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Abstract. Accumulating evidence confirms that the exposure of neonatal rats to maternal separa-
tion (MS) can significantly alter individual processes of postnatal neurogenesis in the olfactory
neurogenic region — the subventricular zone (SVZ) and the rostral migratory stream (RMS). To
establish the stressful influence of MS on postnatal neurogenesis we have investigated whether
altered olfactory environment caused by short-term MS induces expression of Fos protein in the
SVZ/RMS and in the olfactory cortical area — anterior olfactory nucleus (AON) of neonatal rats.
Pups were separated from mothers for 2 hours at the postnatal days 7, 14 and 21. Immunohisto-
chemically labeled Fos protein was assessed. Our results revealed that single exposure to MS is
a stressful event that selectively and in age-dependent manner stimulates cellular activity in the
SVZand AON. A few Fos* cells were found in the SVZ of P21 control animals and MS significantly
increased their number. This suggests that some SVZ cells are included in the circuitry, which is
activated by MS and that these cells have complete equipment for the Fos signal transduction. MS
significantly increased the number of Fos™ cells in the AON in all age stages examined suggesting
that its effect is mediated by olfaction.
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Introduction

The subventricular zone (SVZ), which lines most of the
lateral wall of the lateral ventricles, persists as a germinal
zone into adulthood and functions as the largest region
of neurogenesis in the adult brain (Doetsch and Alvarez-
Buylla 1996). SVZ-derived precursors in rodents migrate
tangentially along the rostral migratory stream (RMS) to
the olfactory bulb (OB), where they switch from tangential
to radial migration and differentiate into local interneurons,
within the granular and glomerular layers (Luskin 1993;
Lois and Alvarez-Buylla 1994). These interneurons modu-
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late the activity of major output neurons in the OB and play
essential roles in olfactory information processing (Shipley
etal. 2004). A dynamic process of adult neurogenesis in the
olfactory neurogenic area is regulated by several endog-
enous as well as exogenous factors such as age, olfactory
experience, learning, stress or disease (Zhao et al. 2008; Diaz
et al. 2011; Ming and Song 2011). Environmental factors
can affect adult neurogenesis at multiple levels, including
proliferation, migration, differentiation, integration and
survival of newborn cells. However, the mechanisms by
which progenitor cells respond to the environmental fac-
tors remain unclear.

It is well known that the period of early life is extremely
important for brain development, and the developing
brain structures are more vulnerable to the effects of
exogenous factors. This vulnerability also applies to the
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olfactory neurogenic area, where marked changes in cel-
lular composition (Law et al. 1999; Menezes et al. 2002;
Racekovd et al. 2003), proliferation activity (Martoncikova
et al. 2006) and cell migration (Menezes et al. 2002) are
evident during the first weeks of life under physiological
conditions. Indeed, the SVZ/RMS/OB of neonatal rodents
responds to environmental influences, like electromagnetic
radiation (Orendacova et al. 2011), olfactory stimulation
(Martoncikova etal. 2011; Bonzano et al. 2014) or olfactory
deprivation (Cummings and Brunjes 1997; Racekova et al.
2009; Sawada et al. 2011) more intensively than the SVZ/
RMS/OB of adults.

Maternal separation represents a significant intervention
in the development of the brain and the behavior of rats.
Several studies have clearly demonstrated that maternal
separation during the first two — three weeks of life has
long-term consequences on endocrine, behavioral and
brain development later in life (Caldji et al. 2000; Huot et
al. 2001; Daniels et al. 2004). Repeated maternal separation
represents a stressful event that affects not only structural
brain development but induces changes also in the olfactory
neurogenesis (Racekova et al. 2009; Feng et al. 2014; Wu et al.
2014). This can be related to the fact that separation from the
mother, besides other effects, causes adverse changes in the
olfactory environment of the pups, because of the absence of
specific mother derived olfactory stimuli. The effect of single
exposure to short-term maternal separation on neurogenesis
has not been studied yet.

Hence, we wanted to investigate whether the single ex-
posure to maternal separation during the critical period of
the first three postnatal weeks represents a stressful event
that could induce immediate changes within the olfactory
neurogenic area. In addition, we expand our investigation
on the anterior olfactory nucleus (AON), the structure sur-
rounding the rostral part of the RMS. The AON is a part of
the olfactory cortex and plays a significant role in olfactory
signals processing (Illig 2005). Moreover, recent findings
revealed its relation also to the adult neurogenesis as the
AON is involved in regulation of adult-born interneurons
integration in the OB (De La Rosa-Prieto et al. 2015).

Nuclear protein Fos is encoded by the immediate early
gene c-fos, which is rapidly and transiently expressed in
neurons in response to stimulation (Morgan and Curran
1989,1991). The c-fos gene is expressed in the rodent nervous
system already during prenatal, as well as during postnatal
development. This expression has been found to be restricted
to specific regions at late stages of development, particu-
larly to the spinal cord, dorsal root ganglia, and olfactory
bulb. The c-fos protein may play a role in the maturation of
these structures by activating specific genes (Caubet 1989).
Although c-fos could be participating in the regulation of
mitosis during early postnatal development of the brain, it
can also play an important role in mature brain tissues (Gu-

bits et al. 1988). This method has been used to examine the
pattern of brain activation in experimental animals exposed
to miscellaneous exogenous factors, especially to stressful or
anxiogenic stimuli (Kovacs 1998).

The aim of our study was to investigate whether changes
in olfactory signals associated with maternal separation will
induce activation of Fos protein expression in cells of the
SVZ, RMS, AON of neonatal rats.

Material and Methods

Animals and maternal separation

In this study, Wistar albino rats aged 7 days (postnatal day
7 (P7); n = 16), 14 days (P14; n = 16) and 21 days (P21; n =
16) of both sexes were used. Animals were bred in the animal
facility of the Institute of Neurobiology, Slovak Academy of
Sciences.

All experimental procedures used were approved by the
Ethical Committee of the Institute of Neurobiology, Slovak
Academy of Sciences and the State Veterinary Authority.

On the experimental day, pups from each age group (P7,
P14 and P21) were separated from the dam for 120 minutes.
Dams were first removed and placed in an adjacent cage. To
avoid social isolation, three pups were separated together.
They were transferred to a plastic container and placed in
an incubator at the temperature consistent with the nest
measurements (34°C). Control rats were reared under the
same conditions except maternal separation.

Tissue processing

Immediately after the finishing of maternal separation,
the animals were deeply anesthetized with the mixture of
ketamine/xylazine and perfused transcardially with 4%
paraformaldehyde (PFA) in 0.1 M phosphate buffer (PB).
The brains were left in the skulls and post-fixed in the same
fixative solution overnight at 4°C. Next day the brains were
removed from skulls, post-fixed in PFA overnight, and then
cryoprotected with 30% sucrose in 0.1 M phosphate buffered
saline (PBS) for 24 h. After cryoprotection, 30 um thick serial
sagittal sections were cut on the cryostat, stored in PBS at
4°C and the next day processed for immunohistochemical
labeling. Both hemispheres of the brain were used and each
was processed by different method.

Fos immunohistochemistry

Free-floating sections were washed in PBS, incubated in
0.3% H,0O, in 0.1 M PB for 30 minutes, then rinsed in PBS
and further incubated in a blocking solution containing
3% normal goat serum in PBS and 0.25% Triton X-100,
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for 2 h. Subsequently, the sections were labeled with rabbit
polyclonal anti-c-Fos antibody (Oncogene Res. Products,
Cambridge, MA, USA; 1:10,000 dilution) on a shaker
overnight at room temperature. The following morning,
sections were washed six times in PBS and incubated in
biotinylated goat anti-rabbit secondary antibody (Abcam,
Cambridge, UK), diluted 1:600 in 3% goat serum in PBS
with Triton X-100 for 2 h, then washed three times in
PBS and incubated in avidin-biotin complex (ABC elite
standard kit, Vector Laboratories, Burlingame, CA, USA).
The sections were washed three times in PBS. The reaction
product was visualized by 0.01% hydrogen peroxide and
0.05% diaminobenzidine (DAB) in PB for 1-3 minutes.
After being air-dried, the slides were mounted with Entellan
(MERCK- Millipore).

Double labeling of Fos producing cells

In order to reveal the phenotype of Fos producing cells
in the SVZ and AON, brain sections of both control and
experimental rats were processed for double immunofluo-
rescent labeling. For recognition of astrocytes and neurons,
glial fibrillary acidic protein (GFAP) and neuronal nuclear
antigen (NeuN) were used, respectively.

The sections were washed three times in PBS and then
incubated in 3% normal goat serum in PBS and 0.25% Triton
X-100 for 2 hours. Subsequently, they were incubated with
mixture of two antibodies: either polyclonal rabbit anti-c-Fos
(1:10 000; Oncogene) and monoclonal mouse anti GFAP
(1:500; Merck Millipore) or polyclonal rabbit anti c-Fos
(1:10 000; Oncogene) and monoclonal mouse anti NeuN
(1:500; Merck Millipore) for 48 hours at 4°C. After the in-
cubation, the sections were washed three times in PBS and
labeled with mixture of corresponding antibodies: goat anti
rabbit Alexa Fluor 594 (1:200; Abcam), goat anti mouse Alexa
Flour 488 (1:200, Abcam) for 2 hours at room temperature.
Then, the sections were washed three times in PBS. After the
processing, the sections were mounted on glass slides, air-
dried and coverslipped with Fluoromont (SERVA).

Image acquisition, quantitative and statistical analysis

The number of Fos+ cells was examined in the SVZ, RMS and
AON of experimental as well as control rats. Quantitative and
statistical analyses were performed as described previously
in Fabianovd et al. (2014). Briefly, to explore Fos positivity in
the RMS and AON, only sections in which the whole extent
of the RMS was visible were evaluated (six—eight sections for
each animal). The caudal limit of the RMS was defined as the
point at which the lumen of the lateral ventricle opens up and
the rostral limit as the point at which the RMS ends in the
OB subependymal layer. Images of individual sections were
taken using digital camera (Olympus DP72) connected to

light microscope (Olympus BX51) with a 20x objective. An
optical graticule was used to manually quantify the number
of Fos+ neurons in each examined region. In the SVZ 200 x
200 um area was evaluated and in the RMS and AON 50 x
50 pum area was evaluated. The graticule was placed in a fixed
position in the explored area relative to known anatomical
landmarks. Only darkly labeled oval-shaped nuclei that
fell within the grid were counted. Images for the analysis
of double-immunolabeled cells were acquired with digital
camera of the fluorescent microscope with 40x objective
(Olympus Reflected Fluorescent System) using “narrow
blue” (Em. 515+) and “narrow green” (Em. 590+) filters. The
images were captured with Quick PHOTO MICRO 2.3 soft-
ware and processed (merged) by Adobe Photoshop 7.0. The
results of all experiments were expressed as mean + standard
error of the mean (SEM), and data were analyzed by analysis
of variances (ANOVA) followed by Tukey-Kramer test us-
ing GraphPad Prism 5.0 statistical analysis software, with
p-values less than 0.05 considered statistically significant.

Results

Fos expression in the subventricular zone

Our results have shown that single exposure of rat pups of
different ages to maternal separation resulted in age-specific
selective enhancement of Fos protein expression in the olfac-
tory neurogenic region - in the SVZ, as well as in the AON.

We have observed that there were no Fos+ cells in the
SVZ of P7 and P14 control rats and even maternal separa-
tion did not induce the appearance of Fos+ cells in these
age stages. However, in P21 control rats (Fig. 1A), a few
Fos+ cells were detected in the anterior part of the lateral
ventricle wall and occasionally in the SVZ. Single exposure
of age-matched animals to maternal separation resulted in
asignificant increase of the number of Fos+ cells in their SVZ
(p <0.001) (Fig. 1B). The results of quantitative analysis are
summarized in the Table 1.

Table 1. Number of Fos positive cells within the 200 x 200 um?
area of the SVZ in P7, P14 and P21 control animals and in P7, P14
and P21 experimental animals

Group Control animals MS
(n=28) (n=28)

P7 0 0

P14 0 0

P21 0.42 +0.13 1.98 + 0.26***

Data are shown as mean + SEM. Statistical significance of dif-
ferences between experimental and control group. *** p < 0.001;
degrees of freedom: F = 37.82. SVZ, subventricular zone; MS,
maternal separation; P7, 14, 21 - postnatal day 7, 14, 21.
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To analyze the phenotype of Fos+ cells in the SVZ, we
have used double labeling for Fos and GFAP and for Fos and
NeuN for recognition of astrocytes and neurons, respectively.
There was no evidence for Fos and GFAP co-labeling. In
contrast, double-labeling immunofluorescence against Fos
and NeuN showed co-localization of both markers within
the same cells (Fig. 2) indicating that Fos+ cells of the SVZ
are mature neurons.

Fos expression in the rostral migratory stream and in the
anterior olfactory nucleus

To detect Fos expression in cells of the RMS, the whole
extent of the migratory pathway was analyzed in detail.
Light microscopic observation showed that there were
no Fos+ cells in any part of the RMS neither in control
animals nor in maternally separated rats in any age stages
examined (Fig. 3). On the other hand, maternal separa-
tion caused marked changes in Fos positivity in the AON
(Fig. 3). The AON has substantial connections with other
olfactory areas and is typically divided into two major re-
gions: pars externa and pars principalis (Kay et al. 2011).

maternal separation

Figure 1. Fos immunoreac-
tivity in the subventricular
zone. A few Fos+ cells (arrows)
are found in P21 control ani-
mals (A). Maternally separated
P21 rats (B) demonstrate an
; increase of the number of Fos+
—>. yh cells (arrows). Scale bar 50 um.
Structures: CC, corpus callo-
SVZ sum; LV, lateral ventricle; SVZ,
subventricular zone. Direc-
tions: A, anterior; P, posterior;
D, dorsal; V, ventral.

LV

We have focused the Fos analysis on the pars principalis,
which is localized in close vicinity of the RMS and almost
strictly follows the course of its rostral part. Whilst there
were no Fos+ cells present in any part of pars principalis
of the control P7 rats (Fig. 3A), maternal separation in P7
induced the appearance of the small population of labeled
cells in this part of the AON (Fig. 3B). In pars principalis of
P14 control animals, a few sharply bounded Fos+ cells were
observed (Fig. 3C) and in P21 control animals this region
was characteristic by the presence of numerous Fos+ cells
(Fig. 3E). As can be seen on the figure 3D and 3F, maternal
separation in P14 and P21 increased the amount of Fos+
cells in pars principalis. Subsequent quantitative analysis
revealed statistical significance of all these increases (p <
0.001) (Fig. 4).

Regarding the phenotype of Fos+ cells in the AON, none
of them expressed the marker for astrocytes (GFAP) (Fig.
5A). Fos+ cells were co-labeled with NeuN confirming the
neuronal phenotype of these cells (Fig. 5B).

The obtained data indicate that during early postnatal
development the pattern of Fos expression within the SVZ
and AON of control animals undergoes dynamic changes.

Fos + NeuN

Figure 2. Phenotype of Fos+ cells in the SVZ of P21 control rat. A, B. Images showing double labeling for NeuN (red; A) and Fos (green;
B). C. Fos+ cells in the SVZ are neurons. Arrow indicates colocalization of Fos and NeuN. Scale bar 50 pm. Structures: CC, corpus cal-

losum; LV, lateral ventricle.
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Quantification of Fos+ cells in these areas showed that the
examined regions respond to maternal odor absence differ-
ently and also in an age-dependent manner (Table 2).

Table 2. Fos like immunoreactivity in the SVZ, RMS and AON
pars principalis

Group
pP7 P14 P21
control/MS control/MS control/MS
SVZ 0/0 0/0 **
RMS 0/0 0/0 0/0
AON 0/* ** */*

Symbols indicate the amount of Fos protein. 0, no staining; * low
level staining; ** medium level staining. SVZ, subventricular zone;
RMS, rostral migratory stream; AON, anterior olfactory nucleus;
MS, maternal separation; P7, 14, 21 - postnatal day 7, 14, 21.

maternal separation

Figure 3. Fos immunoreactiv-
ity in the rostral migratory
stream (RMS) and in the ante-
rior olfactory nucleus (AON).
A. -F. Photomicrographs of
parasagittal sections of the
RMS of control groups (left
column) and maternally sepa-
rated groups (right column)
showing the distribution of
Fos+ cells. Fos+ cells are vis-
ible as brown stained nuclei.
There is no Fos positivity
within the RMS (the RMS
is bordered by dashed lines)
of both control and experi-
mental groups. Noteworthy,
the structure of the olfactory
cortex that closely surrounds
the RMS - pars principalis of
the AON, contains a number
of Fos+ cells (B-F) in striking
contrast to the RMS. Fos posi-
tivity in the AON is noticeably
higher after single short-time
exposure to maternal separa-
tion in all age groups (right
column). Scale bar 50 um.

Discussion

The expression of immediate early genes is often used as
a marker of neuronal activity. The present study was designed
to investigate whether single exposure of neonatal rats to
maternal separation can induce Fos protein expression in
cells of olfactory neurogenic region — the SVZ/RMS. Because
Fos protein labeling is widely employed in assessing patterns
of evoked activity in the olfactory system (Filipkowski 2000),
we have also used it for visualization of activity in the olfac-
tory cortical structure — the AON.

Fos expression in the subventricular zone and in the rostral
migratory stream

Expression of immediate early genes was used to study new
neurons in the adult dentate gyrus (Jessberger and Kemper-
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mann 2013). Regarding the olfactory neurogenic region, to
our best knowledge, complex analysis of Fos production in
the SVZ/RMS has not been provided until now.

Our results have shown that there were no Fos+ cells
present in the SVZ of P7 and P14 control rats and maternal
separation also did not induce the appearance of them at
these ages. However, we have observed a few Fos+ cells in
the SVZ at P21 in control rats, and quantitative analysis
showed their significant increase following maternal separa-
tion. Rare occurrence of Fos+ cells points to the possibility
that probably only some cells of the SVZ have the complete
equipment for the Fos signal transduction cascade. Similar
findings have been reported in our previous study dealing
with the analysis of Fos expression in the SVZ following the
exposure of neonatal rats to whole body electromagnetic ra-
diation (EMR) (Orendacova et al. 2011). In that experiment
we have found that short-duration exposure of neonatal
P7 rats to EMR induces increased Fos immunoreactivity
selectively in cells of the SVZ. It is interesting that while
exposure of P7 rats to maternal separation did not cause
Fos production in the SVZ, exposure to EMR enhanced
neuronal activity in the SVZ of rats of the same age, as in-
dicated by Fos expression. Based on these findings, we can
assume that the SVZ cells appear to be more sensitive to the
single EMR application than to maternal separation, and
that the production of Fos protein of the SVZ is dependent
on the type of stressor.

Our results suggest that Fos+ cells of the SVZ are neurons.
However, the subpopulation of Fos+ neurons in the SVZ
remains unclear. As the only known neurons residing in the
SVZ are nitrergic cells (Rac¢ekova et al. 2003) and the most
recently described population of choline acetyltransferase
positive neurons (Paez-Gonzales et al. 2014), we hypothesize
that both these phenotypes could express Fos. However,
further study is needed for the exact determination of the
phenotype of Fos+ cells within the SVZ.

The physiological consequence of c-fos signal transduc-
tion in the SVZ remains to be explained. Since the possibility
of regulating neurogenesis through neuronal circuits has
only recently begun to be investigated (Song et al. 2016), it
would be too early to speculate about connectivity of Fos+
cells. One possible explanation of the role of Fos protein in
the neurogenic area could be related to the importance of Fos
protein in cell proliferation during development (Velazquez
etal. 2015). Indeed, the increase of the number of Fos+ cells
in the SVZ at P21 coincidences with previously observed
decrease of proliferating cells in olfactory neurogenic areas
following maternal separation (Racekovd et al. 2009).

The migratory pathway, by which the SVZ cells reach the
OB, also contains a number of young postmitotic neurons
(Jankovski and Sotelo 1996) and small population of nitrergic
neurons (Racekova et al. 2003), which could be a potential
source of Fos protein. Nevertheless, in our experiment we

did not find any Fos+ cells neither in the RMS of control nor
in the RMS of maternally separated animals in any neonatal
age stages examined. Similar results were obtained in our
previous study (Fabianovd et al. 2014), where we showed
the absence of Fos+ cells even in the RMS of intact adult
rats, as well as in the RMS of rats stimulated with cat odor.
Nevertheless, the exposure of rats to the artificial odor stimuli
induced Fos protein expression in certain cells of the RMS
(Fabianova et al. 2014). These findings suggest that the RMS
activation is led only by some specific olfactory events. This
may also indicate that the RMS is not involved in the cir-
cuitry, which is activated by maternal separation. Another
explanation for the absent of Fos positivity in the RMS of
control and maternally separated P7, P14 and P21 rats may
be related with the age of animals. In this context, it seems
reasonable to suggest that the cells of the RMS of neonatal
rats do not contain complete equipment for the Fos signal
transduction cascade. Indeed, it is well established that the
RMS belongs to the brain structures, which undergo a re-
markable anatomical reorganization after the birth. During
early postnatal development, besides quantitative differences
related to the RMS thickness and shape (Altman 1969; Pen-
cea et al. 2001; Martoncikova et al. 2006), and the olfactory
ventricle obliteration (Peretto et al. 1999), marked qualita-
tive changes occur in the pattern of the RMS cell migration
(Doetsch 1997; Peretto et al. 1997), proliferation activity
(Martoncikova et al. 2006) or differentiation of neuronal
precursors (Law et al. 1999). So, it is quite possible that the
development of Fos signal transduction cascade in rodent
RMS is completed only after the third week of life. According
to a study of Gubits and co-workers, c-fos gene expression
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Figure 4. Number of Fos+ cells within 50 x 50 pm area in the
anterior olfactory nucleus (AON) pars principalis of the P7, P14
and P21 control rats, as well as in P7, P14 and P21 maternally
separated rats. The graph shows significant increases of Fos+ cells
in the AON of maternally separated rats. Data are shown as mean
+ SEM. Statistical significance of differences between experimen-
tal and control groups: *** p < 0.001; degrees of freedom: F = 354.9.
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Fos+ GFAP

Fos+ NeuN.

Figure 5. Phenotype of Fos+ cells in the anterior olfactory nucleus (AON) of P21 control rat. Photomicrographs showing double labeling
for Fos and either GFAP (A) or NeuN (B). A. No cells in the AON were found to be labeled for both Fos protein (red) and GFAP (green).
B. Note the colocalization of Fos (red) and neuronal marker NeuN (green) in cells on merged image. Arrows point to double-labeled

cells with neuronal phenotype. Scale bar 50 pm.

in the rat brain varies in both amount and location during
early development. Levels of c-fos mRNA are considerably
elevated in the cerebellum and parietal cortex at P20 and in
the whole brain after P30 (Gubits et al. 1988). Based on our
results, we can assume that in the rat RMS c-fos mRNA is
present only after P21.

The obtained pattern of Fos positivity also suggests that
the SVZ and RMS of neonatal rats are not uniform in the
terms of functionality. Fos expression in the SVZ and its
absence in the RMS indicates that there are some differences
in facilities of cells between the SVZ and RMS of neonatal
rats. Moreover, different reaction of the SVZ and RMS to
maternal separation can be due to different stress threshold
of the cells in these regions. Thus the SVZ cells can be more
sensitive to stress induced by maternal separation in com-
parison with the RMS cells.

Fos expression in the anterior olfactory nucleus

While there were no Fos+ cells in the RMS, we have detected
them in the AON, a structure that is closely adjacent to the
migratory pathway. The AON is an olfactory cortical struc-
ture that has reciprocal connections with both the olfactory
bulb and piriform cortex (Illig and Eudy 2009). For this
reason, expression of Fos protein in this structure is obvi-
ously evoked by odor stimulation (Kay et al. 2011).

Postnatal disruption of the mother-infant interaction is
not a typical model of odor stimulation, but involvement
of olfactory system in mediation of the separation-evoked
effects has been suggested formerly (Hofer 1975). We have
observed increased Fos expression and premature appear-
ance of Fos+ cells in the AON of maternally separated rats.
Evoked activity in this structure that plays a key role in odor
information processing confirms that olfaction mediated the
effects evoked by maternal separation.

The AON has been shown to have a relation also to adult
neurogenesis. Generation of new neurons has been detected
in the AON, albeit at relatively lower levels than that found
in the OB (Shapiro et al. 2009). Moreover, it has been shown
that the AON is involved in regulation of newborn interneu-
rons integration into the OB (De La Rosa-Prieto et al. 2015).
Taken into account the importance of Fos protein in cell
proliferation and differentiation (Velazquez et al. 2015), the
induced Fos expression in the AON could influence neuro-
genesis in this structure.

Conclusion

The results of the present study contribute to the understand-
ing of the mechanisms involved in the extrinsic regulation of
postnatal neurogenesis by evaluation of Fos protein induc-
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tion in the SVZ/RMS of neonatal rats following maternal
separation. The novel finding is demonstration of Fos protein
expression in some cells of the SVZ. Single separation of rat
pups from their mother on the postnatal day 21 increased Fos
protein expression in the SVZ. Contrary to this, no Fos posi-
tivity was found neither in the RMS of control nor maternally
separated rats in any age stages examined. It indicates that the
SVZ and RMS are not uniform in the terms of functionality.
On the other hand, following maternal separation, we have
observed significant increase of Fos expression in the AON
— the olfactory cortical structure which is also involved in
regulation of postnatal neurogenesis. Enhancement of Fos
expression in the AON after the maternal separation suggests
that this effect is mediated by the olfaction.
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