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Although the post-traumatic morphological changeswell as those taking place in the course of néruaks
regeneration have been extensively studied, threréesv quantitative data on nerve fibers and miessels of the regenerative
neuroma. This study is aimed at obtaining the mompdtric data on nerve fibers and capillaries ofrégenerative neuroma of
the rats’ sciatic nerve 3, 6, 12 and 24 weeks afeemrotomy. The study has revealed a significacteise in the density of
capillaries and nerve fibers in regenerative near@nthe initial stages of the experiment. By 24kgeafter surgery, these
indicators were normalized. It may be concluded Hypervascularisation of the regenerative neurofrihe peripheral nerve
after its injury provides for the metabolic andgtianeeds of regenerating axons and connectisedisells.
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Peripheral nerve injuries are known to be an ingdrimedical, biological and social problem.
Although the post-traumatic morphological changesvall as those taking place in the course of nerve
trunks regeneration [8, 9], specific features @sth processes caused by the use of stem celld][@r 1
silicon nanocrystals [10] have been extensiveldistl, several aspects of posttraumatic reactivagds
in the nerves remain understudied. In particulagmgjtative data on nerve fibers and microvessielben
regenerative neuroma are limited [&}.the same time, the outcome of nerve regenerédigely depends
on the processes occurring in this part of the drthaerve.

The purposeof the work was to perform a morphometric studyeive fibers and capillaries of
the regenerative neuroma of the rats’ sciatic nat\#fferent terms after neurotomy.

Materials and methods.Experiments were conducted on 60 white rats wegghB80-230 g. In 40
animals the right sciatic nerve was transectedsimmidthird under aseptic conditions and hexenalum
anesthesia without subsequent suturing. The anivweds sacrificed by an overdose of hexenal 3, 6, 12
and 24 weeks after the surgery. The vessels dbtiner extremity were injected with Indian ink-getes
via the abdominal aorta. The nerves at the surgitalvere harvested with the adjacent parts of&meral
and peripheral stumps. The material was fixed ¥ $0lution of the buffered neutral formalin. In dmedf
of the cases the frozen sections were preparechwigre impregnated with silver nitrate. Part of the
sections was additionally stained with azur ll-eesDensity of nerve fibers and capillaries waseined
according to the technique [1]. In one part of ¢thees the total nerve preparations were made ichwhi
microangioarchitecture was studied. 10 sham operaibel 10 intact rats served as controls. Statistica
Analysis: The results were expressed as the mestantlard error of the mean. The data were analyzed
using the Origin Lab version 8.0. The Kolmogorovi$mv indicated that the data were not normally
distributed. Intergroup differences in sample datee evaluated by the nonparametric Kruskal-Wedls.

Results and their discussionThree weeks after the surgery the formation ofmeggtive neuroma
was observed between the central and the peripteraps. Its connective tissue basis was represbgte
granulation tissue rich in macrophages, fibroblastast cells, lymphocytes, collagen fibers and
microvessels (fig. 1). The latter were chaotichdlyated, passing in different directions (fig. Phe density
of the newly formed capillaries was 124.7+1,5 mm/(fable 1). Nerve fibers having the density of
116298+3595 mm/mérand bands of Bungner have penetrated the connettaiee. Nerve fibers were
located relatively irregularly (both longitudinallgnd obliquely or transversely with respect to the
longitudinal axis of the nerve), at the ends of ynahthem growth cones were determined. We hawe als
determined the density of nerve fibers in the @mterve stump, which was 47674+2195 mmAnm

At week six fibroblasts and collagen fibers presdibt the regenerative neuroma site, indicating
the organization of its connective tissue.. Micissads and nerve fibers, as earlier, were located in
relatively irregularly. The density of nerve fibéras increased significantly (table 1).

At week 12 regenerative neuroma was representedobse connective tissue containing
microvessels and nerve fibers whose density hagaeed in comparison with the previous term and did
not significantly differ from the values observdaee weeks after the surgery. Microvessels andenerv
fibers were located in a more regular fashion entier. Many of them were oriented longitudinaiiyth
a small part passing obliquely or transversely.

At week 24 the volume of regenerative neuroma Baantly diminished. So did the density of
microvessls and nerve fibers which it containedapuroached the control values. Microvessels angene
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fibers were located in a relatively regular fashigtost of them were longitudinally oriented, withlp an
insignificant part passing obliquely or transveysel

Table 1
Density of capillaries and nerve fibers in the scigc nerves of different groups of rats

Capillaries density, Density of nerve fibers, mm/mim| Density of nerve fibers, mm/mim

Groups mm/mn? M+m (in the upper third) M+m (in the neuroma) M+m
Intact 74.1+0.9 4857142234
Sham-operated 75.8%£1.2 47928+2165
3 weeks 124.7+1.5* 47674+2195 116298+3595*
6 weeks 148.6+0.8% 48139+2201 124640+3982%
12 weeks 126.0+1.1% 48446+2259 115951+3484%
24 weeks 77.1+1.9 48571+2234 5020812686

Notes: *- significant with respect to intact rgps0.05); + - significant with respect to sham-opedlaats (p<0.05); & - significant with
respect to the previous term value (p<0.05)

Thus, already early after the injury, the densftgperve fibers at the site of regenerative neuroma
increases significantly. The fact that the numtethe newly formed axons at the site of regeneeativ
neuroma is more than two times that in the cesttahp draws attention. This is consistent withda&

[3] showing that the specificity of post-traumatarget organs reinnervation is achieved due to the
formation of several axons branching from a singgeve fiber in the central stump. When one of the
axons reaches the relevant organ (a muscle, skir),tee others are reduced. In our study, this was
observed 12 weeks after the surgery. And at week@4lensity of nerve fibers in the neuroma was not
significantly different from the control, which if@htes that the process of nerve trunk regeneratien
actually ended.

Fig. 1. Regenerating axons, newly formed capiltarénd Fig. 2. Newly formed blood vessels in the regemegateuroma
connective tissue cells in the regenerative neuraiittze sciatic nerve of the sciatic nerve of the rat three weeks after surgery. Blood
of the rat three weeks after the surgery. Bloodeissinjection with vessels injection with Indian ink-gelatine. x100
Indian ink-gelatine, silver nitrate impregnatioauall-eosine. x200

In the early post-traumatic period the capillarysly at the site of regenerative neuroma also
increases. What is the reason for the growth gfitidicator? In the intact nerve the heomicrocatarty
bed provides for the metabolic needs of its cellalaments (Shwann cells and epi-, peri and enda@ieu
cells). After neurotomy without neuroraphy, a snaiidistasis (up to 1 mm) is formed between the aentr
and peripheral stumps, which is initially filled thvi blood clot. Subsequently, in its place, aseptic
inflammation develops and connective tissue is &ninto which axons from the central stump and the
bands of Bungner from the peripheral one grow 85, The number of Schwann cells in neuroma does not
exceed their number, located over 1 mm of the intaove, since each band of Bungner is a contionati
of a column of Schwann cells of the preexistingvadiber of the peripheral stump. The number of the
connective tissue cells grows at the expense afdbheonocytes migration and proliferation of fibradits.
However it is difficult to explain the two-fold inease in capillary density at the height of thesregyation
process (six weeks after the injury) by the soleessity of meeting the needs of macrophages and
fibroblasts. That dynamics of neuroma capillary siigncorresponds with that of the nerve fibers is
noteworthy.

In the intact nerve the processes of synthesigtiake in the neuron body, and then the synthesized
substances are transported to the periphery wathetp of axoplasmatic transport. After injury, getic
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processes are activated, but for many years, idwyarhave wondered whether this activation isefit

for ensuring the de novo formation of the nerverfih Zheng et al. were the first to give answethit®
guestion [15]. In a study performed on a cell adtaf the spinal ganglion, it was shown that tratish
processes take place in axons separated from tlnembodies. In particulap;-tubulines necessary for the
formation of microtubules in the axons themselved teir growth cones are synthesized. Blocking of
translation in axons led to retraction of the giowbnes. Later it was found that ribosomes and mRNA
were transported to the distal parts of regenagaions from Swann cells. Thus, the Shwann celis no
only supply axons with “translational machineryttizan also modify the axon “translational prodicts
[6]. In [12] it was demonstrated that in tissueterd Swann cells release exosomes, administrati@hioch

to the study animals had stimulated the sciatiwaneegeneration. Lopez-Leal and Court [11] confaime
these data and proved that it is with the helpxoBemes that mRNA and ribosomes are transportégeto
regenerating axons vivo. And finally in 2018 Chung [4] demonstrated tbalcitonin gene-related peptide
synthesized in neurons, to which the number ofgteee on Shwann cells dramatically increase after t
injury, is the signal to Shwann cells to releasesexnes.

s i

Hypervascularization of the peripheral nerve regaing neuroma after its injury provides for the
metabolic and plastic needs of the regeneratingsaaod connective tissue cells. This phenomenon may
be used to develop methods for stimulating the meicr@circulatory bed and microhemorheology in the
damaged nerves with the purpose of improving thearaes of their regeneration.
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XREPIH

TTITEPBACKYJISPHU3AIIS PETEHEPAIIIAHOT
HEBPOMMU
Yaiixoscbkmii 10.B.

Mopororiuai 3MiHM Ticns TpaBMH 1 B IIpomeci
BITHOBJICHHS HEPBOBHUX CTOBOYypiB m00pe BuBueHi. OqHaK
KIJBKICHI JlaHi IIPO HEPBOBI BOJIOKHA 1 MHKPOCYIHHH
pereHepaniiinol HeBpOMM HEUHCIEHHI. MeTol JaHOoro
JOCTI/pKEeHHST O0y10 MOpdoMeTpHYHEe BUBUCHHS HEPBOBHX
BOJIOKOH 1 KaIISIpiB pereHepamniiioi HEBPOMH CiXHHYIOTO
HepBa IypiB yepe3 3, 6, 12i 24 TikHi micns HEHPOTOMIl.
IMoka3zano, 110 B paHHI TEPMIiHH  EKCIIEPUMEHTY
BiOyBa€ThCsl 3HAYHE 30UIBLICHHS IMIIBHOCTI KAmuIApiB 1
HEpPBOBHX BOJIOKOH B pereHepauiiiniii HeBpomi. o 24
TKHIB TICHS omeparii i MOKa3HUKHM HOPMAli3yIOThCS.
3pobieHo BHCHOBOK IIPO Te, IO TillepBacKyJSIpH3aLlis

TAOEPBACKYJISIPU3ALIAS PETEHEPAIIMOHHOM
HEBPOMBbI
Yaiixosckmuii 10.5.

Mopdoorudeckre H3MEHEHHS TIOCIIC TPABMBI H B IIPOIecce
BOCCT@HOBJICHUSI HEPBHBIX CTBOJIOB XOpOLIO K3y4deHbl. OqHaKo
KOJINYECTBEHHBIC JAHHBIC O HEPBHBIX BOJIOKHAX W MHKPOCOCYIaX
pereHepannoHHON HEBPOMBI HEMHOTOUYUCIICHHBI. LesIbr0 TaHHOTO
HCCIIEI0BaHMs SIBUIOCH MOP(OMETPUUECKOE U3YUeHNE HEPBHBIX
BOJIOKOH W  KalWUIIPOB  PETCHEPAlIOHHON  HEBPOMBI
CeIANIMIIIHOTO HepBa Kpwic yepe3 3, 6, 12u 24 Hexenu mocie
HeliporoMuu. Iloka3aHo, 4TO B paHHME CPOKHM SKCIEPUMEHTa
MIPOUCXOANUT 3HAUYUTEIHHOE YBEINYCHHE IUIOTHOCTH KalMUIIPOB
Y HEPBHBIX BOJIOKOH B pereHepannonHoi HeBpome. K 24 Hepensm
[OCJie Olepaluk 3TH IoKa3aTrend Hopmanusytorcs. Crenan
BBIBOJ O TOM, YTO THIEPBACKYISIPH3ALUS pPEreHepallMOHHON
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pereHepauiiiHoi HeBpoMM mepudepiiiHOro HepBa Iicias HEBPOMBI NEPUPEPUUECKOr0 HepBa IIOCHE €ro  TPaBMbI
fioro TpaBMmu 3abe3neuye MeTaboTiuHi i IacTHYHi MoTpebr  obecrnevnBaeT MeTabOoINYeCKHe M IUIACTHYECKUE MOTPEOHOCTH

pETeHepYIOUNX aKCOHIB 1 KJIITHH CIOJIyYHOI TKAHHHH. PETeHEPUPYIONINX AKCOHOB U KJIETOK COSIUHUTEIFHOH TKaHH.
KurouoBi ciioBa: perenepariiina HeBpoMa, CiAHHYHUIT KiroueBbie cJI0Ba: pereHepanuoHHas HEBpPOMa,
HEpB, rinepBacKyJIspu3aLis, LUypH. CEIIAJIULIHBIA HEPB, THIIEPBACKYJIIPU3ALINS, KPBICHI.
Crarrs Hagiinuia 15.10.1ip. Penensent €pomenko I'A.
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MACRO- AND MICROSTRUCTURE OF HUMAN FETUS CEREBELLUM AT THE 13-14™
WEEKS OF INTRAUTERINE DEVELOPMENT
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The study was performed to establish the struaifitke vermis and cerebellum hemispheres macrocngdiameters,
as well as morphometric parameters and cytoarahitezs of the human cerebellum on the 13th-14thkeed fetal development.
The anatomic-histological, immunohistochemical amtphometric study was carried out on the vermi leemispheres of the
cerebellum in 12 human fetuses with a gestatian t&fr13-14 weeks without abnormalities of the calntervous system, which
were obtained as a result of a late abortion inélgéonal pathologist bureau of Vinnytsia. The gtémlind: the transverse size of
the cerebellum, longitudinal dimensions, height arhsverse size of the cerebellum right and lefnisphere; transverse,
longitudinal size and height of the vermis, as wvaslimass of the cerebellum. It is establishedithtte histo-cytoarchitectonics
of the cerebellum hemispheres, there are threedatfee ventricular zone, the intermediate zone cthrtical zone, which in turn
is divided into internal granular, molecular andeemal granular layers. In the course of the reteérwas established: the
ventricular zone of the right cerebellum has thealtsst thickness, and the intermediate zone hadatigest thickness; the
intermediate zone of the left cerebellum has tleaigst thickness, and the ventricular zone hastfadlest thickness; the smallest
density of neural stem cells is observed in theswudlr zone, and the largest is in the ventricdae; more intensive proliferation
of neural stem cells present in the ventricularezand less intense - in the intermediate zongjregdrom the ventricular zone,
the radial glial cells fibers pass through all imyef the cerebellum to the external granular lagethe radial direction; the
expression of Synaptophysin is present in all k@ the cerebellum. Thus, the macrometric parameié the cerebellum
formations of 13-14 weeks fetuses are established.

Keywords: cerebellum vermis, cerebellum hemispheres, morgieoparameters, radial glia, intrauterine
development.

The study is a fragment of the research projectdllsshment of morphological changes in the fororadiof the central
nervous system of a person during the prenatal ogerof ontogenesis (macroscopic, histologic, morpdtai
immunohistochemical research)", state registratiam 0118U001043.

In the Vinnytsia region, the total number of siiths and late abortions over the past five years
was 172, of which 99 males and 73 females. Thedsigliequency of pathologies of late abortions and
stillbirths was observed at the age of 19-20 weawdkietal development, which amounted to 35 cases,
accounting for 20.3% of all cases in a year. Thel&st number of cases was observed in the follgwin
gestational periods: 15-16, 28-29, 33-34, 41-42kaewhich in total was 0.6%. Among the causestef la
abortions and stillbirths in the Vinnytsia regioveo the past five years, the predominant proportiad
fetal asphyxiation (ante or intranatal) - 70%. Gamtal malformation was 30%. Of these, the defetts
the central nervous system (CNS) (hydrocephal@s)@phaly, spina bifida, etc.) accounted for thbdst
percentage - 9.3% [1]. Thus, research on the dpr@at of CNS structures in ontogenesis remaingya ve
topical issue.

In the formation of CNS structures, the leadingceldelongs to the processes of proliferation,
migration, growth and differentiation of cells. Hever, scientific work that reflects morphometric
parameters of the brain in the embryonic developgrperiod more often refers to the determination of
sonographic or MRI parameters of the fetus. Theeeféor a more detailed study of mechanisms of
embryogenesis and understanding mechanisms ofatthegenesis of birth defects, there is a need for
certain morphometric (histometric) parameters eflitain organs in different gestational periods.

The development of skull bones is interconnectdd am increase in the growth rate of the brain,
so congenital malformations of the CNS structuresoéten combined with craniosynostoses, and #@iso,
craniosynostoses, there are liquor-dynamic dissrdeat cause changes in the structure of the brain
developing during the period of fetal developméijt [

Taking into account the development and improvenoémhedical technologies and diagnostic
methods, the interest of neuromorphologists, neugepns and neuropathologists, as well as spdsialis
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