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The local  mic ro in jec t ion  of dopamine (DA), noradrena l in  (NA), and serotonin  (5-HT) into the 
dorsa l  h ippocampus of r a t s  in doses  of 5 #g  did not affect  musc le  tone or  spontaneous mo to r  
act ivi ty but lengthened the latent  per iod  of the conditioned avoidance ref lex.  The inhibition 
of the re f lex  by DA took place through r e c e p t o r s  of neurons  sensi t ive  to haloperiodol  only. 
The effect  of NA was abolished by ~ -adreno ly t i c s .  Perphenazine  did not change the inhibi tory 
ef fec t  of all  the b ioamines  on the conditioned defensive ref lex,  but if given before  NA the t a t -  
t e r  s ignif icant ly s t imula ted  the m o t o r  act ivi ty of the ra t s .  After  me l ip r amine ,  DA inhibited 
the avoidance reac t ion  more  s t rongly  and s t imulated the spontaneous mo to r  activity,  whereas  
mic ro in jec t ion  of NA under  the same  conditions was followed by inhibition of the an ima l s '  
mo to r  act ivi ty .  
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The hippocampus exe r t s  inhibi tory control  ove r  the in tegrat ive  m e c h a n i s m s  forming  conditioned de- 
fensive r e f l exes  [3, 14, 17]. However,  the neurochemica l  m e c h a n i s m s  of this effect  have not beenexpla ined .  
The high level of noradrena l in  (NA) and sero tonin  (5-HT) in the neuronal  s t r u c t u r e s  of the hippocampus 
[16], dec reas ing  in r e sponse  to e l ec t r i c a l  s t imula t ion  of the ascending monoaminerg ic  pathways [2], and 
a lso  the m a r k e d  sensi t iv i ty  of single h ippocampal  neurons  to dopamine (DA), NA, and 5-HT [12] could in- 
dicate the functional s ignif icance of the h ippocampal  b ioamines  in the m e c h a n i s m s  of conditioning. 

The neurochemica l  m e c h a n i s m s  of the ef fec ts  of b ioamines  (DA, NA, 5-HT) injected into the dorsal  
h ippocampus on the conditioned avoidance reac t ion  of r a t s  were  studied. 

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

Expe r imen t s  were  c a r r i e d  out on 24 male  r a t s  weighing 210-330 g. A conditioned avoidance ref lex 
was produced in a spec ia l  cham be r  by the method descr ibed  prev ious ly  [5, 7]. When the conditioned ref lex 
had become stabi l ized,  a cannula through which the mic ro in jec t ions  of the solutions of the test  substances  
were  given was inse r ted  into the an imals  under  e the r  anes thes ia ,  in accordance  with an a t las  of the r a t ' s  
b r a in  [2], by  means  of the S]~Zh-2 s t e r e o t a x i a  appara tus  into the r ight  dorsa l  h ippocampus (area  CA1). 
The effect  of the monoamines  on the conditioned avoidance re f lex  was a s s e s s e d  f r o m  the duration of its 
latent  per iod,  changes  in which were  e s t ima ted  5 and 30 min a f te r  injection of the monoamines  into the 
h ippocampus.  To analyze the r e c e p t o r  s t r u c t u r e s  through which the ca techo lamines  exer ted  the i r  effects ,  
the (~-adrenerg ic  blocking agents  ch lo rp romaz ine ,  phentolamine,  and d ihydroergotamine  (DET) were  in- 
jected 15 rain be fo re  them into the hippocampus.  Desery l  (IMa-491), ch lo rp romaz ine ,  DET, and haloperidol  
were  used  as effect ive  antagonis ts  of 5 -HT and DA. The effect  of perphenazine  (5 pg) and me l ip ramine  
(15 ttg) on the e f fec ts  of the biogenic amines  a lso  was studied. The NA, DA, 5-HT (5 # g  of the base) and 
the i r  antagonis ts  (in doses  of 1.25-5 #g  of the base)  were  given in a volume of 2-5 #l  by means  of the m i -  
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TABLE 1. Effect of Bioamines andThe i r  Antagonists,  injected into 
the Dorsal  Hippocampus, on Conditioned Avoidance Reaction, Motor 
Activity, and Muscle Tone of Rats (M *m) 

Drug 
Dose lNo. 
(in [of 

.~_g) Iexp ts" 

Muscle-re- 
Motor laxing action 

:.activity ' (~o of animals 
(pulses/25 failing off 
rain) the shaft) 

Lateni period of cond~- 
tionea avoiQance renex 
(in sec) 
5 min after 30 min after 
injection injection 

1,23• 0,98+0,09 
2,12• 2,55• 
2,1• 2,39• 

2,12• 2,32• 
1,49_+0,12 1,13__+0,08 
1,61• 1,11_+0,09 
1,12• I5 1,12• 
1,06• 1, l• 
1,16• 1,06+__0,09 
1,3• 1,34_0,2 
2,2• 1,15• 

o 
51 _+7 4 o 

51,4• o 
51,8• o 
49,8• o 
49,5• o 
47,7• 0 
58,2• 0 
54,2• o 
52,5• 0 
48,6• 0 
49,0• 0 

Bidistilled 
water 5~1 5 

DA 
NA 

Phentolamine 
Chlorpromazine 5 4 4 
DET 5 4 
Deseryl 1,25 4 
Haloperidol 5 4 
Perphenazine 
Meliprarnine ~5 5 4 

* Differences f rom control  s ta t is t ical ly  significant (P < 0.05). 

croinject ion sys tem.  To study the select ivi ty of action of the monoamines on the conditioned avoidance re -  
action, their  musc le - r e l ax ing  action and thei r  ability to modify the spontaneous motor  activity of the rats  
were investigated simultaneously [5, 7]. A control  group of animals received an injection of 5 p1 bidis-  
tilled water .  The site of injection of the prepara t ions  into the hippocampus was verified histologically.  A 
photomicrograph of a frontal section through the bra in  of one of the experimental  ra ts  is i l lustrated in 
Fig. 1. 

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  

Local microinject ion of 5 #g  DA, NA, o r  5-HT into the dorsal  hippocampus did not affect the muscle 
tone o r  the spontaneous motor  activity but it inhibited the conditioned avoidance reflex. This was shownby 
the fact that the latent period of the reflex recorded  5 and 30 rain af ter  microinjec t ion of the amines into 
the hippocampus (Table 1) was substantially increased.  After injection of perphenazine (5 #g), mel ipramine 
(15 pg), phentolamine, chlorpromazine ,  DET, haloperidol (5 pg), and desery l  (1.25 #g) into the hippocam- 

Fig. 1. Scheme of frontal  section through rat  
bra in  at the level of the hippocampus. Black 
c i rc les  mark  sites of microinjec t ions  of bio-  
genie amines  and their  antagonists.  Photomic-  
rograph of frontal  section through the same 
zone shown in top right hand corner .  Loca l iza -  
tion of tip of injection cannula visible in the r e -  
g'ion of the dorsal  hippocampus (marked by 
arrow).  

pus no appreciable changes in the behavioral  activity 
of the animals could be seen, although in l a rge r  doses 
they induced changes in the p a r a m e t e r s  recorded.  

Changes in the condi t ioned-ref lex activity of 
the rats  under the influence of the catecholamines 
and 5-HT were due to their  effects on neurons of the 
dorsal  hippocampus. This was conf i rmed by control 
exper iments  in which thionine solution was injected 
into the hippocampus (it does not spread outside the 
hippocampus for  30 rain af ter  microinjection) and by 
the specif ici ty of the neurophysiological  effects p ro -  
duced by the bioamines when injected in equal doses 
into different format ions  of the limbic sys tem.  In 
fact, microinjec t ion of DA and 5-HT (5 pg) into the 
amygdala  also inhibited the conditioned avoidance 
reflex, but at the same time it significantly s t imu-  
lated the spontaneous motor  activity of the rats  [5]. 

Analysis of the morphological  mater ia l  showed 
that the DA, NA, and 5-HT injected into the dorsal  
hippocampus acted mainly on neurons of the s t r .  
oriens and s t r .  pyramidale ,  and in some experiments ,  
s tr .  lacunosum and s t r .  moleculare .  Since the ion- 
tophoretic application of NA, DA, and 5-HT to single 
hippocampal neurons was followed by inhibition of 
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Effect  of phentolamine,  ch lo rp romaz ine ,  d ihydroergo t -  
amine (DET), dese ry l ,  haloperidol ,  perphenazine ,  and m e l i p r a -  
mine  on ef fec ts  of noradrena l in  (NA), dopamine (DA), and 
sero tonin  (5-HT) when given by micro in jec t ions  into the ra t  
h ippocampus .  Obliquely shaded columns denote la tent  per iod 
of conditioned avoidance re f lex  5 rain, and horizontal ly  shaded 
columns the s ame  30 rain a f t e r  injection of b ioamines ;  unshaded 
columns r e p r e s e n t  mo to r  act ivi ty of r a t s .  

t he i r  b ioe lec t r i ca l  act ivi ty  [12], p r e s u m a b l y  the difficulty in reproducing the conditioned defensive ref lex  
evoked by local  mic ro in jec t ion  of b ioamines  into the hippocampus was the resu l t  of inhibition of the inhib- 
i tory  neurons  detected in s t r .  o r iens  or  of inhibi tory synapses  on the hippocampal  py ramida l  neurons  [11], 
on account of which this l imbic  s t ruc tu re  is act ivated.  The l a t t e r  is  known to in te r fe re  with the conduction 
of impulses  in the ascending r e t i c u l a r  fo rmat ion  [9] o r  to lead to exci ta t ion of the an t e r io r  and i n t r a l ami -  
na t  tha lamic  nuclei which inhibit cor t ica l  neurons  [6]. The p re sence  of d i rec t  ne rve  pathways f r o m  the 
hippocampus converging on neurons  of the mesencepha l i c  r e t i cu l a r  fo rmat ion  or  of the an te r io r  and in t r a -  
l a m i n a r  tha lamic  nuclei [3, 7] con f i rms  this conclusion.  

Inhibi t ion of the conditioned avoidance ref lex  by DA when injected into the hippocampus was brought  
about through r e c e p t o r s  of neurons  of this s t ruc tu re  belonging to the l imbic s y s t e m  that a re  sensi t ive  to 
haloper idol  only. This is shown by the fact  that the inhibi tory act ion of this amine on the conditioned de- 
fensive  re f lex  was unchanged by phentolamine,  ch lo rp romaz ine ,  desery l ,  or  DET (Fig. 2). Meanwhile the 
ef fec t  of DA was specif ic ,  for  haloperidol  did not affect  inhibition of the conditioned defensive r e f l exevoked  
by m i c r o i n j e c t i o n  of NA; the effect  of the l a t t e r  was prevented  only by ~ -adreno ly t i c s .  On the o ther  hand, 
the inhibi tory ef fec t  of 5-HT on the conditioned avoidance ref lex  was not connected with the act ion of the 
amine on ~ - a d r e n o - D - s e r o t o n i n e r g i c  o r  dopaminerg ic  r e c e p t o r s  of the dorsa l  hippocampus,  for  the inhibi-  
tion of the condit ioned defensive re f lex  caused  by 5-HT was not weakened by ch lo rp romaz ine ,  DET, desery l ,  
or  haloperidol ,  but was effected through the m u s c a r i n i c  se ro ton inerg ic  s t r u c t u r e s  of this fo rmat ion  be -  
longing to the l imbic  s y s t e m  [7]. 

Perphenaz ine  (5 #g) did not change the inhibi tory effect  of all  the b ioamines  on the conditioned avoid-  
ance ref lex,  but a f t e r  the p r e l i m i n a r y  inject ion of this neurolept ic  into the hippocampus NA essen t i a l ly  
s t imula ted  the spontaneous m o t o r  act ivi ty  of the r a t s .  

After  the p r e l i m i n a r y  inject ion of me l ip r amine  into the h ippoeampus,DA inhibited the conditioned 
avoidance re f lex  and s t imula ted  the an ima l s '  spontaneous m o t o r  act ivi ty  more  s t rongly .  The effect  of 
5 -HT on both these  p a r a m e t e r s  was unchanged. After  me l ip r amine ,  NA inhibited the spontaneous mo to r  
act ivi ty,  although its  effect  on the conditioned avoidance re f lex  was not changed by m e l i p r a m i n e .  It can 
be concluded f r o m  these  r e su l t s  that the fac i l i t a to ry  and inhibi tory e f fec ts  of the h ippocampus on the evoked 
and spontaneous act ivi ty  of the spinal  neurons  es tab l i shed  by s eve ra l  inves t iga tors  [4] and brought  about 
through the i n t e r m e d i a r y  of the hypothalamic s t r u c t u r e s  and the mesencepha l i c  r e t i cu l a r  fo rmat ion  [8] a re  
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monoaminergic  in nature .  It can be postulated that the changes in motor  activity evoked by NA af te r  the 
p re l imina ry  inject ion of perphenazine or  mel ipramine ,  and also the changes in behavioral  activity evoked 
by DA af te r  p re l imina ry  adminis t ra t ion  of mel ipramine ,  may be at tr ibutable to d i f ferences  in the degree 
of the effect  of these psychotropic  drugs on the recap ture  of DA and NA by the axons of dopaminergic  and 
noradrenerg ic  neurons  [1, 13] converging on the hippocampal neurons .  
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