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THE TRAINING PROCEDURE INFLUENCES THE 
FORMED EXPERIENCE STRUCTURE AS REFLECTED 
IN THE ACTIVITY OF THE RAT RETROSPLENIAL 
CORTICAL NEURONS SPECIFICALLY ACTIVE 
DURING OPERANT SKILL PERFORMANCE 1

Kuzina E.A. 
Institute of Psychology RAS, V.B. Shvyrkov Laboratory of Neural Bases of 
Mind,  ehofi r@mail.ru (Moscow, Russia)

It has been shown previously that fi ring of task-specifi c neurons during 
food-acquisition behavior depended on the order in which individual acts had 
been formed in the training history (Gorkin and Shevchenko, 1996). In a more 
recent study (Svarnik et al., 2013) it was suggested that specifi c activities could 
be acquired in the course of training by activation of immediately early genes 
of these neurons. The authors found that an increase in c-Fos expression in the 
rat retrosplenial cortex after the second task acquisition was related to the way 
the animals learned the fi rst task:  rats that learned the fi rst task in one stage had 
more c-Fos positive neurons than animals that acquired it in fi ve stages. It was 
proposed also that “fi ve stages” rats had reactivated their previous experience 
to a higher degree reducing the possibility of further reorganizations during 
new learning, unlike rats with one-stage learning of the fi rst task (Svarnik et 
al., 2013). The present study was aimed at the verifi cation of this assumption 
by comparing activity of the rats retrosplenial neurons specialized in relation 
to the instrumental food-acquisition behavior learned either in one or in four 
steps.

Methods. Male Long-Evans rats (n=8, 7-15 months) were trained to per-
form self-paced food-acquisition behavior of pressing a pedal to get food from 
the feeder on the one side of the experimental chamber (task 1) and then, to 
perform analogous behaviour on the opposite side of the cage (task 2). One 
group of rats learned the fi rst task in one step, during a single session of train-
ing (“1 stage” group, n=4), and the other group acquired the same fi rst task 
in the course of four daily sessions through step-by-step shaping procedure 
(“4 stages” group, n=4).  “4 stages” group was successively rewarded for ap-
proaching a feeder (1), turning away from a feeder (2), approaching a pedal 
(3), and fi nally, pressing the pedal (4). After all rats acquired the fi rst skill, the 
pedal and feeder on the fi rst, familiar side of the cage were inactivated, and the 
animals were allowed to learn a similar instrumental task at the opposite side 
of the chamber (task2) in a one session. Single unit activity was recorded in 
retrosplenial disgranular cortex by glass micropipets (impedance 2-4 Mom at 

1 Th e research was supported by Russian Science Foundation grant №14-28-00229
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1 kHz) driven by micromanipulator. Each food-acquisition cycle was divided 
into 5 behavioral acts that corresponded to stages of training in the “4 stages” 
group of rats with addition of the specifi c act of lowering the head into the 
feeder. Task-related neuronal activations were identifi ed if the mean frequency 
in specifi c behavioural act or group of acts was 1,5 times more than the mean 
frequency in all acts during the recording session. The neurons specialized in 
relation to the behavioural acts learned in the experimental cage (N-neurons) 
should have specifi c activations in 100% of trials.

Results. There were no signifi cant differences between the groups of rats 
in the overall performance of two tasks measured by the number of unsuc-
cessful (unrewarded) cycles (Mann-Whitney, Z=-0,3, p=0,68) and the mean 
duration of a cycle on each of the two sides of the cage (Z=1, p=0,34). From 
399 neurons recorded in the retrosplenial cortex in both groups of rats, 80 
cells had stable specifi c activations (N-neurons) during the performance of the 
new learned behavior (22% (n=40) in “1-stage” group and 18% (n=40) – in 
“4 stages” group). There was no difference in the percentage of N-neurons 
that had selective activations during the performance of task 2 in the both 
group of rats (Fisher exact, p=0,2). But we found signifi cantly larger propor-
tion of N-neurons specialized in relation to approaching and pressing the fi rst 
pedal (in the order of training) (Fisher exact, p=0,04) in “4-stages” group of 
rats. These data reproduced our previous fi nding where we compared patterns 
of specialization of the rats’ retrosplenial neurons after learning only the fi rst 
pedal-pressing task that had been formed in one or in four steps. Animals from 
“4 stages” group had more task-related neurons than animals which learned the 
same task in one step (Alexandrov et al., 2018). However, rats with “1 stage” 
learning had in turn more neurons specialized in relation to two analogous 
(“twin”) acts (Fisher exact, p=0,07), i.e. for example, pressing two pedals or 
approaching two feeders on the opposite sides of the cage (see Figure). In ad-
dition, “1 stage” rats had the less proportion of N-neurons specifi cally active 
in different acts of the task 1 comparing to task 2” N-neurons (Fisher exact, 
p=0,028 (one-tailed)). On the contrary, there were signifi cantly more N-neu-
rons with selective activations intTask 1 as compared to “task 2” cells (Fisher 
exact, p=0,03 (one-tailed)) in the “4 stages” group.                                                                                

Figure. A and B. Spike raster plots (top) and perievent cumulative histo-
grams (bottom) of the two sample units recorded during cyclic instrumental 
behavior on the left (A) and the right (B) side of the cage (50 ms bins, 1 scale 
division=100 ms). Left column, N-neuron that was selectively active during 
turning away from the feeder on the left and right sides of the cage. Right 
column, N-neuron that was specifi cally activated during approaching and 
pressing the right pedal. Trial number is shown at the left of each raster. The 
bottom panel shows behavioral markers (up-defl ection for pedal-pressing and 
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down-defl ection for lowering the 
head into the feeder). Perievent 
windows (within the grey vertical 
lines) display middle half of me-
dian perievent time between the 
prior and next events, averaged 
across trials: tf, turning away 
from the feeder; ap, approaching 
the pedal; p, pressing the pedal; 
af, approaching the feeder; f, low-
ering the head into the feeder. C. 
ordinate: F – normalized mean 
frequency (in relation to maxi-
mal) and P – probability of acti-
vation in 10 behavioral acts men-
tioned above beginning from acts 
“tf” on the left side (abscissa).

Summary. We found the dy-
namic relation between the pro-
portion of task-specifi c neurons 
in the rats’ retrosplenal cortex and 
the number of reorganizations of 

the previously formed experience during re-learning of the following task: ani-
mals that acquired the fi rst task in one step had less ratio of neurons specialized 
in relation to approaching and pressing the fi rst pedal, but more neurons with 
specifi c activations in the second task as compared to rats with four-stages 
learning of the fi rst task. Also, it seems likely that similarity of learning pro-
cedure in addition to the common behavioural structure of two tasks, could be 
refl ected in the activity of neurons specialized in relation to analogous (sym-
metrical) acts in both skills. 
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