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Serotonin is one of the most widespread physiological ly  ac t ive  substances, and structures sensitive to it  can be 

de tec ted  in the most var ied animals ,  including preneural  organisms [1, 3, 5, 7]. However, the question of the specific 

pecul ia r i t ies  of these receptors in different groups of animals  remains to a considerable degree unresolved. It is 

known only that  the antiserotonin effect  of the d ie thy lamide  of lysergic acid,  established in experiments  on ver te -  
brate animals,  is not always de tec ted  in invertebrates  [8]. It has also been shown that the myoeard ium of the Roman 

snail  and organs of vertebrates  sensitive to serotonin react  s imilar ly  to various serotonin analogs [4]. 

A more de ta i led  compara t ive  study of receptors sensitive to serotonin is of undoubted interest  in connection 

with the problem of the phylogenet ic  origin of the regulatory mechanisms.  In part icular ,  a comparison of the prop-  
erties of serotonin-sensi t ive structures in innervated and noninnervated organs of various animals  is of special  interest .  

For this purpose, in our experiments  we invest igated the influence of various indoly la lkylamines  on the motor proper-  
ties of developing embryos of nudibrachiates and on the tone of the blood vessels of the rabbit  ear. 

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

The experiments  on nudibrachiates  were conducted at the Murmansk Marine Biological  Institute. The main  ob-  

jects of this series of experiments  were embryos of Dendronotus frondosus, at various stages of deve lopment - - f rom 
the emergence  of the embryonic  motor system to tke moment  of hatching from the egg. It had been shown car t ier  

that  the motor cel ls  of embryos of nudibrachiates  are very sensitive to serotonin. This property arises long before the 
appearance  of a nervous system, increases for some t ime ,  and decreases with the establ ishment  of innervation of the 
motor  cel ls  [3]. Equal numbers of embryos of the same age were transferred to solutions of the test substances, pre-  
pared in sea water.  The rate of rotation of the embryos at  12-14 ~ 10 rain after the introduction of the test substance, 

served as the measure of the ac t iv i ty  of the preparations.  In the control  experiments,  embryos were p laced  in f i l tered 
sea water.  The vasoconstr ict ive act ion of indoly la lky lamines  was studied on an isolated rabbit  ear. Solutions of 
the preparations were made  up in Kravkov's  fluid. The re la t ive  decrease in the number of drops of effluent l iquid 
in comparison with the in i t i a l  level ,  taken as 100, served as the measure of ac t iv i ty  of the preparations.  

In the exper iments  we used t ryptamine  and its derivatives,  the indole rings of which contain substituents in the 
form of halogen,  methyl ,  hydroxy, or alkoxy groups. In addit ion,  we studied t ryptamine derivat ives  with several  sub- 
st i tuent groups or with substituents in the aminoethyl  chain,  and with lengthening of the la t ter  by one or two carbon 
atoms. ~ -3 - Indazo ly l e thy lamine ,  structurally close to t ryptamine  (~ - a - indo ly l e thy lamine ) ,  was also used. Hydroxy 

derivat ives  of t ryptamine  were used in the form of their c rea t in  sulfate complexes,  and the remaining  substances in 
the form of their hydrochlorides.  A tota l  of g l  compounds were invest igated.  

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

The results of experiments  on embryos of D:. frondosus are presented in Figs. 1-3. It was found that  a l l  the in-  
do ly la lky lamines  tested possessed the abi l i ty  to s t imula te  the embryonic motor system to one degree or another~ 
Sensit ivity to the in i t i a l  c o m p o u n d - t r y p t a m i n e - d i d  not remain  constant during development ,  reaching the highest 

827 



rpm 
50 

40" 

30" 

ea- 

.I0- 

0 

K4 
~tSI~..T I i! 3 A 
t~ ~%%;,%i) R 2 

8 

I / ] ! 2  

1 .*s 
�9 . 

,-lO -g -e -? -a -6 -4 -3 LogM 

rpm 

60 

40 81 
30 

20 
10 
0 

sea 70 -$ -# 
water 

Y 

-? -# -l~ -4 -3 LogM 

Fig. 1. Effect of various indolylalkylamines on the embryonic motor system of D_... 
frondosus. A) Very early veligers; B) early veligers; 1) serotonin; 2) tryptamine; 
a) ct-methyltryptamine; 4) 2-methyltryptamine; 8) 4-methyltryptamine; 6) 6- 
methyltryptamine; 7) 6-methyltryptamine; 8) N,N-dimethyltryptamine; 9) 6 - 8 -  
indolylbutylamine. Along X-axis- logar i thm of the molar concentration of indolyl- 
alkylamines; along Y-ax i s - ra te  of rotation of the embryos. 
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Fig. 2. Effect of various indolylalkylamines 
on the embryonic motor system of D. frondo- 
su_.j. A) Very early veligers; B) early veligers; 
C) late veligers; 1) serotonin; 2) tryptamine; 
3) g-methoxytryptamine; 4) 4-methoxytrypt- 
amine; 6) methoxytryptamine [sic: 6-meth-  
oxytryptamine]; 6) 7-methoxytryptamine; 
7) 6-hydroxytryptamine. Notations of the 
coordinate axes the same as in Fig. 1. 

development in medium veligers, and remaining approximately one order of magnitude lower in early and late 
veligers* (see Figs. 1-3). The introduction of a substituent into the g-position increased the activity of the 

* Veligers are typical mollusk larvae, possessing a characteristic organ of Iocomotion--the velum, or parus. In very 
early veligers, the velum is almost undeveloped, while in early veligers it is weakly developed, but the embryonic 
shell is absent. In medium veligers, the shell is small, the flagelIa of the velum are well developed, but still have 
no innervation. In late veligers, the shell reaches the maximum size, and the motor cells of the velum are innervated. 
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Fig. 3. Effect of various indolyl- 
C amines on the embryonic motor 

system of D. frondosus. A) Very 
l l ~ ' ~ / . ~ , 3 S  early veligers; B) early veligers; 

C) late veligers; 1) serotonin; 
I /  2) tryptamine; 3) 4-chlorotrypt-  

~ /  0 amine; 4) 5-chlorotryptamlne; 
5) 6-chlorotryptamine; 6) 7-chloro-  

' ' ' ' ' ' ' tryptamine. Notations of the co-  
-9 -8 -Z -0 -5 -4 - 3 L o g M  

ordinate axes the same as in Fig. 1. 

compounds. Moreover, 5-hydroxytryptamine (serotonin) is the most active of the indolylalkylamines that we investi- 
gated. This difference of serotonin from the other indolylalkyIamines is most pronounced when it acts on early e m-  
bryos (Figs. 1A, 2A, SA). At the late stages of development, this difference is somewhat smoothed out as a result of 
a decrease in the sensitivity of the embryos to serotonin in connection with the appearance of innervation [11 and an 
increase in the sensitivity to other indolylalkylamines. 

The presence of a substituent in the 2-,  4-,  6-, and 7-positions of the indole ring reduces the activi ty of the 
compound in comparison with tryptamine. The activity is also reduced when the side chain is lengthened (6 - a - in -  
dolylbutylamine) or with the incorporation of a methyl  group in the c~-position. This decrease is most pronounced 
with respect to the early veligers, when certain indolylalkylamines (4-,  6-, or 7-methoxytryptamine,  2-,  or 6 -methy l -  
tryptarnine, etc.) prove entirely inactive in the concentrations used (see Figs. 1-3). It is interesting that ahhough the 
sensitivity to serotonin and tryptamine falls when innervation is established, for all the other indolylalkylamines in- 
vestigated, on the contrary, it increases noticeably (see Figs. 1-3). 

The introduction of supplementary substituting groups into the 5-methoxytryptamine molecule (5 -methoxy-7-  
chlorotryptamine, 1 -benzy l -2-methy l -g -methoxy- t ryp tamine ,  5-methoxy-2-carboxytryptamine)  sharply reduces the 
activity, so that it proves even lower than in tryptamine. On the other hand, the replacement of the hydrogen atoms 
of the primary amino group of tryptamine by methyl  groups has no effect upon the activity of the preparation (see 
Fig. 1). The replacement  of carbon in the 2-position of the indole ring by nitrogen (~ -3- indazolylethylamine)  lowers 
the activity. 

As can be seen from the data presented in the table, similar patterns are also detected in a study of the action 
of indolyalkylamines on the tone of the blood vessels of the isolated rabbit ear. Tryptamine, its derivatives and 
homologs reduce the number of drops of effluent liquid, although to varying degrees, i .e. ,  exert a vasoconstrictive 
action. It fs more pronounced in tryptamine derivatives possessing various substituents in the 5-position of the indole 
ring, where 5-hydroxytryptamine is the most effective preparation. On the contrary, all amines with substituted 2-,  
4-,  6-, or 7-posit ion of the indole ring, the r of the aminoethyl chain, as well as tryptamine homoiogs 
with a lengthened side chain are inferior to the initial compound- - t ryp tamine- in  their ability to produce a vaso- 
constrictive effect. This effect is also appreciably weakened when the molecules of such active preparations as 6-  
chloro- or 5-fluorotryptamine possess a supplementary substituent in the c~-position of the side chain or when the 
carbon in the 2-position of the indole ring is replaced by nitrogen (/3 -3-indazolylethylamine).  The vasoconstrictive 
properties of tryptamine were unchanged only when the hydrogens of the primary amino group were replaced by 
methyls (N, N-dimethyltryptamine).  
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Vasoconstric~ive Effect of Indolyla lkylamines  in Experiments on Isolated Rabbit Ear 

Names of preparations 

Tryptamine 
5 -Hydroxytryptamine 

5 -Methoxytryptamine  
5 -Ethoxytryptamine 
5 -Propoxytryptamine 

5-Butoxytryptamine 
5-Bromotryptamine 
5 - Iodotryptamine 
5-Chlorot ryptamine  
a -Methyl  -5 -chloro t ryptamine  

5-Fluorot ryptamine  

c~ -Methy l -5  - f luorotryptamine 

-3 -  Indazoly le thylamine  

Concentra-  

t ion (in M) 

1.33 �9 10 -7 
1,33" 10 -7 

1.33" 10 -7 
1.33 �9 10 -7 
1 , 3 3 '  10 -7 
1 .33 .  10 -7 

1.33 " 10 -7 
1,33" 10 -7 

Decrease 

in no. of 
drops (in 
~ of ini t ial)  

42 

70 

62 

52 

56 

58 

60 

59 

Names of preparations 

Tryptamine 

c~ -Methyl t ryptamine  

2-Methy l t ryp tamine  
4-Chlorot ryptamine  

4-Methoxyt ryptamine  
6-Chlorot ryptamine  
6-Methoxyt ryptamine  

6-Hydroxytryptamine 

Conce l t r a -  
t ion (in M) 

4 10-7 
4 10 ,7 
4 10 "7 

4 10-7 
4 10 -7 

4 10-7 
4 10-7 

4 10-7 

Decrease 
in no. of 
drops (in 
% of ini t ial)  

61 
32 
13 

31 
15 
24 

19 
34 

1 , 3 3 ,  10 -7 

1 .33-  10 -7 
1.33" 10 -7 
1.33 �9 10 -7 

1,33 " 10 -7 

62 
18 

62 

18 

31 

7 -Chlorot ryptamine 

7 -Methoxytryptamine 
N, N-Dimethy l t ryp tamine  

7 -3 - Indoly lpropylamine  
6 -3 -  Indolylbutylamine 

4 10 -7 

4 �9 10 -7 
4 �9 10 -7 

4 ,  10 -7 

4 �9 10 -7 

25 
16 
64 

15 

,14 

Thus, serotonin-sensi t ive receptors of the blood vessels of the rabbit  ear  and innervated or noninnervated motor 
cel ls  of mollusk embryos react  bas ica l ly  iden t ica l ly  to changes in the c h e m i c a l  structure of indolyla lkylamines .  If 

we take the sensit ivity of these receptors to t ryptamine as a basis, then the following may be observed in connection 
with changes in the chemica l  structure: a) an intensif icat ion of sens i t i v i ty -when  the 5-posi t ion in the indole ring is 

substituted; b) its conservation at  the same l e v e l - w h e n  the hydrogen atoms of the primary amino  group are replaced  
by methyls;  c) weakening of s ens i t i v i ty -when  substituents are introduced into the 2- ,  4- ,  6- ,  and 7-posit ions of the 

indole ring or into the carbon portion of the aminoethyt  chain.  Such a dependence of the ac t iv i ty  on the structure 
was also detected ear l ier  [2] in a study of the rad io -pro tec t ive  properties of indoly la lkylamines .  

The data  obtained are apparent ly ev idence  of the presence of common features in the properties of the seroto- 
nin-sensi t ive receptors in organisms at various phylogenet ic  levels. It should be noted that  in this case it is a mat ter  

of receptors with different physiological  s ignif icance.  The functional  response to serotonin is probably based on the 
same reaction,  independent  of whether this substance is a loca l  hormone with rhythmic ac t iv i ty  (motor cel ls  of mo l -  

lusk embryos), a physiological ly  ac t ive  factor carr ied by the blood (blood vessels of the rabbit  ear ), or a media tor  

of the nervous system (snail hear t  [4]). 

The opt imum conditions for the in teract ion.of  indoly lamines  with the receptors under consideration are the 
presence of an unchanged indole ring, a side chain in the 3-posit ion,  with a length of no more than 2 carbon atoms, 
and a substituent in the 5-posi t ion  (the most ac t ive  substituent is the hydroxy group). The reduction of the sensit ivity 

of the receptors when substituents are introduced into other positions of the indole ring and into t he  side chain is 
probably due to a disturbance of the steric relationship of the receptor  and the amine  molecule .  The increase in 
sensit ivity when a substituent is present in the 5-posi t ion  is evident ly  re la ted  to fac i l i t a t ion  of the orientat ion of  the 

amine  molecu le  on the surface of the receptor.  

S U M M A R Y  

Al l  of the studied indoly la lkylamines  (30 substances in 311) as wel l  as t~ - indazo ly le thy lamine  am capable  of 
s t imulat ing the embryonal  motor ac t iv i ty  of nudibranchiate  mollusks. The most ac t ive  in this respect  is 5 -hydroxy-  
t ryptamine  (serotouin). Combinations with substituting groups in the 2rid, 4th, 6th, or 7th position of the indol ring 
are less ac t ive  than t ryptamine.  The act iv i ty  is also lessened by elongat ion of the l a te ra l  chain (6 -3 - indo ly lbu ty l -  
amine) ,  by inclusion of the methyl  group in the a -pos i t i on  or by substituting nitrogen for carbon in the 2nd position 

of the indole ring, This reduction is the most evident  in ear ly  mollusk embryos, when some indoly la lkylamines  are 
a lmost  inac t ive .  With the formation of innervation the sensit ivity of the motor cel ls  to serotonin and t ryptamine de -  
cl ines and to a number of other indo ly la iky lamine  increases. A s imilar  series of ac t iv i t ies  has been discovered in 

the study of the vasoconstrict ive effect  of indoly la lky lamine  on the vessels of the rabbit  ear. 
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