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5-hydroxytryptophan activates the cor tex and mesencephal ic  re t icu lar  formation in ra t s .  
Its effect on the "cerveau isol6" prepara t ion  is reduced.  Serotonin antagonists of M (mor-  
phine) and D (5-methoxytryptamine) type, and also the universal  serotoninolytic drug 
diphenhydramine, specifically block the activation produced by 5-hydroxytryptophan.  

Previous work has shown that the depriming effect of 5-hydroxytryptophan (5-HT) on conditioned de- 
fensive ref lexes in r a t s  is blocked by per iphera l  M- and D-antagonists  of serotonin [5]. On this basis it 
has been suggested that the serotoninergic  s t ruc tures  of the brain responsible for this effect of 5-HT are  
a special  type of serotonin receptor  charac te r i s t i c  of the central  nervous system~ 

In the investigation descr ibed below electroencephalographic  data were used to determine which of 
the per ipheral  serotonin antagonists can block the activating effect of 5-HT on cort ical  activity in ra ts .  

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

The e l ec t rocor t i cogram (ECoG) was recorded  in rats  weighing 150-200 g, with permanently implanted 
bipolar e lect rodes  (diameter 150#, s tainless steel)~ The e lec t rodes  were introduced epidurally into the 
sensor imotor  and visual a reas  of the cortex~ To r eco rd  potentials in the mesencephal ic  re t icu lar  formation 
and to study the effect of t ransect ion of the brain stem to obtain a "cerveau isol6" preparat ion,  acute ex- 
per iments  were car r ied  out on animals immobil ized with succinylcholine (5 mg/kg,  intraperi toneally),  using 
art i f icial  respi ra t ion.  Elec t rodes  were introduced into the mesencephal ic  re t icular  formation in accordance 
with coordinates given in s tereotaxic  at lases  of the r a t ' s  brain [8, 9]. The e lec t r ica l  activity of the brain 
was recorded  on a four-channel  e lect roencephalograph of the 4E]~G-1 type. Serotoninergic s t ruc tures  of 
the brain were activated by means of 5-HT. The doses and methods of administrat ion of 5-HT and the se ro -  
tonin antagonists are  indicated in the captions to the f igures.  

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  

Under normal  conditions, on the ECoG recorded  from the sensor imotor  a rea  of intact rats,  low-am- 
plitude waves with a frequency of 10-12/sec  are  found, al ternating with periods of regular  burs ts  of spikes, 
while the ECoG of the visual a rea  consists  of waves of low and medium amplitude with a frequency of 12- 
15/sec .  From 20 to 30 rain after injection of 5-HT, a definite activating effect deve lops ,wi th theappearance  
of desynchronizat ion in the ECoG of the sensor imotor  area,  and a regular  h igh-frequency rhythm on the 
ECoG of the visual area .  The animals '  behavior showed an increase  in motor  activity accompanied by 
stereotyped actions. The activating effect of 5-HT lasted for more  than 3 h. 

The activating effect of 5-HT, as ref lected on the ECoG of cats and rabbits ,  is due to excitation of 
serotonin recep tors  of the re t icu la r  formation in caudal divisions of the brain stem [6]. The analogous 
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Fig. 1. Effect  of 5 -HT (300 m g / k g ,  
in t raper i toneal ly)  on EEG of r a t s :  
I-IV) EEG of intact rats; I) initial 
background; If, III, IV} 30 rain, 1 and 
2 h, respectively, after administra- 
tion of 5-HT; V-VIII) EEG of rrcer- 
veau isol~ '~ preparation; V) initial 
background before transection; V1) 
after transection; VII, VIIi) 40 min 
and 1 h, respectively, after injection 
of 5-HTo I) Sensorimotor cortex; 2) 
visual cortex; 3) mesencephalic reti- 
cular formation. 

effect  of 5-HT on r a t s  is a lso evidently local ized in the r e t i -  
cular  format ion  of the b ra in  stem~ Evidence of this is given, 
f i r s t ,  by the fact  that injection of 5 -HT is  followed by act ivat ion 
of the EEG not only in the cor tex ,  but a lso  in the mesencepha l i c  
r e t i c u l a r  fo rmat ion  (Fig. 1), and in some cases  the act ivat ion 
a r i s e s  e a r l i e r  in the mesencepha l i c  s t r u c t u r e s  than in the c o r -  
texo Second, a f t e r  t ransec t ion  of the bra in  at the ce rveau  isol6 
level ,  the act ivat ing effect  of 5 -HT was reduced:  in some cases  
it  failed to develop comple te ly ,  and in o thers  it pe r s i s t ed  only 
for the f i r s t  30-40 rain (Fig. 1)~ 

Morphine (M-antagonist}, 5 -methoxy t ryp tamine  (5-MT; 
D-antagonist} and diphenhydramine (universa l  antagonist) were  
used as the p e r i p h e r a l  serotonin  antagonists  [4]. 

As a p r e l i m i n a r y  Step the action of serotonin  antagonists  
t h e m s e l v e s  on the ECoG was studied. Tes t s  showed that m o r -  
phine, 5-MT, and diphenhydramine caused the appea rance  of 
slow, h igh-ampl i tude  waves  with per iodic  burs t s  of spikes  in 
the s e n s o r i m o t o r  a r e a  20-30 rain af ter  injection. The synchron-  
izing effect  of morphine  las ted  for 1.5 h, and that of 5-MT and 
diphenhydramine f o r  1o5-2 h. 

When these drugs were  injected s imul taneous ly  with 5- 
HT, the ac t ivat ing ef fec t  of the la t ter  was not exhibited.  For  
example ,  when morphine  and 5- t IT  were  injected together ,  
mainly  h igh-vol tage  slow waves ,  a l ternat ing with per iods  of 
n o r m a l  background act ivi ty,  were  r eco rded  on the ECoG. After  
s imul taneous  injection of 5-MT and 5-HT,  t r ans ien t  synchroni -  
zation was obse rved ,  but the ini t ial  background ECoG was r e -  
s tored  a f t e r  only 15 mino At the end of the expe r imen t  (after 
120 min), d i sc re t e  slow d ischarges  appeared .  Roughly the 
s ame  pic ture  was observed  af ter  s imul taneous  injection of 
diphenhydramine and 5-HT (Fig~ 2). 

The act ivat ing effect  of serotonin and 5-HT is known to 
take place  in the r e t i cu l a r  format ion  of the b ra in  s t em [6]. 
5 -MT is s t ruc tu ra l ly  ve ry  s imi l a r  to serotonin.  In addition, 
the action of 5-MT on cor t ica l  background e l ec t r i c a l  act ivi ty  
l ikewise can be local ized in the bra in  s t em,  and it can t h e r e -  
fore  be postulated that the antagonism between 5-MT and 5-HT 
is spec i f i c  in c h a r a c t e r  and is local ized in the region of the 

mesencepha l i c  r e t i cu l a r  fo rmat ion .  The depr iming  effect  of morphine ,  on the bas i s  of ECoG data,  depends 
to some extent on exci ta t ion of the i n t r a l amina r  tha lamic  s y s t e m  [1]~ The synchroniz ing effect  of diphen- 
hydramine ,  which is known to pos s e s s  a cen t ra l  cholinolytic action [7], can be at tr ibuted to the blocking of 
ascending act ivat ing influences at the cor t ica l  level  [6]. Consequently,  the antagonism between morphine  
and diphenhydramine,  on the one hand, and 5-HT on the other ,  may take place ,  not in the r e t i cu l a r  format ion ,  
but at  higher  levels  of the bra in ,  and it may  be functional in c h a r a c t e r .  However ,  the poss ib i l i ty  cannot be 
ruled out that in terac t ion  between these drugs and 5-HT can also take place in the mesencepha l i c  r e t i cu l a r  
format ion  because  morphine  and the cen t ra l  cholinolyt ics a re  known to exhibit thei r  e f fec ts  on this pa r t  of 
the cen t ra l  nervous  s y s t e m  also [2]. 

To examine the c h a r a c t e r  of the antagonism between 5-HT,  morphine ,  5-MT, and diphenhydramine,  
the effect  of sodium amyta l  on the act ivat ing effect  of 5-HT and on in terac t ion  between serotonin antagonists  
and a d r e n o m i m e t i c s  and cho l inomimet ics  (amphetamine  and galantharaine) was inves t igated.  Sodium amytal ,  
amphe tamine ,  and galanthamine were  chosen because  the i r  action on the ECoG is effected mainly  through 
changes in the exci tabi l i ty  of nonspecif ic  s y s t e m s  of the bra in  s t em,  i .e . ,  the same  s t r u c t u r e s  which a re  
r e spons ib le  for the effect  of 5-HT [1, 2 ,6] .  
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Fig. 2. Effect  of 5 -HT (300 mg/kg ,  in t raper i toneal ly)  on background EEG of s enso r i -  
mo to r  (above) and visual  (below) cor t i ca l  a r e a s  of r a t s  before and af ter  adminis t ra t ion  
of sero tonin  antagonis ts  and sodium amyta l .  F r o m  I to VI inclusive:  1) initial back-  
ground EEG; I: 2) EEG 60 min af ter  injection of 5-HT (300 mg /kg ,  in t raper i toneal ly) ;  
II: 2) EEG 60 min af ter  injection of sodium amyta l  (25 mg/kg ,  in t raper i toneal ly) ;  III: 
2) EEG 60 min a f te r  s imul taneous  injection of 5-HT and sodium amyta l ;  IV: 2) EEG 
30 min af ter  s imul taneous  injection of 5 -HT and morphine (2 mg/kg ,  intravenously)  ; 
3) EEG 60 min af ter  s imul taneous  injection of 5 -HT and morphine;  V: 2) EEG 60 rain 
af ter  s imul taneous  injection of 5 -HT and 5-MT (5 mg/kg ,  intravenously) ;  VI: 2) EEG 
60 rain a f te r  s imul taneous  injection of 5 -HT and diphenhydramine (30 m g / k g ,  i n t r a -  
per i toneal ly) .  

Af ter  injection of sodium amyta l  (25 mgA;g, in t raper i toneal ly) ,  slow, h igh-ampl i tude  waves  a l t e rna t -  
ing with burs t s  of  spikes  appeared  on the ECoG. The effect  of the drug developed a f te r  20-30 min and lasted 
for 1.5-2 ho Sodium amyta l  thus has an action s im i l a r  to the effects  of morphine ,  5-MT, and diphenhydra-  
mine.  Unlike the sero tonin  antagonis ts ,  however ,  th is  drug does not block the act ivat ing effect  of 5 -HT on 
the ECoGo 
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Starting from 30 rain after their intraperitoneal injection, amphetamine (5 mg/kg) and galanthamine 
(6 mg/kg) produced definite desynchronization which lasted for at least 3 ho Central serotonin antagonists 
did not prevent the activating effect of these drugs. Consequently, in the doses tested, diphenhydramine, 
morphine, and 5-MT do not block the cholinergic and adrenergic systems of the ra t  brain stem. 

The resul ts  of the experiments with sodium amytat, amphetamine, and galanthamine suggest that the 
antagonism between morphine, 5-MT, diphenhydramine, and 5-HT is specific in character  and is localized, 
possibly, in the mesencephalie ret icular  formation, i .e. ,  in the place where the effect of 5-HT is produced. 

Activation induced by 5-HT was blocked by M-, D-, and universal antagonists of serotonin. The s t ruc-  
tures responsible for the activating effect of 5-HT on the ECoG are thus similar in their sensitivity to block- 
ing agents to the serotoninergic structures through which 5-HT exerts  its action on conditioned defensive re -  
flexes, and they are evidently a special type of universal serotoninergic receptor  character is t ic  of the cen- 
t ra l  nervous system. 
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