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Reactions of neurons of area 7 in the parietal association cortex to paired 
stimulation of the dorsolateral and posteriolateral thalamic nuclei were in- 
vestigated using methods of extra- and intracellular recording. It was found 
that conditioning stimulation of association nuclei caused inhibition or facil- 
itation of the test response; in some cases, the effect was indeterminant. In- 
hibition frequently led to other types of reactions. Inhibition of response to 
the test stimulus was pronounced during the initial period of IPSP, but facili- 
tation of the response was possible during the repolarization phase. There was 
no inhibition of test responses when the chloride component of the IPSP was re- 
versed. It is suggested that inhibition of responses to the test stimulus 
takes place in the presence of an inward chloride current and that facilitation 
of responses to such a stimulus may be due to increased effectiveness of late 
EPSPS. 

INTRODUCTION 

Evidence has been presented [i, 2, 5] that the durations of depression of background 
activity and evoked impulse activity and also durations of IPSPs differ during the develop- 
ment of inhibition in neurons of the parietal association cortex (PAC). Inhibition of back- 
ground impulse activity lasts longest; inhibition of impulse responses to test stimulation 
of thalamic association nuclei lasts the shortest time. The authors attribute the mentioned 
differences in duration of inhibition to the fact that the membrane potential during an ac- 
tion potential (AP) is less than the resting membrane potential. In addition, it is neces- 
sary to take into account the prolonged depression of background impulsation from neurons of 
thalamic nuclei providing afferent input to investigated area and the prolonged depression 
of intracellular follow-up processes [2, 7]. Since the duration of an IPSP in a neuron of a 
lateral thalamic nucleus [9] does not reliably differ from the duration of an IPSP in a PAC 
neuron [5], it can be assumed that the discrepancy between the duration of depression of 
background activity and the duration of an IPSP is generally due to the properties of the 
PAC neurons under investigation [3]. The goal of our research was to investigate certain 
synaptic mechanisms responsible for inhibition of impulse responses of PAC neurons to paired 
stimulation of thalamic association nuclei. 

METHODS 

Acute experiments were carried out on 17 cats weighing 2.5-3 kg. Tracheotomy, cathe- 
terization of the femoral vein, and also head and pneumothorax operations were conducted 
under calypsol-induced anesthesia (15 mg/kg i.m.). Cut surfaces were treated with a 0.5% 
solution of novocaine; the animal was immobilized with arduan or d-tubocurarine and main- 
tained by artificial breathing. Stimulating bipolar electrodes made from nichrome wire 
(approximate diameter of 2 mm, interelectrode spacing of 0.5 mm), were inserted into the 
dorsolateral (Fr = i0; L = 3.5; H = 15-16) and posteriolateral (Fr = 7.5; L = 5.0; H= 13.0- 
15.0) thalamic nuclei (DLN and PLN) according to stereotaxic coordinates [ii]. The strength 
of the stimulating current (0.2 mA) and the impulse duration (0.2 msec) exceeded the values 
needed to generate evoked potentials (EPs) by a factor of two-three. Paired stimuli were 
used to stimulate association nuclei in the following combinations: DLN + DLN, DLN + PLN, 
PLN + PLN, PLN + DLN. Interstimulus intervals were varied from 2 to 500 msec. Consecutive 
pairs of stimuli were applied at intervals of not less than 2-3 sec. 
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TABLE i. Changes in Responsiveness of Parietal Association 
Cortex Neurons in Paired Stimulation of the Dorsolateral and 
Posteriolateral Thalamic Nuclei 

Structures 
stizl~lated Number 

I Types of reactions of I PACneurons, ~ Primary de- 
absence of ~ pression of 

inhibiton facilita- clear effeeelrespectiveness, 
tion ~ msec 

DLN + DLN 19 73,6 5,3 21,I 29,7~--~14,2 
DLN + PLN 16 56,2 12,5 31,3 53,5±29,9 
PLN + PLN 14 93,8 0,0 7,2 95,4!-41,I 
PLN + DLN 17 53,0 29,4 17,6 22,8-+-5,9 

Explanation. Average values ± standard deviation was presented. 

Neuronal activity was recorded within area 7 at the focus of maximum amplitude of EPs 
arising in response to stimulation of the DLN. Glass microelectrodes for intracellular re- 
cording were filled witha solution of sodium chloride (4,0 mole/liter; resistance of 10-15M~); 
a solution of potassium acetate (2.0-2.5 mole~liter) was used for intracellular recording. In a 
series of experiments, we used microelectrodes contained potassium chloride together with 
potassium acetate (0.2; 0.5 or 1.0 mole/liter; resistance of 30-80M~). Neurons exhibiting 
membrane potential exceeding -45 mV were selected for analysis. 

At completion of the experiments, we verified the positions of the tips of the stimula- 
ting electrodes in frozen sections. 

RESULTS 

Intracellular Recording. In this series of experiments, we investigated impulse reac- 
tions of 29 neurons of area 7 in the PAC to paired stimulation of thalamic association nuclei 
in different sequences. Three types of changes in neuronal responsiveness were found: 
strengthening of the response to the test stimulus, inhibition, and a lack of clear shifts in 
responsiveness, accompanied by some increase in the latent period of response to the test 
stimulus. Primary inhibition of responses to the test stimulus occurred more frequently than 
other types of reactions (see Table I). When conditioning and test stimulation were applied 
to the same nucleus, primary inhibition of impulse responses from PAC neurons appeared more 
often than when these stimulations were applied to different nuclei. As a rule, impulse 
responses of PAC cells to test stimulation of the PLN were subject to more prolonged depres- 
sion than responses to PLN stimulation; this characteristic showed little dependence upon 
which nucleus was stimulated with the conditioning stimulus. 

It should be noted that some of the neurons showed a secondary, and, in a number of 
cases, a tertiary depression of responsiveness after restoration of response to the test 
stimulus (however, prior to restoration of the characteristics of the background impulsa- 
tion). The recovery period for such neurons equalled 15-20 msec. In neurons of another 
group, the opposite situation was observed: there was a short (10-40 msec) period of inhibi- 
tion of impulse responses to the test stimulus; this would not occur immediately following 
the conditioning stimulus, but rather after some latent period. In such cases, blockage of 
transmission of excitation took place within a narrow range of interstimulus intervals. 

When various combinations of conditioning and test stimulations of association nuclei 
were used, some of the PAC neurons showed an heightened response after presentation of the 
test stimulus; this was expressed in an increase in the number of action potentials (APs) to 
stimulation at the same intensity and also in the appearance APs to test stimulation at supra- 
threshold intensities. In general, such heightening of the response could arise either ini- 
tially or after inhibition; it was found in more than 30% of the cases. This type of response 
was investigated with the aid of intracellular recording. 

In Ii PAC neurons, intracellular recording revealed membrane potentials exceeding -45 
mV and intensification of responses to test stimulation during paired stimulation of associa- 
tion nuclei. In one neuron, such reactions were detected under conditions of quasi-intra- 
cellular recording. Paired stimulations were applied to a single association nucleus or dif- 
ferent nuclei (DLN and PLN) in different combinations. Seven neurons showed background activ- 
ity or generated APs to a single stimulation of DLN or PLN; APs did not arise in four neu- 

rons. 
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Fig. i. Responses of neuron of the parietal asso- 
ciation cortex to test stimulation of dorsolateral 
thalamic nucleus in the form of EPSP-spike against 
the background of an IPSP induced by a condition- 
ing stimulation of DLN. 

Fig. 2. Responses of PAC neuron to test stimula- 
tion of the dorsolateral thalamic nucleus during 
weakly expressed initial component of IPSP in- 
duced by conditioning stimulation of this nucleus. 

Conditioning stimulation of DLN or PLN induced a primary reaction in the form an EPSP 
or IPSP in PAC neurons. The character of neuronal reactions to test stimulation of one of 
nuclei mentioned depended upon which phase of response to the first stimulus the test stimu- 
lus occurred. Figure 1 shows a neuronal reaction in the form of an IPSP-spike-IPSP 
combination arising after a single stimulation of DLN. With interstimulus intervals of up 
to 25 msec, EPSPs did not develop in response to the test stimulus. As interstimulus inter- 
vals increased with increases in IPSPs, EPSP amplitudes reached the critical level for AP 
generation. Further increases in interstimulus intervals resulted in generation of a burst 
response and complete cessation of IPSPs evoked by the conditioning stimulus. 

Reduction of EPSP amplitudes and inhibition of impulse response was not necessarily 
linked to marked hyperpolarization of the cell membrane. We detected neuronal responses 
arising after stimulation of DLN in the form of the combination EPSP-spike-hyperpolarizing 
potential (Fig. 2). Presentation of a test stimulus with an interstimulus interval of 20 
msec or more evoked a response in the form of a double EPSP. The conditioning stimulus in- 
hibited generation of AP for 80-85 msec (apparently due to shunting of theneuronalmembrane). 
As a result of this, an AP arose only with development of a second EPSP when the interstimu- 
lus interval was 55-60 msec, although the amplitude of the primary EPSP reached the critical 
level for AP generation. With an increase in the interstimulus interval to 70 msec, an AP 
appeared to the primary EPSP after test stimulation. In this case, the interval between the 
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Fig. 3. Postsynaptic inhibition of PAC neuron induced paired stimulation 
of the dorsolateral and osteriolateral nuclei (DLN and PLN respectively) 
in different combinations (quasi-intracellular recording). 

conditioning stimulus and the AP to the test stimulus equalled 90-100 msec. A further in- 
crease of the interstimulus interval to 120 msec resulted in AP generation with everyEPSP. 
It is interesting that AP generation occurred when the test stimulus was applied during the 
rise phase of hyperpolarization, but generation of two APs occurred when the test stimulus 
was applied during the repolarization phase, 

Test stimulation of association nuclei affected the development of an IPSP induced by 
the conditioning stimulus (Fig. 3). The neuron reacted to a single stimulation of DLN with 
a IPSP-EPSP-spike-IPSP combination. When the test stimulus was applied during the primary 
IPSP, the duration of the secondary IPSP decreased. If, however a second stimulus was applied 
during generation of a EPSP-spike combination, an increase in the duration of the secondary 
IPSP occurred. A test stimulation presented during the rise phase of the second IPSP induced 
a burst response which did not alter the development of this IPSP. If a test stimulus was 
applied during the repolarization phase of a secondary IPSP, then the burst response arising 
under these conditions interrupted the development of the secondary IPSP induced by the con- 
ditioning stimulus (Fig. 3a, 2-9). A primary IPSP in response to the test stimulus appeared 
only when the intervals between stimulations equalled more than 500 msec. Reactions to con- 
ditioning and test stimulation of the PLN were investigated in the same neuron. In this 
case, an IPSP developed in response to a single stimulation of the PLN. A small depolarizing 
potential arose during the rise phase of the IPSP (Fig. 3b). In the case of earlier test 
stimulation of PLN, a pronounced depolarizing potential was detected against the background 
of the IPSP. Test stimulation which was applied at the moment of maximum development of the 
IPSP induced by a conditioning stimulus again resulted in generation of an AP (Fig. 3b, 2-9). 
An AP could arise during any interstimulus interval within a range 10-650 msec as a result of 
a combination of conditioning stimulation of DLN and test stimulation of PLN (Fig. 3c). 

Reversal of the Initial Component of the IPSP. Since pronounced depression of responses 
of PAC neurons took place during the initial period of the IPSP, we conducted a series of ex- 
periments with the use of microelectrodes filled with a potassium chloride solution. A re- 
versal of the IPSP was observed in all 37 of the PAC neurons investigated. Complete rever- 
sal of the IPSP occurred in some of the neurons; in others, only the initial component of 
the IPSP was subject to reversal. It is interesting that a short-latency depolarizing po- 
tential, frequently accompanied by an AP, was generated in response to threshold stimulation. 
An increase in the strength of stimulation led to the development of a second depolarizing 
oscillation (sometimes several) with a long latent period, but such oscillations merged when 
the strength of stimulation was increased further (Fig. 4). In neurons with distorted IPSPs, 
APs to application of the test stimulus arose against a background of depolarization during 
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Fig. 4. Reaction of PAC neuron evoked by stimulation of the pos- 
teriolateral thalamic nucleus at different strengths: 4.0" 
10 -5 , 1.0"10 -4 , 1.5"10 -4 , 2.0"10 -4 A (a-d, respectively). 

Fig. 5. Effect of paired stimulation of dorsolateral nu- 
cleus upon neuronal responses with reversal of the initial 
phase of the IPSP. 

the intial period of hyperpolarizing oscillations; marked inhibition or facilitation of im- 
pulse responses under these conditions was not detected, however (Fig. 5). Facilitation of 
response to the test stimulus occurred when the interstimulus interval was increased. How- 
ever, we found one neuron in which the membrane potential reached the critical level for 
creation of an AP in reaction to an initial depolarizing oscillation after paired stimula- 
tion with interstimulus interval of 2-7 msec. Temporal summation apparently occurred in 
this case. 

DISCUSSION 

Our results indicate that the predominant reaction of PAC neurons to test stimulation 
of thalamic association nuclei is primary inhibition of evoked impulse reactions; however 
such inhibition does not last as long as inhibition of background activity and the IPSP [3, 
4]. In addition to inhibition, there was sometimes primary facilitation of responses to a 
second stimulus; in a number of cases, however, it is not clear that a conditioning influence 
was involved. Stimulation of one and same association nucleus caused primary inhibition of 
impulse responses to the test stimulation more frequently than stimulation of different nu- 
clei. 

Previously [2], brief inhibition (or absence of inhibition) was found in cortical pro- 
jection zones after conditioning and test stimulations with different inputs; prolonged in- 
hibitionwas discovered after paired stimulation of one and the same input. This allowed the 
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authors of the report to suggest that such inhibition was dendritic in origin. Our data in- 
dicates that such inhibition is not always effective in the association cortex and that facil- 
itation of impulse responses is possible as a result of paired stimulation of one and the same 
input. 

The duration of depressed responsiveness is determined by the sum of the effectiveness of 
inhibition due to conditioning stimulation and the effectiveness of excitation evoked by test 
stimulation. Our research data suggests that the pimary factor determining the duration of 
inhibition of impulse responses of PAC neurons is the effectiveness of the excitatory input. 
Here, excitation arising in the case of test stimulation of DLN was more effective than stimu- 
lation of the PLN, probably as a result of the more smoother rises of EPSPs and the longer 
durations of the EPSPs in first case [3]. 

Primary facilitation of responses to the test stimulus, especially during stimulation of 
the same association nucleus, may be due to temporal summation of excitation which takes 
place when an IPSP starts to develop in a neuron. 

Experiments with intracellular recording showed that suppression of impulse responses to 
a test stimulus occurs during the initial period IPSP. During this period, slow depolarizing 
potentials due to inward chloride current and the drop of resistance of the cell membrane are 
suppressed [2, 6, 8, I0, 13, 16]. Application of a test stimulation at maximum of develop- 
ment of an IPSP or during rise component of the IPSP induced slow depolarization with an am- 
plitude exceeding the amplitude of an EPSP arising after application of a single stimulation. 
In some cases, large depolarizing potentials developed in response to a test stimulus, al- 
though a primary IPSP was detected after a single stimulation of this nucleus. Its latent 
period was always longer than the latent period of an IPSP. One of the components of this 
reaction is probably an EPSP masked by a primary IPSP with shorter latent period. It is im- 
portant to determine what is controlling the inhibition of depolarizing potentials during the 
initial period of IPSP. Since this inhibition takes place at the start of small-amplitude 
hyperpolarizing potentials accompanied by a minor chloride component, it is reasonable to 
suppose that it is generally due to shunting of the cell membrane [i0]. During this phase of 
the IPSP and during the initial period of hyperpolarization induced by intracellulary applied 
current, the response to a test stimulation (an intracellularly applied depolarizing jolt of 
current) was suppressed [9, 12]. 

If inhibition during the initial period of the IPSP were exclusively due to an increase 
in membrane conductance, inhibition of depolarizing potentials would be maintained against a 
background of such depolarization when the direction of CI- movement is changed. In order to 
test this hypothesis, recordings were made with the aid of microelectrodes filled with potas- 
sium chloride. Under conditions of intracellular recording, we, like other researchers [5~ 
8, 15], detected reversal of the initial component IPSP or complete reversal of the IPSP. 
Inhibition of impulse responses to the test stimulus did not manifest against the background 
of a distorted component of IPSP. In addition, an AP arose to a secondary depolarizing oscil- 
lation, which developed in response to a very strong level of stimulation. APs were generated 
in this fashion in a number of cases. It is reasonable to believe that inhibition of re- 
sponses to the test stimulus could take place with only a small inward chloride current pass- 
ing through the neuronal membrane. 

When the direction of this current changed, inhibition did not take place, although mem- 
brane conductance increased. Strengthening of responses to the test stimulus (when it occurred) 
took place after completion or during waning of the first (chloride) phase of the IPSP. We 
believe that other mechanisms must be involved if a test stimulation of strength similar to 
that of the conditioning stimulation generates a heightened response. In vitro experiments 
demonstrate [14] that late EPSPs, in addition to the usual EPSPs, arise under specific condi- 
tions in neocortical neurons. The considerable depolarizing potentials arising in response 
to the test stimulus can be classified as such late EPSPs on the basis of a number of proper- 
ties. In the reports mentioned, it was found that IPSPs block late EPSPs. The methodologi- 
cal approach we used, however, allowed us to draw some conclusions regarding the initial IPSP 
component, since late EPSPs and IPSPs were induced by one and the same stimulus. Paired 
stimulation (suprathreshold for development of IPSPs) resulted in late EPSPs only [17]. 

It is likely that the late component of the IPSP caused potentiation of the late EPSP. 
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