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Abstract. In order to investigate activity correspondence between brain com-
ponents with different phylogenetic age during learning processes we analyzed
neuronal activations of the retrosplenial disgranular (RSD) cortex along rostro-
caudal axis. This cortexwas chosen due to its structural organizationwhich suggest
that it includes neurons of different phylogenetic affiliation. The RSD cortex is
known to be the region of interest for the studies of memory acquisition, mem-
ory consolidation and memory reconsolidation. In our experiments we trained
animals different instrumental food-acquisition tasks and analysed gene expres-
sion changes in neurons by Fos-mapping (transcription factor Fos is a product
of c-fos gene expression) on brain slices. The experimental groups differed by
novelty degree, i.e. the degree of mismatch between the recent experience and the
experience previously formed in the experiment, namely the difference was in the
number of new key elements in the experimental chamber which animals had to
interact with to get food during the last session. We found uneven activation of
the RSD cortex along rostro-caudal axis and significant differences in this cortical
activity patterns between the “high novelty” group and the “low novelty” group.
The “low novelty” group animals showed significantly fewer Fos-positive neurons
in the caudal part of the RSD than the “high novelty” group animals. There were
no differences found in the rostral part of the RSD. It might be assumed that in the
caudal part of the cortex, neurons are specialized relative to the systems of “old-
er” low-differentiated experience. While the younger part of the cortex contains
neurons belonging to a highly differentiated newer experience. The obtained data
also indicate that Fos mapping of brain activity reflects the processes of accom-
modation reconsolidation of earlier acquired memory and marks differences in
individual experience.
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1 Introduction

The acquisition of new experience (learning) is considered as the formation of a new
system aimed at achieving a useful adaptive result. At the neural level it is underlied by
the acquisition of neuronal specializations, identified though specific activations during a
corresponding behavioral act, such as pedal pressing [1, 2] or being at a specific location
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(place cells) [3]. c-Fos protein synthesis, a product of expression of the immediate
early gene c-fos, is a necessary step for long-term memory consolidation that induces a
cascade of molecular changes in neurons and is related specialization processes [4, 5].
The expression of the early genes is induced by the mismatch within the individual’s
experience and is determined by the factor of subjective novelty of this event [6, 7].

Previously, a relationship was shown between the number of pre-training stages and
the number of neurons expressing the c-fos gene in the rat cortex after learning a new
instrumental food-acquisition skill [8]. It was concluded that varying the history of skill
acquisition, for example, learning in one or several stages, leads to differences in the
structure of individual experience and, therefore, to differences in its re-organization in
the process of re-learning, which is manifested by differences in the number of neurons
that change their genetic activity.

In order to investigate activity correspondence between brain components with dif-
ferent phylogenetic age during learning processes we analyzed neuronal activations of
the retrosplenial disgranular (RSD) cortex along rostro-caudal axis. This part of the cor-
tex was chosen because the change in the activity of its neurons is clearly associated
with the learning processes, and it is a zone of interest in experiments with recording
neuronal activity, in which these processes are studied [9–12].

The structural organization of this cortex suggests that it includes neurons of different
phylogenetic affiliation because its rostral part merges into the forebrain structures (in
particular, the cingulate cortex) and is closely related to them, and its caudal part – into
the zones of the hippocampus [13–16].

2 Materials and Methods

Subjects and Behavioral Task. Mature long-Evans rats (200–350 g)were trained three
consecutive food-acquisition skills in an experimental chamber (Fig. 1A) equipped with
automatic feeders that triggered when a corresponding lever is pressed.

The experimental design is illustrated in Fig. 1B. Animals were trained to trigger the
first feeder (f1) using one lever (i1), then trained to use another lever (i2) to activate the
same feeder, and use the third lever (i3) to trigger a new feeder (f2). Only one lever was
effective at the corresponding training stage. The third lever was introduced during the
last session, on the same day the animal brains were extracted for immunohistochemical
analysis (IHC).

Before any lever is introduced, animals were familiarized with the first feeder. After
that all animals were divided into two groups, which differed in familiarity with the
second feeder:

“Low novelty” group (Gr.1) – after familiarization with the first feeder were trained
to obtain food from the second feeder, thereby during the last session the animals were
trained to use a new lever to activate a familiar feeder.

“High novelty” group (Gr.2) – continued to receive food from the first feeder, so
during the last session they learned both a new lever and a new feeder. That is, the
novelty regarding the previously acquired experience in animals of the second group is
higher.
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Fig. 1. (A) Behavioral chamber. Numbered instruments (levers) and feeders. (B) Experimental
timeline. f – feeder; i – instrument; i ↔ f - behavioral cycle: press the instrument, then take food
from the feeder; IHC – immunohistochemistry. Gr. 1 - “low novelty” group; Gr. 2 - “high novelty”
group.

Immunohistochemistry. After the last experimental session, the animals were returned
to their home cages for 75 min, then put to sleep under inhalation anesthesia and decap-
itated. The marker of neuronal gene expression changes, the c-Fos protein, was detected
on cryogenic brain sections by immunohistochemical method (antibodies by Santa Cruz,
USA). Each brain was sliced at four levels (see Fig. 2A): from 4.20 to 3.00 mm from
bregma (forebrain); from −1.72 to −2.52 mm (rostral); from −2.76 to −3.24 mm; from
−4.44 to −5.04 mm (caudal). All together 32 brain slices were taken according to the
sixth edition of rat brain atlas [17].

Statistical Analysis. Data were analyzed using Statistica 6.0 (StatSoft Inc., USA). The
nonparametric Mann-Whitney test was used to assess the statistical significance of dif-
ferences in the number of Fos-positive neurons in brain structures in animals of different
groups. Differences were considered to be significant if p ≤ 0.05.

3 Results

The “low novelty” group animals showed significantly fewer Fos-positive neurons in the
caudal part of the RSD than the “high novelty” group animals. There were no differences
between the groups found in the rostral part of the RSD (Fig. 2B). The differences
reached the level of significance at the coordinate−2.76mm frombregma.No significant
differencewas foundwhenwe compared the averaged density for all brain slices between
the two groups (Mann-Whitney test, Z = −1.67, p = 0.094). Thus, uneven activation of
this cortical region along its rostro-caudal axis was revealed. We also found significant
differences in the activation pattern between two conditions: “low novelty” and “high
novelty”.
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Fig. 2. (A) Schematic diagram of the rat brain, sagittal plane (Watson and Paxinos et al. [17]).
Grey color marks areas of brain sections. (B) Density of c-Fos-positive neurons in cingulate (Cg1)
and retrosplenial (RSD) cortex at different brain coordinates after last skill acquisition. Gr. 1 –
“low novelty” group, N = 5; Gr. 2 – “high novelty” group, N = 5. Mann-Whitney test, *Z = −
2.4, p = 0.015; ** Z = −2.5, p = 0.012.

4 Discussion

As it was noted earlier [18] neurons are specialized in relation to acquired behavior at
every stage of learning. Then it might be suggested that “low novelty” animals already
formed at the previous learning stages neuronal groups specialized in relation to the
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second feeder. Another possible example of such specializations is “place neurons”
(place cells). “High novelty” animals form such specializations during the last session
which might be reflected in a higher number of Fos-positive neurons in the caudal part
of RSD cortex necessary for the following selection for the specialized neurons. Thus
the results may support the assumption that the caudal part of the cortex is dominated
by specialized neurons relative to older, low-differentiated systems (related to spatial
localization, locomotor activity, etc.).While the phylogenetically younger structural part
(rostral) of the cortex includes neurons related to highly differentiated newer experiences,
including those that characterize the specifics of the selected behavioral alternatives.
Perhaps, in this behavioral task related to the need to find a new effective tool for
achieving the goal (food), such a parameter as novelty in the place where the result is
obtained is not significant for the subject, which explains the lack of differences in the
degree of activation in the rostral part of the cortex.

The resulting overt behavior of animals of both groups (the third skill) is similar
and does not demonstrate significant differences in behavioral indicators (such as the
number of effective and ineffective cycles), but there are differences in Fos expression,
which supports the assumption that mapping brain activity by Fos-expressing neurons
reflects the processes of accommodative reconsolidation [19, 20] and marks differences
in individual experience.

5 Conclusion

RSD activation along the rostro-caudal axis is uneven during learning.
Significant differences were found in the rostrocaudal pattern of RSD activation with

different degrees of mismatch.
It is necessary to take into account possible differences in the degree of RSD acti-

vation along the rostro-caudal axis in order to select certain coordinates when planning
studies.

Fos-mapping of brain activity reflects the processes of accommodation reconsolida-
tion and marks differences in individual experience.
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