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Summa . .
b The supraependymal nerve plexus matures stepwise: by the end of the first postnatal week,

its fibers acquire the potential for synaptic transmission and serotonin synthesis,
and by postnatal day 10, for catecholaminergic neurotransmission.

Materials and methods

Animals . Age groups . Materials . Methods

“ Postnatal Adults
56 |
—a H | | | &

Male Wistar rats H n=4 : Coronal brain H Immunohistochemistry: Double
n=16 per group sections antibodies against SY, TPH, TH immunofluorescence

Outcomes Dynamics of functional markers
Parameters P1 P7 P10 5-6 months

SY (synaptic activity) = + + +

TPH (serotonergic phenotype) - + + +

TH ...... - . rL ...... i R R _ ............... B ;

Mo rphOI oglulassessmem ................................... _ ...................... andflgk::rnsmes ............. and r?:vr;u;saings ...... g. ;an;ﬁ;:ignear
Razenkova V.A., Kirik O.V., Korzhevskii D.E. The supraependymal nerve plexus in rats during early 15 minutes E
postnatal development. Sechenov Medical Journal. Epub ahead of print 29.07.2026. H
https://doi.org/10.47093/2218-7332.2026.17.2.1489 to read :

SY — synaptophysin, TH — tyrosine hydroxylase, TPH — tryptophan hydroxylase, P1, P7, and P10 — groups of rats examined on postnatal days 1, 7, and 10

At |

The neural plexus located on the ependyma’s apical surface of the cerebral ventricles may be an important link in the
extra-barrier signal transmission and regulation of the cerebrospinal fluid composition, but to date it remains a poorly
understood part of the central nervous system.

Aim. To investigate signs of functional activity of the supraependymal nerve plexus in early postnatal development
using immunohistochemical methods.

Materials and methods. Coronal brain sections of adult rats and rats on postnatal days 1,7, and 10 (n = 16) were used
for immunohistochemical analysis. Antibodies to tyrosine hydroxylase, tryptophan hydroxylase, and synaptophysin
were used to identify supraependymal fibers and structures exhibiting potential synaptic activity.

Results. There was no immunopositive reaction observed in the supraependymal plexus of neonatal rats regardless
of the marker used. Synaptophysin-containing puncta or fibers with varicosities on the surface of ependymal cells
were first detected by the end of the first week of postnatal development. Tryptophan hydroxylase-positive structures
were also observed at this stage of postnatal development. Fibers and puncta were located throughout the walls
of the lateral and third ventricles, with the exception of the infundibular recess. Only on the 10" day of postnatal
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development were tyrosine hydroxylase-containing granules detected on the apical surface of the ependyma. A double
immunofluorescence assay demonstrated that the tryptophan hydroxylase distribution matched with synaptophysin.
Moreover, at none of the studied periods were neurons found on the surface of the ependyma.

Conclusion. The supraependymal plexus exhibits the capacity for synaptic transmission and serotonin synthesis by
the end of the first week of postnatal development. By the 10" day of postnatal development, supraependymal nerve
fibers may participate in catecholaminergic neurotransmission.
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CynpaaneHAMMHOe HEPBHOE CrJIeTeHUe Kpbic
B paHHeM NOoCTHaTa/lbHOM OHTOreHese

B.A. PasenkoBa™, O.B. Kupux, [1.D. KopsxeBckuii
Dedepanvhoe zocydapcmeerHoe 6r00xcemuoe HayuHoe yupexcoenue «Hcmumym skcnepumeHmaibHoU MeQuyUHbL»
yn. Akademuka Iasnosa, 0. 12, 2. Cankm-Ilemep6ype, 197022, Poccus

AHH 0T Ly 5

HepBHOe cnneTeHue, pacrnofNoXeHHOe Ha anukanbHOW MOBEPXHOCTW 3MEHAUMbI Xenyao4koB roflOBHOMO MO3ra,
MOXET fBNATbCSA BaXHbIM 3BEHOM BO BHebapbepHOii nepefjaye curHana 1 perynsumm coctaBa CMMHHOMO3MOBOIA
XMAKOCTU, HO Ha CErOAHALIHNIA 1eHb OCTAaeTCa ManousyyYeHHbIM 06bEeKTOM LIEHTPaNbHOV HEPBHOW CHUCTEMBI.
Llenb. /13y4nTb Npru3Hakm GYHKLUMOHANIBHOW aKTUBHOCTM CYNpasneHMMHOro HEPBHOIO CrIETEHNS B paHHEM MOCT-
HaTaNbHOM Pa3BUTUM C UCMONb30BAHWEM METOA0B UMMYHOIUCTOXMMUMN.

Matepuanbl n metoabl. B KauecTBe martepuana Ans MMMYHOTMCTOXMMWUYECKOTO UCCNe0BaHNsA UCMONb30Bay
(GpOHTaNbHbIE CPe3bl FOI0BHOMO MO3ra NojI0BO3PESIbIX KPbIC ¥ KpbiC Ha 1,7 1 10-e CyTKy NOCTHATAIbHOMO Pa3BUTUS
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(n = 16). Ana BbiABNEHUS CYNpPasneHANMHbBIX BOMOKOH W CTPYKTYP, 06M1aAatoLinX CUHANTUYECKOW akTUBHOCTbIO,
NPUMEHSAIN aHTUTeNa K TMPO3UHIMAPOKCIUA3e, TPUNTODAHTMAPOKCUIA3E U CUHANTODU3NHY.

Pe3ynbratbl. B cynpasneHAMMHOM CMAETEHWUM HOBOPOXAEHHBIX KPbIC HE Obl0 OTMEYEHO PeakUui HW Ha OAMH
3 MCNOMb30BaHHbIX MapkepoB. Coaepxalle CMHaNTOMU3UH rpaHybl UK BOSOKHA C YeTKOOBPa3HbIMM YTONLLe-
HUSMW Ha MOBEPXHOCTY 3MEHAVMHbIX KNETOK BNEpBbIe BbISBAAINCH K KOHLY NepBO Hefienu NocTHaTaAbHOro pas-
BUTMSA. Ha 3TOM Xe CpOKe NPOosBANach peakumusa Ha TpunTodaHrnapokeunasy. BonokHa u rpaxybl pacnonaranuch
NOBCEMECTHO BAO/b CTEHOK BOKOBbIX 11 TPETbENO XeNy[o4KoB, 3a UCKTHOYEHNEM 30HbI UHDYHANBYNAPHOrO Yriy-
6nexns. Tonbko K 10-M cyTKam NOCTHATaNbHOIO Pa3BUTHS Ha anuKaabHON NOBEPXHOCTU SNEHAUMbI BbISBASANCD
rpaHy/ibl, UMMYHOMO3UTKBHbIE K TUPO3UHIMAPOKCKNase. C NOMOLLbK ABOMHON UMMYHOMIYOPECUEHTHON peak-
M1 NOKa3aHo, YTo obnacTy pacnpefeneHns TpuntodaHrMapoKeKUnasbl U CMHanToGuanHa coBnaaatoT. Mpn aTom
HW B OAHOM W3 13YYeHHbIX COOKOB HEMPOHOB Ha MOBEPXHOCTM 3MeHAVMbl He BbI10 06HAPYXKEHO.

3aknioyeHune. Yxe K KOHLY NMepBON HeAenu mocTHaTaNbHOrO PasBUTUS CYMpasneHiyMHOe HEPBHOE Cr/eTeHve
NPOSIBNSET CNOCOBHOCTb K CUHANTMYECKOI Nepeaaye u CUHTe3y cepoToHMHA. K 10-M cyTKaM NOCTHaTaNbHOMo pas-
BWTMWSA CynpasneHAMMHble HEPBHbIE BOIOKHA MOTYT y4acTBOBATb B KATEXOaMUHEPrUYECKON HEPOTPAHCMUCCHN.

KnioyeBble cnosa: »eny04ku rofloBHOr0 MO3ra; MoCTHAaTaIbHOE Pa3BUTHE; KaTeX0IaMUHbI; CEPOTOHMH; UMMYHO-
TUCTOXMMMS

Py6puku MeSH:

KPbICbl

ONEHAVIMA - POCT N PASBUTUE

SNEHAVIMA - O30 N0T A

NMMYHOTMCTOXUMIA

Ons uutupoBaHms: PasenkoBa B.A, Kupuk O.B., Kopxesckuit [1.3. CynpasneHOyMHOe HepBHOe cnieTe-
HVE KPbIC B PaHHeM MOCTHaTanbHOM OHTOreHede. CeyeHOBCKMIA BeCTHMK. Epub ahead of print 29.07.2026.
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HIGHLIGHTS
In rats, the supraependymal plexus of the ventricles acquires signs of functional activity by the end of the first postnatal week.

The serotonergic component of the supraependymal plexus appears on postnatal day seven, and the catecholaminergic one only

on tenth day.

Colocalization of synaptophysin and tryptophan hydroxylase indicates serotonergic neurosecretory activity of supraependymal fibers

already during the early postnatal period.

Supraependymal plexus is neurochemically heterogeneous and includes non-serotonergic components that use alternative signaling

molecules.

The biochemical composition of cerebrospinal fluid
(CSF) serves as an important diagnostic criterion for a
number of diseases, including meningitis, stroke, and brain
abscess. The supraependymal nerve plexus is thought to
be directly involved in regulating the composition and
concentrations of biologically active substances in the
CSF. The fibers forming this plexus are believed to be
processes of neurons located in central nervous system
nuclei that pass through the ependymal layer. It is also
believed that these fibers are formed by processes of
supraependymal neurons [1]. However, their presence
has not yet been proven. The supraependymal plexus
can be observed on the ependymal surface of the brain
ventricular system: the lateral ventricles, the foramen of
Monro, the third ventricle and the Sylvian aqueduct, as
well as the floor of the fourth ventricle [2]. The apical
surfaces of the cells covering the circumventricular
organs constitute an exception [3].

Although supraependymal nerve fibers were
described in the human brain in the 1980s [2, 4], this
component of the nervous system remains poorly
understood. This is due to a combination of factors,
including its specific location and the difficulty of
identifying the supraependymal plexus in histological
specimens. However, morphological studies in primates
and other laboratory animals indicate the continuity
of this structure across the mammalian phylogenetic
lineage [2, 5, 6].

Another challenge in studying the supraependymal
plexus is that most data concerning this structure were
obtained in the 1970s and 1980s and therefore require
careful verification and systematization. Currently, it is
assumed that the supraependymal plexus is formed by
fibers of serotonergic and catecholaminergic neurons
[2, 6-8]. It is also reported that some fibers and putative
supraependymal neurons of the fourth ventricle contain
glutamate and, therefore, may be glutamatergic [9].
Despite this, the neurotransmitter phenotype of the
supraependymal fibers has not yet been fully established.
Regarding their functional role, the main hypotheses
can be summarized as follows: (1) the nerve fibers act
as chemosensors of CSF composition; (2) they act on
ependymal cells, influencing their secretory activity,
shape, or ciliary activity; and (3) they release biologically
active substances into the CSF that may act on cells of the
choroid plexus and neurohypophysis, as well as on the

circumventricular organs, including the area postrema,
the subcommissural organ, and the subfornical organ
[5]- In an attempt to assess the functional activity of the
supraependymal plexus, it was shown that it possesses
synaptic activity [7] and therefore may indeed secrete
neurohormones or regulate the function of ependymal
cells through asymmetric synapses. Nevertheless, none
of these three hypotheses has yet been adequately tested
experimentally.

Studies of the properties and functions of the
supraependymal plexus in adult animals are numerous,
but fragmentary, thus several questions about its
development remain unclear. General knowledge of the
signaling networks of the developing central nervous
system suggests that supraependymal fibers may be
involved in signal transmission as early as late embryonic
or early postnatal development [10]. However, this
question has not yet been definitively resolved. The
developmental period during which supraependymal
fibers acquire the ability to synthesize neurotransmitters
also remains unknown.

The aim of this study was to investigate signs
of functional activity of the supraependymal nerve
plexus during early postnatal development using
immunohistochemical methods.

MATERIALS AND METHODS

The study material consisted of coronal brain sections
obtained from male Wistar rats of four age groups:
postnatal days 1, 7, and 10 (groups P1, P7, and P10,
respectively) and adult animals aged 5-6 months (n =
16). The sample size was calculated using the resource
equation method. There were four rats in each group.
The animals were obtained from the Rappolovo breeding
facility (Leningrad Oblast) and housed in a vivarium at
room temperature under standard conditions, with free
access to food and water. They were not subjected to any
experimental interventions.

To obtain offspring and establish groups of animals
at different stages of postnatal development, adult male
Wistar rats were housed with females at a ratio of 1:3.
Pregnancy was determined by the presence of sperm in
vaginal smears. After insemination, the females were
housed individually. After birth, the offspring were kept
in cages with their mothers. Brain samples were collected
on postnatal days 1, 7, and 10.
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Animals were randomly selected for each stage
of postnatal development (simple random sampling).
Animals with obvious anatomical and/or behavioral
abnormalities, as well as signs of distress, were excluded
from the study. Before sampling, animals were euthanized
by an overdose of ethyl ether vapor. Brain samples were
fixed by immersion in a zinc-ethanol-formaldehyde
solution and embedded in paraffin using standard
methods. Sections 5 um thick were cut from the paraffin
blocks using a Leica RM 2125RT rotary microtome and
mounted on HistoBond®+ adhesive-coated glass slides
(Paul Marienfeld, Lauda-Konigshofen, Germany). The
specialist responsible for the collection, processing, and
preparation of the biological material was not informed
about the study design.

All series of histological sections were simultaneously
processed using standardized immunohistochemical
staining protocols. For the immunohistochemical
detection of structures with potential synaptic activity,
rabbit monoclonal antibodies (clone S]J26-85) against
synaptophysin (SY; ET1606-56, Huabio, Hangzhou,
China) were used at a dilution of 1:400.

To mark supraependymal serotonergic and
catecholaminergic fibers, sheep polyclonal antibodies
against tryptophan hydroxylase (TPH; 816401,
BioLegend, San Diego, USA) at a dilution of 1:1000 and
rabbit polyclonal antibodies against tyrosine hydroxylase
(TH; ab112, Abcam, Cambridge, UK) at a dilution of
1:1000, respectively, were used.

For the negative control, one section from each
processed series was incubated without primary
antibodies; Antibody Diluent (Spring Bioscience,
Pleasanton, USA) was applied instead of the primary
antibody solution.

The IMMUNO View II detection system (1-1011-2,
ImmunoRus, Moscow, Russia) and the VECTASTAIN
Universal Quick HRP avidin-biotin kit (PK-8800, Vector
Laboratories, Burlingame, USA) were used as secondary
detection reagents. The immunohistochemical reaction
product was visualized using 3,3'-diaminobenzidine
chromogen included in the IMMUNO View II kit. Some
sections were counterstained with alum hematoxylin. The
resulting preparations were analyzed with a Leica DM 750
microscope (Wetzlar, Germany) and photographed with
a Leica ICC50 camera (Wetzlar, Germany).

To perform a double immunofluorescence reaction,
antibodiesto SY atadilutionof 1:100 and TPH atadilution
of 1:200 were mixed at a 1:1 ratio. A mixture of antibodies
against goat and sheep immunoglobulins labeled with
biotin (CTS008, R&D Systems, Minneapolis, USA)
and Rhodamine Red X-conjugated antibodies against
rabbit 1gG (711-295-152, Jackson ImmunoResearch,
Philadelphia, USA) were used as secondary reagents.
After incubation in a mixture of secondary antibodies,
sections were treated with a solution of Cy2-conjugated
streptavidin (016-220-084, Jackson ImmunoResearch,
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Philadelphia, USA). The nuclear fluorescent dye Hoechst
S769121 (3K010, Lumiprobe, Moscow, Russia) was
used to stain cell nuclei.

The resulting preparations were analyzed using
an LSM800 confocal laser scanning microscope with
Airyscan system (Zeiss, Oberkochen, Germany).
Fluorescence excitation was performed at 348 nm for
Hoechst S769121, 488 nm for Cy2, and 561 nm for
Rhodamine Red X. The resulting images were analyzed
using ZEN3 software (Zeiss, Oberkochen, Germany).
The specialist who analyzed the obtained histological
preparations was not provided with any information
about the study subjects.

RESULTS

Immunohistochemical detection

of synaptophysin

Inbrainsections, SY immunoreactivity was detected
throughout the tissue as round or oval granules. In
neonatal rats, the reaction product could accumulate
in the processes, forming a distinct pattern of nerve
fiber bundles in the section. However, at this stage,
no reaction to SY was observed on the apical surface
of ependymal cells. SY-positive structures were first
detected on the surface of ependymal cells in P7 rats
as discretely arranged round granules or fibers with
bead-like thickenings (Fig. 1). Fibers and granules
were located along the walls of the lateral and third
ventricles, except in the region of the infundibular
recess. A similar distribution pattern of SY-positive
structures was observed in P10 rats. However, SY
immunoreactivity was no longer detected in fibers
and was observed only as isolated granules on both
the ependymal surface and within the nervous tissue.
SY on the ependymal surface in adult animals was
distributed similarly to that at P10.

Immunohistochemical detection of tryptophan

hydroxylase

TPH immunoreactivity revealed serotonin-
producing neurons, their processes, and terminals in
brain preparations from rats of all age groups studied.
In P1 rats, no TPH immunoreactivity was detected
on the ependymal surface. As with SY, round or oval
TPH-positive granules appeared on the ependymal
surface in P7 rats. TPH-immunopositive fibers running
along the apical surface of ependymal cells were
also detected in this group. In P10 rats, by contrast,
extended structures were rarely detected, whereas
TPH-immunopositive granules varied considerably
in size, ranging from large granules approximately
6-8 pum in diameter to small granules 0.7-0.9 pm
in diameter (Fig. 1). In adult animals, the TPH
immunohistochemical reaction product accumulated
in discrete, rounded granules arranged in chains on the
ependymal surface.
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Synaptophysin

Tryptophan hydroxylase

Tyrosine hydroxylase

FIG. 1. Distribution of synaptophysin, tryptophan hydroxylase, and tyrosine hydroxylase in the region of the foramen of Monro

at different stages of postnatal development.

Notes: immunohistochemistry with nuclear counterstain by hematoxylin. Arrows indicate supraependymal structures; the asterisk indicates the

cavity of the brain ventricles. Scale bar is 50 um.

P1,P7,and P10 - denote groups of rats examined on postnatal days 1, 7, and 10, respectively.

Comparison of SY and TPH immunoreactivity in
serial sections from the same animal showed that the
distribution patterns of these marker proteins within the
supraependymal nerve plexus overlapped. Like SY, TPH
detected along the walls of the lateral ventricles and in the
anterior regions, but not in the floor of the third ventricle.

Immunohistochemical detection of tyrosine

hydroxylase

TH immunohistochemistry revealed catecholamine-
producing neurons and their processes along the
entire length of the fibers. Interestingly, the TH
immunohistochemical reaction product was absent
from supraependymal elements not only in P1 rats but

also in P7 rats (Fig. 1). TH-immunopositive granules on
the apical surface of the ependyma were first detected
in P10 rats. In adult animals, TH-immunopositive
structures appeared as isolated granules and short linear
structures with bead-like thickenings. The distribution
of TH-immunopositive supraependymal structures
corresponded to the localization of supraependymal
fibers and synaptic terminals identified by SY and TPH
immunohistochemistry.

Double immunofluorescence detection of

tryptophan hydroxylase and synaptophysin

A double immunofluorescence on brain sections from
P7 and P10 rats and adult animals showed that most
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supraependymal plexus fibers were immunopositive
for both markers (Fig. 2). Granules containing SY
but not TPH were also observed. However, structures
that may appear both immunopositive for TPH and
immunonegative for SY were not observed in any of the
cases studied.

DISCUSSION

The main objectives of this study were to trace the
functional activity of the supraependymal nerve plexus,
as well as to estimate the period at which the production
of neurotransmitters begins.

KJIETOYHASA BMOJIOT NS

To address the first objective, an
immunohistochemical study was conducted using
antibodies against SY, one of the proteins of the SNARE
(soluble N-ethylmaleimide-sensitive factor attachment
protein receptor) complex. SY acts as a regulator of
neurotransmitter exocytosis from synaptic vesicles,
so its appearance in synaptic terminals is traditionally
considered a manifestation of synaptic activity by
the cell [11]. During embryogenesis, SY begins to be
detected at the 11" week of perinatal development
in humans, and its appearance in certain areas of the
brain coincides with the onset of synaptogenesis [12].

FIG. 2. Synaptophysin (red) and tryptophan hydroxylase (green) in supraependymal plexus.

A. Region of the Sylvian aqueduct on postnatal day 7; scale bar is 20 pm.

B. Wall of the lateral ventricle on postnatal day 7, visualized using Airyscan technology; scale bar is 5 pm.

C. Anterior region of the third ventricle in an adult animal; three-dimensional reconstruction of a series of optical sections, Z-stack

thickness, 4.5 um; grid cell size, 20 x 20 um; scale bar is 20 pm.

Note: double immunofluorescence staining with Hoechst S769121 nuclear counterstaining. The red channel indicates synaptophysin, and the
green channel indicates tryptophan hydroxylase. Arrows indicate sites of potential synaptic activity containing synaptophysin; double arrows
indicate structures containing both synaptophysin and tryptophan hydroxylase; the asterisk indicates the ventricular cavity.
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In the brain of laboratory rodents, SY appears in the
perikarya of neurons by the end of the second week of
embryonic development. However, detection of SY in
nerve fibers and synaptic puncta is limited to day 17,
and in some areas, even after birth, which also marks
the onset of active synaptogenesis [13, 14]. Our data
show that despite the ubiquitous distribution of SY
in the nervous tissue of the brain (Fig. 1), no positive
immunohistochemical reaction is observed in the axons
of the supraependymal nerve plexus on postnatal day 1.
On postnatal day 7, clear SY immunoreactivity was
detected not only in the presynaptic terminals but also
along the plexus fibers, which may reflect their growth
along the walls of the cerebral ventricles. By contrast,
on postnatal day 10, SY was detected predominantly in
nerve terminals and was absent from the fibers.

This SY distribution may be a consequence of the
peculiarities of synaptogenesis in the supraependymal
plexus. Neural connections formed during early
development begin to organize complex networks by
the end of the first postnatal week, and their formation
is directly linked to critical periods of development.
Thus, coordinated neuronal activity is first observed
in the subcortical structures of the brain, which is
associated with the need for motor coordination [15]. On
postnatal day 9, after the sensory and motor functions
development, a sharp increase in synaptogenesis in
the cortex occurs [16], which is accompanied by the
emergence of social behavior. Thus, the growth of axon
cones on postnatal day 7 (as can be predicted from the
results of the immunohistochemical reaction) and the
formation of functional synapses on postnatal day 10
may indicate that the role of the supraependymal plexus
may not be critical, at least during the first week of
postnatal development.

To address the second objective, we compared
the results of the immunohistochemical reaction to
SY in consecutive sections of the same animal with
the immunohistochemical reaction to TPH and TH,
the enzymes that limit the synthesis of serotonin and
catecholamines, respectively. Interest in these particular
groups of neurotransmitters is due to previously
accumulated data on the possible sources of fibers
in the supraependymal nerve plexus [6, 8], receptors
present on the cells of the ventricular lining [17, 18], and
biologically active molecules released into the CSF via
neurosecretion [19].

Indeed, analysis of the preparations showed that the
fibers of the supraependymal plexus contained TPH as
early as postnatal day 7 and both enzymes by postnatal
day 10, indicating their potential ability to synthesize
both serotonin and catecholamines. Serotonergic fibers
are believed to originate from neurons concentrated
in the raphe nuclei. Using anterograde (directed from
neuron bodies to synaptic terminals) and retrograde
(conversely, from neurites to neuron bodies) labeling,

it was established that the fibers of the supraependymal
nerve plexus in the lateral ventricle belong to cells of
the dorsal and medial raphe nuclei [20]. Although
some early studies suggested the presence of neuronal
cell bodies capable of synthesizing serotonin within
the ventricles themselves [21, 22], there is currently
no reason to believe there are serotonergic neurons
located here. Analysis of the preparations obtained in the
present study also revealed no structures that resembled
neuronal cell bodies. However, the absence of neurons
in the cerebral ventricles cannot be stated with complete
certainty. While the sources of serotonergic axons have
already been identified, the location of catecholaminergic
nerve cells, whose fibers lie on the apical surface of the
ependyma, remains unknown.

It is possible that the same neurons may be the source
of these fibers. Mass spectrometric analysis performed in
different brain regions revealed several nuclei containing
cells synthesizing two classical neurotransmitters.
In particular, in the dorsal raphe nucleus, one of the
sources of supraependymal fibers, TPH colocalizes
with norepinephrine in the same cells [23]. Further
indirect confirmation of this hypothesis is provided by
an earlier study conducted with transmission electron
microscopy [20]. The authors demonstrated that a
single synaptic terminal of a supraependymal axon
can simultaneously contain not only electron-dense
(i.e., serotoninergic) but also light-core vesicles. This
suggests that TPH-containing axons can release co-
transmitters. Thus, according to the results of the present
study, these additional neurotransmitters may indeed be
catecholamines. Moreover, it appears that catecholamine
synthesis in axons of the supraependymal plexus begins
later than serotonin synthesis.

The appearance of TH in fibers at a later
developmental stage than TPH correlates with general
concepts of the development of the catecholaminergic
nervous system, the critical period of which is
considered to be the first postnatal month [24, 25]. In
addition, it is known that serotonin is a biologically
active molecule that influences the migration and
positioning of neurons in the nervous tissue of the brain
[26]. Also, serotonin in early postnatal development
plays a role of the maturation and stabilization of
glutamatergic dendritic spines [27], which indicates
its involvement in the neural networks formation.
These features are evolutionarily conserved in
vertebrates, which ensure postnatal synaptogenesis,
neurogenesis, and morphogenesis of the brain [26-
28]. It may turn out that already formed serotonergic
fibers of the supraependymal nerve plexus can form
spatial and functional relationships with sprouting
catecholaminergic axons.

Therefore, it cannot be ruled out that the
catecholaminergic and serotonergic fibers of the
supraependymal plexus may be structures that are
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distinct from one another. In this context, the result of
a double immunofluorescence reaction for SY and TPH
is of interest, demonstrating that these two proteins are
not always colocalized in the same synaptic terminal.
This means that other neurotransmitters could be
released at such synaptic sites. These may include
catecholamines, in particular norepinephrine [23], as
well as other molecules, such as the already mentioned
glutamate [9].

It is also worth mentioning the previously noted
fact that the spatial distribution of supraependymal
catecholaminergic fibers often coincides with the
presence of the catecholaminergic subependymal
plexus in the underlying nervous tissue [7]. Moreover,
it is known that in certain areas of the brain, such
as the dorsal striatum subventricular zone [8], the
subfornical organ [29], and the nuclei of the mediobasal
hypothalamus [18], TH-containing fibers can pass
through the ependymal cell layer and come into contact
with the CSF. Thus, one of these structures may be the
source of TH-positive fibers.

Limitations of the study and perspectives for

future research

This study was conducted on coronal brain sections
which means the information content of the obtained
data is limited. Therefore, the preparation and study of
ventricular wall specimens appears to be a promising
direction for further research.

The results of this study should be considered as
pilot-stage findings due to the limited number of animals
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