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Aim. This histochemical and immunohistochemical study was aimed at examining the brain cellular structures
of newborn rats exposed to prenatal immobilization (IMO) stress. Methods. Histochemical method on detection
of Ca2+-dependent acid phosphatase activity and ABC immunohistochemical technique. Results. Cell structures
with radial astrocytes marker GFAP, neuroepithelial stem cell marker gene nestin, stem-cells marker and the
hypothalamic neuroprotective proline-rich polypeptide PRP-1 (aka Galarmin, a natural cytokine of a common
precursor to neurophysin vasopressin associated glycoprotein) have been revealed in several brain regions.
Conclusions. Our findings indicate the process of generation of new neurons in response to IMO and PRP-1
involvement in this recovery mechanism, as PRP-1-Ir was detected in the above mentioned cell structures, as
well as in the neurons and nerve fibers. 

Keywords: rat brain plasticity, prenatal immobilization stress, GFAP-, nestin-, stem cells-, and PRP-1-immuno-
reactive structures.

Introduction. A new type of cytokines of the neurosec-
retory hypothalamus, the proline rich peptides, isolated 
from bovine neurohypophysis neurosecretory granules
are synthesized in the form of a common precursor pro- 
tein (neurophysin vasopressin associated glycoprotein) 
[1]. In the biochemical, immunological, and physiolo-
gical studies, proline-rich peptide-1 (PRP-1, 15 amino
acid residues) has been shown to possess antitumor  
effect [2, 3]; strong antiviral and antibacterial activity
[4–6]. Under several pathological conditions, PRP-1
has been shown to be a universal neuroprotector and
neuromodulator  [7, 8]. Our previous report on the ef-
fects of PRP-1 on spinal cord (SC) injured rats indica-
ted the possibility of PRP-1 involvement in the mecha-
nisms of neuronal repair.  

Neuroplasticity is a nervous system ability to chan-
ge at any age and modify its organization and function.
Adult brain cell regeneration (neurogenesis, the pro-
cess of generating new neurons) is demonstrated in ma- 
ny species, including rodents. Its primary functions are
to maintain cell homeostasis and to replace cells that
die because of injury or disease [9, 10]. The list of adult
tissues reported to contain stem cells is growing and in-
cludes bone marrow, peripheral blood, brain, spinal
cord. Brain plasticity and behavior can be influenced
by myriad of factors, including drugs, hormones, matu- 
ration, aging, disease, and stress. 

Understanding how these factors influence brain or-
ganization and function is important not only for under-
standing both normal and abnormal behavior, but also
for designing treatments for behavioral and psycholo-
gical disorders. 
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The purpose of the present histochemical and immu- 
nohistochemical study was to examine the stress-indu-
ced response of brain structures in the rats exposed to
the prenatal immobilization (IMO) stress,  and to inves- 
tigate the mechanisms underlying the putative neuroge-
nesis processes.

Materials and methods. White laboratory male
rats, 80–100 g body weight, were divided into two gro-
ups: 1) intact rats (n = 5), and 2) rats exposed to the acu- 
te 120 min prenatal immobilization stress (n = 3).

Following the anesthesia with Nembutal (40–50 mg/ 
kg), non-perfused control and experimental rats were
decapitated and the brains and spanal cords were rapidly
removed and fixed in 4 % paraformaldehyde prepared in 
0.1 M phosphate buffer, pH = 7.4 for 48 h at 4 oC. Then,
the tissues were cryoprotected for 24 h in 0.1 M phos-
phate buffered saline containing 30 % sucrose.

50-µm free-floating freezing microtome sections
were then processed using immunohistochemistry with 
the Avidin-Biotin-Peroxidase Complex technique [11]
and histochemistry by the method on detection of Ca2+-
dependent acid phosphatase (Aph)  activity [12].

The primary polyclonal antiserum against the PRP- 
1 in 1:5000 dilution obtained by us according to Ambro-
sius [13] and monoclonal antisera against the neuroepi- 
thelial stem cell marker nestin, astrocytes marker GFAP
and mouse stem cells in 1:2000 dilution were used for
immunohistochemistry. 

Results and discussion. According to histochemi-
cal data regarding the Aph activity detection in respon-
se to IMO stress, densely stained cells of different sizes
and shapes are found in the brain white matter (Fig. 1,
see inset). Cells resembling mesenchyme cells (Fig. 1,
C) and many round cells in a blood vessel (Fig. 1, D)
are demonstrated in the cerebellum. A number of cells,
most likely pericapillary pericytes, covered the capil-
laries and situated in the perivascular area (Fig. 1, E, F).

  Angiogenesis in the developing tissue is known to
be a universal process accompanying, in fact, practical- 
ly all morphological events. And very often, the vessels 
growth, in particular, determines the intensity of prolife- 
ration, differentiation, and formation of new histolo-
gical structures. Angiogenesis mentioned seems to be
the exact reflection of the results presented by Pelletier
and coworkers [14], who demonstrated a culture sys-
tem for human bone marrow endothelial cells that un-
der the action of tachykinins organize into capillary tu-
bes associated to pericytes. 

It is also known that transplanted bone marrow (BM)
cells in the brain can differentiate into parenchymal mic- 
roglial cells and perivascular cells [15].

There was determined that environmental changes
could alter behavior and cognition by modifying con-
nections between existing neurons and via neurogene-
sis in the hippocampus and other parts of the brain, in-
cluding SC and the cerebellum [16].

Immunohistochemical analysis revealed tha PRP-
1-immunoreactive (PRP-1-Ir) varicose fibers and vari-
cosities surrounded the cells in almost all brain regions
including the n. Cochlearis (Fig. 2, A, see inset) and are
scattered among the blood vessels in the SC (Fig. 2, B,
see inset). A number of cells localized on the capillaries 
and in the perivascular area in the brain white matter
(Fig. 2, D, see inset) were observed.

GFAP-Ir small cells, resembling the radial astrocy-
tes, with many tortuous processes in close vicinity to
arteriols and capillaries were revealed in those cytoar-
chitectural zones where their small population is deter-
mined: subgranular zone of the hippocampal dentate gy-
rus, spinal cord (Fig. 3, A, B, see inset) and cerebellum
(Fig. 3, D–G, see inset), periventricular zone of adult
brain, olfactory system, region under the pia mater, sub-
ependimal zone [17]. 

A number of dense nestin-Ir cells of different sizes
and shapes are revealed in various brain regions: fusi-
form cells (Fig. 4, B, see inset)  in n. Facialis, triangular
(C, see inset), roundish (D, see inset), cells with very
short processes and negative nucleus (E, see inset) and
with an axon and densely stained ectopied nucleus
(Fig. 4, F, see inset) in the SC anterior horn.

It is notable that round in morphology cell structu-
res situated on the blood vessel in different brain regions
demonstrate Ir for all antisera used (Figs 2, C; 3, A, B, F;
4, A, D, see inset) and strong Aph activity (Fig. 1, D, see
inset).

Brain plasticity occurs in the brain under two pri-
mary conditions: during normal brain development and 
as an adaptive mechanism to compensate for lost func-
tion and/or to maximize remaining functions in the
event of brain injury. New neurons are generated throu- 
ghout life from a population of dividing cells known as
neural stem/progenitor cells (NPCs) that can differen-
tiate into three main lineage cell types of the nervous
system (neurons, astrocytes, and oligodendrocytes)
when cultured in vitro. So, from NPCs in non-neuroge-
nic regions giving rise to neurons mediated by the local
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Fig. 4. Nestin-immunoreactive structures in the spinal cord and medulla
oblongata of rats exposed to prenatal immobilization stress. Dense nes-
tin-Ir cells of roundish shape (A) in the n. deiters and fusiform cells (B) 
in the   n. facialis are demonstrated. C–F – nestin-Ir structures in the SC an-
terior horn; C–F – a number of nestin-Ir cells of different size are revea-
led: C – triangula; D – roundish; E – with very short processes and negative
nucleus and F – with an axon and densely stained ectopied nucleus.  ABC
immunohistochemical method; A – × 160); C – × 400; B, D, E, F – × 1000
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Fig. 2. PRP-1-Ir (A–C) and stem cells-Ir (E, F) structures in rats exposed
to prenatal stress. PRP-1-Ir varicose fibers and varicosities surround cells
of different sizes and shapes in the n. cochlearis (A) and are scattered
among the blood vessels in the SC (B). Round in morphology cells are
situated on the blood vessel (C); a number of cells are situated in the capi-
llaries and the perivascular area in the brain white matter (D). Cells being
in the proliferation stage (E) and small cells with the long and tortuous
processes (F) demonstrate stem cells-immunoreactivity. ABC immuno-
histochemical method; A, B, D – × 400; C, E, F – × 1000 
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Fig. 3. GFAP Immunoreactiv structures in the brain of rats exposed to
prenatal immobilization stress. A–C – GFAP-Ir structures in the SC.
GFAP-Ir astrocytes are well seen in close proximity with the blood
vessels in the SC (A, B) and cerebellar white matter (D–G); C –  GFAP-Ir 
cell structures of different size are found in the SC dorsal horn. GFAP-Ir
roundish in morphology structures are demonstrated inside of vessels in
the SC (A, B) and cerebellar white matter (F). ABC immunohistochemical 
method; A, C, D, E – × 400); B, F, G – × 1000 
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Fig. 1. Brain structures in rats exposed to prenatal stress. Two cells being 
in close contact via a short process (A) and a large cell, half of which is
yet located in the SC central canal (B), cells resembling mesenchyme
cells (C) and many round-shape cells in the blood vessel (D) are demon-
strated in the cerebellum. A number of cells, most likely pericytes, are si- 
tuated on an artheriol and in the perivascular area (E, F). Histochemical
method on detection of Ca2+-dependent acid phosphatase activity; × 1000
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astrocyte populations. The environment has also been
suggested to play a key role in influencing plasticity. 

In the present study we demonstrate a number of
cells being in the proliferation stage (Fig. 2, E) and
small cells with the long and tortuous processes (Fig. 2, 
F) immunoreactive for stem cells marker.

The main function of most of the multipotential pro-
genitor cells situated in the periventricular zone of the
forebrain and surrounding the SC central canal area in
adult rodent CNS [18–21] is to migrate into the olfac-
tory lobe to produce new neurones and glial cells in the
normal brain [19]. It was shown in the injured SC that
nestin-expressing periventricular cells start to migrate to
the site of injury and to express GFAP [22]. There are
also experiments in which the axons have clearly been
able to regenerate in vivo on astrocyte processes [23]. 

Previously PRP-1-immunoreactivity was noticed in
spinal glial cells both in the white matter and among the
PRP-1-Ir MNs in the SC injured rats [7]. Besides, in SC-
hemisectioned and treated with Central Asian Cobra Naja
naja oxiana snake venom (NOX) rats [24] NOX has been
found to result in the survival of the PRP-1-Ir neurons and 
increase of PRP- 1-Ir nerve fibers and astrocytes.

Bone marrow-derived stem cells are tissue-specific
stem cells that are capable of self-renewal and can dif-
ferentiate into cells of different tissues, including matu- 
re lineages of blood cells, neural cells both in vitro and
in vivo, stromal and skeletal tissue [25]. 

Brain cells born in the fluid-filled ventricle migrate
to the olfactory bulb via this small «superhighway» that 
connects them [26]. Pluripotent mesenchimal stem cells
purified by Jiang et al. [27] and named multipotent
adult progenitor cells (MAPCs) could differentiate into 
both mesenchimal and neural cells. One marker that is
actually detected at the immunohistochemical level in
MSCs is nestin [28, 29]. 

Appearance of a large cell, half of which is yet
located in the SC central canal (Fig. 1, B) and PRP-1-Ir
cells migrating from the SC central canal towards the
injury area [25] allowed us to assume that they could be 
the BM-derived neural progenitor cells.

The stimulatory effect of PRP-1 in formation and
differentiation of BM stem cells [30, 31] as well as in
increase of PRP-1-Ir hematopoietic and mesenchimal
cells (not published) of rats exposed to IMO has been
suggested. Synthesis of PRP-1 in the immune system
cells cannot be excluded, as well, since there is a  recent 
evidence regarding the in vitro synthesis of PRP-1 in
lymphocytes, isolated from BM.

Conclusions. Localization of the hypothalamic neu-
roprotective proline rich polypeptide in the above men- 
tioned cell structures of the injured brain and SC im-
munoreactive to GFAP, nestin, and stem cells together
with neurons and nerve fibers confirmed our suggesti-
on that PRP-1 could be involved in this recovery me-
chanism, and supported the hypothesis of its role as neu-
ro-immunological links. 

С. С. Абрамян, І. Б. Меліксе тян, І. К. Са а кян, Н. В. Ту ма сян, 
Б. Ю. Ба да лян, А. А. Га ло ян

Плас тичність моз ку щурів після дії внутрішньо ут роб но го
 іммобілізаційно го стре су 

Ре зю ме
Мета да но го гісто- та іму ногістохімічно го досліджен ня по ля га -
ла у вив ченні клітин них струк тур моз ку но вона род же них щурів
після дії внутрішньо ут роб но го іммобілізаційно го стре су (ІМО).
Ме то ди. Гістохімічний ме тод ви яв лен ня ак тив ності Са2+-за леж-
ної кис лої фос фа та зи та АВС-іму ногістохімічний ме тод. Ре зуль -
та ти. У різних відділах моз ку у відповідь на ІМО виз на че но клі-
тинні струк ту ри, які містять мар кери радіаль них ас тро цитів
GFAP, стов бу ро вих клітин ми шей, не й ро епітеліаль них стов бу ро -
вих клітин не сти ну і гіпо та ламічно го не й роп ро тек тор но го ба га -
то го на пролін поліпеп ти ду, PRP-1 (при род ний ци токін під на звою
Га лармін, по пе ред ни ком яко го є не й рофізин-ва зоп ре син-асоційо ва -
ний глікоп ро теїн). Вис нов ки. Ви яв лен ня PRP-1 у ви ще заз на че них
клітин них струк ту рах по ряд з не й ро на ми і не рво ви ми во лок на ми
вка зує на про цес утво рен ня но вих не й ронів у відповідь на ІМО та
вклю чен ня PRP-1 у ме ханізм да но го віднов лю валь но го про це су. 

Клю чові сло ва: плас тичність моз ку щурів, внутрішньо ут роб -
ний іммобілізаційний стрес, іму но ре ак тивність стов бу ро вих клі-
тин PRP-1, GFAP і не сти ну.

С. С. Абрамян, И. Б. Ме лик се тян, И. К. Са а кян, Н. В. Ту ма сян, 
Б. Ю. Ба да лян, А. А. Га ло ян

Плас тич ность моз га крыс, под вер жен ных внут ри ут роб но му 
им мо би ли за ци он но му стрес су

Ре зю ме

Цель дан но го гис то- и им му но гис то хи ми чес ко го ис сле до ва ния
со сто я ла в из уче нии кле точ ных струк тур моз га но во рож ден ных
крыс, под вер гших ся внут ри ут роб но му им мо би ли за ци он но му
(ИМО) стрес су. Ме то ды. При ме не ны гис то хи ми чес кий ме тод
вы яв ле ния ак тив нос ти Са2+-за ви си мой кис лой фос фа та зы и АВС
им му но гис то хи ми чес кий ме тод. Ре зуль та ты. В раз лич ных от -
де лах моз га в от вет на ИМО опре де ле ны кле точ ные струк ту ры,
со дер жа щие мар ке ры ра ди аль ных ас тро ци тов GFAP, ство ло вых 
кле ток мы шей, не й ро э пи те ли аль ных ство ло вых кле ток не сти на
и ги по та ла ми чес ко го не й роп ро тек тор но го про лин-бо га то го по -
ли пеп ти да, PRP-1 (при род ный ци то кин под на зва ни ем Га лар мин,
пред шес твен ни ком ко то ро го яв ля ет ся не й ро фи зин-ва зоп рес -
син-ас со ци и ро ван ный гли коп ро те ин). Вы во ды. Обна ру же ние
PRP-1 в вы ше у по мя ну тых кле точ ных струк ту рах вмес те с не й -
ро на ми и не рвны ми во лок на ми ука зы ва ет на про цесс об ра зо ва ния 
но вых не й ро нов в от вет на ИМО и вклю че ние PRP-1 в ме ха низм
дан но го вос ста но ви тель но го про цес са. 

Клю че вые сло ва: плас тич ность моз га крыс, внут ри ут роб ный
им мо би ли за ци он ный стресс, им му но ре ак тив ность ство ло вых
кле ток PRP-1, GFAP и не сти на.
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