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The EEG was recorded  f rom the neocortex and dorsal  hippoeampus in 22 albino ra t s  allowed 
to behave freely.  Spontaneous manifestat ions of the hippocampal 0-rhythm occur red  during 
behavioral  activity,  and also in the phase of "fast" sleep, in which synchronization of 0-ac-  
tivity reached its maximum. The phase of "slow" sleep consisted of relat ively short  cycles 
of success ive  EEG changes with a gradual increase  in synchronization,  separted from each 
other  by short  periods of desynchronizat ion or  concluding by the development of a phase of 
"fast" sleep. The application of unexpected stimuli to a tranquil,  waking animal could evoke 
ei ther  0-synchronizat ion or  desynchronizat ion of hippocampal e lec t r ica l  activity against the 
background of desynchronizat ion of the neocor t ical  EEG, accompanied by various behavioral  
phenomena. 

Many "behavioral" investigations have been ca r r i ed  out on albino ra ts .  However, the dynamics of 
brain e lec t r ica l  activity of these animals and its connection with other indices of integral  brain activity 
during free movement,  despite some attention in the past [2, 3, 8-11], still remains  inadequately studied. 

In the present  investigation, a detailed analysis was therefore made of the hippocampal and neocor t i -  
cal EEG in natural  states such as waking, "slow" sleep, and "fast" (paradoxical) sleep, and also during the 
application of unexpected stimuli.  

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

Chronic experiments  were performed on 22 albino ra ts  into which single e lectrodes  had previously 
been implanted into the frontal  and occipital regions of the neocortex and into the dorsal  hippocampus,  and, 
in some animals ,  also into the hypothalamus and mesencephalic  re t icu la r  formation.  The electrodes  were 
introduced under s tereotaxic  control  in accordance with the atlas of Fifkova and Marsala  [4]. The outer 
ends of the e lec t rodes  were soldered to miniature 6 and 7 contact receptacles  fixed to the skull surface 
with phosphate cement and acrylate .  Mainly monopolar and bipolar leads were used with a large in tere lec-  
trode distance. Some animals also had s i lver  wire e lectrodes  implanted into the occipital muscles  to r e -  
cord their tone. The animals were observed under conditions of free behavior. The EEG was recorded  on 
an 8-channel Alvar  e lectroencephalograph or 17-channel "Nihon Koden" polygraph with frequency analyzer.  
The record  with the s t rongest  (under the corresponding conditions), regular  0-rhythm was subjected to f re -  
quency analysis.  At the end of the experiments ,  the positions of the e lectrodes  in the animals '  brain were 
verified histologically.  

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

Analysis of the EEG leads showed that a wel l -marked 0-rhythm of hippocampal origin could be re -  
corded not only in the hippocampus itself, but also in other brain a reas :  the pos ter ior  areas  of the neocor-  
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Fig. 1. Successive changes in EEG of ra t  during development of phase 
of "slow" sleep. A) Rest ;  B) slow sleep;  C) completion of slow sleep; 
D) minor and major  cycles of s leep (rat). From top to bottom; 
1, 2) EEG of neocor tex  (fronto-occipi tal  lead) and hippocampus ; 
3-6) f requency analysis  of hippocampal EEG in A-, 0-, c~-, and low fi- 
wavebands (amplitudes are 6 dB higher in C than in A and B). In D, 
ordinate:  1) active waking (see EEG in Fig. 3C); I1) tranquil  waking and 
beginning of slow sleep (corresponds to A); II1) stage of fully developed 
slow sleep (corresponds to B); IV) stage of maximal  synchronizat ion,  
completing cycle of slow sleep (corresponds to C) ; V) phase of fast  
sleep (see EEG in Fig. 2); absc issa ,  t ime (in min). 

tex,thehypothalamus, and mesencephalie reticular formation, evidently because of functional connections 
of the hypocampus and also because of the properties of the brain as a volume conductor. 

In a tranquil waking state (lying in the prone position, eyes open) the neocortieal and hippocampal 
EEG shows irregular activity in the form of uneven slow waves, single or in groups, with a frequency of 
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Fig. 2. Phase of fas t  s leep in a rat :  A) final s tage of slow s leep  and beginning 
of fas t  s leep;  B) final s tage of fas t  s leep.  F rom top to bottom: EMG of occipi -  
tal musc l e s  (ECG potentials  can be seen), t he rea f t e r  as in Fig. 1 (A, B). 

3 - 6 / s e c  and re la t ive ly  low ampli tude (50-100 pV), agains t  the background of desynchronizat ion,  and also of 
fas t  waves s o m e t i m e s  grouped into spindle-shaped bu r s t s  (Fig. 1A). Spontaneous behaviora l  act ivat ion of 
the animal  (washing, scra tch ing ,  invest igat ive behavior) led to the appearance  of a dis t inct  h ippocampal  0- 
rhy thm (6-7/sec)  together  with desynehronizat ion  in the f ronta l  a r e a s  of the neocor tex  (Fig. 3C). 

With the change to the phase of slow sleep,  the EEG pa t t e rn  became s imi l a r  to that during tranquil  
waking, with gradual  s t rengthening of the h igh-ampl i tude slow A- and 0-waves and a more  r egu la r  f o r m a -  
tion of spindles with f requencies  of 8-10 and 12-15 / sec ,  which could appear  s epa ra t e ly  or  in combination 
with each other .  As s leep developed, the spindles appeared  increas ing ly  frequent ly ,  with a s imul taneous in- 
c r ease  in the ampli tude of the waves within the burs t  and with increas ing  complexi ty  of its f requency s t r u c -  
ture:  higher  f requencies  at the beginning and (or) end of the burs t  with slowing in the middle,  s o m e t i m e s  
down to 5 - 6 / s e c  (Fig. 1B). Finally,  the slow waves  were  masked  by confluent spindles ,  and a continuous 
flow of high-vol tage act ivi ty  with a predominant  f requency of 8 -15 / sec  was r eco rded  (Fig. 1C), followed by 
t e m p o r a r y  desynchronizat ion  of b ra in  e l ec t r i c a l  act ivi ty ,  a f t e r  which the whole cycle  was repea ted ,  lV[axi- 
m u m  synchronizat ion of the EEG, with which the cycle ended, could also be manifes ted  different ly ,  when 
the continuous flow of re la t ive ly  fas t  act ivi ty was preceded  by a per iod of reduct ion in ampli tude of the 
spindles ,  and their  r ep l acemen t  by continuous high-vol tage A-act iv i ty  (Fig. 2A). The duration of this type 
of cycle (a "minor"  cycle of slow sleep) var ied  f r o m  40-150 sec ( somet imes  at the beginning of s leep to 
400 sec).  As the cycles  were  repea ted ,  the re la t ive  number  of per iods  of marked  h igh-ampl i tude  spindles 
( separa te  and confluent) and of A-waves  inc reased  and they began to predominate .  Finally,  one of the " m i -  
nor"  cycles  ended (after  the per iod of m ax i mum synchronization) by changing into the phase of fas t  s leep 
(Fig. 2). This completed a " m a j o r "  cycle of sleep.  The number  of minor  cycles  of slow s leep  in one m a -  
jor  cycle var ied  f r o m  1 to 8-10. These r e su l t s  demons t ra te  the complex,  polymorphic  c h a r a c t e r  of the 
phase  of slow s leep  in albino r a t s .  Each cycle of slow s leep cons is t s  of a definite and r egu la r  sequence of 
EE G manifes ta t ions  with a gradual  inc rease  in EEG synchronizat ion,  r e semb l ing  the final s tages  of slow 
s leep in other  an imals  [11] and man.  The p r ec i s e  reproducibi l i ty  of the minor  cycles within the m a j o r  cy- 
cles is of pa r t i cu la r  in te res t ,  for  the " m i c r o c y c l e s "  of human s leep  a re  evidently ves t iges  of it [1]. 
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Fig. 3. Two types of activation on ra t  EEG: A) desynchronization in 
sensomotor  cortex and hippocampus in response to acoustic s t imula-  
tion (tone of 600 Hz) ; B) desynchronizat ion in sensomotor  cortex and 
well-defined, regular  0-rhythm in hippocampus in response to repet-  
itive photic st imulation (45 Hz); C) spontaneous activation, reflected 
in desynchronizat ion in sensomoter  cor tex and 0-rhythm in hippo- 
campus during investigative behavior.  F rom top to bottom: EEG of 
sensomotor  cortex and hippocampus, marke r  of stimulation. 

The onset of the phase of fast  sleep is determined by a number of features.  Electrographical ly  it is 
manifested by the appearance of a very  distinct, regular  (like a machine) and high-amplitude 0-rhythm (7- 
8/see ,  200-500 pV) in the hippocampus and pos te r ior  a reas  of the neocortex,  with simultaneous depression 
of all EEG waves in the anter ior  a reas  of the neocortex.  If the phase of fast  sleep is long enough, individu- 
al periods of a slight increase  in amplitude and frequency of the 0-rhythm, followed by a decrease ,  can be 
distinguished in it. The whole period of fast  sleep is marked by absence of e lec t r ica l  activity of the neck 
muscles .  Atony usually leads to the animal lying on the floor with its limbs spread out. Twitching of the 
limbs and v ibr issae  were observed. The end of the phase of fast  sleep was charac ter ized  by marked drop 
in amplitude and frequency of the 0 - rhy thm (somet imes there was a sudden increase  in amplitude of the 0- 
waves in the EEG before this), combined with a burs t  of activity on the EEG and charac te r i s t i c  movement 
of the head (Fig. 2). The an imal  then ei ther  resumed  its sleeping posture and a new major  cycle began, or  
behavioral  awakening occur red  af ter  a few seconds.  Awakening the animal ar t i f icial ly in the stage of fast  
sleep, by means of a powerful external  stimulus, led to rapid disappearance of the 0-rhythm with desyn- 
chronizat ion in the EEG, the appearance of muscle  tone, and a change in posture.  

Application of expected stimuli  while the animal was in a tranquil,  waking state could give r ise to 
the following types of EEG responses .  

1. Slight additional desynchronizat ion in the neocortex with no change in the hippocampal EEG (in- 
determinate rhythm) is evidently a weak manifestation of the activation response and is not accompanied by 
postural  or behavioral  responses .  

2. Desynchronizat ion in the neocortex,  combined with the appearance of a distinct hippocampal 0- 
rhythm of 6 - 8 / s e c ,  takes place in albino rats  only when activation of the animal ' s  behavior response is ob- 
served;  this behavioral response could take the form of attention, searching,  looking around, investigative 
behavior,  movement  toward the source  of the st imulus,  and so on (Fig. 3B). 

3. Marked depress ion of all rhythms in the neoeortex andhippocampus (desynchronization of the cor t i -  
cal and hippocampal EEG) was somet imes seen after  administrat ion of loud acoustic stimuli,  touching the 
animal, and so on. The animal shivered,  arched its back, f roze or  jumped, and somet imes  defecated, evi-  
dently showing fright (Fig. 3A). 
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4. Absence of the EEG and of behaviora l  r e sponses  is e i the r  a manifes ta t ion  of extinction of the or ien t -  
ing reac t ion  (habituation) or ,  if  the s t imulus is p resen ted  fo r  the f i r s t  t ime,  it indicates a s tate  of indiffer-  
ence of the animal  toward that pa r t i cu la r  s t imulus .  

Two different  types of EEG response  to application of unexpected s t imul i  (the or ient ing reaction) 
were  thus revealed .  They are  evidently connected with act ivi ty of different  b ra in  mechan i sms .  The ex i s -  
tence of two m e c h a n i s m s  of act ivat ion of the l imbic bra in  s t ruc tu re s  by r e t i cu l a r  and hypothalamic s t r u c -  
tu res  is indicated by the r e su l t s  of o ther  invest igat ions [5, 12]. J u d g i n g f r o m t h e b e h a v i o r a l r n a n i f e s t a t i o n s , t h e  
f i r s t  of these mechan i sms  in connected with the an ima l ' s  act ive,  invest igat ive attitude toward the change in 
its si tuation, whereas  the second r a t he r  suggests  a pass ive  (negative) r e sponse  of the animal .  It is imp o s -  
sible to a t t r ibute  these changes s imply  to d i f ferences  in the degree  of e levat ion of the level  of waking. A 
m o r e  adequate explanation is to a t t r ibute  these EEG phenomena to quali tat ive di f ference in act ivat ion a s so -  
ciated with the act ivat ion of different  mechan i sms  of motivat ion.  This hypothesis  is conf i rmed by the r e -  
sults  of expe r imen t s  on cats [5]. EEG record ings  in albino ra t s  during s t imulat ion of posi t ive and negative 
motivat ional  zones and during se l f - s t imula t ion ,  on the other  hand, have not yet  provided decis ive  evidence 
in support  of this hypothesis  [6, 7]. 
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