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ALTHOUGH THE ELECTROPHYSIOLOGICAL ANALYSIS of behavior was until 
recently mainly based on macroelectrode findings, it becomes more and more 
clear that the essential mechanisms of learning and memory must be sought 
at the cellular level, in the modified relations between individual links of the 
neural net. Several attempts have been made to demonstrate plastic changes 
in the activity of single neurons. Thus Jasper et al. (12) examined in monkeys, 
with an overtrained avoidance habit, responses to conditioned and uncon- 
ditioned stimuli of several hundreds of neurons in the motor, visual, and 
parietal cortex. While clearly revealing the complexity of unitary processes 
involved in the performance of even a simple conditioned reaction, this ap- 
proach is not free of serious drawbacks. Since it characterizes a behavioral 
steady state, the results of learning can be recognized only by comparing the 
incidence of different reactions in a large population of neurons, sampled 
from corresponding cortical areas of naive and trained animals. 

A more straightforward procedure was used by Yoshii and Ogura (22). 
Reticular units, originally not responding to acoustic or visual stimuli (CS) 
but displaying a clear-cut reaction to sciatic nerve stimulation (US), were 
studied during elaboration of a conditioned reaction by repeated CS-US as- 
sociation. Most units started to respond to the CS after a few tens of trials, 
the conditioned reactions disappeared, however, with continued training. 
Those results were confirmed in rats (4), using sound as CS and sciatic 
shocks as US. Similar data were reported by Kamikawa et al. (13) and by 
Buchwald et al. (2) for the thalamic neurons of cats and by Livanov (per- 
sonal communication) for the nerve cells of the cerebral cortex of the rabbit. 
Electrophysiological evidence for similar processes in invertebrates was re- 
cently advanced by Horridge (11) using the ingenious preparation of isolated 
insect ganglia. Provided that the necessary controls rule out pseudocondi- 
tioning, experiments of this type make it possible to observe directly the 
different stages of conditioning in a single neuron. The results obtained do 
not indicate, however, that the recorded neuron is primarily involved in the 
formation of the new connections. As the responding units are links of com- 
plex neural chains normally activated by the US and after conditioning also 
by the CS, the plastic change might occur at some input element of the cir- 
cuit far away from the point of recording. Most of the above data must be 
regarded, therefore, as a cellular counterpart of the conditioned arousal 
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which typically appears during the early stages of classical aversive condi- 
tioning and gradually subsides later. 

Starting from the assumption that the plastic change can be better 
recognized when using a more localized US, we attempted to affect the neu- 
rons by polarization and/or electrophoretic application of sodium glutamate. 

METHODS 

All experiments were performed in albino rats aged 3 months. Under light ether anes- 
thesia a trephine opening 5 mm in diameter was made above the required brain area. Dura 
was carefully removed. After cannulation of trachea the animals were immobilized by D- 

tubocurarine, fixed in a stereotaxic apparatus, and maintained under artificial respiration 
(60/min, open system). All pressure points were locally anesthetized by novocaine infilt,ra- 
tion. 

Capillary microelectrodes (tip diameter less than 1~) filled with saturated sodium 
glutamate (pH 7.0-8.0) or 3 M KC1 were inserted into the brain with the hydraulic micro- 
drive of the stereotaxic apparatus and used both for extracellular recording and stimula- 
tion. Their impedance ranged between 2 and 10 megohms. A chlorinated silver wire con- 
nected the electrode fluid through a 80-megohm resistor to a d-c source and through a 
small capacitor (100 pf) with the input of a Bak-type cathode follower. The potentials were 
amplified and displayed on the screen of a dual-beam CRO. The output of the CR0 ampli- 
fier was fed into an electronic analyzer (21) programmed for automatic plotting post- 
stimulus histograms (PSH’s). The apparatus was essentially similar to that described by 
Smith and Burns (19). It consisted of 10 decade counters with a maximal counting rate of 
20 kc/set. Spikes exceeding the preset minimal amplitude were led to the individual count- 
ers through a system of 10 parallel gates, the opening of which was controlled by an elec- 
tronic switch. Switching pulses, applied at regular intervals ranging from IO psec to IO set, 
were obtained through a decade divider from a l-megacycle oscillator. The electronic 
switch was used not only -to open the gates but also for synchronizing the stimuli applied to 
the animal. It always started from position 1 and kept gate 1 open until the next clock 
pulse opened gate 2, and so on. When switching from position 9 to position 10 the clock 
pulse generator was automatically disconnected and the apparatus was prepared for an- 
other cycle, which started either immediately or after a delay of several tens of seconds. 
Only 9 counters were routinely used for the PSH plotting since the tenth counter accumu- 
lated the spontaneous activity in the intervals between individual cycles. 

The analyzing intervals (time per bin) used were 0.3 and 1.0 sec. Spontaneous activity 
was recorded during the first two intervals of each cycle. An acoustic stimulus (2,000 
cycles/set) with an intensity at the ear of approximately 80 db (as compared to the 0.0002 
dyne cm-2 reference) was applied through a miniature earphone to the left ear of the ani- 
mal during intervals 3-6. In the conditioning trials the sound was reinforced during interval 
6 by application of a d-c voltage to the microelectrode. The intensity of the polarizing cur- 
rent, was measured with a sensitive galvanometer. Aftereffects of stimulation were observed 
during intervaIs 7- -9. Usually the responses from 6, 10, 20, or 60 cycles were cum ulatively 
added to obtain a representative PSFL Statiseical methods used for evaluation of the in- 
dividu al PSH’s were based on the simplif-ying assumption of a Poissonian distribution of 
interspike intervals and were described in-earlier pap&s (3, 5). The changes in spike count 
were considered as significant only r when the difference between the number of unit poten- 
tials in two equally long inter vals before (N,) and during (N,) stimulation exceeded 3 SD, 

according to the equation 

N, - N, 
>3 - 

RESULTS 

Plasticity in acoustically Itunresponsive neurons 

Thalamic neurons. In 23 thalamic units (at stereotaxic coordinates cor- 
responding to the nonspecific nuclei of medial thalamus) the acoustic stimu- 
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lus was applied for 3 set and reinforced during the last second by the polariz- 
ing current. Intertrial intervals were 20-40 sec. At the onset of the experi- 
ment the neurons did not react to the sound at all, while polarization evoked 
in all units either inhibitory (n = 19) or excitatory (n = 4) reactions, The 
number of reinforced trials applied in individual cases ranged from 40 to 
220, the over-all duration of the experiment from 30 to 150 min. 

The activity of most cells (n = 14) remained unaffected. In spite of up to 

7 -70 77 -20 27 -30 37 -40 47 -50 

7?bO 97 -*700 

FIG. I. Examples of unsuccessful reinforcement in thdamic neurons. Analyzing in- 
terval 1.0 sec. Sound stimulation indicated by the horizontal bar below columns, 3-5; polar- 
izing current by dot below the column 5. The first block of measurements constitutes a 
control set. Serial numbers of the integrated trials are given below the histograms. Number 
of spikes accumulated in the individual intervals is given on the ordinate. Above: inhibitory 
electrical stimulus (outward current, 30 na, sodium glutamate electrode). Below; excitatory 
electrical stimulus (inward current, 15 na, sodium glutamate electrode). 
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FIG. 2. Plastic reactions in a thalamic neuron. Other description as in Fig. 1. After 20 
reinforcemen& by the inhibitory electrical stimulus (outward current, 20 na, sodium 
glutamate electrode) the acoustic stimulus started to elicit excitatory reactions which be- 
came especially pronounced when omitting the polarization (10 cycles after trial 70). Fol- 
lowing these extinction trials the acoustic-induced reaction disappeared (71-80) but re- 
appeared with continued reinforcement,. 

100 reinforcements (68 on the average) with inhibitory (n = 10) or excitatory 
(n =4) polarization, the suund did not evoke any statistically significant 
change of firing. Typical experiments are illustrated in Fig. 1. Also the sound- 
induced reactions which appeared in 5 units during one or two blocks of 10 
cycles cannot be regarded as conclusive proof of plasticity. In only 4 neu- 
rons did reinforcement result in a pronounced acoustic response. A typical 
example is given in Fig. 2. The reaction usually appeared in the first, 20 
cycles and continued with longer or shorter interruptions during the whole 
experiment. While in all these units polarization induced inhibitory reactions, 
the newly appearing acoustic responses were, in three cases, of the excitatory 
type and in one unit of the inhibitory type. The acoustic reaction persisted 
even after the polarization was omitted (Fig. 2). There was a marked ten- 
dency to extinction, however, which was expressed sometimes in spite of con- 
tinued reinforcement. 

In another group of 23 thalamic units the analyzing interval was reduced 
to 300 msec. The sound was applied for 900 msec and reinforced during the 
last 300 msec by polarization. Stimuli were repeated at intervals of 3 set and 
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PSH’s were constructed from the summated responses of 60 trials. In spite of 
the massed trials used in these experiments no signs of plasticity were ob- 
served in 11 units after 240-780 reinforcements which elicited excitatory (5) 
or inhibitory (6) responses. In 8 units unstable signs of plasticity appeared 
in a single block of 60 trials, mostly at the beginning of the experiment, and 
disappeared later. Clear-cut reactions to sound were established in 4 experi- 
ments in which polarization had an inhibitory effect. Acoustic response con- 
sisted in all these cases in increased firing which was clearly expressed also 
after omitting the polarization (Fig. 3). 

Reticular rzeurons. The same technique was applied to 33 neurons in the 
pontine reticular formation, originally not responding to the sound stimulus. 
The 3-set sound overlapped during the last second with polarization and the 
stimuli were annlied at regular lo-set intervals. In most of these units Dolari- A 

787 -240 7-60 67-720 727 -180 

FIG. 3. Plastic reaction in a thalamic neuron. Analyzing interval 0.3 set, massed train- 
ing procedure. Other description as in Fig. I. Reinforcing the sound stimulus by polariza- 
tion (inward current, 25 na, sodium glutamate electrode) elicited, after 60 trials, an acoustic 
reaction in the 3rd interval. During 180 extinction trials the plastic reaction was decreased 
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FIG. 4. Plastic reaction in a reticular neuron. Analyzing interval 1 set, other description 
as in Fig. 1. Reinforcing the acoustic stimulus by an excitatory electrical stimulus (outward 
current, 40 na, KC1 electrode) elicited after 30 trials an acoustic reaction, which disap- 
peared af-ter 50 extinction trials, but could be restored by reinforcement. 

zation evoked excitatory reactions. The number of trials applied in individ- 
ual cases ranged from 42 to 234, the duration of the experiment from 7 to 
39 min. No signs of plasticity were found in 23 units, although 110 reinforce- 
ments were applied, on the average. In 6 experiments acoustic reactions ap- 
peared in 1 or 2 blocks of 6 trials (1 min) but disappeared later or the unit 
could not be held any longer. In only 4 units did reinforcement induce a 
rather stable response to acoustic stimuli. The most, successful experiment is 
shown in Fig. 4. After 30 reinforcements with an electrically evoked excita- 
tory reaction the neuron started to respond to the sound stimulus. The ac- 
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quired acoustic response disappeared after 60 extinction trials and re- 
appeared with new reinforcements. As in nonspecific thalamic nuclei, the 
plastic ch .ange became apparent after 40 -5 0 reinforcements, on the average. 
In must cases it was of the same sign as the unconditioned reaction (n = 7), 
while inverse reactions were fuund in only 3 neurons. 

studied also Cortical neurons. Plasticity was 
ietotemporal regions. Although 

in 20 cortical neurons in 
of reinforced trials avera 

the 
Par the number ged 
162 in this case, acoustic responses appeared in 2 units in 1 block of 6 trials 
and in 3 units in 2 blocks. In 1 unit, irregular sound-induced reactions were 
observed in 7 of 14 blocks. Polarization induced excitatory reactions in 18 
and inhibitory reactions in 2 neurons. The newly appearing acoustic re- 
sponses replicated the electrically induced reactions in 3 units while inverse 

were reactions were found in 2 neurons. On the average, 60 trials 
establish the first acoustic reaction in the reacting units. 

necessary to 

Hippocampal neu .rU?ZS. In a group of 29 units from dorsa 
acoustic stimulus (3 se c) was reinforced by pol .arization (1 the 

on the average. 

.l hippocampus 
set) 168 times, 

The polarizing current excited 18 and inhibited 11 
change could be found in 15 units, although up to 

units. No 
600 rein- 

a single 
signs of plastic 
forcements were a .pplied in one case. Acoustic reaction .s appeared for 
block of 6 trials in 5 units and for 2 blocks in another 5 experiments. 

In 4 rats the acoustic stimulus started to evoke clear-cut reactions per- 
sisting for about 15-20 min. Figure 5 shows one of them which could be ex- 
tinguished and established again. Imitatory reactions were observed in 10 
cases, inverse reactions in 4 cases. The first statistically significant reactions 
to the acoustic stimuli were recorded after 80 reinforcements, on the average. 

Plasticity in acoustically responsive neurons 

Thalamic neurons. The rather low incidence of positive results in the 
above experiments might be due to the fact that many of the examined neu- 
rons lack even an indirect acoustic input and cannot be, therefore, activated 
by acoustic stimuli. More efficient conditioning might be expected in neurons 
which display significant reactions to sound in control conditions. In 7 thala- 
mic units of this type, 4 reactions were increased and 2 decreased after rein- 
forcement with the polarizing current. Two examples of such units are given 
in Fig. 6. 

Neurons of the inferior colliculus. In order to get more data of the above 
type, similar experiments were performed on 64 units of the inferior colliculus, 
displaying excitatory (n = 23), inhibitory (n = 35), or inhibitory-excitatory 
(n =6) reactions to sound. Since repetitive application of sensory stimuli 
may 
units 

cause habituation of the 
was first examined under 

central response, the 
conditions of massed 

behavior 
training, 

of collicular 
but without 

application of the reinforcing polarization. Acoustic stimuli (900 msec) were 
applied at 3-set intervals for up to 46 min and PSH’s were plotted in 1-min 
periods (summated responses of 20 trials). In 12 neurons the reactions to 
sound did not change during the whole experiment (Fig. 7, below), i.e., in 25 
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FIG. 5. Plastic reaction in a hippocampal neuron. Analyzing interval I set, other de- 
scription as in Fig. 1. Polarization (outward current, 15 na, KC1 electrode) evokes at first 
an excitatory, later an inhibitory reaction. An excitatory acoustic reaction develops after 
150 reinforcements. It disappears after about 200 extinction trials but can be restored by 
reinforcement. 

min, on the average. In 8 neurons the reaction changed proportionally to the 
increasing or decreasing spontaneous activity (for 28 min, on the average) 
and remained thus also relatively constant (when assuming multiplicative 
response - 3). An increase of response was observed in 7 units after 12 min of 
repeated stimulation, while in the majority of neurons (n = 37) a statistically 
significant decrease of the sound-induced reactions could be observed after 
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FIG. 6. Changes of the acoustic reactions in the thalamic neurons, induced by rein- 
forcing with polarization. Analyzing interval 1.0 set, other description as in Fig. I. Above: 
a weak excitatory reaction is gradually increased during 50 trials reinforced by polarization 
(outward current, 25 na, sodium glutamate electrode) and decreased during 100 extinction 
trials. Below: an excitatory reaction is at first diminished and finally completely suppressed 
when reinforced by an inhibitory electrical stimulus (outward current, 15 na, sodium glu- 
tamate electrode). The original reaction reappears during the extinction trials. 

the same time (12 min, on the average). Since at this stage interruption of the 
acoustic stimuli for 5-10 min led in 10 of 13 neurons to recovery of the origi- 
nal reaction (Fig. 7, above), this decrease may be considered as a sign of habit- 
uation. 

In another 17 neurons the habituated acoustic stimulus was reinforced 
during the last 300 msec by polarization which evoked either short-lasting 
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FIG. 7. Habituation of an acoustic reaction in units of inferior colliculus. Analyzing 
interval. 0.3 set, interval between stimuli 3.0 set, Other description as in Fig. 1. Above: an 
inhibitory sound-induced reaction is considerably diminished after 300 trials. The original 
reaction recovers following a 5-min interruption of the repetitive acoustic stimulation. 
Habituation and dishabituation can be repeatedly evoked. Below: in another unit no 
change of an inhibitory acoustic response could be observed in spite of 900 stimuli applied 
during 45 min. 

excitatory or inhibitory reactions or resulted in a tonic change of the back- 
ground activity. After a few minutes of reinforcement (usually applied for 
5-10 min) the reaction to sound was significantly modified in 14 neurons. 
Further decrement of the reaction was observed in 5 units; 6 units displayed 
an increase of reaction resembling dishabituation; 3 units showed an inverted 
reaction. After polarization was discontinued, dishabituation appeared in 4 
of the 5 units, the reactions of which were decreased by reinforcement. A 
tendency to a new habituation was evident, however, when the repetitive 
stimulation was continued. 
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Examples of some typical experiments are given in Figs. 8-10. The habit- 
uated inhibitory reaction to sound was restored when reinforced by polari- 
zation and further increased after the polarizing current was switched off 
(Fig. 8). In Fig. 9, on the contrary, habituated excitatory reaction to sound 
was repeatedly decreased when reinforced by polarization and increased 
after the x>olarization was discontinued. Figure 10 demonstrates habituation 

I  

6001 
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FIG. 8. Plastic reactions in a unit of the inferior colliculus. Analyzing interval 0.3 set, 
massed training procedure. Other description as in Fig. 1. The inhibitory acoustic reaction 
was habituated first and only then reinforced by polarization (outward current, 20 na, 
sodium glutamate electrode), which immediately induced recovery. The acoustic inhibitory 
reaction was further increased by reinforcement and remained very intense even after the 
polarization was discontinued. 

of an excitatory acoustic reaction which was changed during the experiment 
into an inhibitory reaction outlasting the reinforced trials. 

DISCUSSION 

The main objective of the present paper was to find out whether electrical 
or chemical stimulation of single neurons can be used as the US in classical 
conditioning experiments. Successful conditioning based on direct brain 
stimulation was reported by Loucks (15), Olds and Milner (17), Delgado et 
al. (6), Doty (7), and others, but in all these cases stimulation affected ex- 
tensive brain areas with millions of neurons. Our experiments suggest that 
conditioning may be due not only to complex cooperation of large groups 
of neurons, but that intracerebral events limited to single cells can also result 
in plastic changes when associated with external stimuli. There are good 
reasons to believe that in the latter case the plastic process occurs either 
directly in the recorded neuron and at its synapses or in its immediate con- 
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nections (interneurons). This unusually good location of the plastic change 
may prove potentially useful in further testing the hypothetical mechanism 
of conditioning, which can be simply described in the following way, 

The polarizing current changes the output frequency of the stimulated 
neurons without influencing directly the transmission at its synapses. Out- 
put impulses control through feedback circuits the excitability of input in- 

LUL llrA ” I, 
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FIG. 9. Plastic reaction in a unit of the inferior colliculus, Analyzing interval 0.3 set, 
massed training procedure. Other description as in Fig. 1, After the excitatory acoustic re- 
action was partly habituated, polarization (inward current, 30 na, sodium glutamate elec- 
trode) caused a further rapid decrease of the response. Discontinuation of polarization re- 
resulted in a recovery of a acoustic reaction which could be suppressed by polarization. 

terneurons. Convergence of the activity evoked by the CS and US in the 
same interneurons may cause long-lasting modification of conditioned signal 
transmission through this link of the circuit. 

Unfurtunately, the experimental arrangement has several drawbacks 
which considerably limit the general acceptability of the above explanation: 
1) The complete lack of behavioral output makes it impossible to decide 
whether similar electrophysiological processes play a role in normal learning. 
2) Extracellular polarization used as the US may not only affect the output 
firing rate of the examined neuron but also induce changes in its synaptic 
field, causing direct facilitation or inhibition of certain inputs. 3) The acous- 
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tic responses in the originally nonresponsive neurons are not necessarily due 
to true conditioning but to nonspecific phenomena described as dominant 
focus (16, 18), reflex sensitization (9), or heterosynaptic facilitation (14), 
which do not require strict continuity of the CS and US and increase the 
probability of responding not only to the CS but also to a wide variety of 
other stimuli. 

The last point seems to be especially important. The low incidence of con- 
ditioned reactions in the present study made it impossible to perform an 

7-20 747 - 760 481-500 761-780 

81 -mu 721-W 167~IOU 7-20 767-780 321~3L:O 

FIG. IO. Plastic reaction in a unit of inferior colliculus. Analyzing interval 0.3 set, 
massed training procedure. Other description as in Fig. 1. The excitatory acoustic reaction 
was habituated first and then reinforced with polarization (inward current, 50 na, sodium 
glutamate electrode). This evoked a decrease and later an inversion of the acoustic response. 
The new inhibitory response remained preserved even when polarization was discontinued. 

adequate number of pseudoconditioning controls, but there is evidence that 
similar results can be obtained with nonspecific activation, as shown in an 
earlier paper (3). About 50y0 of acoustically nonresponsive neurons in the 
inferior colliculus started to display acoustic reactions after their spontaneous 
activity had been changed by polarization. Similar results were obtained by 
extracellular polarization of single cortical neurons by Spehlmann and Kapp 
(20). Thus nonspecific reactions must be considered as an equivalent al- 
ternative to the specific ones. The nonspecificity of the plastic changes at the 
single unit level does not implicate, however, the nonspecificity of the over- 
all behavior in which they may participate. It is conceivable that the specifi- 
city of gross behavioral conditioned reactions emerges as a result of a definite 
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organization of a vast amount of nonspecific unitary changes of the dominant 
focus type. In this case search for specific conditioning at the single cell level 
would be misleading. We feel it more adequate therefore to describe the 
changes of activity induced when reinforcing sensory stimuli by direct stimu- 
lation of single neurons not as conditioning but more generally as plasticity. 

In classical conditioning of vegetative functions, conditioned reactions 
usually imitate the unconditioned ones, although in some cases conditioned 
stimulus may evoke changes opposing or compensating the expected effects 
of the unconditioned stimulus. The same is true for conditioning in single 
neurons. When using external stimuli for both CS and US most conditioned 
reactions in the reticular 
present s tudy about 407$ 

formation were of 
of the plastic reac 

the imitatory type 
tions were of the in 

(4). 1 
verse 

n the 

type* 
This is quite compatible with the assumption that neurons are homeostats 
tending to maintain the spontaneous activity at a constant level and respond- 
ing, therefore, to the CS by activity changes which might diminish the antic- 
ipated disturbance. It is not clear, however, whether this behavior is typical 
for the direct application of the US. Both excitatory and inhibitory effects of 
the US can be used for conditioning. No significant difference in the incidence 
of plastic changes was found between the four structures examined. This is 
mainly due to the small size of the samples but it may also indicate that the 
plasticity of single elements of these brain regions is essentially similar. 

The results in units which displayed clear-cut reactions to the CS from 
the beginning were somewhat different. It was necessary to estimate at first 
the normal variability of their responses to repetitive application of acoustic 
stimuli. The decrease of sound-induced reactions observed in most collicular 
units after several hundred stimuli closely resembles the habituation of 
acoustic responses described in brain-stem units of rabbits by Horn and Hill 
(10) and by Bell et al. (1). The decrease of reactions to repetitive acoustic 
stimulation found by the former authors in 23 of 25 units was not due to 
deterioration of the neurons since interrupting stimulation for a few minutes 
induced recovery of the initial response, a dishabituation. The same proce- 
dure proved to be effective also in the inferior colliculus of rats. Such data 
must be considered as the necessary base line for evaluation of the experi- 
ments with direct stimulation of the neurons. They indicate that under con- 
trol conditions the unit reactions are rather stable with a tendency to a 
slowly developing reversible decrement of response. 

Reinforcing the acoustic stimulus by polarization of some units induced 
rather abrupt changes of the acoustic response. The most common finding 
was an increase of the habituated reaction which could not be simply identi- 
fied with dishabituation. While the synaptic changes responsible for dis- 
habituation of an acoustic reaction occur at all levels of the sensory pathway 
through which the acoustic signal is transmitted, polarization selectively 
affects only the immediate connections of the given neuron. Although super- 
ficially resembling dishabituation, the above results can be better described 
as one of the three types of plastic changes of the original reaction: increase, 
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decrease, and inversion. No consistent relationship was found between the 
character of the unconditioned reaction and the change of the acoustic re- 
sponse. 

The low incidence of plastic reactions in the acoustically nonresponsive 
neurons (clear-cut acoustic reactions appeared in 17 of 128 units) may be an 
inherent, property of the organization of the respective neural nets. Assuming 
that the plastic changes occur in the close connections of the neuron directly 
affected by the stimulating current,, positive results can be expected only 
when its synaptic field comprises some inputs which might be driven by 
acoustic stimuli. Using a more potent nerve influx to the same region may 
result in a much higher incidence of plastic reactions. The easy modification 
of acoustic responses in neurons responding to sound under control conditions 
may support this interpretation. It, seems that modification of preformed 
reactions constitutes the first stage of plastic processes which may eventually 
result in formation of new responses. 

The limitations of the technique used in the present study do not permit 
us to give a deeper analysis of our findings. Further research is required to 
find the most adequate technique for demonstrating the functionally induced 
modifications of neural nets and to decide which of them are significant to 
normal learning. 

SUMMARY 
An attempt was made to establish conditioned reactions in 128 neurons of 

the nonspecific thalamus, reticular formation, hippocampus, and neocortex 
of locally anesthetized curarized rats by reinforcing an indifferent klcoustic 
signal (2,00O/sec, 0.9 or 3.0 set duration) with electrical and/or chemical 
stimuli applied through the recording microelectrode to the investigated cell 
(10-50 na, 0.3 or LO SW). A simple computer was used for both program- 
ming the experiment and evaluating the results in the form of poststimulation 
histograms. In spite of several hundreds of reinforcements stable acoustic 
reactions could be established in 17 neurons only, while transient plastic 
changes were observed in another 34 units. The incidence of plastic reactions 
was not significantly different, in the examined structures. Positive results 
were obtained with both excitatory and inhibitory responses used as rein- 
forcement. 

As the above negative results may be due to a lack of auditory inputs to 
the cells under observation, another series of experiments was performed in 
neurons of the inferior colliculus displaying marked reactions to sound. In 
37 of 64 units repetitive application of sound stimuli resulted after 12 min in 
a significant habituation of the original response; interruption of stimulation 
for a few minut,es evoked dishabituation. Reinforcing the habituated sound 
stimulus by the polarizing current induced clear-cut modification of the 
acoustic reaction in 14 of 17 neurons (increase in 6, decrease in 5, and inver- 
sion in 3 cases). Mechanisms of the above plastic changes of unit activity and 
their possible role in normal learning are discussed. 
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