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Injection of ant ichol ines terase  (eserine,  galanthamine) and cholinometic (arecoline, oxot remor ine ,  
nicotine) into intact  rabbi ts  leads to the appearance of a 0 rhythm on the EEG of the hippocampus, septum 
pellucidum, the middle and pos t e r i o r  par t s  of the gyrus cinguti, the visual  cor tex,  and the pontomesen-  
cephalic r e t i cu la r  formation.  A fast,  low-amplitude rhythm is r eco rded  on the EEG of the sensor imotor  
cortex,  the an te r io r  pa r t  of the gyrus cinguli, and the amygdala.  The EEG-act ivat ion response  is blocked 
by benactyzine and by benzacine.  

P remesencepha l i c  section does not abolish the 0 rhythm produced by ant ichol ines terase  and choli-  
nomimet ic  drugs in the s t ruc tu res  of the limbic sys tem and in the separated r e t i cu la r  formation,  whereas  
slow low-amplitude waves pe r s i s t  in the neocor tex .  Destruct ion of the pos t e r io r  hypothalamus associa ted 
with p remesencepha l ic  section prevents  the genesis  of a 0 rhythm in the limbic sys tem.  An impor tan t  role  
in the activity of the limbic sys tem is ascr ibed  to its intr insic  chol inergic  mechanisms .  

Adminis t ra t ion of ant ichol ines terase  drugs leads to the appearance of a 0 rhythm in the hippocampus 
[8, 9]. The re t i cu la r  format ion (RF} of the brain s tem is cons idered  to play an important  ro le  in the mech-  
anism of these dis turbances ,  together  with the septum pellucidum [4, 7, 10]. 

The object of this investigation was to d i scover  the relat ionship between changes in b ioe lec t r i ca l  ac -  
t ivity of the hippocampus and other  s t ruc tu res  of the limbic sys tem and b r a i n - s t e m  RF mechanisms .  Fo r  
this purpose the action of chol inergic  drugs was compared  in animals with connections between the hippo- 
campus and b r a in - s t em  RF intact and a f te r  p remeseneephal ic  sect ion.  

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

Chronic and acute exper iments  were  pe r fo rmed  on 100 adult rabbi ts  (2.8-3.8 kg), Under in t ravenous 
nembutal  anes thes ia  bipolar  n ichrome e lec t rodes  covered  with po lyes te r  varn ish  except  at the tip ( inter-  
e lec t rode  distance L m m ,  d iame te r  0.22 ram) were  implanted in the dorsa l  regions  of both hippocampi, the 
septum pellucidum, the anter ior ,  middle,  and pos t e r io r  par t s  of the gyrus  cinguli, the amygdala,  and b ra in -  
s tem RF.  Potent ia ls  of the senso r imoto r  and visual cor tex  were  r eco rd ed  with bipolar  s teel  needles  0.5 
mm  in d iameter ,  in te re lec t rode  distance 3 mm. The initial e l ec t roencepha logram (EEG) was r eco rded  5-6 
days la te r  and the action of the tes t  drugs studied. One week later ,  under  e the r  anesthesia ,  mechanica l  
p remesencepha l ic  section was c a r r i e d  out on the same animals  without dis turbing the integr i ty  of the hip- 
pocampi and neocor tex .  The EEGwas  r eco rded  on a Kaiser  ink-wri t ing e lec t roencephalograph.  

After  the end of the exper iments  the brain was fixed in 10% formal in  solution and the position of the 
section and of the e lec t rodes  was ver i f ied  morphological ly .  

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

After  intravenous injection of ant ichol ines terase  drugs -- e se r ine  (0.3 mg/kg) or  galanthamine 
(3 mg/kg) - and also of chol inomimet ics  - a recol ine  (0.3 mg/kg; Fig. 1), nicotine (0.3 mg/kg), or  o xo t r em-  
or ine (0.15 m g / k g ) - i n t o  animals  with an intact  brain,  an EEG-act ivat ion response  appeared:  a fast  low- 
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Fig. 1. Effect of arecoline on bioelectrical  activity of s t ructures  
of the limbic system in rabbits. Fromtoptobot tom:  EEGof right 
sensorimotor cortex, middle parts  of right gyrus cinguli, septum, 
right amygdala, right dorsal hippocampus. A) Before injection; 
B) 5 rain after intravenous injection of arecoline (0.3 mg/kg); 
C) 5 rain after intravenous injection of benzacine (2 mg/kg). 

amplitude rhythm in the sensorimotor cortex, the anterior  parts  of the gyrus cinguli, and in the amygdala, 
together with a 0 rhythm in the hippocampus, septum pellucidum, middle and poster ior  parts  of the gyrus 
cinguli, visual cortex, and brain-s tem RF. The action of these drugs on electr ical  activity of the neocortex 
and s t ructures  of the limbic system was blocked by intravenous injection of central  muscarine-l ike anti- 
cholinergic drugs (M-cholinolytics): benactyzine in a dose of 0.6-1 mg/kg or benzacine (2-dimethylamino- 
ethyl es ter  of benzilic acid hydrochloride) in a dose of 1-3 mg/kg. In this case, i r regular  slow waves of 
high amplitude appeared on the EEG both of the neocortex and of s tructures of the limbic system. Similar 
changes in bioelectrical  activity in response to the action of anticholinergic drugs have been found also in 
animals without previous administration of anticholinesterase drugs [1, 2, 11]. 

After injection of cholinomimetics and anticholinesterase drugs in the same doses into animals with 
premesencephalic brain section, no EEG activation was observed in the neocortex, just as was previously 
found [3], while a regular rhythm of 4-6/sec was present in the separated pontomesencephalic RF (Fig. 2). 
So far as changes in the bioelectrical activity of the hippocampus and septum are concerned, after pre- 
mesencephalic section a 0 rhythm appeared in response to anticholinesterase (eserine and galanthamine) 
and cholinomimetic drugs (arecoline, oxotremorine, and nicotine) (Fig. 3). 

Changes in the EEG in response to injection of these drugs, after complete exclusion of the RF, were 
also found in the amygdala in the form of a fast low-amplitude activity. The antagonistic blocking effect of 
M-cholinolytics was equally apparent in the animals with premesencephalic section as in those with an in- 
tact brain. At the same time, changes in the EEG of the gyrus cinguli following administration of anti- 
cholinesterase and cholinomimetic drugs were less marked than in animals with an intact brain (Fig. 2). 
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Fig.  2. Effect  of oxo t remor ine  on b ioe l ec t r i ca l  act ivi ty  of va r ious  
p a r t s  of the rabbi t  b ra in  a f t e r  p r emesencepha l i c  sect ion.  F r o m  
top to bot tom:  EEG of r ight  s e n s o r i m o t o r  cor tex ,  an t e r i o r  and m i d -  
dle p a r t s  of r ight  gyrus  cinguli, r ight  do r sa l  hippocampus,  and pon-  
tomesencepha l ic  r e t i cu l a r  format ion.  A) EEG of rabb i t  with in tact  
bra in ;  B) EEG of rabbi t  1 h af ter  p r emesencepha l i c  sect ion and b e -  
fore  inject ion of drugs;  C) 5 rain a f t e r  in t ravenous  inject ion o foxo-  
t r e m o r i n e  (0.15 mg/kg); D) 5 rain a f te r  in t ravenous injection of ben-  
actyzine (0.6 mg/kg).  

I t  is in te res t ing  to note that  when only the RF was  excluded, but the l a te ra l  por t ions  of the b ra in  s t em 
were  p r e s e r v e d ,  in r e sponse  to a f fe ren t  p e r i p h e r a l  s t imulat ion of s enso ry  n e r v e s  a 0 rhy thm could be ob-  
tained in the h ippocampus  in the absence  of EEG-ac t iva t ion  in the neocor tex .  Af te r  sec t ions  c a r r i e d  out 
more  r o s t r a l l y  than p r emesencepha l i c ,  cutting off a lso  the p o s t e r i o r  hypothalamus,  the an t icho l ines te rase  
and chol inomimet ic  d r u g s  did not produce a 0 rhythm in the s t r u c t u r e s  of the l imbic sys t em.  

The hypothesis  has  been put fo rward  [4, 7, 10] that the appearance  of a 0 rhy thm in the hippocampus 
is dependent on intact  pathways between the RF and the hippocampus.  The p r emesencepha l i c  sect ion ex -  
pe r imen t s ,  with complete  cutting off of the b r a i n - s t e m  RF,  showed that  the p r e s e n c e  of such connect ions 
is  not e s sen t i a l  for  the appearance  of a 0 rhy thm in the h ippocampus in r e sponse  to inject ion of ant icho-  
l i nes t e ra se  and chol inomimet ic  drugs .  P robab ly  in the expe r imen t s  of Tor i i  and Wikler  [11], a f t e r  sect ions 
through the mesencephalon,  connect ions with the an te r io r  por t ions  of the mesencepha l i c  RF were  not c o m -  
pletely des t royed  because  they obse rved  EEG act ivat ion in the cor tex  a lso  a f t e r  inject ion of physos t igmine .  

Consequently,  the r e su l t s  of the p r e s e n t  invest igat ion suggest  that  the appearance  of a r egu l a r  r e t i c u -  
la r  rhy thm in the pontomesencephal ic  RF is independent of the 0 rhy thm in the h ippocampus .  At the s ame  
t ime,  the r e g u l a r  rhy thm in the occipi ta l  co r t ex  in rabbi t s  and the r e t i c u l a r  rhy thm in the pon tomesen-  
cephal ic  RF share  a common caus  e because  they r e su l t  f r o m  exci ta t ion of the ascending r e t i c u l a r  a c t i v -  
ating s y s t e m .  
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Fig. 3. Effect  of galanthamine on b ioe lec t r i ea l  activity of the c o r -  
tex and s t ruc tu re s  of the limbic sys tem of a rabbit  a f te r  p r e m e s e n -  
cephalic section.  F r o m  top to bottom: EEG of r ight sensor imoto r  
cor tex,  r ight  visual  cor tex,  septum, r ight  hippocampus.  A) EEG of 
rabbi t  with intact  brain;  B) EEG of rabbit  1 h a f te r  p r em esen cep h -  
alic section and before  injection of drugs; C) 5 min af te r  i n t r ave -  
nous injection of benzacine (0.6 mg/kg). 

It may be postulated that the t imbic sys tem posse s se s  i ts own muscar ine - l ike  cholinergic  mechanism.  
The appearance of a 0 rhythm in the hippocampus following adminis t ra t ion of ant ichot ines terase  and cho-  
l inomimetie  drugs is the resu l t  of a change in activity of this mechanism of the limbic system, in which 
probably the ehol inergic  meehm~isms of the p o s t e r i o r  hypothalamus and septum play an impor tant  ro le .  
This hypothesis  is supported by disappearance of the 0 rhythm in the hippocampus af te r  destruct ion of the 
septum [6], a f te r  injection of proca ine  [5] and of the M-cholinolytic benactyzine (data obtained in this lab- 
o ra to ry  by Yu. F. Pastukhov) into the septum, and also by disappearance of the 0 rhyt:hm when the pos t e r io r  
hypothalamus was des t royed  in animals  with p remeseneepha l ic  section. 

Consequently,  the cholinergic  mechanisms of the limbic sys tem and of the ascending r e t i cu l a r  ac t iv-  
at ing sys tem are  not components  of the same brain sys tem.  They are  par t s  of different  Junctional sys tems  
of the bra in  which posses s  thei r  own neuroehemica l  mechanisms .  In the intact brain these two sys tems  
a re  c losely  in terconnected  and they may work  as a single entity.  

L I T E R A T U R E  C I T E D  

1. Yu. S. Borodkin, in: Proceedings  of the F i r s t  Baltic Conference of Centra l  R e s e a r c h  Labora tor ies  
of Medical Inst i tutes and Facul t ies  [in Russian],  Kaunas (1965), p. 50. 

2. Z . A .  Vagramyan,  Fiziol .  Zh. SSSR, No. 6, 636 (1966). 
3o R. Yu. Ii, yuchenok and M. D. Mashkovsldi, Fiziol .  Zh. SSSR, No. 11, 1352 (1961). 
4. F. Britcke, H. Pe tsche ,  S. Sailer,  et  al., Arch.  Exp. Path. Pharmak. ,  230, 335 (1957). 
5. F.  Briicke, H. Pe tsche ,  B. Pillar,  et al., Pfl~Ig. Arch.  Ges. Physiol . ,  269, 319 (1959)o 
6. J . B .  Green and A. Arduini,  J.  Neurophysiol . ,  1_77, 533 (1954). 

1351 



7. H. Petsche, G. Godolak, and P. A. Von Zwisten, Electroenceph. Clin. NeurophysioI., 19, 25 (i965). 
8. H. Petsche and C. Stumpf, Electroenceph. Clin. Neurophysiol., 12, 589 (1960). 
9. D. Dailer and C. Stumpf, Arch. Exp. Path. Pharmak., 231b, 63 (1957). 

10. C. Stumpf, Internat. Reu Neurobiol., 8_ 77 (1965). 
11. S. Torii and A. Wikler, Psychopharmacologia (Berlin), 9, 189 (1966). 

1352 


