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Abstract. The organization of interneuronal cortical connections in intertrial 
periods was studied in 4 cats trained to perform the delayed appetitive 
instrumental response to a visual conditioned stimulus (CS). 
Crosscorrelational analysis revealed changes in intra- and intercortical 
neuronal networks of the visual and motor cortical projection areas. 
Depending on the form of behavior in the intertrial period, i.e., the presence 
or absence of the acquired instrumental response, the functional connections 
of either informational (time delays of less than 30 ms) or motivational (time 
delays in the range of 60-100 ms) character dominated between the neurons 
of the motor and visual cortical areas. 
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The intertrial period is not unimportant in condition- 
ing experiments. Under the same environmental condi- 
tions animals show various tonic and phasic instrumental 
responses. The intertrial responses (ITRs) resemble 
those to the CS and appear at both early and late stages 
of conditioning (Skipin et al. 1955, Plonskaja 1959, 
Pakovich 197 1,  Dolbakyan 199 1, Zielinski 1993). Beha- 
vioral data indicate that at early stage of conditioning the 
TTRs appear due to formation of temporary connections 
between contextual stimuli and a motor center (Pakovich 
1971), whereas at late phase of conditioning the activa- 
tion of backward temporary connections from reinforc- 
ing structures (Asratyan 198 1) is the chief cause of TTRs. 
For instance, isolated presentation of the reinforcing 
stirnulus (food), after elaboration of conditioned respon- 
ses (CRs) to a passive lifting of a dog's forelimb, starts 
to elicit the lifting of forelimb. Electrical stimulation of 
the lateral hypothalamus, applied on a background of a 
previously well-established instrumental appetitive CR 
produced the same instrumental response (Grastyan et 
al. 1956, Andersen and Wyrwicka 1957, Miller 196 1 ,  
Delgado 1964, Merzhanova 1988). 

In our first study (Merzhanova and Dorokhov 1980) 
we tried to find the neurophysiological manifestations of 
backward conditioned connections by recording neuro- 
nal activity in alert cats trained to perform milk-rein- 
forced conditioned reflexes, elaborated in response to 
electostimulation of visual structures (optical radiation 
or lateral geniculate nucleus). In these experiments 2 ml 
of milk were administered directly into the oral cavity 
through an indwelling cannula which excluded many 
situational appetitive signs. In well-established condi- 
tioned reflexes, the patterns of neuronal activity in the 
visual cortex (projection of CS) were similar in cases of 
an isolated CS presentation and isolated milk applica- 
tion. The latter served as a test for the activation of back- 
ward conditioned connections from a "feeding1' center to 
the primary signal area in the visual cortex. However, the 
pattern of neuronal activity in the visual cortex was dif- 
ferent in the case of milk presentation to naive cats. The 
next step in the investigation of backward conditioned 
connections was application of crosscorrelation analysis 
to multi-unit activity recorded from the visual and sen- 
sorimotor cortical regions (Merzhanova 1988). In these 
experiments the interrelations were analyzed between 
visual and motor neurons. Different time delays were re- 
vealed between the cooperative neuronal activity of 
these regions. The interneuronal visual-motor connec- 
tions with the delay (the time of appearance of the im- 

pulse of one neuron after the discharge of another) of up 
to 30 ms were more evident in trained animals (the so 
called "informational connections"), while interconnec- 
tions within the range of 90-120 ms were more typical 
for the alimentary motivational state of an animal (the so 
called "motivational connections") (Merzhanova 1986). 
The statistical interneuronal connections with different 
time delays both from visual to motor neurons (forward 
direction) and vice versa (backward direction) suggested 
a complex character of neurophysiological manifesta- 
tions of two-way connections. 

The aim of the present experiment was to investigate 
the cooperative neuronal activity of the visual and motor 
cortical areas during intertrial intervals (TTT) with and 
without the occurrence of intersignal instrumental re- 
sponses (ITRs) and to confirm the role of backward con- 
ditioned connections, which occur during intertrial 
periods at the stage of stable appetitive motivated in- 
strumental responding. 

The experimental sequence included acquisition of 
delayed appetitive instrumental responses to a CS (con- 
tinuous light), recording of spontaneous multi-unit activ- 
ity in cortical structures and statistical crosscorrelational 
analysis of cooperative activity of neurons under study. 

The experiment was carried out on four adult freely 
moving cats with chronically implanted nichrome elec- 
trode bundles (4-6 wires, each electrode 50 p ~ n  in 
diameter) in the visual and motor cortical areas. Training 
of the delayed instrumental appetitive response to the CS 
continued until 80% of correct responses. After prelimi- 
nary training to press a pedal for food reinforcement, the 
light CS was introduced. The lamp was placed under the 
transparent cover of the pedal and lit for 10 s (the delay 
period). After pressing the pedal by a cat at the end of the 
delay period in 10 s, meat reinforcement (5 g) was given 
automatically. During the intertrial intervals, pressing 
the pedal was not effective for food. Multi-unit activity 
was recorded in the visual (area 18) and motor (area 4) 
cortical regions in deep (5-6) layers. 

A statistical method for crosscorrelational analysis of 
interneuronal relations was used (Gerstein 1970, Kruger 
1983). The selection of spikes was made according to 
their shape (Buch-Wiener et al. 1990). Cross- and auto- 
correlograms were constructed with 2 and 10 ms bins. 
Crosscorrelograms of the asymmetrical type were used, 
with extremes above the confidence level (3 o relative 
to mean values) and short duration of dependence index 
(2-4 ms) (Fig. 1). The cooperative activity of visual and 
motor cortical neurons was analyzed in intertrial inter- 
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Fig. 1. Analysis of multi-unit activity. A, original recording of multi-unit activity in the motor cortex of an awake cat. B, spe- 
cimens of 3 neuronal action potentials sorted by spike forms. C, superpositions of action potentials selected by specimens in 
multi-unit activity. D, E, examples of cross-correlational histograms (CCH); ordinate: numbers of interspike intervals, abscissa: 
100 ms, X - the mean frequency of interspike intervals of histogram; 3 o - the level of significance of peaks. 
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vals with and without intertrial movements. Among 
them, 116 fragments (30 s each) of multi-unit activity 
were analyzed, which corresponded to the ITIs without 
the intersignal instmmental movements (ITRs), while 95 
fragments (30 s each) corresponded to the periods with 
their appearance in the trained cats. The crosscorrela- 
tional method allowed us to find: the temporal delay 
within cooperating neuronal pairs, and b) the direction of 
relations (from the visual to motor neurons or vice 
~ ~ e r s a ) ,  judging from the appearance of picks in the left 
or right branches of crosscorrelogram. 

Stimulation of motor points under chronic conditions 
in the 4 cats caused flexion of the right (instrumental) 
forelimb. Anatomical verification showed the electrode 
location in the motor (area4) and visual (area 18) cortical 
fields. 

The behavior of animals in intertrial intervals changed 
after stabilization of the instrumental appetitive response 
to light as a CS. In most cases, the animals were located 
near the pedal and feeder, looked at it, and "waited" for 
the CS presentation without any movement. Occasion- 
ally, during an intertrial period the cats would press the 
pedal with the "instrumental" paw, but did not get rein- 
forced. The duration and character of such pressings 
were similar to those observed in response to the spo- 
radic CS. For example, if an animal held the paw on the 
pedal during the entire delay period of a trial, an intertrial 
pedal pressing was also prolonged and lasted for the time 
equal to the duration of the delayed period. If the in- 
strumental response to the light CS was short and ap- 
peared at the end of the delay, movements were also 
short and imitated the original CR. 

Numbers of neuronal connections within both motor 
and visual cortical microareas during intertrial periods 
differed, depending on whether the intersignal motor re- 
sponses occurred or not. In the absence of instrumental 
movements during the intertrial period, the number of 
neurons working cooperatively in the motor cortex was 
significantly greater (P<0.05) than that observed in re- 
lation with appearance of the instmmental movement 
(Fig. 2A). A similar tendency was observed for neuronal 
interconnections in the visual cortex, though here the re- 
sults of the comparison were not significant (P>0.05) 
(Fig. 2B). In the visual cortex, the number of intercon- 
nections with interspike intervals below 30 ms was sig- 
nificancly greater (P<0.05) than that with intervals 
longer than 30 ms. This finding was found in situations 
both with the presence and absence of the intertrial re- 
actions, as well as for neurons of the motor cortex (Fig. 

2A and B, right). Summarizing the data concerning in- 
terneuronal interactions between closely spaced neigh- 
bouring cells in the visual and motor cortex areas, it may 
be concluded that the time intervals of waiting for the CS 
were characterized by a greater number of conjugated 
neuronal pairs than the intervals with intertrial move- 
ments. At the same time, the analysis showed a predomi- 
nant appearance of cellular interactions with delays in 
the range of 0-30 ms in both cases. 

Conjugated neurons in the two investigated structures 
were also found. The number and characteristics of the 
neuronal pairs were compared in trained animals de- 
pending on the behavior during intertrial periods. In this 
case, particular attention was given to the forward (from 
visual to motor neurons) and backward (from motor to 
visual) conneclions. During the intertrial periods without 
the instrumental movements, the number of forward in- 
terneuronal connections characterized by different tem- 
poral delays were almost equal (Fig. 3A, a), while the 
backward interactions of the motivational type in the 
range of 60-100 ms were observed significantly more 
frequently (P<0.05) than those of the informational (O- 
30 ms) type (Fig. 3A, b). During intertrial periods with 
instrumental movements, the backward interactions 
within the range 0-30 ms occurred significantly more 
frequently than the functional connections with longer 
temporal delays (Fig. 3B, b). The temporal distribution 
of forward connections was similar (Fig. 3B, a). 

Specific cooperative cellular activity in cortical points 
of representation of paired (CS-US) stimuli in the pro- 
cess of conditioning has been investigated in several 
studies (Gassanov et al. 1985, Merzhanova 1988, 
Gassanov 199 1, Vaadia et al. 1991, Ahissar et al. 1992). 
The obtained data suggest that networks of neurons 
formed in the process of the learning reflect a special 
state of cells which E.A. Asratyan called as the "local 
conditioned reflex" ( ~ s i a t y a n  1978, 1981). He assumed 
that connections between the foci were formed both in 
the cortical projections of CS and of the reinforcing 
stimulus as a result of the combined effects of two stimu- 
li. In present work such conditioned neuronal recon- 
structions were recorded during intertrial periods both in 
the visual and sensorimotor cortical areas. The results of 
the analysis of interneuronal relationships performed by 
us favor two-way conditioned connections. 

Functional differentiation of the neuronal interstruc- 
tural interaction is of particular interest. In the intertrial 
period not accompanied by instrumental movements, in- 
teractions of the motivational character dominated with 
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Fig. 2. Identified interneuronal connections in motor (MC) (A) and visual (VC) (B) cortex of trained cats in the intertrial period 
with the absence (ITI) and presence (ITR) of instrumental movement. Ordinate: the number of identified connections %; n, 
number of investigated histograms; to the right: distribution of identified connections throughout time delays; abscissa: time, 
ms; *P<0.05; the levels of significance are given according to the statistical method. 
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Fig. 3. Types of functional interneuronal connections accord- 
ing to the time delays of cooperatively working neuronal pairs 
with the absence (ITI) (A) and presence (ITR) (B) of in- 
strumental movements in the intertrial period. 1 , 5  s; 2, heavy 
line marks pedal pressing: 3, number of identified functional 
connections. 9 (ordinate); a, forward (from visual to motor 
neurones) directions; b, backward (from motor to visual neu- 
rons) directions; abscissa: time delays. ms; *P<0.05. 

temporal delays of 60-100 ms, directed from motor to 
visual neurons. Execution of pedal pressing movements 
raised the number of informational interactions (within 
0-30 ms range) of the backward direction. It may be sug- 
gested that the functional connections directed from 
motor to visual neurons during the intertrial period are a 
manifestation of the backward conditioned connections 
by Asratyan. In accordance with his ideas, such func- 
tional connections develop in a direction from the struc- 
tures of the reinforcing reflex, i.e., motivational, to motor 
and signal structures (Asratyan 1981). The balance be- 
tween such interactions during the intertrial period is 
functionally dependent on the presence or absence of in- 
strumental movements. The influence of a reinforcing 
appetitive stimulus is addressed both directly to visual 
(Merzhanova and Berg 1989) and motor cortical cells 
(Merzhanova 1988). 

Some authors relate the appearance of intertrial reac- 
tions to the imperfection of conditioned reflex to a signal 
(Pakovich 1981). However, our observations indicate 
that intertrial reactions of animals appear not only at the 
stage of unstable performance, but after consolidation of 
specialized conditioned reflexes as well. Therefore, we 
suspect that intertrial reactions are performed due to ac- 
tivation of the backward conditioned connections and 

are governed by the influences from the structures of re- 
inforcing appetitive reflexes correlated with individual - 
typological characteristics of higher nervous activity of 
animals. The main purpose of reactions which proceed 
by mechanisms of backward connections is the creation 
of conditions for the perfect perception of phasic CSs en- 
hancing the excitability of the signal structures (Asratyan 
1980, Simonov 1987, Merzhanova 1988). In conclusion 
it may be assumed that the visual-motor coordination in 
well trained animals is of a dynamic character during the 
intertrial period, when there are fluctuations in control of 
one of the reinforcing structures over the other. In such 
a case the regulating function is connected either with in- 
formation transmission from motor to visual neurons (in 
the cases of occurrence of motor reflexes) or with moti- 
vational influences (in the cases of conditioned "wait- 
ing"). From our point of view this phenomenon can be 
explained in context of formation of the backward tem- 
porary connections. 
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