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Studies of learning are now performed at very different the former is an order of magnitude greater than in the lat-
levels, including the neuronal and molecular biological lev- ter. It has also been demonstrated that the patterns of spe-
els. Integration of data obtained at these two levels carrialization in the cingulate cortex are similar in rabbits and
facilitate the development of overall concepts of processegats: “new” neurons predominate in both species [3]. Fur-
occurring in the brain during learning. ther studies reported by Gavrilov et al. have demonstrated a

Data obtained using neurophysiological methods pro-similarity between the patterns of specialization in the
vide evidence that learning is mediated by a process oimotor cortex of rats and rabbits. Thus, the ratio of the pat-
“behavioral specialization” of silent reserve neurons [1, 3, terns of neuron specializations in rats is the same as that in
5, 7]. According to the systems-selection theory of the for- rabbits.
mation of a new behavioral act, learning involves the for- The processes underlying the formation of neuron spe-
mation of a new functional system, i.e., systemogenesis; atialization are evidently based on long-term changes in cell
the neuronal level, this corresponds to the formation of neufunctions and cell connections, which must require activa-
ron specializations for this system [7]. Neuron specializa-tion of gene expression. Learning has been shown to induce
tion consists of the appearance of activation of previouslya cascade of molecular rearrangements in neurons, and
“silent” neurons every time the relevant formed behavioral expression of early genes has been shown to be one of the
act takes place. critical elements of these modifications [2]. Induction of the

It has repeatedly been demonstrated that differentc-fosgene during formation of a new behavior, this being
brain structures are characterized by different patterns obne of the main members of the immediate early gene fam-
behavioral neuron specializations [1]. Thus, the motor cor-ily, varies in different brain structures. Zhu et al. [9] have
tex is dominated by neurons specialized with regard to sysestablished that the set of structures activated in the rat
tems formed at the early stages of individual development:brain, demonstrated by immunohistochemical mapping,
so-called old system neurons, for example, “movement” coincides with the set of structures identified as activated by
neurons or “food taking” neurons. The cingulate cortex is recording of neuron activity during presentation of familiar
dominated by neurons specialized with regard to new sysand unfamiliar objects. These points suggest that differ-
tems formed when animals learn in an experimental cageences in the levels of gene expression between structures
for example, “pedal-pressing” neurons [4]. Comparison of may be associated with the different contributions of these
the patterns of specialization in the retrosplenial area of thebrain structures to the process of neuron specialization dur-
cingulate cortex and in the anterolateral area of the motoiing learning. Confirmation of this suggestion and improve-
cortex in rabbits shows that the number of “new” neurons inment of our understanding of the molecular biological bases

of the formation of neuron specialization require compar-
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Fig. 1. Diggrams of fontal sections identifying the stpdreas and photomiegraphs of fontal sections shang Fos-stained neon rudei in the cingulée
(A) and anteslateral (B) areas of theat coitex in the passie contol group () and the goup which had brmed a nev behaior (I1). Calibrtion bar:500um.

cializations.As far as ve knav, no su& compaisons hae
yet been maddhe aim of the mrsent vork was to compar
the pdtems of behwioral specializtons of neuons in the
anteplateral and cingulte aeas of the caex with induc
tion of the epression of tansciption factor c-fes in these
brain aeas dung leaning.

Cagudin rats (Long Ewans, males veighing 250 ¢
n = 8) were trained to an opant food-pocuiing behaior
using a stpwise method in anxpelimental cge with one
feeder and one peddlhis behaior was analgous to the
animals’behaior duiing recoding of neuon actvity in
expeiiments perbrmed to identify newn specializion
[1, 3]. Training was conductedwer a peiod of 13 dgs in
a rnumber of stges.At the first staye, rats were trained to
take food from the €eder; athe second st they were
trained to tun avay from the £eder to the mile of the
cage; & the thid stage, animals vere trained to mee
away from the Eeder andgproad the midile of the cge
wall; a the burth staye, rats were trained to aproac the
pedal; & the ffth stage, animals vere trained to pess the
pedal. Eab stg occupied tw 30-min taining sessions;
one session as perbrmed eah da. Animals were
trained to pess the pedal dung the last 30-min &ining
session. R& were then placed in their homeges r 1 h

15 min,and were then subjected to inhailanal anesthesia
and sadficed by decaitation. Brains were immedigely
removed and fozen in liquid nitogen.Animals of the pas
sive contol group (Long Ewns males wighing 250 ¢
n = 3) were talen from the home @e immedizely before
decaitation. Fontal cyostd sections of thikness 2Qum
were pepard from brins. The bain of eab animal
yielded ten pas of sequential sections of the aoterer-
al cottex (+2.5 ... +3.5 mm &m the begma) and ten pasrof
sequential sections of the cingaglaotex (—4.0 ... =5.0 mm
from the begma). These codtinaes corespond to the
coodinaes used dr recoding spile actvity from rat
brain neuons in &peiiments perbrmed to identify beha
ioral specializéion of neuons [3]. The frst section of
eath pair was used dr immunohistobiemical staining
using aVector L&oratories (USA) steptavidin-biotin-
peroxidase kit. Reactions used golonal rabbit antibod
ies @ainst Fos potein (Calbiobem,Ab-5, Ca. No. PC38,
USA) & a dilution of 1:2000The second section of dac
pair was stained ypthe Nissl methodimages of the ight
hemisphee deived from micopreparations of bain slices
were obtained using an @hpus BX-50 micoscope
(Japan) and a &asoniaVV-CP230 video camar(Bpan),
with analsis using the computer ggram Imae Po
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Fig. 2. Compaison of the ptiems of behwioral specializtions of neuons () in the cingulée (&)
and antelateral (B) areas of caex [1, 3] with the elaive popotions of Fos-positve neuons (I)
in these aras.) The dak sector shws the popottion of neubns beloning to nav systems (%); the
shaded sector siws those belorigg to old systems; thehite sector shas those not wolved in
the behaior of intetest.1l) The dak sector shws the popottion of neuons epressing c-Bs (%);
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the light sector shws the popottion not expressing c-bs.

Plus3.0.The distibution of Fos-positve cells in the @as
of interest was analzed as the base of aangle one side
of which was detemined ly the deth of the catex, the
second being constant & mm, which coresponded
directly to the width of the &a useddr recoding neuon
spike actvity.

The d/namics of the belwor of the animals of the
expelimental goup duing the last 30-min &ining session
were as bllows. The frst thid of the time spent in the
expeiimental damber consisted majnlof goproades to
the pedalwhich did not lead to msentéion of food, along
with orientdional-investigative behsaior and occasional
pedal-pessing actsThete was then an inerase in theum-
ber of pedal-pessings and a dexase in the margktdions
of orientdional-investigative behaior. Ras adieved the
criterion of ten pessings in aow during the last thid of the
time spend in the g, after which the behaoral act of
pedal-pessing vas egarded as édrmed

Analysis of immunohistobiemicaly stained bain see
tions flom animals of the pas® contol group shaved tha
transciption factor c-los was e&pressed &low levels in the
study areas of thesets (Hg. 1,1). The density of c-65-pos
itive cells in the cingule cotex was 30+ 9 neupbns per

mne, compaed with 18+ 8 neupns per mrain the antes-
lateral cotex. Futther anaysis shaved tha the levels of c-
Fos epression in these wvaleas vere not signifcantly dif-
ferent:the pecentayes of Fos-positve neuons (of the total
number of cells in sections) in daara were 3.7% and 3%.
Analysis of histobemicall stained bain sections fsm ani
mals which had brmed the ne behaior revealed inceas
es in the leel of c-Fos epression in the cingula cotex as
compaed with the lgel in contol animals (kgy. 1, II).
Expression vas obsered in both the cinguta and anter
lateral aeas of the caex. The density of c-6s-positve
cells in the cingul® cotex was 258t 69 neuons per mri
compaed with 29+ 6 neuons per mrain the anteolateral
cortex. The pecentage of c-Fos-positve neuons (of the
total rumber of newns on sections) in the cingtdaaea
was 30.1%,which was signiicantly greaer ( < 0.05,
Wilcoxon T test) than in the anteliateral cotex, where the
propottion of Fos-positve neuons was 3.6%.

Thus, compaison of the induction of &msciption
factor c-los epression dung leaning with the pevious
ly estdlished pétem of behaioral neupn specializdons
showved tha thec-fosgene is gpressed maiml in the cin
gulae cotex, where the mmber of newsns with n&v spe
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cializations eceeded thiain the anteslateral cotex by an
order of manitude (Fg. 2). The manitude of the dffer-
ence betwen the prpotions of Fos-positve neuons in
the cingulée and anteilateral aras of the cdex were
analgous. These dta provide evidence suppaing the
hypothesis thaexpression of tansciption factor c-les is
associted with the érmation of nev neuon specializa
tions duing leaning.

The pocess of nean specializiion can curently be
descibed ony in tems of two hypotheses. Leaing is
known to associ@d with two phases ofgnetic pocesses:
there is initial actvation of ealy gene &pression,which
is followed by the expression of their tajet genes [2]. It is
possille tha this biphasic ntare reflects stges in the po-
cess of neum specializgon with regard to the systemofr
the behsioral act. It has been notedave thda neuon
specializéion occus because of silent dreseve” neu
rons. Pubshed d#a [4, 8] shav tha patticular treaments
alteiing the micoervironment of newns (iontophagsis,
electical stinmulation) lead to actiation of prviously
silent cells.At the same timechanges in the miavervi-
ronment of a newn, which occur in isbemia,themal
shod, administation of corvulsantsand duing leaning,
lead to actiation of ealy gene &pression [26]. Thus,it
can be sugested thachanges in the miavervironment of
a silent newn duing leaning ak, on the one handsse
ciated with actvation of the cell andon the otherwith
eaty gene gpressionwhich is the frst st in the cascade
of processes leading to speciatina.
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