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Experiments  on anesthetized cats showed that benzofuran derivatives ALA-455 and K-320 
are  much less active than the corresponding derivatives of indole (ALA-251 and NSH-134) 
in their  ability to depress  reflex bradycard ia  in response  to serotonin (T-ant iserotonin ac -  
tivity). The resul ts  are  discussed f rom the point of view of the possible role of indole n i -  
t rogen in the interact ion between serotonin antagonis ts  and T-sero ton inerg ic  s t ruc tures .  

The w r i t e r ' s  previous investigations showed that the B e z o l d - J a r i s c h  reflex to serotontn a r i ses  f rom 
serotoninergic  s t ruc tures  which differ significantly f rom those described previously in their  res is tance  to 
lysergic  acid derivatives and to the narcot ic  analygesics .  These s t ruc tures  are competi t ively blocked by 
tipindole (the f i-dimethylamino-ethyl  es te r  of 1 ,3 ,4 ,5- te t rahydrothiopyrano-(4 ,3-B)- indolecarboxyl ic-8  acid), 
and for this reason they have been descr ibed as T-sero ton inerg ic  [4-5]. Fur ther  investigations showed 
that, like tipindole, other derivatives of indole also possess  T-ant iserotonin  propert ies ,  notably the sub- 
s tances ALA-251 and NSH-134 (the dimethylaminoethyl e s t e r s  of 2,3-dimethylindolecarboxylic-5 acid and 
3 -me thy l - l , 2 ,3 ,4 - t e t r ahydro -7 -ca rbo l ineca rboxy l i c -6  acid) [6]. The object of the present  investigation 
was to compare  the T-ant iserotonin  activity of compounds ALA-251 and NSH-134 with the corresponding 
activity of their  oxygen i sos te res  - derivat ives of benzofuran synthesized in the Institute of Pharmacology,  
Academy of Medical Sciences of the USSH, by L. A. Aksanova and co -worke r s . *  This compar i son  would 
be interest ing to c lar i fy  the role of indole ni trogen in the manifestation of the T-ant iserotonin  activity of 
these compounds. 

EXPERIMENTAL METHOD 

Altogether 50 experiments  were per formed on cats anesthetized with urethane (600 mg/kg)  andchlo-  
ra lose  (40 mg /kg ) .  Serotonin and its antagonists were injected intravenously.  The a r t e r i a l  p ressu re  was 
recorded  in the carot id  a r t e r y  by a m e r c u r y  manometer .  The hear t  rate was determined f rom the blood 
p res su re  curve.  The T-ant iserotonin  activity of the compounds was est imated f rom their ability to double 
the threshold of reflex bradycard ia  to serotonin.  

*The oxygen i sos te re  of tipindole was also synthesized.  However, this compound was found to be ve ry  
rapidly hydrolyzed in solutions, making quantitative est imation of its activity difficult. 
SThe B e z o l d - J a r i s c h  reflex to serotonin is manifested by bradycardia ,  hypotension, and apnea. The c a r -  
diac component of this t r iad was chosen because it is purely reflex in charac te r  in cats ,  whereas the hypo- 
tension and, in some cases ,  the apnea are  mixed [5]. 
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E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The experiments showed that indole derivatives are  much s t ronger  than the corresponding oxygen 
i sos te res  in their  T-ant iserotonin  activity. For  instance, compound ALA-251 doubled the threshold of 
reflex bradycardia  to serotonin in a dose {M �9 m) of 0.38 :~ 0.01 mg /kg ,  while the co r re spond ingbenzo-  
furan derivative,  compound ALA-455, produced this effect only in a dose of 2.42 �9 0.027 m g / k g .  In both 
cases  the antagonism was specific,  for  reflex bradycard ia  to sodium salieylate was not reduced by these 
compounds even in a dose of 5 m g / k g .  The indole derivative NSH-134 doubled the threshold of reflex 
bradycard ia  to serotonin in a dose 0.64 m g / k g ,  while the corresponding oxygen isos tere ld id  not depress  
this reflex in a dose of 5 m g / k g .  The presence of the indole nitrogen thus is an important  condition for 
T-ant iserotonin activity of the tested compounds. 

Some propert ies  distinguishing indole derivatives f rom benzofuran derivatives can be deduced f rom 
the compar ison of the following charac te r i s t i c s  of indole and benzofuran: indole has a higher net positive 
charge  on the heterocycl ic  atom (+0.305 for indole nitrogen and +0.126 for the benzofuran oxygen), a high- 
er  negative charge  on the C~ atom ( - 0 . t ! t  for  indoIe and -0 .033  for  benzofuran),* and a slightly higher 
e lectron density on the C5, C 7, and C 8 atoms [13]. The net dipole moment of the indole molecule de te r -  
mined experimental ly is 2.13 D, compared with 0.79 D for benzofuran [10]. Meanwhile, the interatomie 
dis tances in the indole and benzofuran rings are  vir tually identical. 

The foregoing facts suggest that the grea te r  T-ant iserotonin  activity of indole derivat ives than of 
benzofuran derivatives can be explained by the bet ter  conditions for e lect rosta t ic  interact ion between pa r -  
t icular  fragments  of the indole r ing and the corresponding areas  of the T - r ecep to r .  In this connection the 
fur ther  study of the dependence of the T-ant iserotonin propert ies  of substances on the net eharges on the 
ni trogen and carbon atoms of the indole r ing is interest ing.  

Besides the charac te r i s t i c s  a l ready mentioned, indole and pyrrole  differ f rom their  oxygen i sos teres  
by their  ra ther  s t ronger  e lec t ron-donor  proper t ies :  the f i r s t  ionization potent ial t  of pyrrole ,  for instance,  
is 8.97-8.2, while that of furan is 9.03-8.89 [13]. This may account for  the less marked tendency of the oxy- 
gen i sos te res  to form complexes with t rans fe r  of the charge.  Nevertheless ,  the formation of complexes 
with charge t r ans fe r  is regarded as a hypothetical means by which serotonin and its antagonists react  with 
serotoninergic  s t ruc tures  [2, 7, 11]. 

One of the distinguishing features of indole derivatives is evidently the presence of a hydrogen atom 
attached to the indole nitrogen, so that hydrogen bonding can take place between the indole nitrogen and 
any electronegative atom of the receptor .  Benzofuran derivatives cannot act as donors for such a band. 
However, as this writer's investigation ~i] showed, the ability of indoles to act as donors in hydrogen bond- 
ing is unlikely to play an essential  role in the interact ion of the antagonists with T-sero ton inerg ic  s t r u c -  
tures ,  because replacement of the hydrogen atom at the indole nitrogen by a methyl radical  not only does 
not reduce but, on the cont rary ,  it increases  T-ant iserotonin  activity. 

Fur ther  investigations will show which of the fac tors  mentioned above, or  which other factors  which 
have not been considered,  play the essential  role in the interaction between these compounds and T - s e r o -  
toninergic s t ruc tures .  However, it is a l ready c lear  that the nitrogen of the indole r ing is important  for 
their T-ant iserotonin  activity. 
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*The atoms of indole and benzofuran are  numbered as follows: 

~The f i r s t  ionization potential of the v - e l ec t ron  is the energy required to remove one v - e l e c t r o n  f rom the 
molecule in the gaseous phase. The higher the ionization potential, the less s t rong the e lect ron-donor  pro-  
pert ies of the substance. 
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