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For analysis of the functional structure of the cerebral  cortex at the neuronal leve l  i t  is of interest  to study the 
re la t ion between the ac t iv i ty  of individual  neurons and the cumula t ive  e lec t r ica l  processes (EEG, ECoG, etc.) .  The 
investigations of Jasper and co-workers [14-16] demonstrated the virtual absence of direct  relationships between 
the e lec t rocor t icogram (ECoG) waves and the peak ac t iv i ty  of individual  neurons. The results of these studies e l i c i t ed  
the complex  mechanisms of the formation of cumula t ive  e lec t r ica l  processes in the cerebral  cortex and indica ted  
the need to search for a relat ion between the impulse ac t iv i ty  of the neurons and those properties of the ECoG or EEG 
which are most informat ive with respect  to the functional state of individual  neurons and of the brain as a whole. 
It was recent ly  noted that  the phase structure of the EEG can be such an index [4, 5, 8]. 

We a t tempted  to determine the re la t ion between the background peak act iv i ty  of individual  cor t ica l  neurons 
and the ECoG phases by A. A. Genkin's method [4, 5]. 

M E T H O D  

The experiments were carried out on mature  cats immobi l i zed  by procuran. The monopolar  surface ECoG was 

l ed  off by an annular pla t inum e lec t rode  (1.5 mm in diameter)  from the exposed somatosensory cortex (S I and SII). 
Glass microelect rodes  f i l led with 0.6 M solution of t~SO 4 and having an input resistance from 0.5 to 8 megohms 

were embedded  in the cortex through the opening of the e lectrocort icographic  e lec t rode  by means of a hydraulic  
manipula tor .  The peak ac t iv i ty  of the neurons was led off e x t r a c e l l u l a r l y .  The spontaneous ECoG and background 
peak potentials  of individual  neurons were recorded on f i lm from the screen  of a double  osci l lograph.  

Each second segment  of the ECoG was divided into 60 ,intervals, during the course of which the ascending and 

descending phases were distinguished by A. A. Genkin's  method [4, 5, 8]. For each neuron we separately counted the 
total  number of peaks for the ascending and descending phases for 5 sec or more. The rat io of the larger  of these 
number to the smaller  was taken as the coeff ic ient  of asymmetry  of the phase distribution of the peaks. 

Values of the asymmetry coeff ic ient  close to one indicate  a uniform and random distribution of the peaks by 
phases. 

R E S U L T S  

Only in 10% of 130 neurons were we able to observe an evident  relat ion between the appearance  of peak 
potentials and certain ECoG waves and their phases. Such relati0nships were pr imar i ly  encountered during the 
period of h igh-ampl i tude  and infrequent waves of the ECoG at frequencies of 1-8 per sec. Somet imes  the back-  
ground act iv i ty  in the form of high-frequency groups of peak potentials  appeared at the summit  of a negat ive wave 
or on its slope (Fig. 1, a). In other cases the background ac t iv i ty  arose only during the change of infrequent ECoG 
waves to a more frequent rhythm (Fig. 1, b). In this case during the period of h igh -ampl i tude  and slower waves the 
background act iv i ty  of the neurons was general ly  inhibi ted.  
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Fig. 1. Simultaneous recording of the background peak ac t iv i ty  of individual  neu- 

rons (upper curve) and surface ECoG (lower curve), a) Neuron at  depth of 0.4a mm 
from surface of cortex;  b) at depth of 1.53 ram. The upward def lect ion of t h e t r a e -  
ings corresponds to the appearance of a negative potent ial  under the cor t ical  e l ec -  
trode and microelec t rode .  T ime marker,  1 /20  see. Cal ibrat ion of the mic roe l ec -  
trode channel 3 mV, for the ECoG 200 gV. 
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Fig. 2. Dependence of the asymmetry coeff icient  on depth of neurons in cortex (A) 
and on the frequency of the background impulse ac t iv i ty  of  the cor t ica l  neurons 
(B). A) Along axis of abscissa, depth of embedding microe lec t rode  in cortex (in 
microns); along axis of ordinate,  magnitude of asymmetry coeff ic ient .  The magni -  
tude of standard deflections is shown by vert ical  ~ g m e n t s .  13)Along axis of abscissa, 
frequency ranges of background rhythm (in impulses / see) .  Other designations are 

the same as in Fig. A). 

When the ECoG is dominated by waves with a frequency of 11-14 per sec and more frequent ones (20-30 per sec) 
i t  is not possible to find visually any relat ion between the arising peak potentials  of individual  neurons and the 
rhythmical  waves of the surface ECoG. Similar  observations were made ear l ier  by Jasper and co-workers [14-16]. 

Studying the s ta t is t icaldis t r ibut ion of peak potentials with respect to the ECoG phases, we could find the pres- 
ence of asymmetry  of this distribution in most of the invest igated cells.  On the average the asymmetry coeff icient  
was equal to 1.66 * 0.06 (at  ex t reme values of from 1 to 4). In some neurons (4101o) the peak potentials occurred 
pr imari ly  during the ascending phases of the ECoG, and in others(59%), conversely,  during the descending phases. 
In this respect the cor t ica l  neurons resemble the nerve  cells of mos: nuclei  of the thalamus where a correlat ion 
between the peaks of individuaI neurons and certain phases of  the cumula t ive  e lec t r icaI  ac t iv i ty  in the nucleus has 
also been detected [19]. 

A further analysis showed that  the average values of the asymmetry coeff ic ient  depend on the depth of the 
neurons in the cortex and the frequency of their  background impulse act ivi ty .  The larges values of the asymmetry 
coeff ic ient  were de tec ted  in the superficial  layers of the cortex (to 800g) and at  infrequent frequencies (to 10 
impulses / sec )  of the background rhythm (Fig. 2). The deeper the neurons, the smal ler  the asymmetry of the 
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Fig. 3. Average frequency of the background 

rhythm of cort ical  neurons at different depths 

from the surface of the cortex. Along axis of 
abscissa, thickness of cortex (in microns); 
along axis of ordinate,  frequency of back-  

ground rhythm (in impulses / see) .  The ver t ical  
segments indica te  the standard deflect ion.  

distribution of the peak potentials .  At a frequency from 10 to 30 

impulses / sec  we also observed the lowest values of the asymmetry 
coeff ic ient ,  and at  a frequency of 30 to 100 impulses / see  we 

noted a cer tain increase of this coeff ic ient .  

If the frequency of the background act iv i ty  of the neurons 
were to depend on their depth in the cortex, then we could assume 
an interrelat ionship between the noted regulari t ies .  However, it  

turned out that the frequency of the background rhythm of individ-  
ual neurons is prac t ica l ly  the same in different layers of the cortex 

since the observed differences are not s ta t i s t ica l ly  re l iable  (Fig. 3). 
Only a cer tain tendency toward a drop in frequency in the super- 

f icial  layers of the cortex was noted. Moreover, i t  is necessary 

to take into account the fact that  the neurons with an infrequent 
frequency of background impulses (up to 10 per see) are encoun- 

tered at the most diverse distances from the surface of the cortex. 
Consequently, the dependence of the asymmetry  coeff ic ient  on 
depth and frequency has some other causes. 

As is known the slow cumulat ive  e lec t r ica l  processes in the cortex are diverse and complex temporary structures 
of spike and pr imari ly  postsynaptic potentials of enormous stat is t ical  aggregates of neurons [1, 9, 10, 13]. Only in 
the superficial  layers are the in t racor t ical  cumulat ive  e lec t r ica l  potentials  synchronized with the spontaneous ac t iv i ty  
on the surface of the cortex [9, 15]. Starting with a depth of about 1 mm we observe a tendency toward distortion of 

their phases, or comple te  disappearance of any regular correspondences between the surface and deep ECoG. 

Therefore, even in spite of the complex mechanisms of the formation of the cumula t ive  e lec t r ica l  potentials 
we should' expect  for the surface neurons a more in t imate  relationship with the phases of the surface ECoG. Hence 
i t  is understandable why for such neurons we noted an evident  and s ta t is t ical ly  stable asymmetry  of the phase distri- 
bution of the peaks, whereas for the deeper neurons this distribution approached a random on (the asymmetry  coeff i -  
c ient  tended toward unity). Thus we can consider that  the dependence of the asymmetry coeff ic ient  on depth is 
mainly  determined by the characterist ics  of the formation of the cumula t ive  e lec t r i ca l  processes in the cortex and 
their ref lect ion in the surface ECoG. 

Li, Chou, and Howard [17] showed that the spike ac t iv i ty  of the cort ical  neurons is regulated mainly by two 
mechanisms:  fluctuations of the membrane  potent ial  and the postsynaptic potentials  whose in t racel lu lar  current 
par t ic ipates  in the formation of the cumula t ive  e lec t r i ca l  processes [1, 9, 10, 13]. We discussed earl ier  cer tain 
mechanisms of neuronal instabi l i ty  [2]. If the level  of the membrane  potential  is quite far from the cr i t ica l  at  which, 
as is known, the peak potent ia l  is generated [10], then for the occurrence of cel l  discharge compara t ive ly  large 
synaptic effects and fluctuations of the membrane potential  are needed. In such cases both a more infrequent 
rhythm of impulses and a more in t imate  relat ion with the cumula t ive  in t racel lu lar  potentials  wil l  be obseryed, 

Evidently at a high rhythm of impulse ac t iv i ty  the membrane potent ia l  is quite close to cr i t ica l ,  its f luctua-  

tions are smaller ,  and the negl ig ib le  exci t ing  postsynaptic potentials ,  which probably are sl ightly ref lected in the 
cumula t ive  e lec t r ica l  ac t iv i ty ,  will  be accompanied  by generat ion of peak potentials .  Under these conditions, of 

course, the relat ion between the appearance  of peaks and certain waves of the cumula t ive  e lec t r i ca l  processes is 
weakened:  the neuron works prac t ica l ly  independent  of the phases of b ioe lec t r ica l  ac t iv i ty .  

If we assume that the leve l  of the background ac t iv i ty  of the neuron reflects the state of its exc i tab i l i ty ,  as 

was assumed by N. E. Wedensky [3], then the relationship with the phases of the e l ec t r i ca l  processes is more expressed 
for neurons with a low level  of exc i tab i l i ty  and less ev idenced for highly exc i tab le  neurons. Actual ly ,  Li, Cullen, 

and Jasper [16] were able to observe how the probabiIi ty of a relat ion between peak ac t iv i ty  and certain waves of the 
ECoG increases with a decrease of the functional state of the brain (for example ,  in anoxia).  

The results of our observations also indica te  that  between the spontaneous rhythm of a neuron and the cumula -  
t ive indexes of brain ac t iv i ty  (ECoG, EEG, etc . )  there are pr imar i ly  s ta t is t ical  relationships which genera l ly  ref lect  
the stat is t ical  character of organizat ion of the nervous system as a whole [6, 7, 12]. 
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All  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  o f  the  a b b r e v i a t i o n s  as  g iven  in the  or ig ina l  R u s s i a n  journal .  Some  or  all of this peri- 

odical l i terature may well be avai lable in English translation. A complete list of the cover-to- 

cover English translations appears at the back of this issue, 
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