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Neuronal response to single stimuli applied to the thalamic dorsoiateral and 
posterolateral nuclei (DLN and PLN resepctively) was investigated in the parietal 
association cortex. Primary IPSP following DLN and PLN stimulation was noted 
in 62.5% and 79.6% of instances respectively. Latencies of EPSP and IPSP when 
stimulating the two nuclei were longer for the DLN. The amplitude of EPSP 
evoked by stimulating association nuclei rose and declined smoothly, while that 
of IPSP showed a fast rise and a more steady decline. The EPSP appearing during 
the evolution of IPSP were of higher amplitude than control level of resting po- 
tential. Both amplitude and duration of IPSP induced in a single unit by stimu- 
lating different association nuclei were extremely similar, thus confirming the 
involvement in this operation of the same inhibitory cortical interneurons. 
Duration of IPSP was shorter than that of inhibitory background spike activity. 
It is postulated that the discrepancy in duration can largely be ascribed to 
properties of the neurons themselves. 

INTRODUCTION 

We have already obtained recordings of spike response of short latency produced by 
electrical stimulation of thalamic association nuclei in the parietal association cortex 
(PAC) [4]° These differed in the considerable variability of their latent periods. The 
hypothesis (requiring verification) was advanced that this property is due to aspects of 
EPSP development. In addition, we recorded inhibitory response in the background activity 
of PAC neurons exceeding IPSP in duration in PAC cells [I, 5]. Direct bilateral connections 
were also discovered between the dorsolateral thalamic nucleus (DLN) and the PAC. The pres- 
ence of direct inhibitory connections in the cortical location examined could not be con- 
firmed in the aforementioned study owing to methodological reasons. This article ~sets out 
to investigate parameters and other aspects of postsynaptic excitatory and inhibitory pro- 
cesses developing in PAC neurons under direct application of electrical stimulation to thal- 
amic association nuclei. 

METHODS 

Experiments were conducted on 13 adult cats immobilized with pipecuronium bromide. 
Preparatory surgery was performed under calypsol-induced anesthesia (15 mg/kg, i.m.) fol- 
lowed by infiltrating all soft tissues with a 0.5% novacaine solution. Drainage of the IVth 
ventricle was carried out to end cerebral pulsation and a bilateral pneumothorax set up, 
The trepanning opening was filled with warm agar-agar solution prepared in physiological 
saline. Animals were injected with 0.2-0.3 ml of a 1.0% atropine solution i.m. to reduce 
release of mucus into the airways, 

Bipolar stimulating electrodes produced from nichrome wire (diameter: 0~2 mm, dis- 
tance between electrodes: 0.5 man; resistance: 100-i59 k~) were inserted into the DLN 
(I0.0, 3.5, 15.0-16.0) and posterolateral nucleus (PLN - 7.5, 5.0, 13.0-15.0) according to 
stereotaxic coordinates [i0]. Intensity of the stimulating current reached 0.5 mR (2-3 
times that required for onset of evoked potential). 

Neuronal activity was recorded at the focus of peak amplitude of evoked potential 
arising in response to DLN stimulation within PAC area 7. Neurons were selected for anaiy- 
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sis with a membrane potential in excess of -45 mV. Microelectrodes for intracellular re- 
cording contained 2 M potassium acetate solution. Resistance of electrodes measured 30-80 
M~. Stimuli were applied at a maximum rate of 0.3/sec. 

Morphological verification of the location of stimulating electrode tips took place 
once experiments had ended. 

Statistical processing of the data obtained was carried out using a PC and a software 
package developed by colleagues at the Odessa State University. 

RESULTS 

The response of 80 PAC neurons to DLN stimulation was recorded using intracellular 
techniques; 62.5% of all test neurons responded with primary IPSP and the remainder with 
primary EPSP or an EPSP--peak complex. The response of 59 cells to PLN stimulation was also 
investigated: 79.6% of these responded with primary IPSP, one with an antidromic peak-IPSP 
pattern and the remaining 18.7% with primary EPSP (Fig. i). 

Latencies of EPSP induced by LDN stimulation were significantly greater than in those 
produced by stimulating the PLN. Although the kurtosis of the latency of (neuronal) re- 
sponse distribution under PLN stimulation is negative, the scatter of values is also low. 
It might therefore be assumed that overall excitation of PAC neurons under PLN neurons 
showed more coordination, although duration of EPSP was shorter under PLN than under DLN 
stimulation (Table i). 

A low rate of rise emerged as a characteristic feature of EPSP in PAC neurons under 
association nucleus stimulation, so that action potentials (AP) set in with a wide scatter 
of iatencies at peak EPSP (see Fig. Ic). We produced correlation matrices of values of half- 
length of EPSP and duration of the rising phase of EPSP to evaluate time parameters of re- 
sponse in PAC neurons (see Fig. 2). This relationship turned out to be close to a straight 
line, which made it possible to work out the linear regression equation (Table 2). The pat- 
tern of the theoretical linear regression points would indicate that the EPSP peak arising in 
area 7 neurons under DLN stimulation generally occurs at the central stage of this potential 
(Fig. 2a). As shown in the diagram, however, scatter rose where half-length of EPSP ex- 
ceeded l0 msec. We also carried out similar calculations for PLN stimulation (see Fig. 2b). 
The rising phase of EPSP produced by stimulating this nucleus was usually briefer than the 
repolarization phase. 

In a number of instances, EPSP occurred following IPSP due to stimulating both associa- 
tion nuclei. Amplitude of these EPSP was greater in response arising with resting potential 
at control level (see Fig. la, b). 

A total of 75 and 50 neurons generated IPSP in response to stimulation of the DLN and 
PLN; mean values of latencies were higher in the latter (see Table i) but these differences 
were not significant. High levels of asymmetry and kurtosis in distribution of latencies 
of neuronal response to PLN stimuiation would indicate that inhibition arises in synchrony 
in a large proportion of neurons (shifted towards the start of sampling). Amplitude and 
duration of IPSP induced by stimulating each of the nuclei did not differ significantly, 
although levels of these as produced by stimulating the PLN were somewhat higher. 

We investigated response in 45 neurons producing IPSP in response to stimulating both 
nuclei. Significant correlations were found between amplitude (R = 0.54) and duration (R = 
0.65 at P = 0.01, R = 0.368). Latencies showed no correlation. Where amplitude of IPSP 
produced by DLN stimulation was the overall sign, the linear regression equation appeared as 
follows: y = 2.770 (±2.770) + 0.414 (±0.098)x, where x is the amplitude of IPSP generated 
in response to PLN stimulation. 

A correlation matrix was produced to evaluate temporal parameters of IPSP development 
(see Fig. 3) and a theoretical regression line of the relationship between the descending 
section of IPSP and IPSP half-duration was calculated (Table 2). Descending and ascending 
sections of IPSP were found to develop asymmetrically in the neuronal population. This 
asymmetry was less pronounced in one group of neurons, however (see Fig. 3). 

The IPSP induced by stimulating association nuclei followed a complex pattern, being 
frequently followed by depolarizing waves which could reach critical level for generating 
AP. At the same time, single stimuli evoked rhythmic IPSP with a total duration of up to 
1 sec (see Fig. if). 
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Fig. i. Intracellular neuronal response in area 7 
of the parietal association cortex to electrical 
stimulation of thalamic association nuclei; a) 
EPSP-IPSP; b) spontaneous hyperpolarization and 
EPSP-IPSP response pattern in the same unit; c) 
superposition of four responses in neuron react- 
ing with an EPSP-peak-IPSP pattern; d) response 
in the same neuron as in c); e) primary IPSP; f) 
complex IPSP. Point of stimulation marked by dot. 

TABLE i. Statistical Features of Neuronal EPSP and IPSP 
Produced in the Parietal Association Cortex by Stimulating 
the Dorsolateral and Posterolateral Thalamic Nuclei (DLN 
and PLN respectively) 
,i ,,, 

 alal I mlc., ~ Parameter Mean rror 
MiniIMaxi- 
Tf = 

Confidencel A s : 

interval I met)~r~ Kurtosis 

Statistical features of EPSP 
depth 1231 I16 300 2490 1062--1390 0,445 --0,~o9 

DLN la tency  8,2 I,I 2 23 6,6--9,8 0,852 --0,490 
ampli tude 4,0 0,5 I I0 3,4--4,7 0,494 --0,549 
d u r a t i o n  18,I 2,6 3 70 14,5--21,8 1,244 --2,063 
depth 1408 186 500 ~39~ ] 111--I 705 --0,057 --0~20 

PLN latency 4.3 0,6 3 8 3,3--5,3 0,792 --1,077 
4,4 1,0 2 11 2,9--6,0 1,075 --0,144 

amplitude 12,4 2,8 3 25 8,0--16,9 0,125 --1,801 
duration 

Statistical features of IPSP 
depth 1225 72 180 253~ ] 123--1338 0,380 --0,878 

DLN la tency  14, ] 1,5 3 70 12, I--16,2 1,065 0,012 
ampli tude 5,8 0,4 I 18 5,2--6,3 0,727 --0,377 
du ra t i on  130,5 8,8 20 350 118,1--143,0 0,613 --0,564 

PLN depth 1249 73 210 2535 l 144-- 1352 0,402 0,580 
l a t ency  I 1,4 1,4 3 55 9,4~13~ 1,849 2,036 

6,8 0,6 I 20 6,0--7,6 0,939 --0,005 
ampli tude 139,0 12,1 22 420 121,9--156,1 1,090 0,239 
duration 

DISCUSSION 

Findings from this study would indicate that neuronal response produced in the PAC by 
stimulating thalamic association nuclei follows as complex and prolonged sequence of excita- 
tory and inhibitory components brought about both by the influence of association nuclei and 
characteristics of neuronal interaction within the cortex. Numbers of primarily excitatory 
neurons were higher resulting from DLN than from PLN stimulation, although latencies of ex- 
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Fig. 2. Correlation field and theoretical regression lines 
showing relationship between duration of rising section of 
EPSP and half-duration of EPSP in area 7 neurons under stim- 
ulation of the dorsolateral (a) and posterolateral (b) thal- 
amic nuclei. Overall sign for i: duration of rising portion 
of EPSP; for 2: half-duration of EPSP. Abscissa: half- 
duration of EPSP, msec; ordinate: duration of rising portion 
of EPSP, msec. 
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TABLE 2. Levels of Theoretical Regression Lines and Correla- 
tion Coefficients of EPSP and IPSP Parameters during Stimula- 
tion of Thalamic Association Nuclei (dorsolateral and poster- 
olateral nuclei: DLN and PLN respectively) 

' I ~  .................. ~e~ression ~ .... ICorrela-{Probabil i 
lel~ment ~oSfficien~f*~|tion co- ityofnull 

Overall sign ~of re- ~nd stan- ~r@ns@ effi- hypothe- 
|gression~ard error ~rlp- I cient Isis occur-' 
-~equatio~ ~ion ~ iring 

PLN 

DLN 

PLN 

duration 
rising portion of EPSP 1,85 0,93--+0,12 4,64 0,807 P<0,OI 
half-duration of EPSP 1,92 0,71:h0,09 4,05 

duration 
3,48 0,78--+0,18 3,80 0,866 P<0,0I  r i s i n ~  p o r t i o n  of EPSF 

h a l f - ~ u r a t i o n  of  EPSP --I,78 0,97=h0,23 4,24 

d u r a t i o n  
rising portion of IPSP 40,48 1,17+--0,I7 43,|4 0,640 P<0,0I 
half-duration of IPSP 1,48 0,35:1:0,05 23,53 
duration 
rising portion of IPSP 45,84 1,12--+O,20 36,90 0,610 P<0,01 
half-duration of !PSP ---0,35 0,33=h0,06 20,07 

citatory response were more prolonged in the case of the former, the difference being 3.9 
msec; such response arose with a greater temporal scatter. The possibility should not be 
excluded that, in the case of DLN stimulation, a certain proportion of PAC neurons may be 
drawn into the response with relay in other brain structures rather than by direct means. 
The occurrence of response with a latency of 2-4 msec could also point to the existence of 
direct connections between this nucleus and the association cortex. Statistical features 
of the distribution of EPSP latencies show that stimulating the DLN induces less coordinated 
arrival of impulses at neurons of PAC area 7 than in the case of DLN stimulation. The 
phased arrival of impulses induces a smooth growth in amplitude of EPSP, and the EPSP pateau 
barely reaches the critical level of membrane potential triggering AP. This ensures the on- 
set of AP with a wide scatter of latencies. We also recorded this characteristic after DLN 
stimulation using extracellular techniques [4]. It has been shown in surviving cortical 
slices that two constituents of EPSP (a lead and lag phase) can be produced in neurons by 
single stimuli. A proportion of the EPSP produced by stimulating association nuclei re- 
sembled the potentials we have described as lag EPSP in their time parameters. 

The considerable duration of EPSP and the widespread absence of IPSP following AP could 
indicate that the efficacy of setting up recurrent inhibition mechanisms following stimula- 
tion of association nuclei is not very high in the association cortex [i]. 

Stimulation of the association nuclei produced EPSP both initially and following EPSP. 
Amplitude and duration of these generally matched with findings described in the literature 
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Fig. 3. Correlation field and theoretical regression line 
showing relationship between duration of the descending sec- 
tion of IPSP and half-duration of IPSP in area 7 neurons un- 
der stimulation of the dorsolateral (a) and posterolateral 
(b) thalamic nuclei. Overall sign for i: duration of de- 
scending section of IPSP; for 2: half-duration of IPSP. 
Abscissa: half-duration of IPSP, msec; ordinate: duration 
of descending portion of IPSP, msec. 

[I, 5]. Considerable variation in latencies were typical of IPSP, apparently due to char- 
acteristics of intracortical diffusion of excitation [3] as well as some delay outside the 
limits of the test zone. The fact that latencies of IPSP induced by PLN stimulation were 
greater than for the PLN (in common with those of EPSP), the difference being 2.7 msec, 
should also be noted. The smaller difference in IPSP latencies after stimulating different 
association nuclei compared with those of EPSP would indicate the more effective operation 
of the sequence starting in the DLN and producing excitation in inhibitory PAC interneurons. 
Although a large proportion of IPSP set in polysynaptically, after stimulating both associa- 
tion nuclei, IPSP were recorded with a latency of 3 msec, thus pointing to the possibility 
of hi- and even monosynaptic production of these. 

The significant correlation found and the type of regression equations between IPSP 
amplitude in neurons responding with inhibition to stimulation of both association nuclei 
and IPSP duration, together with the lack of correlation between latencies of such response 
indicate that excitation proceeds to inhibitory interneurons of the PAC via difference se- 
quences, although effects from both sources on cortical neurons are similar. It might be 
postulated that a single PAC unit is being inhibited by the same group of inhibitory inter- 
neurons while stimulating different association nuclei. Analysis of the time parameters 
relating to onset of IPSP revealed that such response develops asymmetrically in most cases: 
hyperpolarization rises rapidly and repolarization occurs considerably more slowly. These 
patterns are not typical of the proportion of neurons with extensive IPSP, however. In ad- 
dition, numerous studies [2, 6, ii, 12, 13] have shown that the initial or "transient 's com- 
ponent of IPSP is associated with inward chloride and the second with "slow" outward calcium 
current. Opening of chloride channels then overtakes that of calcium channels [8, 9]. We 
believe that the chloride constituent is barely evident in IPSP of long duration and that 
membrane potential does not reach maximum level in generation of these. The IPSP are largely 
brought about by outward potassium current. We would link the prevalence of potassium cur- 
rent in these neurons with its near-symmetrical evolution. 

It should also be mentioned that mean duration of IPSP induced by stimulating associa- 
tion nuclei is almost twice as low as that of the inhibition of background firing activity 
produced by stimulating the same nuclei, as recorded by our team using extracelluiar tech- 
niques [4]. Similar findings were obtained during the study of IPSP development and inhi- 
bition of background neuronal firing activity in cortical association zones with the ar- 
rival of afferent volleys or in response to stimulating thalamic relay nuclei [i, 7]. The 
authors cited explain this by the fact that membrane potential must be lower than resting 
potential level to produce background activity in association zone neurons; furthermore, 
prolonged inhibition of neuronal background firing in thalamic nuclei is required~ provid- 
ing afferent inputs to the test area as well as residual intracel!ular processes in corti- 
cal neurons. At the same time, background activity was renewed almost instantaneously in 
a proportion of cortical neurons once IPSP had ended in our experiments. We believe that 
this, together with the fact that the critical depolarization level required for AP genera- 
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tion usually equals 3-5 mV and duration of IPSP does not differ significantly in thalamic 
and cortical neurons [14], indicates that the difference observed in the duration of IPSP 
and in inhibition of background activity may be ascribed mainly to properties of the actual 
neurons concerned. 
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