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H3o0x. Xoneyucmskmomus 3He KeHe mMApKanieaw KOPUH Oyuliuuoacu
onepayusnapoar oupu 6yauo, xap uuiu amaiea OuUpuIaouear XoaeyucmaKmomMusiiap
conu 500 muneoan owmoxou. Opka MUsHUHE HeP8 MY2YHAAPU IHE MYXUM nepughepux
mapkasiap cugamuoa KopuH OYUIULU ab30JAPUHUHE UHHEPBAYUACUOA MYXUM POTb
VUuHauou, mopgonoeux aoabuémuaapoa ym nygacuruHe UHMPAMYPAl Heps
annapamuHune OpKa Musi Hepe my2yHiapu OUlaH MUKpo my3uluuiu 6a UHHep8ayusl
anokanapuea — Oa2UWINAHeAH — UIMULU  WWMIAP — COHU  KAMAUSU — MAbBIYM.
Xoneyucmskmomusioan cyHe OpKa Mus Hepe MmY2YHIapuod peaxkmus y32apuuiiap
103a2a Kenaou, yiap nepuyeiionap wuuwl ounau,; 6av3u HeupoHIapoa cunepxpomust
beneunapu  ounaw Hamoén Oynou. Kamma, ypma 6a KUYUK  HeEUpPOHIAD
NONYNAYUALAPUOA, S0PO 8d SAOPOUAHUHS MAPKA3UL Jfcollaulysuea 32a OYV1eaH
HOPMOXPOM XyaHcaupanap CoOHuHune 2-3 bapasap xamauvuwiy, oup eakmuume y3uod
nepugepux xpomamonus 6a 0po-s10poua annapamurume OUCIOKAYUACU X0OUCAIapu
OYIeaH XyxHcapanap COHUHUHZ NPONOPYUOHAL YCUULU AHUKTAHOU.

Kanum cyznap: Huccn moooacu, xoneyucmakmomusi, Heuponiap, Xpomamonus,
OpKa MUsl Hep8 My2yHAapU, s0po, A0poyd.
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Annomayun. Xoneyucmskmomusi A611emcsi OOHOU U3  CAMBIX YACHbIX
AOOOMUHANILHBIX ~ ONepayuti, U KOJUYECMBO XOJNeYUCMIKMOMUL, NPOBOOUMbLX
eaceco0no, npesviuwiaem 500 moicay. CnuHHOMO3208ble Y37bl, KAK BAXMCHeUuue
nepughepuueckue yeHmpul, USpaOm 3HAYUMENTbHYI0 POJb 6 UHHEP8AYUU OpP2AHO8
OprowHOl  noloCmyvIo, 8 MOpEhoNo2UUecKoU aumepamype UMermcs eOuHUudHble
pabomvl,  NOCBAUjEHHbIE — MUKPDOCWIDOEHUIO U UHHEPBAYUOHHLIM  CBA3AM
UHMPAMYPATbHO20 HEPEHO20 aAnnapama JHCeNYH020 NY3vlps CO CHUHHOMO3208bIMU
yanamu. Ilocne xoneyucmdacmomuu 6 4y8CMEUMENbHBIX 2AH2IUAX CNUHHOMO3208bIX
HEepB8O8  pPA36UBANIUCL  PEaKMUGHble  USMEHEHUs, KOMOopbvle  CONPOBONCOANUCD
nepuyeLioIsIPHbIM OMEKOM, 4aCMb HEUPOHO8 OblLIU C NPUSHAKAMU SUNEPXPOMUU, C
NOBLIULEHHOU CamelIUmapHol peakyuetl. B nonyiayusx KpynHolx, CpeOHUX U MAlblx
HEUpPOHO8 NO CPABHEHUI0 C MAKOBbIM Y UHMAKMHBIX JHCUBOMHbLIX GbIAGIEHO
YyMeHbuleHue 6 2-3 paza KOAu4ecmea HOPMOXPOMHbLIX KIEmOK C YEeHMPATbHbIM
noJodxcenuem a0pa u A0pvbluKa npu 0OHO8PEMEHHOM NPONOPYUOHATLHOM YEeaUYeHUU
Yucna Kiemox ¢ A61eHUAMU nepugpepuiecKko2o Xpomamoausa u OucioKayuel si0epro-
AO0PLIUKOBO20 annapama.

Knwuesvie cnoea: eewecmeo Huccnsa, Xoneyucmskmomus, HEUpPOHb,
XPOMAmonu3, CHUHHOMO3208ble Y3/bl, 10O, SOPLIUKO.
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Annotation. Cholecystectomy is one of the most frequent abdominal surgeries,
and the number of cholecystectomies performed annually exceeds 500 thousand. Spinal
nodes, as the most important peripheral centers, play a significant role in innervation
of abdominal organs; in morphological literature there are single works devoted to
microstructure and innervation connections of the intramural nervous apparatus of the
gallbladder with spinal nodes. In the populations of large, medium and small neurons
compared to intact animals, a 2-3 times decrease in the number of normochromic cells
with a central position of the nucleus and nucleolus was revealed with a simultaneous
proportional increase in the number of cells with phenomena of peripheral
chromatolysis and dislocation of the nuclear-nucleus apparatus.

Keywords: Nissl substance, cholecystectomy, neurons, chromatolysis, spinal
nodes, nucleus, nucleolus.
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Introduction.

Prevention and treatment of liver and biliary tract diseases remain an urgent
problem of modern medicine up to the present time. There is an increasing frequency
of cholelithiasis and associated increase in the number of surgical interventions in this
area. Cholecystectomy, according to some authors, takes the second place after
appendectomy. Despite the use of new treatment technologies, the percentage of its
complications in the form of postcholecystectomy syndrome is significantly high. After
cholecystectomy 48% of patients complain of pain and dyspepsia. It is known that the
control of digestion is carried out through the enteric system, the central nervous
system and integrative centres in the sympathetic ganglia. The extent to which the
enteric and central nervous system control digestion varies considerably along the
digestive tract [10, 13]. The enteric nervous system is recognised as a complex neural
network controlling a variety of cell populations including smooth muscle cells,
mucosal secretory cells, endocrine cells, microcirculatory bed, immune and
inflammatory cells. This network is organised in several plexuses, each of which
provides quite autonomous control of gastrointestinal functions [8,10,13]. Classical
[1,2] as well as 21st century studies have been devoted to the study of the morphology
of digestive neurons. Immunohistochemical determination of the presence or absence
of neuronal substance (i.e. chemical coding of intestinal neurons) has become an
effective and readily applicable tool for distinguishing intestinal neuron types in the
guinea pig and later in other species. These cells were first described by Stach in 2000
in pigs and guinea pigs as type IV neurons. No chemicals specific to these three types
of efferent neurons of the ENS have been found. What they have in common is the
content of cholinacetyltransferase, and this too is not found in all types of spiny
neurons. Morphological and chemical heterogeneity of ENS neurons may be related to
the presence of their regional features, which has been established by a number of
researchers. All available methodological approaches, both “classical™ and "modern”,
can contribute to this [6]. Thus, the wide use of immunohistochemistry to study
innervation of the organs of the biliary system [7,11,12] does not detract from the
effectiveness of traditional neurohistological methods, since up to now the
classification of ENS neurons is based on their morphological features. In this regard,
such studies can be continued to study different parts of the digestive tract, in particular,
the biliary system [10] in the comparative aspect of its components.

Without knowledge of anatomo-functional features of the peripheral nervous
system it is impossible to successfully present morphological substantiation of the
postcholecystectomy condition. Spinal ganglia as an object of study are of interest due
to the fact that they include sensitive neurons that receive information from different
parts of the animal’s body [13]. Each spinal nerve has two roots - dorsal and ventral.
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On the dorsal root is the intervertebral spinal node (ganglion), which contains sensitive
neurons. There is a branch from the spinal nerve that innervates the spinal cord sheaths.
It is believed that spinal ganglia neurons respond faster and more clearly than spinal
cord neurons and are characterised by great functional plasticity [8].

The state of Nissl substance (chromatophilic substance, tigroid, basophilic
substance) is of great importance in the assessment of neuronal activity. It is known
that the variety of morphological manifestations of Nissl substance and the degree of
its basophilia corresponds to a certain functional state of the neuron. Nissl substance,
its design and quantity are considered to be the most characteristic for neurons [5].
Chromatophilic substance is quite labile during changes in the functional state of
neurons. At the same time, the functional interpretation of tigroid structural changes is
diverse [13].

Despite the variety of studies of cholecystectomy effect on metabolic, dystrophic
processes occurring in the digestive system, there are no comprehensive studies on
compensatory and adaptive reactions in the peripheral nervous system in domestic
animals [2, 4, 7, 9]. The study of the degree and dynamics of pathological and
morphofunctional changes in neurons is important, firstly, to explain many clinical
symptoms, and secondly, to assess reparative and compensatory-adaptive capabilities
of nervous tissue [3]. Due to the lability of Nissl substance in physiological conditions
and especially in pathological changes, it is the best indicator for assessing the state of
a neuron [6].

Different types of neurons have a different structure of Nissl’s substance. In
particular, motor cells of the brain and spinal cord are characterised by its arrangement
in the form of clumps forming bands parallel to the body or nucleus (stachychromic
type), in neurons of sympathetic ganglia the substance often has a network-like
structure (achrichromic type), in Purkinje cells of the cerebellum with a reticulate-
globular structure (archichochromic type), small grains scattered throughout the
cytoplasm (griochromic type) are characteristic of neurons of sensitive ganglia [6].

As evidenced by the results of studies by T.D. Dehkanov et al. [8] of thoracic
spinal ganglia of dogs, the nodes were more often ellipsoidal in shape, their dimensions
were 5.84+0.15 mm longitudinally and 2.64+0.12 mm transversely. It should be noted
that the size of ganglia did not depend on sex and body weight of dogs. The central part
of the ganglia of dogs localises from 480 to 576 neurons of different sizes and having
a nucleus in the plane of the longitudinal slice. According to morphometric indices
there were neurons (small) with diameter up to 35 um (52,6 %), medium - 35-50 um
(17,2 %) and large - more than 50 pm (29,6 %). A large number of studies are devoted
to the reaction of brain and spinal cord neurons under various extreme effects, such as
hypokinesia, drug use, immune reactions, noise exposure, and other factors [1, 9, 10].
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The issue of so-called hyperchromic (dark) neurons of the brain and spinal cord
Is one of the debatable issues in neuromorphology and is constantly discussed [8, 11].
The data obtained at present suggest that hyperchromia reflects one of the phases of
the functional state of a neuron. In one case, the state of hyperchromia may be
reversible, while in other cases, especially under constant action of a damaging factor,
it leads to shriveling of neurons and cell death.

There is no information in the literature about the reaction of neurons of spinal
ganglia of dogs during cholecystectomy in the corresponding parts of the vertebral
column. Regarding the reaction of spinal ganglia neurons, we can emphasise the studies
conducted by T. Dehkanov [8]. After gallbladder removal, various structural changes
were traced in the sensitive neurons of various nodes of spinal nerves. In populations
of large and medium-sized neurons, various variants of peripheral chromatolysis, more
often in combination with nucleus displacement, were most characteristic, while a
significant part of neurons retained normal structure.

Cells with significant structural transformations, such as changes in the shape of
the nucleus, were detected. Small neurons were more characterised by transformations
concerning the state of the nucleus-nucleus apparatus; in addition to the displacement
of these structural components, in some cells it was possible to observe such changes
as the presence of chromatophilic substance near the nucleus sheath.

Purpose of work was to trace the dynamics of changes in the structure of spinal
ganglia neurons after gallbladder removal at different terms in dogs.

Morphometric characteristics of neurons were studied in the sensitive ganglia of
spinal nerves in the thoracic region of seven dogs in segments VII and 1X (Th7, Th),
three mongrel dogs served as controls. The experiments were performed in compliance
with the guidelines for the use of animals published by the International Society for
Neuroscience (Guidelines for the Use of Animals in Neuroscience Research.
Membership Directory of the Society, 1992). Biopsy specimens were fixed in 10%
neutral buffered formalin at t+4 oC at pH 6.9-7.0.

Research materials and methods. To study the cellular architectonics of spinal
neurons we used the Nissl method based on "regressive"” sharp staining of slices with
subsequent differentiation in 700 alcohol [4].

Quantitative studies were performed on neurons with a nucleus and a clearly
contoured nucleus in the slice plane. In one animal, at least 100-150 neurons were
studied with their subdivision into large, medium and small neurons, focusing on the
dimensional characteristics of the cell body. Three groups were distinguished in the
studied neuron populations: normochromic, hyperchromic and hypochromic cells. In
the group of normochromic neurons the following was taken into account: central
position of the nuclear nucleus apparatus and with its topography; in the group of
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hyperchromic neurons - localisation of Nissl substance, localisation of the nuclear
nucleus apparatus, size of tigroid granules, presence of central, total or peripheral
chromatolysis, concentration of Nissl substance near the karyolemma, degree of
nucleus ectopia; in hypochromic neurons - presence of peripheral chromatolysis,
central, pole chromatolysis taking into account the localisation of the nuclear nucleus
apparatus. Histosections were evaluated using the Bioscan system, including a For
Avikon Tex microscope, a Kwality 500 megapixel colour video camera, a computer
and a computer application program under the Windows operating system.

Results of the study. After cholecystectomy in the sensitive ganglia of spinal
nerves of dogs reactive changes developed, which were accompanied by pericellular
oedema, some neurons had signs of hyperchromia, with increased satellite reaction. In
a number of cases satellite cells were concentrated at one of the cell poles. The number
of shadow cells increased, many of them with signs of apoptosis (Fig. 1a).
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Fig. 1 . Appearance of shadow cells, deformation of contours, signs of apoptosis (a);
total chromatolysis, displacement of the nucleus to the pole of the neuron,
hypertrophy of the nucleus, increased satellite reaction, pericellular oedema (b);
detachment of capsules from neurons. Nissl staining (a, b) Brasher staining (b).
Microphoto. Bioscan. Magnified: a, ¢ - 240; b - 500.

Some peculiarities of the nuclei reaction in those neurons subjected to total
chromatolysis were revealed, namely, there is a sharply expressed hypertrophy and
some displacement to the karyolemma (Fig. 1b). Detachment of capsules from
perikaryons is registered, in some cases this distance reaches 13-19 um (Fig. 1c¢).
Although it is known that contact, with neuroglia cells plays an important role in the
regulation of the process of dendritic structure formation and neuron functioning. In
populations of large, medium and small neurons compared to intact animals, a 2-3
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times decrease in the number of normochromic cells with a central position of the
nucleus and nucleolus was detected with a simultaneous proportional increase in the
number of cells with phenomena of peripheral chromatolysis and dislocation of the
nuclear nucleus apparatus.

To assess the state of Nissl substance (tigroid) in neurons of spinal ganglia, we
used the scheme developed by V.V.Malashko (5); according to the scheme, we
distinguished three levels (Fig. 2).

The first level includes the characteristic of Nissl substance, namely, diffuse and
clumpy components. The two types of components are present in small, medium and
large neurons.

The second level was assessed by the predominance of the diffuse component or
the clumpy component. Small, medium and large Nissl substance structures were
defined by size. In the cytoplasm of neurons, tigroid is concentrated in the form of
networks that form focal or total conglomerates.

The third level considers the distribution of the tigroid throughout the perikaryon
of the neuron. The topography of the tigroid can be in several directions: from the
periphery to the centre of the cell, from the centre to the periphery of the cytoplasm,
gradient-polar, eccentric localisation and densely, adjacent to the plasmolemma of the
neuron. In populations of large and medium-sized neurons, different variants of
peripheral chromatolysis are most characteristic, more often in combination with
nucleus displacement. For small neurons, characteristic rearrangements concerned the
state of the nuclear nucleus apparatus; along with displacement of these structural
components, such changes as the concentration of Nissl substance near the nuclear
envelope were observed in some neurons.

Conclusion. In neurons of spinal ganglia after cholecystectomy in dogs, a trend of
structural transformations was observed, namely, a decrease in the number of neurons
with normal structure and an increase in the number of neurons with combined changes.
Structural rearrangements were characterised by pericellular oedema, hyperchromia,
increased satellite response, total chromatolysis, appearance of shade cells and neurons
at the stage of apoptosis.
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