin 
Exophthalmos and on Serotonin-Induced Dia r rhea  

Preparation 

Morphine 
Trimeperidine 
5-Methoxytryptamine 
6-Methox)tryptarnine 
Dihydroergotamine 
PVM 

EDs0 (in mg/kg, intraperitoneally) 
serotonin exo- 
phthatmos 

>5 
>40 

5,2 (3,3--8,0) 
4,3 (3,2--6,2) 
2,5 (I,6--3,9) 

10,5 (5,8-- 18,9) 

adrenalin 
exophthalmos 

>5 
>40 
>80 
>50 

3,3 (2.2--4,9) 
> 50 

diarrhea 

2,9 (1,5-5,6) 
21,0 (10,0+44,0) 
causes diarrhea 

> 50 
causes diarrhea 
12,0 (7,9+21,6) 

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  

The r e su l t s  given in Table 1 show that the exophthalmos induced by serotonin is inhibited by the D- 
antagonists  5 -methoxy t ryp tamine ,  6 -methoxyt ryp tamine ,  and dihydroergotamine [1, 6] and by the un iversa l  
antagonist  p repa ra t ion  PVM [3]. 

By con t ras t ,  the M-antagonis ts  morphine  and t r imeper id ine  [2, 8, 10] did not affect  this action of 
serotonin.  

Investigation of the effect  of serotonin antagonists  on adrenal in- induced exophthalmos showed that 
5 -methoxy t ryp tamine ,  6 -methoxy t ryp tamine ,  and prepara t ion  PVM, in doses  exceeding E D84 in re la t ion 
to serotonin- induced exophthalmos,  did not a l te r  the effect  of adrenal in .  By con t ras t  with these components ,  
d ihydroergotamine a lso  p reven ted  the adrenal in  exophthalmos (Table 1). This fact  can be explained by the 
adrenolyt ic  p rope r t i e s  of d ihydroergotamine  [5]. 

Serotonin-induced exophthalmos in mice is thus b lockedby D-antagonis ts  (5 -methoxyt ryp tamine ,  6- 
methoxyt ryptamine ,  d ihydroergotamine)  and by the un iversa l  antagonist  (prepara t ion PVM). All these 
compounds,  except  d ihydroergotamine ,  inhibit the action of serotonin spec i f ica l ly ,  for even in much l a r g e r  
doses  they have no effect  on adrenal in- induced exophthalmos.  

In the next s e r i e s  of expe r imen t s  the propuls ive action of serotonin was found to be suppres sed  by 
M-antagonis ts  (morphine,  t r imeper id ine)  and by the universa l  antagonist  PVM, whereas  the D-an tagonis t  
6 -methoxyt ryptamine  had no effect  on the action of serotonin.  Both 5 -methoxyt ryp tamine  and d ihydroer -  
gotamine themse lves  produced d i a r rhea  (Table 1). 

Fu r the r  expe r imen t s  showed that in the p resence  of morphine (2 and 5 mg/kg)  the serotonin " log-  
a r i t hm of d o s e - e f f e c t "  s t ra igh t  lines a re  shifted para l le l  to each  other  to the r ight  (Fig. 1). The para l le l  
nature  of the s t ra igh t  l ines and the significant  difference between the ED~0 values of serotonin before  and 
a f te r  adminis t ra t ion  of var ious doses of morphine were  conf i rmed  by s ta t i s t ica l  ana lys is  of the r e su l t s .  
The para l l e l  shift  of the s t ra igh t  lines indicates  the competi t ive c h a r a c t e r  of the antagonism of morphine 
with serotonin,  and conf i rms  the speci f ic i ty  of action of the antagonist .  The d i a r rhea  induced by serotonin 
is thus suppres sed  by M-antagonis ts  (morphine,  t r imeper id ine)  and the un iversa l  antagonist  (prepara t ion 
PVM), with w e l l - m a r k e d  M.--serotoninoiytic p rope r t i e s .  

It can be concluded f rom these r e su l t s  that serotoninergic  s t r uc tu r e s  respons ib le  for the develop-  
ment  of exophthalmos in mice are  r e c e p t o r s  of the D-type,  and that the propuls ive  action of serotonin is 
effected through excitat ion of M-se ro ton ine rg ic  s t ruc tu res .  
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