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The use of ex t race l lu la r  microe lec t rodes  to invest igate  the ac t iv i ty  of single neurons of the cerebra l  cortex 
of unanesthet ized animals  has recen t ly  become popular,  for i t  enables not only the invest igat ion of the ac t iv i ty  of 
neurons in near -na tura l  conditions [1, 14], but aIso the comparison of the neuronal ac t iv i ty  and the behavioral  r eac -  

tions [15, 18], to be under taken.  On the other hand, considerably more information may be obtained by the use of 

in t race l lu lar  methods of recording [5, 10, 12], which also have been used recent ly  to invest igate  the cor t ica l  neurons 
[2, 3, 16, 17, 19-21] .  However, in t race l lu lar  experiments  are performed either on animals  under general  anesthesia 
or on animals  i m m o b i l i z e d  by means of operat ive procedures or, more rarely,  by means of relaxants .  

Our investigations have demonstrated the possibil i ty of in t racel lu lar  recording of the ac t iv i ty  of the cor t ica l  

neurons of unanesthet ized rabbits .  In this report  we describe the technique of recording and the results of the inves-  
t igat ion of the spontaneous ac t iv i ty  of the cor t ica l  neurons. 

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

Experiments (21) were carried out on eight  rabbits .  A few days before the exper iment  the rabbi t ' s  skull was 
exposed under loca l  or general  anesthesia,  over the sagi t ta l  and coronary sutures. Fixat ion of the rabbit  while record-  

ings were being made of the ac t iv i ty  of its neurons was achieved by binding its l imbs to a frame (in some exper i -  
ments one or two l imbs were lef t  free).  The rabbi t ' s  head as a rule was secured in a hal ter ,  al though not t ight ly ,  
so that the an imal  could st i l l  turn its head sl ightly.  The technique does not ca l l  for the use of heavy stands and for 
comple te  i m m o b i l i z a t i o n  of the an ima l .  

The optic and sensorimotor areas of the cortex were invest igated.  In order to make recordings from the optic 
cortex,  the point  of m a x i m a l  manifes ta t ion of the evoked potent ia l  on the occ ip i ta l  bone was se lec ted  [8]. To make 

recordings from the sensorimotor cortex,  the region of representat ion of one of the l imbs was de termined by perform- 
ing bipolar  s t imulat ion of the cortex through the pre l iminar i ly  thinned bone (anteriorly to the coronary suture). By 
means of a dental  dr i l l ,  and under the control  of a type MBS-1 microscope,  a funnel-shaped hole was dri l led in the 

skull with an upper d iamete r  of the order of a few mi l l imeters  and a lower d iameter  of 0 .5-1 .g  m m .  The smal l  
d iameter  of the hole in the skull ensured the main tenance  of more physiological  conditions and considerably reduced 
pulsation of the brain.  In order to reduce pulsation sti l l  further, after insertion of the mic roe lec t rode  the hole  was 

flooded with agar -agar  mixed  with physiological  sal ine,  or with paraffin wax. Before insertion of the microe lec t rode ,  
the dura was removed over the  exposed area by means of fine hooks. The pia was usually lef t  a lone .  

To introduce the mic roe lec t rode ,  an oil  micromanipula tor  [5] was used, the del ivering syringe of which was 
f ixed with dental  cement  to the skulI by means of a special  support. By fixing the syringe with the microe lec t rode  
to the skull in this way the s tabi l i ty  of the recording of the ac t iv i ty  of the ce l l  was ensured, despite the an ima l ' s  
movement .  By means of the fine adjustment  it  was possible to move the microe lec t rode  through a distance of 3 p 
by turning the mic romete r  screw through one division. The coarse adjustment  (30 p to one division) was used when 
the mic roe lec t rode  was brought to the surface of the cortex.  

473 



 msec 

y r V ,Oms,ec 
] lOmV . i 1 ' 

I I I 2Om, ec Ill 

Fig.  1. Int racel lular  spontaneous discharges of 
neurons of the optic (1) and sensorimotor (2-4)areas  

of the cortex.  The ca l ibra t ing  impulse marks 5 
msec from the beginning of the t ime  base.  For 
explanat ion,  see text .  

The microelect rodes  used for in t racel lu lar  recording 

had a point with a d iameter  of less than i ~ and a dc resis- 

tance of between 80 and 100 mr2. The microelec t rodes  
were f i l led with a 8 M solution of KC1 or a 2 M solution 
of K + c i t ra te .  

The microe lec t rode  was connected by means of a 
short, f lexible  silver wire to the grid lead  of the input tube 

of a preampl i f ie r  with "negat ive capac i t ance , "  constructed 
in accordance  with one of the variants of B. Ya. Pyatigorskii 's  
scheme [9]. However, ma x ima l  compensat ion of the input 
capac i t ance  was not used in a l l  the exper iments .  The grid 
current of the input tube was main ta ined  at a leve l  below 
i0 -11 A. 

The potentials  were recorded on the screen of a "Disa 
indicator"  oscil lograph and photographed on mot ion-p ic ture  
f i lm.  As a para l l e l  method,  the signal could be fed for 

direct  recording on a moving mot ion-p ic ture  f i lm,  and also 

into a type UBP 1-01 ampl i f ie r  for acoustic control of the 

e l ec t r i ca l  ac t iv i ty  and subsequent recording of the ex t race l -  
lular potent ials .  

After the exper iment  was finished the hole was f lood-  
ed with agar -agar  and paraffin wax. In most cases a 

new hole was made for the next exper iment .  Each rabbit  
was used in between I and 4 exper iments .  
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Fig,  2. Spontaneous synaptic potentials  of neurons of the sensorimotor cortex,  

1, 2) Continuous variations in leve l  of membrane  poten t ia l ,  causing discharge 
of the ce l l  when the threshold leve l  is reached;  3) large depolar iza t ion poten-  
t ials  causing cathodic  depression of the mechanism of generat ion of the peak;  
4) rhythmic spontaneous ac t iv i ty  and 5) its cessation against the background 
of spontaneous depolar iza t ion of the ce l l ,  Tracing 5 was made 2-3 sec after 
t racing 4. On the lower beam (4) the signal was appl ied  through a different ia l  
c i rcui t  with a differentiat ion constant of 10 msec,  
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Fig. 3. After-potentiaIs of neurons of the sensorimotor cortex. A) Depolariza- 

tion after-potentials  of the same neuron (1-4) and the change from after- 

depolarization to the second peak potential  (5-7); B) hyperpolarization after- 

potentials of another neuron. 

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

The activity of the neurons of the sensorimotor and optic areas of the cortex was recorded (Fig. 1). In most 

of the neurons penetrated by the microelectrode,  clear signs of injury were observed (a high-frequency discharge), 

and their act ivi ty  soon ceased. Either the activity of these neurons was not recorded or these recordings were excluded 

from the analysis. Relatively stable recordings were obtained from 11 neurons. The maximal  t ime or recording of 

the intracellular  act ivi ty  was 15 min.  

If the microelectrode was inserted to a depth of over 2 mm, i .e.  its point lay in the white matter of the cortex, 

peaks were recorded without prepotentiats of Iow ampli tude (20-30 mV). The teveI of the membrane  potential  in 

these cases did not vary appreciably.  Potentials such as these were evidently recorded from axons and were similar 

to the potentials which are assumed to arise in the axons of the spinal cord [6, 12] or of the cerebral cortex [16]. 

The most stable recordings were obtained in the sensorimotor cortex at the depth of 0.6-1.4 ram, corresponding 

approximately to layer V of the cortex [7, 22], in the upper part of which are situated the largest pyramidal neurons 

(with a mean  length of 35 /~) [7]. The electrophysiological characteristics of the spontaneous act ivi ty of the neurons 

recorded in the sensorimotor cortex at this depth are described later.  

The resting potentials (RP) of the investigated neurons had an ampli tude of 47-87 mV. The most characteristic 
feature of the intracel lular  activity of these neurons was a constant variation in the level  of the membrane  potentials 

(Fig, 2, 1), suggesting a continuous subthreshold synaptic bombardment of the test neuron. This "synapdc noise" has 

previously been recorded in the motor neurons of the spinal cord [4, 10] and in the neurons of the cortex [16, 17], 
especially when the depth of anesthesia was slight [20]. However, in the present experiments on unanesthetized 

animals the continuous variation in the level  of the membrane potential  was a well marked and very constant phe.  

nomenon.  

When the subthreshold variations were replaced by depolarization waves of larger a m p l i t u d e - b y  excitatory 

postsynaptic potentials (EPSP),- the change from EPSP to action potential  (AP) could be observed (see Fig. 1, 1 ,2 ) .  
The level  of this change (the threshold) varied in different cells from 3 to 10 mV, but it  was relat ively constant 

for each neuron. The ampli tude of the AP of the investigated neurons was 18-62 mV, usually about 50 mV. The 
maximal  recorded margin by which the AP exceeded the RP was 10 inV. The duration of the AP at the ha l f -ampl i -  
tude level  was 1.0-1.5 msec. Usually no indentat ion was observed in the ascending phase of the AP. Only during 

prolonged recording from a neuron was such an indentation found, and in some cases the 1st component of the AP 
could be distinguished (see Fig. 1, 3). This shows that in these cases, as in other types of neurons, the cel l  body is 

gradually enveloped by excitat ion,  in two stages [11]. The developing AP usually had l i t t le  effect on the further 
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development of the EPSP (see Fig. 1, 2 and Fig. 2, 1), as was found by other authors recording from the cor t icalneu-  
rons [2]. However, in some neurons the AP interrupted the development of the EPSP (see Fig. 2,2),  as is found in 
the case of monosynaptic excitation of the motor neurons of the spinal cord [11]. 

In most of the investigated neurons the peak potential was succeeded by a marked depolarization after-poten- 
tial (see Fig. 2, 1 and Fig. 3, A), similar to the after potential of the neurons of the paleocortex [3]. The duration 
and amplitude of the depolarization after-potentials could differ in magnitude, not only in the AP of the different 
neurons, but also in the AP of the same neuron (see Fig. 3, A). 

A hyperpolarization potential was recorded after the AP only occasionally, and in the same neuron it could be 
absent or it could be expressed to a varied degree (see Fig. 3, B), as was described by Phillips [19] when investigating 
the pyramidal neurons of the motor cortex of the cat .  The impression was created that these hyperpolarization po- 
tentials are not true after-potentials,  but inhibitory postsynaptic potentials, coming with a short delay after the EPSP 
evoking the AP. This raising of the level of the membrane potential (hyperpolarization), leading to the disappearance 
of the discharges from the cell, was also observed in the absence of a preceding EPSP and AP (see Fig. 2, 5). Mean- 
while, the cessation of spontaneous activity was not always associated with appreciable hyperpolarization of the 
membrane (see Fig. 1, 3). 

With an increase in the amplitude of the EPSP, cathodic depression of the second AP and absence of a discharge 
were observed when the threshold level of the neuron was exceeded by a considerable margin (see Fig. 2, 3). A 
phenomenon of this type has been reported in the cortical neurons of anesthetized animals in response to stimulation 
of nerve structures [20, 21] or in the region of an epileptic focus [13, 16, 28]. In the absence of general anesthesia 
it is evident that the powerful synaptic bombardment may give rise to cathodic inhibition even during normal ac-  
tivity of the cell. 

The present study is only the first stage of the intracellular investigation of the cortical neurons of the waking 
rabbit. The results obtained show that the activity of the neurons of the unanesthetized animal possesses definite 
and specific features (a constant subthreshold synaptic bombardment,  cathodic inhibition during spontaneous activity).  
These features may be of fundamental importance to the solution of problems in the general physiology of the nerve 
cell and also to the understanding of some of the aspects of the activity of the central nervous system. 
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