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In modern medicine, the structural components ifoua organs and tissues have been studied in degait, but at the
same time there are no works which would study meimcirculation in the red bone marrow in the modgof acute aseptic
inflammation in rats, where reactive changes ofghotogical and functional character take place. pimpose of the work was
to study the morphological changes of the companehthe hemomicrocirculatory bed in the red boneom of rats when
modeling an acute aseptic inflammation. The worls warformed on 50 mongrel white rats, divided iatgroups: Group -5
intact animals, Group Il included 45 animals, whigére simulated an acute aseptic peritonitis. jpeeinental groups of animal,
an immediate, but reversible, increase in the patieh of venules and capillaries was observed,tdube active reduction of
microfilaments in endothelial cells. In vasculamiens, during the experiment, a sludge syndromeolyssrved, which led to the
difficulty of perfusion of blood corpuscles throughe wall of the venule, which is a morphologicanfirmation of the
inflammatory process.
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The article is a fragment of the research projeEkperimental-morphological study of the influenéeryopreserved
preparations of cord blood and embryofetoplacentahplex (EFPC), diferelin, ethanol and 1% estemethacrylic acid on the
morphofunctional state of a number of internalggts registration No. 0119U102925.

One of the problems of morphology is the studyhefprinciples of structural components and the
functioning of hemomicrocirculatory pathways on t&eel of the bloodstream, as a link that provithes
whole complex of metabolic processes of the organis modern medicine, the structural components in
various organs and tissues have been studied @ degail[1, 5, 8, 10, 12], but at the same tinerdhare
no works which would study hemomicrocirculatiorthie red bone marrow in the modeling of acute asepti
inflammation in rats, where reactive changes ofphological and functional character take place [3].

The study of the morphology and the functions @hsacular bed in red bone marrow, in normal
and in different pathological conditions, allowstasdetermine which morphological mechanisms occur
during blood regeneration, since a large numbéitaifd corpuscles dies in an adult organism dailyilev
the number of blood cells in the peripheral bedaies quite stable. This is due to the fact thatdbad
cells are replaced by new ones that are formelddmtgans of hematopoiesis [2, 3].

As it is known, the magistral vessels, which previtie trophism of the red bone marrow of the
rat’s femur, did not undergo a significant changépographic anatomy in all experimental groups|2]
is morphologically found that components of the bentrocirculatory bed in the red marrow of the rats
make a multicomponent system, which consists a@riam set of typical units: arterioles, capillarend
venules. Blood capillaries of the red bone marrowai rat have distinct differences and are both
nonfenestrated and fenestrated. Nonfenestratedl liapillaries that provide the trophism of the red
marrow are a continuation of the blood vessels trahch off the precapillary arterioles that adhere
sufficiently close to the bone tissue. Sinusoif@h¢strated) capillaries branch off the somatidlizajes
and are located predominantly in cells, perforatimg erythroblastic islets [2, 3]. Thus, the fattlwe
topographic differentiation of a single integraln@microcirculatory bed of the red marrow has been
established, which results in a peculiar functiatisiribution.

The purpose of the work was to study the morphological changkshe components of the
hemomicrocirculatory bed in the red bone mrrowrad$ when modeling an acute aseptic inflammation.

Materials and methods.The work was performed on 50 mongrel white ratsddd into 2 groups:
Group | -5 intact animals, Group Il included 4fnaals, which were simulated an acute asepticquatis
by intraperitoneal administration of 5 thgarrageenan (Sigma, USA) in 1 ml isotonic solutbsodium
chloride for one animal.

The animals were withdrawn from the experimentrend, 2", 3¢9, 5" 7", 10", 14", 21 and 36"
day by an overdose of thiopental anesthesia. Tudy sif red bone marrow was carried out in accordanc
with the established terms of the experiment.

The material for microscopic study was taken imragady after euthanasia of animals, the femur
carefully was separated from soft tissues, followeds fixation in 10% formalin solution for 24-4®urs.
Subsequently, fragments of the femur were subjetiatecalcification with ethylenediaminetetraacetic
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acid. The material of the red bone marrow was #ekl in parafin according to the generally accepted
technique and sections were produced on the slidiogotome snuff micro-tissue G42 in thickness (4-
5) microns, which were stained with hematoxylin aogdin according to Van Gieson[4].

Morphometry and microphotography were performeagi&iorex-3 BM-500T microscope with
digital DCM 900 photomicrographic attachment witograms adapted for such studies.

Statistical processing of morphometric data wasopered using the program Exel [6].

During the experiment, the international principdéthe European Convention on “the Protection of
Vertebrate Animals used for Experiments and Otleerfiific Purposes” (Strasbourg, 1986) were kelt].

The results of the research and discussioin the study of histologic preparations, it waarfd
that the red bone marrow of the intact rats coedisf the stromal, vascular and cellular componé8rite
stromal component is represented by the bone lamelhd reticular tissue. The vascular component
consisted of arterioles, capillaries of somatic aimlisoidal type, and venules. The cell compongnt i
represented by cells: proerythroblasts, basopleitichroblast, polychromatophilic, and orthochromic
erythroblasts, which formed an erythroblastic isléh a centrally located macrophage.

As a result of the morphometric study, the averhgeen diameters of the vessels in the
hemomicrocirculatory bed of the red marrow in thts of the intact group were established: for mfes
—18.47 + 1.0um; for somatic capillaries — 5.71 = 0.98; for sinusoidal capillaries — 28.53 = 2.3m;
for venules — 50.97 + 3.28n. In their lumens, erythrocytes in the form of bieiconcaved discs were
determined predominantly.

The average diameter of the somatic capillaries #&8stimes smaller than of the sinusoidal
capillary, which indicates their different functarsignificance.

The conducted histological studies showed thatrihgistral vessels that provide the trophism of
the red marrow in the femur of the rats did notangd anatomically significant changes in all expemntal
groups.

Having done the morphologic and morphometric anslgéthe average lumen diameter of the
hemomicrocirculatory bed in the experimental graugyas found that during the whole experiment the
mean value was uneven and a vascular reactioreaethmarrow was revealed, which was manifested in
the form of enlargement of its lumens and spasratrdjfferent terms of the experiment.

The analysis of the average diameters of arterisih@sved that on the®day of the experiment
there was a decrease in their lumen, comparedhétimtact group of animals, which continued tordese
to the 29 day. From the™8 and %' days, an increase in the arterioles’ diameterabaerved, with p <0,05,
in comparison with the previous term. The maximusamof the average diameters of the arterioles was
reached on the Yalay, expanding by 1.17 times, at p <0.05, in caispa with the previous experimental
period, from the 1% to the 2% day their expansion was observed. From tHe®, there was a reliable
tendency, at p <0,05, in comparison with the presiexperimental period, to the restoration of the
parameters of the average lumen diameter in alggtable).

Table
Changes’ dynamics in the components of the red maow hemomicrocirculatory bed during
experimental inflammation (um)

Day Arterioles Capillaries Venules

Intact animals 18,47 + 1,06 28,53 + 2,37 50,97283,

1 day 17,56 + 1,04* 55,87 £ 2,92* 77,51 £ 2,88*

2 day 15,64 + 1,08* 52,21 + 2,94** 79,01 +2,79*%*

3 day 16,07 £ 1,09* 53,35 +£2,83* 85,11 + 2,67***

5 day 19,81 +1,07** 45,46 + 2,91** 89,19 £ 2,29*

7 day 28,08 £ 1,06** 54,21 + 2,92** 90,21 + 2,86*

10 day 32,73 £ 1,05* 54,73 £ 2,48* 92,14 £ 2,67**

14 day 26,12 +1,08* 55,34 + 2,49** 58,11 + 2,92*%,

21 day 20,71 £ 1,05** 36,81 £ 2,26*,* 57,08 £ 2:87

30 day 19,21 +1,07 29,44 + 2,92 51,48 + 3,84

Note 1. * —-p<0,05 in comparison with the contact group.
Note 2. ** —p<0,05 in comparison with the previous observatermt

Histologically, at the light-optical and ultrami@@opic levels, the signs of the inflammatory
process were determined even in the wall of ttexiafes. It was found that though the wall of thieaoles
retained the typical three-layer structure, butribelei of the endotheliocytes were intensivelytprded
into the vessels’ lumen, the internal elastic meanbr when stained with a polychrome dye, had the
appearance of a basophilic strip that formed nuo®etall layers. Such changes in the internal easti
membrane were not observed in the intact groupnohas. It was determined that the overwhelming
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majority of the nuclei of smooth myocytes in theddie membrane of arterioles acquired various forms,
and the arteriol's lumen itself was densely fildth blood corpuscles.

It was established that the metabolic link of tieenbmicrocirculatory bed, on the introduction of
A-carrageenan, reacted with a dilation from tfi¢olthe 3 day of the experiment, which was conditioned,
first of all, by the development of tissue hypoiighe red marrow due to spasm of resistive vesbels
the wall retained a layered structure. An electnmicroscopic study of the elements of the
hemomicrocirculatory bed has established that ftoen3? day of observation, changes in the luminal
circuit of endotheliocytes, which has a non-uniforun, due to numerous protrusions, the basement
membrane maintains continuity. On th& 8ay, the decrease in arteriol diameter was obderive
comparison with the previous term, but these patammesignificantly differ from the intact group @t
<0.05. From the'Tto the 14' day, the expansion of the average diameter ofé¢hsels appeared at p <0,05,
in comparison with the previous term, and starfiegn the 3¢' day of the experiment, their diameter
approached to the parameters of the intact groapiofals.

It was proved that the average diameter of venuasing the experiment, also significantly
increased, the analysis of the parameters of theetiers indicates that the increase was irregiiias,
from the f'to the ' day, the gradual expansion of the vessels was\adheThe maximum value of the
venules diameters was reached on th® ddy of observation, with p <0,05, in comparisorthwthe
previous experiment term and the indicators ofiitect group of animals. Thé'57" and 10th days were
characterized by expanded venules diameters, whdrem the 2% day, there was a decrease in the
diameter of vessels’ lumens, with p <0.05 as coegbén the previous observation period, and from the
30" day of the experiment their diameter approachedrtdicators of the intact group of animals.

Morphologically, the wall of the capillaries wasrthed, the restoration of the morphofunctional
state of metabolic hemomicrovessels in the easlyest of the experiment was not observed. Histcddlgic
and morphometrically, it was found that capillare®l venules also tended to expand in responsmite a
aseptic inflammation and remained enlarged to titead the experiment.

The wall of the venules preserved the typical $tng; but it was thinned, hyperemia was observed,
and the blood corpuscles densely filled the lumens.

The ultramicroscopic examination revealed changas were manifested by decompensation
processes in the selective penetration and bdureation of the microvascular wall. Endothelial Isel
became swallen, which led to the formation of fpldsuna, protrusions, and as a result, the sideshape
of the vascular lumen changed significantly, fréwa tight round or oval to the wrong one. Alongsidin
this, endothelial cells showed a loss of the oastet the uniformity of microfilaments and myofilanteim
myocytes, as well as the separation of endothetiatacts with the formation of clefts through whanh
excess fluid penetrated into the parenchyma ofdlanarrow from the blood plasma. As a result eséh
pathomorphological changes at the ultramicroscoiel, it is noted that in the areas of folds and
protrusions of the endotheliocytes cytoplasm, tieega of pinocytic vesicle and the formation of vales
took place, which led to their subsequent separatito vascular lumen and subsequent necrotic and
apoptotic changes.

The reaction of the microvessels in the experimi@raup had a general tendency of development
and manifested itself in the form of spasms withs&guent dilation of the arterioles in responsthéo
expansion of the lumen of capillaries and venuteslaad a gradual nature.

In experimental groups of animal, an immediate, tewersible, increase in the penetration of
venules and capillaries was observed, due to ttieeaduction of microfilaments in endothelial Isel
(Fig. 1).

In vascular lumens, during the experiment, a slusigedrome was observed, which led to the
difficulty of perfusion of blood corpuscles throughe wall of the venule, which is a morphological
confirmation of the inflammatory process(Fig. 2).

In the previously conducted experimental studies, tbe state of the vessels of the
hemomicrocirculatory bed, under the influence of amute aseptic inflammation, the differentiated
response of the vascular system is traced. Thas;dimparative analysis of morphometric parameters o
the diameter of the elements in the hemomicroctouy bed of the adrenal medulla revealed thevoiig
changes: for the 1 day the diameter of the arsiatcreased reliably compared to the indicatahef
intact group (p <0.05) and decreased unreliably7dl0 days >0.05). The exchange link of the
hemomicrocirculatory bed in the adrenal cortexhef i"® group also varied in different directions.

Comparing capillary diameter changes with intadéinah data, a significant decrease in capillary
diameter was revealed on tHe &nd 21 days (p <0.05), with a maximum increase on fhardd 14 days
of the study, the difference in significance wasQp05). In the statistical analysis of the averdigeneter
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of the capacitive link (venules) in the hemomicrogiatory bed of the adrenal cortex, the following
changes were established: a significant decreatieeahdicator compared to the intact group (p §p.0

was observed on thé'tlay. The same trend preserved for 7 days, witiBrad 10-14 days a significant
increase in venule diameter was detected (p <0.05).

= .

Figure 1. Red bone marrow of rats in the early estagf Figure 2 Red bone marrow of rats in the late stajexcute
acute aseptic inflammation—1larteriole; 2 — venula. Coloring: aseptic inflammation. 1 - megakaryocyte; 2 - vesule - sludge-
polychrome dye. Increase: ocular: 10; object.10drfonersion). syndrome. Coloring polychrome dye. Increase: ocdl@r object100

(oil immersion).

On the ¥ -7" days and 21-30 days there was a significant dseréa diameters (p<0.05).
Examining the changes in the diameter of the sidasaapillaries and venous sinuses during aseptic
inflammation, certain common features were revealah the i day of inflammation, there was a
significant increase in the diameter of sinusoidg aenous sinuses (p <0.05). But on tfe-2¢ days, a
sharp decrease in the diameter of both units (pP5@vas detected, from thé& Bay of inflammation, the
diameter of sinusoids significantly increased (p05), whereas, from thé"@ay, an unreliable increase in
the size of venous sinuses was observed (p> 0/Q5) [

In the studies of the reaction of the hemomicradatory bed in the mucous membrane of the
empty intestine during transplantation of cryopresd placenta at the acute aseptic inflammatiotnef
peritoneum in rats, it was found that the artes@ed capillaries initially decrease in diametdrssantially
on the 2¢ day, and then increase substantially in diamatethe 3-10" day. Thus, with the introduction
of cryopreserved placenta on the background ofeaaseptic inflammation of the peritoneum, the
development of inflammation and its correctioreiduced by 4-5 days [9], and at the same time Huion
to the restoration of the blood vessels of the haimcirculatory bed can be traced at the lateyesaf
the experiment.

As a result of complex morphological researches fbund out that in the modeling of an acute
aseptic inflammation significant morphological chaa of the hemomicrocirculatory bed in the red
marrow occur. The capillaries of the sinusoidaktgpe the main link of the vascular bed, as iesessary
for the organism's vital activity to have daily btbrenovation, and this process is provided by#pellary
bed of the red bone marrow.

1. At the early stages of the experiment duringaaseptic inflammation (1st - 14th day) there
were significant changes of vessels of the hemami@ulatory bed in the red marrow. Arterioles spad
on the 2% day, their average lumen diameter significantlgrdased by 1.18 times. From tH&t@ the 14
day, they tended to expand with a reliable maxinwatoe on the 10day in 1.77 times. The capillaries
of the sinusoidal type reached maximal expansiothert' day, having increased in 1.96 times, and the
venules’ lumen on the'Bday increased in 1.67 times (p<0.05), which cquesed to the general
principles of vascular reactions in response taniflammatory process.

2. At the late terms of the experimental inflammati(2®' and 38" days) it was found
morphometrically that the arterioles were signifitya expanded in 1.12 times on the®2iay and till the
30" day they did not acquire the values of the ingmotip of animals. The capillaries had increased:hsn
—in 1.29 times on the 2Hday, and on the 80day this figure almost reached the norm. At the tarms
of the study venules remained expanded, which woefi the continuation of the vascular reaction in
response to the acute aseptic inflammation.
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MOP®OPYHKIIOHAJIBHA XAPAKTEPUCTHUKA
TFEMOMIKPOLIUPKYJIATOPHOI'O PYCJIA
YEPBOHOI'O KICTKOBOI'O MO3KY

MOP®OPYHKIIMOHAJIBHAS XAPAKTEPUCTHUKA
IFEMOMMUMKPOILIUPKYJATOPHOI'O PYCJIA
KPACHOI'O KOCTHOI'O MO3r'A
P MOJAEJIMPOBAHUU OCTPOI'O
ACEIITHYECKOI'O BOCITAJIEHUA Y KPBIC

P MOJEJIIOBAHHI 'OCTPOI'O
ACEIITUYHOI'O 3AITAJIEHHS Y LI{YPIB

Bopyra H.B.

B cyuacHi#i MequIHI OCHTH JOKJIAJHO IOCII JKEHI
CTPYKTYPHI KOMIIOHEHTH B Pi3HHX OpraHax | TKaHHMHaX, |
Mopsifl 3 THM BIJACYTHI POOOTH B SKHX PO3IJISAAIOTHCS
JOCII/DKCHHS ~ TEMOMIKPOLMPKYJSii B YEpBOHOMY
KICTKOBOMY MO3KY IPH MOJEITIOBAHHI TOCTPOT0 aCeNTUYHOTO
3aManeHHs y IIypiB, [€ i BigOyBarOThCS PEaKTHBHI 3MiHH
mopdomnoriuroro ta GyHKI OHAIEHOTO XapaKTepy

B excnepuMeHTaNbHIN Tpymi TBapHH CIIOCTEPIrajocs
HeTaliHe, ajie peBEepCHBHE, 30UIBIIEHHS IPOHUKHOCTI BEHYII 1
Karnisipis, 3aBJIIKH AKTUBHOMY CKOPOYCHHIO
Mikpo(diaMeHTIB B €HIOTeNadbHUX KIITHHAX.

B mpocBitax CyauH, TiJ Yac CKCIIEPHMEHTY,
crocTepiraBcs — CIQDK-CHHIPOM, SIKMH  TPH3BIB 10
yrpynHentus nepdysii GopMeHHX eneMeHTIB KpoBi uepes
CTIHKY BEHYJ, M0 € MOPQOIOTIYHUM MiATBEPIKCHHAM
3aMaJIbHOTO HPOLIECY.

KawuoBi caoBa: 4YepBOHWIA KICTKOBHH MO3OK,
reMOMIKPOLIMPKYJISTOPHE PYCIIO, 3alaICHHS.

Crarrs Hapiima 26.06.2019.

Bopyra H.B.

B coBpemeHHOH MemUIMHE JOCTaTOYHO IOAPOOHO
HCCIIEI0BAHb] CTPYKTYPHBIE KOMIIOHEHTBI B Pa3HbIX OpraHax U
TKaHAX, BMECTE€ C TEM OTCYTCTByeT paboThl B KOTOPBIX
paccMaTpUBaOTCSl UCCIEOBAaHUS T'€MOMHUKPOLUPKYISALUN B
KpPacHOM KOCTHOM MO3re€ MpH MOJEIMPOBAHHU OCTPOTO
ACENTHYECKOT0 BOCHAJEHHA Yy KpBIC, TJ€ M HPOUCXOMAAT

pEaKTHBHBIE HN3MEHEHUS MOP(}OIOTHIECKOTO "
(yHKIMOHAIBHOTO XapakTepa B skcrepuMeHTambpHON Tpymme
JKUBOTHBIX ~ HAOIIONAaJoCh  PEBEPCHBHOE  yBEIMYCHHE

MIPOHUIIAEMOCTH BEHYJ U KalMJUIIPOB, OIarofapsi akTHBHOMY
COKpAIIEHUIO MUKPO(DHIAMEHTOB B SHIOTEINAIBHBIX KIIETKAX.
B mpocBerax cocymoB, BO BpeMsl 3KCIHEpPUMEHTa
HaOmoaNcsl  CIaIK-CHHAPOM,  KOTOpBI  TpuBeNl K
3aTpyIHEHHUIO nepdy3un (POPMEHHBIX IEMEHTOB KPOBH Uepe3
CTEHKy  BEHYJN, 4YTO  SBISIETCSI  MOP(OIOTHIECKUM
MOATBEPKICHIEM BOCHATUTEIBHOTO MIPOIECCa.
KioueBbie  c10Ba:  KpacHbId  KOCTHBII
TeMOMHKPOIUPKYJISITOPHOE PYyCIIO, BOCTIAJICHNSI.
Penensenr llemniteko B.1.
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