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Abstract

Objective: The aim of the study is to assess the features of Cajal bodies formation in rat brain histaminergic neurons from the
5th to the 45th days of postnatal ontogenesis.

Material and methods: The scientific work was performed on the offspring of outbred white rats (12 animals). The decapitation
of rats was carried out on the 5th, 20th and 45th days after birth. We used histological, electron microscopic, morphometric, and
statistical research methods in the work. The obtained data were processed by nonparametric statistics.

Results: From the 5th to the 45th days of the postnatal period, in the nuclei of rat hypothalamus histaminergic neurons, Cajal
bodies, mainly in contact with the nucleolus or lying freely, are detected. In the process of establishing close association with the
nucleolus, these structures are attached to it, forming a “cap” on its surface. On the 20th day, an increase in the degree of nucleoli
association with Cajal bodies is revealed, which is manifested by the formation of perinucleolar ring clusters from Cajal bodies in

the form of rosettes.

Conclusion: During the described period of postnatal ontogenesis of histaminergic neurons, Cajal bodies do not undergo
significant changes in shape and size, which could be related to the age of the animals. The frequency of occurrence of these

structures decreases by almost 2.6 times.
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Abbreviations: CBs: Cajal Bodies;LQ: Upper Limit of the Lower Quartile; Me: Median; UQ: Lower Limit of the Upper Quartile.

Introduction

Cajal bodies (CBs) are distinct nuclear structures ubiquitous
in plant and animal cells [1]. They are first discovered by Santiago
Ramoén y Cajal in 1903 in the nucleus of a neuron. They have been
described as round argyrophilic formations and called “accessory
bodies of the nucleolus” because of their often-close proximity to
it [2]. In 1969, using electron microscopy, Monneron and Bernhard
rediscovered these nuclear inclusions in hepatocytes as coils of
electron-dense disordered helical filaments and, based on the
revealed structural configuration, called them “coiled bodies” [3].
In the same year, Hardin, and co-workers (1969), reported a similar
structure by electron microscopy in sensory ganglion neurons,
but retained the name of “accessory body “ because they knew
Cajal’'s work on the neuronal nucleus [4]. After the publication
of these studies results, CBs led a parallel life as a “coiled body”

and “accessory body” for more than a decade, until Lafarga and
colleagues definitively established that they all have the same
structure [5]. In 1999, coiled bodies were renamed “Cajal bodies”
in honor of their discoverer [6-8].

One cell can contain from 1 to 10 CBs [9]. Their biogenesis
exhibits the properties of a self-organizing structure [10]. There
is a close physical relationship between the nucleolus and the
CBs. It is especially pronounced in most types of rat neurons
[11]. It is known that the Cajal body includes small nuclear and
nucleolar ribonucleoproteins involved in pre-mRNA splicing and
pre-rRNA maturation [8,12-15], and contains a specific marker -
p80-coilin protein and survival motor neuron protein, which play
an important role in maintaining the structural integrity of this
formation [16]. In addition, CB shares fibrillarin, Nopp140, NAP57,
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and DNA topoisomerase I proteins with the nucleolus [8,12,17,18],
which leads to a functional dialogue between them. Currently,
CB is interpreted as a multifunctional structure involved in the
biogenesis, transport, and recycling of small nuclear and nucleolar
RNAs [16].

In adult mammals and humans, the bodies of histaminergic
neurons are in the tuberomammillary region of the hypothalamus,
where they form five clusters - nuclei (E1-E5), which are spatially
interconnected and gradually pass one into another [19]. Axons
of histaminergic neurons spread to all parts of the brain, where
they can coordinate the work of other neurotransmitter systems.
These neurons play an important role in the regulation of many
functions, systems, and reactions of the body: neuroendocrine
and cardiovascular, brain blood flow, body temperature, sleep, and
wakefulness, eating and drinking behavior, memory, and learning
[20]. However, the postnatal development of histaminergic neurons
in the rat brain has not been sufficiently studied.

The purpose of this study is evaluation of the Cajal bodies
formation features in histaminergic neurons of the rat brain from
the 5th to the 45th day of postnatal ontogenesis.

Material and Methods
Animals, Chemicals and Experimental Design

The study was performed on the offspring of outbred white rats
(12pups), in accordance with the principles of bioethics and the
requirements of the Directive of the European Parliament and of the
Council No. 2010/63/EU of September 22, 2010, on the protection
of animals used for scientific purposes [21]. The animals were on
a standard vivarium diet. Rats that reached the required age were
taken out of the experiment by decapitation and the hypothalamus
was taken. Decapitation of rat pups was carried out on the 5%, 20%,
and 45th days after birth (for a better assessment of the dynamics
of development, one rat pup was taken from each litter for each
period, a total of 4pups). Identification of brain structures was
carried out according to the schemes of the stereotaxic atlas [22].
All the chemicals were obtained from Sigma-Aldrich (USA).

Electron Microscopy

For electron microscopy the lateral parts of posterior
hypothalamus, where the histaminergic neurons of the largest
group, E2, are situated, immediately after they were taken were
placed in 1% osmium fixative in Millonig’s buffer (pH = 7.4) [23]
for 2hours at a temperature of +4°C. The samples were washed
in a mixture of Millonig’s buffer (20ml) and sucrose (900mg),
dehydrated in 50° and 70°ethanol. The samples were kept for
12hours in 70°ethanol. Then they were dehydrated in alcohols
of increasing concentration, a mixture of alcohol and acetone, 3
portions of acetone, passed through a mixture of resin (Araldite
M + Araldite M hardener 964 + dibutyl phthalate + Araldite M
accelerator 960) and acetone, and then they were enclosed in resin
in gelatin capsules and placed in a thermostat at a temperature
of +60°C for 4days for polymerization. Semithin sections 350nm
thick were obtained with a ultramicrotome Leica EM UC 7 (Leica
Microsystems GmbH, Germany) and stained with methylene
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blue. The preparations were examined under a light microscope
to clarify the localization of E2 nucleus histaminergic neurons
of the hypothalamus. For the identification of the E2 group of
histaminergic neurons the stereotaxic atlas and corresponding
topographic schemes were used [19,22].

Ultrathin sections (about 35nm thick) were made on a
ultramicrotome Leica EM UC 7 (Leica Microsystems GmbH,
Germany), collected on supporting copper grids (Sigma, cell size
300x83), and counterstained with uranyl acetate [24] for 20
minutes under a dark cover at room temperature, then washed in
three portions of bidi stilled water for 25 seconds, counterstained
with lead citrate for 8 minutes [25] and washed in three portions of
bidi stilled water for 30 seconds. The resulting preparations were
examined with a transmission electron microscope JEM-1011 (JEOL,
Japan). Electron micrographs were acquired by digital camera
(Olympus Mega View III, Germany). Ultrastructural morphometry
was performed using the item image processing program (Version
5.0; Build 1224; Serial Number A3766900-7E852FAB, Germany),
tracing selected objects on a computer monitor with the cursor and
estimating their number and size.

Statistics

The primary data obtained were treated by nonparametric
statistics using software Statistics 10.0 (Stat Soft, Inc., USA).
Quantitative results were presented as “Me (LQ; UQ)”, where Me is
the median, LQ is the upper limit of the lower quartile, and UQ is the
lower limit of the upper quartile. Comparison of groups on one basis
was carried out using the Mann-Whitney U-test for independent
samples. Differences between groups were considered statistically
significant if the probability of an erroneous estimate did not
exceed 5% (p<0.05).

Results

It has been established that Cajal bodies, both free in the
nucleoplasm and attached to nucleoli, are found in histaminergic
neurons nuclei of rats of both sexes throughout the period of
postnatal ontogenesis studied here. They exhibit a consistent
ultrastructure, even when attached to nucleoli in different stages
of histaminergic neurons maturation. In the nuclei of developing
histaminergic neurons, the cross-sectional area of Cajal bodies
varies from 0.15 to 0.32um? They are oval or spherical in shape,
not limited by a membrane, and consist of granules, dense spiral
filaments, and an intermediate matrix of lower osmiophilic density
(Figure 1A).

In 5-day-old rat pups, in the nuclei of half of the histaminergic
neurons studied by us, there are from 1 to 3 CBs, predominantly in
contact with the nucleoli (78%) (Figure 1B) or lying freely at some
distance from them (22%), not revealing topological connections
with nuclear envelope (Figure 1A). Their average number in the
nucleusis 1.1 (Table 1). In the process of forming a close association
with the nucleolus, the CB is attached to it, forming, as a rule, a
single cap (“nucleolar cap”) on its surface (Figure 1B). However,
a pairwise arrangement of Cajal bodies associated with the same
nucleolus was also noted (5% of cases). At the same time, the
attachment of CBs occurs more often in the area where the dense
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fibrillar component of the nucleolus is located (Figure 1) .

On the 20" day of postnatal development in rats, the number
of histaminergic neurons, in the nuclei of which Cajal bodies are
seen, decreases to 27% (Table 1). At the same time, all detected CBs
are associated with the nucleoli (Figure 1C). The average number of
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CBsis 1.33 (Table 1). Their number, per one and the same nucleolus,
increases to an average of 3, and the nature of attachment to it does
not change, that is, as before, it is carried out mainly through the
dense fibrillar component of the latter. In some cases, up to 5 such
structures are found in neurons, which form perinucleolar ring
clusters (“rosettes”) when attached to the nucleolus (Figure 2).

Cajal bodies are shown by arrows. Scale bar: 1 um, x30000.

Figure 1: Cajal bodies in the nuclei of developing rat hypothalamus histaminergic neurons. General view of the Cajal body, lying freely in the
nucleoplasm, 5th day of postnatal ontogenesis (A). Cajal body associated with the nucleolus, it forms a cap on the surface of the nucleolus, 5th
day (B). 20th day (C). of postnatal ontogenesis. Single Cajal body located not far from the nucleolus, 45th day of postnatal ontogenesis (D).

Cajal bodies are shown by arrows. Scale bar: 2 um, x12000.

Figure 2: Cajal bodies, attached to nucleoli, in the nuclei of developing rat hypothalamus histaminergic neurons. Single Cajal body associated
with the nucleolus (A). Cajal bodies, formed a rosette around the nucleolus, when they associate with it (B, C). 20th day of postnatal ontogenesis.
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Table 1: Cajal bodies in the nuclei of histaminergic neurons during postnatal development in rats (Me (LQ; UQ)).
Study timeline
Indicators
5% day 20™ day 45% day
50 27.273 16.667
Number of neurons with Cajal bodies, in %
(30.769; 58.824) (21.739; 33.333) (12,5; 33,333)
1,1 1.333 1
Number of Cajal bodies in the nucleus of a neuron, pcs

(1; 1.333) (1,2;2) (1;1,5)

0.21 0.19 0.2

Area of Cajal bodies, pm?
(0.18; 0.25) (0.12; 0.225) (0.15; 0.21)

By the 45% day of postnatal ontogenesis, the number of
histaminergic neurons with Cajal bodies decreases to 17%. At the
same time, both nucleolar-associated (70%) and free-lying in the
nucleoplasm (30%) CBs are again found (Figure 1D). Their average
number is 1.0 (Table 1). The number of Cajal bodies associated with
the same nucleolus ranges from 1 to 3. The occurrence frequency
of these structures, compared with the 5% day, decreases by almost
2.6 times (Table 1), but their size and appearance do not undergo
significant changes (Table 1).

Discussion

During the period of postnatal development in rats, in the
nuclei of histaminergic neurons of the hypothalamus, Cajal bodies
are found, predominantly in contact with the nucleoli, which, in
general, is a common occurrence for rat brain neurons [1]. At the
same time, CBs attachment occurs, as a rule, in the area where the
dense fibrillar component of the nucleolus is located, which is the
site of synthesis and early processing of pre-rRNA [26]. It is known
that Cajal bodies share fibrillarin, Nopp140, NAP57, and DNA
topoisomerase | proteins with the nucleolus [8,12,17,18]. In the
nucleolus, these compounds are in the region of the dense fibrillar
component [16], and thus, apparently, serve as the molecular basis
for the interaction between these nuclear bodies. This suggests that
the frequent associations of CBs with the nucleolus observed in
developing histaminergic neurons contribute to the targeted effect
of the main components of the pre-rRNA processing mechanism
on the nucleolus [2] due to the high cytoplasmic requirements of
growing cells for protein biosynthesis.

Interestingly, during the described period of neuronal
development, CBs, unlike nucleoli, do not undergo significant
changes in shape and size, i.e., they do not show any structural
differences that could be associated with the age of animals. The
highest frequency of occurrence of these structures is observed on
the 5" day. This is generally consistent with data obtained in the
study of other types of neurons during their development [27,28].

On the 20" day in the nuclei of histaminergic neurons, the
number of Cajal bodies per nucleolus increases to an average of 3,
in single cases up to 5 such formations are found in cells, forming
rosettes around the nucleoli. It is assumed that nuclei with a large
number of CBs support a higher assembly rate of small nuclear

and nucleolar ribonucleoproteins due to an increased likelihood
of molecular interactions between CBs components surrounding
the nucleolus [29,30]. It is known that growing neurons have high
transcriptional activity [31-33]. Since the accessory bodies of Cajal
are transcriptionally dependent nuclear structures [2,16] and are
most common in rapidly developing cells [17,27,34], the presence
of these bodies clusters in the form of rosettes around the nucleolus,
which we observed at 20" day of postnatal development of
histaminergic neurons is quite natural. Their number dynamically
adapts to maintain the high demand of neurons for splicing and
biogenesis of ribosomes, which are necessary to stabilize metabolic
and bioelectrical activity [16].

Similar peri nucleolar clusters of Cajal bodies have been
noted previously when studying the development of pyramidal
neurons in the hippocampus of rats after 13-14" days of postnatal
development at the stage of their terminal differentiation [35].
Similar rosettes were also observed in neurons in other areas of the
brain, and therefore, it was suggested that this phenomenon might
be a kind of marker for the final stage of neuronal differentiation.

Thus, in the postnatal ontogenesis of histaminergic neurons,
the connection between Cajal bodies and the nucleolus can be
characterized as supportive, given that CBs promote the formation
of mature components in the nucleoli that are necessary for
ribosome biogenesis.

Conclusion

From the 5% to the 45 day of postnatal ontogenesis, in the nuclei
of histaminergic neurons of the hypothalamus of rats, Cajal bodies
are predominantly in contact with the nucleolus or lying freely. In
the process of forming a close association with the nucleolus, Cajal
body is attached to it, forming a “cap” on its surface. On the 20"
day, an increase in the degree of association of the nucleoli with
Cajal bodies is revealed, which is manifested by the formation
of peri nucleolar ring clusters from Cajal bodies in the form of
rosettes. During the described period of postnatal ontogenesis of
histaminergic neurons, Cajal bodies do not undergo significant
changes in shape and size, which could be associated with the age
of animals. The occurrence frequency of these structures decreases
by almost 2.6 times.
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