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Microvasculature is a complex structural and functional system that regulates blood supply of body organs,
provides transcapillary exchange of fluid and supports the tissue homeostasis. The human microvasculature
is represented by the system of small vessels: arterioles, capillaries, venules and arteriolovenular
anastomoses. The vessels of this complex become flexible in the altered blood flow; they can deposit the
blood corpuscles, get affected by spasms and pass plasma only, change their permeability for tissue fluid.
Microvasculature is extremely sensitive to the insults of various factors. Microvascular dysfunction coexists
or precedes the macrovascular diseases probably due to joint mechanisms of damage to vessels such as
oxidative stress and inflammation. Disorders of microcirculation are one of the main components of
inflammation. This article is aimed at the analysis of the scientific publications on the study of morphological
alterations in the microvasculature in response to inflammation. The bibliosemantic method was used. The
findings of current publications on the morphological alterations that occur in the microcirculation in response
to inflammation have been investigated. The analysis has shown significant morphological alterations in the
microvessels in response to the proinflammatory factors. Inflammatory processes are accompanied by the
events of microvascular dysfunction, associated with hyperpermeability of capillaries, destruction of mi-
crovascular endothelial barrier, loss of antiadhesive function of endothelium, etc. In response to inflamma-
tion, the marked morphofunctional alterations in the microvasculature of the various organs are observed
that are dependent on the time course of inflammation. Early onset is manifested mainly by the spasm of the
vascular resistance and dilatation of the capacitance vessels. Disorders of blood rheological properties are
manifested by stasis, sludge, microthrombosis.
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Microvasculature is a complex structural and
functional system that regulates blood supply of
body organs provides transcapillary exchange and
supports the tissue homeostasis. The human
microvasculature is represented by the system of
small vessels: arterioles, capillaries, venules and
arteriolovenular anastomoses. The vessels of this
complex become flexible in the altered blood flow;
they can deposit the blood corpuscles, get affected
by spasm and pass plasma only, change their
permeability for tissue fluid [1]. The renowned
morphologist V.V. Kupriyanov and his co-authors,
who have been studying blood microcirculation,
came to the conclusion that arterioles, capillaries,
arteriolovenular anastomoses and venules should
be considered as a living substrate but not the
passive, inert tubes, that adequately respond to the
physical conditions and chemical agents [2]. Thus,
the disorder of blood microcirculation is one of the
main components or internal signs of inflammation.

Aim. This article is aimed at analysing the
scientific  publications on the morphological
alterations in the microvasculature in response to
inflammation.
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The bibliosemantic method was used during the
study. The data reported in current publications on
the morphological alterations that occur in the
microcirculatory vascular bed in response to
inflammation have been analyzed.

According to current scientific  views,
microvasculature is an extremely sensitive to the
insults of various factors, and responds to them by
the developed specific or non-specific reactions. In
particular, the acute stress affects the
microvasculature of different internal organs,
inducing the morphological alterations, indicating
about its non-specificity [3].

Microvascular dysfunction leads to increased
mortality from cardiovascular diseases and is
considered to be a leading factor in the
development and progression of cardiometabolic
and renal pathology. Microvascular dysfunction
coexists or precedes macrovascular diseases,
presumably due to combined mechanisms of
damage to vessels, e.g. oxidative stress and
inflammation [4, 5].

Inflammation is considered as body’s response
to local lesion, formed over the process of evolution
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and is characterized by alteration, disorder of
microcirculation and proliferation, aimed at
localization, destruction and elimination of damage
agent, as well as the regeneration of affected
tissues. Alteration, disorders of blood
microcirculation (with exudation and emigration)
and proliferation are the main components or
internal signs of inflammation. Typically, in the foci
of inflammation, five external (local) inflammatory
manifestations are observed: redness (rubor),
swelling (tumor), fever (calor), pain (dolor) and
dysfunction. Inflammation causes a rapid reaction
of the immune system with the entering of
significant amount of immune cells into the foci of
inflammation and increased level of cytokines by
dozens and hundreds of times [6, 7].

Homeostatic  microcirculatory  response to
infection can be harmful if it is hyperactive or
deregulated [8]. For example, in chronic
generalized periodontitis the state of regional
hemodynamics and microcirculation in periodontal
tissues is significantly impaired [9]. In the acute
experimental sialoadenitis the response of
microvasculature to the inflammatory process was
determined during the entire period of the
experiment [10]. Inflammation along with oxidative
stress and autophagia are the leading factors of
such microvascular complication of diabetes
mellitus as diabetic retinopathy [11]. Inflammatory
septic processes can be accompanied by a severe
microvascular dysfunction, which is associated with
hyperpermeability of capillaries, destruction of the
microvascular  endothelial  barrier,  arteriolar
hypofunction of vasoconstrictors, lack of adrenergic
sensitivity and tone of smooth muscle cells, which
line arterioles; lack of antiadhesive function of
endothelial surfaces; decreased density of the
perfused capillaries [12-18].

The study of the impact of inflammatory process
on the vascular walls of microvasculature of the
fundic portion of rats’ stomach in the acute
experimental gastritis shows the significant
changes in metric values of the lumen diameter of
its elements. In this way, at the early stages of the
experiment, arteriole responding to the spasm is a
typical reaction of the resistance vessels on the
alteration. The subsequent dilatation of venules is
caused by the hypostatic events in the capacitance
vessels and development of tissue hypoxia [19].

Moreover, our investigations show that disorders
of blood microcirculation in rats are one of the main
inflammatory  manifestations in the acute
experimental gastritis, induced by administration of
A-carrageenan, which is phlogogene by the impact
mechanism. Spasm of arterioles in the stomachs of
the experimental animals manifested by
morphological changes on the 1% day of the
experiment was observed even at the early stages
of the experiment. Spastic phenomena (the nuclei
of endothelial cells protruded into the lumen; the
internal elastic membrane was visualized as the
basophilic strip forming numerous high folds) were

detected in the arterioles of the mucous and
submucous membranes on the 2" day of the
experiment. The lumina of arterioles were densely
filed with blood corpuscles. Numerous medium
lymphocytes were detected in the perivascullar
loose connective tissue. Following the 3" day of the
experiment arterioles were dilated in all membranes
of the stomach. Blood corpuscles were detected in
the lumina. The recovery of the morphological state
of the arterioles was observed on the 21% day of
the experiment. The vascular exchange responded
to administration of A-carrageenan by the dilatation
from day 2 to day 7 of the experiment, caused,
primarily, by the development of tissue hypoxia in
the stomach wall due to spasm of the resistance
vessels of the gastric wall. The wall of the
capillaries was thinned, containing no haemocytes
in their lumina. The surrounding interstitium showed
morphological signs of hyperhydration. The
recovery of the morphological state of the exchange
vessels was observed on the 30" day of the
experiment [20, 21].

The dependence between morphofunctional
alterations of microvessels and the length of the
inflammation course has also been proved by the

findings of other researchers. Morphological
analysis of restructuring of elements of
microvasculature of red bone marrow in

experimental aseptic peritoneal inflammation in rats
showed that the state of arterioles, capillaries and
venules was also in the direct dependence on the
length of experimental aseptic inflammation [22].
The change in the diameter of the elements of
the microvasculature of the epinephros, as well as
synthetic activity of the adrenal glands, targeting to
combat the inflammatory response, also
demonstrate directed dependence on the length of
the course of aseptic peritonitis. Active response of
adrenal glands can be explained by the fact that
they are essential component of neuroendocrine
and stress-adaptive systems and are responsible
for implementation and mobilization of the body
defence during the exposure to various pathogenic
factors. Microvasculature of the adrenal glands is
the main segment, which, in addition to changes of
the diameter and structure of the walls of its
vessels, responds to inflammation by the leukocyte
infiltration of the perivascular connective tissue [23].
The studies of the local reaction of the
microvessels of the small and large intestine at the
early stages of peritonitis (within 12 hours after the
beginning of the experiment) show moderate
dilatation of the venules in the small intestine
mucosa. In the submucous and muscular
membrane the morphometry confirms the fact of
the spasm of the arterioles, reduced capillary blood
flow and simultaneous stable dilatation of the
venules. Within a day after the beginning of the
experiment (the reactive stage of peritonitis) a
significant increase in the average diameter of the
venules, similarly to the previous time period of the
experiment, and reduce of the average diameter of
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the capillaries was detected in the mucous
membrane of the small intestine. On the 2™ day of
the experimental peritonitis (toxic stage) a paralytic
dilatation of capillaries was observed in the mucous
membrane of the small intestine. The average size
of the venules was significantly greater than the
similar value of the previous time periods of the
experiment. Following the 3" day of the
experimental peritonitis (late stage) spasm of the
arterioles in the wall of the small and large intestine
became weaker. Paralytic dilatation of the
capillaries of the villi and crypts was combined with
dilatation of the venules, impaired rheological
properties of the blood in the form of stasis, sludge,
microthrombosis and changes in the permeability of
vascular walls [24, 25].

In the acute enteritis, the resistance vessels of
the small intestine microvasculature was
characterized by the dramatic decrease in the
values of the average diameters of arterioles with
maximum on the 2" — 3 days and increase in the
maximum rate on day 15. Their restoration to the
values of the intact group was detected only on day
45 of the experiment. In the exchange vessels the
dynamics of changes in the mean values was
similar to the arterioles. In contrast to the resistance
and exchange vessels, the acute enteritis causes
the enlargement of the diameters of the
capacitance vessels with maximum rate on day 15
— 25 with restoration to the values of the intact
group up to day 45 of the experiment [26].

The results of another report showed that in the
jejunum, the simulation of the acute aseptic
inflammation of the peritoneum first led to the
narrowing of the diameter of arterioles and
capillaries, significantly marked on day 2 — 3 of the
experiment (p<0.05), followed up by the significant
dilatation on day 14 of the experiment (p<0.05).
The diameter of the venules was significantly
enlarged on day 14 of the experiment (p<0.05). In
the acute aseptic inflammation of the peritoneum
along with transplantation of the cryopreserved
placenta, the diameter of the arterioles and
capillaries first became narrower (significantly on
day 2; p<0.05) and then enlarged (on day 3-10;
p<0.05) [27]. Experimental administration of
placental tissue also causes reactive changes in
the microvasculature of the rats’ red bone marrow,
manifested by the significant enlargement of the
average diameters of the vascular lumen,
especially at the stages of the experiment [28]. In
the rat's spleen microvasculature affected by
experimental acute aseptic inflammation of the
peritoneum, administration of cryopreserved
placenta caused marked morphofunctional
changes. In the acute aseptic peritonitis, a
significant response of small blood vessels was
detected over all the period of the experiment.
Single administration of cryopreserved placenta
was accompanied by the significant changes in the
diameters of the arterioles and capillaries within 2-7
days of the experiment; restoration of the diameters
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of microvessels to the values of the control group
usually began on day 5-7; on day 14 no significant
difference from the metric parameters of the control
group was noted [29].

The studies of our colleagues have also
confirmed that experimental aseptic inflammation,
induced by intraperitoneal administration of 5 mg A-
carrageenan leads to microcirculation disorders in
the venules and capillaries of rats’ testicles on day
1 and day 2 of the experiment. Consequently,
plethora and stasis occur and lumen of the vessels
is overfiled with blood corpuscles. Static
phenomena in vessels lead to the oedema of
vascular wall [30].

Thus, publications of the modern researchers
report about the significant morphological
alterations that occur in the microvessels in
response to the impact of proinflammatory factors.
Inflammatory processes are accompanied by the
events of microvascular dysfunction, related to the
increased permeability of capillaries, destruction of
microvascular  endothelial  barrier, loss of
antiadhesive function of the endothelium, etc.
Findings of the majority of experimental studies we
have analyzed show that at the early stages of
inflammation the arterioles respond by spasm,
which is a typical reaction of the resistance vessels
to alterations. Subsequent dilatation of venules is
caused by the stasis in the capacitance vessels and
development of tissue hypoxia. Disturbances in the
blood rheological properties are manifested by the
stasis, sludge, microthrombosis. Morphofunctional
alterations in the microvasculature depend on the
length of inflammation process.

Conclusion

1. In response to experimental inflammation, the
marked morphofunctional alterations are detected
in the microvasculature of various organs.

2. At the early stages of inflammation they are
manifested mainly by the spasm of resistance
vessels and dilatation of the capacitance vessels.
Disturbances in the blood rheological properties are
manifested by the stasis, sludge, microthrombosis.

3. Morphofunctional  alterations in the
microvasculature are dependent on the length of
inflammatory course.
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MOP®ONTOMNMYECKME MBMEHEHNA MUKPOLIMPKYJIIATOPHOIO COCYANCTOIO PYCIIA HA ®OHE BOCMANEHWA: OB30P
JINTEPATYPbI

Bunaw C.M., Kontes M.H., BuHHuk H.A., MpoxuHa E.H., WunkuHa 1.H.
KntoyeBble cnoBa: MUKPOLMPKYNATOPHOE pycno, BocnaneHue, mopdonorus.
reMOMMKpOLLMpKyJ'IﬂTOpHoe pycno asndeTcd CITOXXHOM CprKTypHO—beHKLLMOHaJ'IbHOVI cucTemon, KoTOopasa

perynupyeT KpoBeHarorHeHne opraHoB, obecnednBaeT TpaHCKanuNnsapHbIA 06MeH 1 noaaepXxuBaeT TKaHe-
BOW romeoctas. FeMOMMKPOLIMPKYISSITOPHOE PYCro Yy YerioBeka NpefcTaBneHo CUCTEMON MeSKUX COCYAOB:
apTepuonamu, Kanunnapamu, BeHynaMu U apTepuono-BeHynaApHbIMM aHacTomo3amu. Cocydbl 3TOr0 KOM-
nnekca YyBCTBUTENMbHbI K U3MEHEHMSIM KPOBOTOKA; OHW MOTYT AeMNoHMPOoBaTh (DOPMEHHbIE 3NIEMEHTbI KPOBU
1N BbiTb CNa3MMPOBaHHBLIMU U NPOMYCKaTh TOMbLKO MNasmy, U3MEHSATb CBOK MPOHULAEMOCTb AN TKaHeBOW
XMOKOCTU. TeMOMUKPOLIMPKYNATOPHasA cUcTeMa 4Ype3BbldaiHO YyBCTBUTENbHA K BO3OEUCTBUIO PasnUYHbIX
dpakTopoB. MuKpoLMPKYNATOpHas AUCHYHKLUUA COMPOBOXAAET UM NpealecTByeT o6LEeMy paccTpoCcTBy
KpOBOOGpaLLEHNSA, BEPOATHO, M3-3a TaKUX MEXaHU3MOB MOPaKEHUS COCYAOB KaK OKUCMMUTENbHbIN CTPecc U
BocnaneHue. HapylieHne reMoMUKpOLIMPKYNALUM ABMAETCA OAHUM U3 OCHOBHBIX KOMMOHEHTOB BOcNaneHus.
B cTaTbe npoBeaeH aHanu3 Hay4HbIX NyGnuKauuii, NOCBALLEHHbIX U3YYEHNI0 MOPAPONOrMYECKUX U3MEHEHUI
B reMOMUKPOLIMPKYNATOPHOM pycrie, KOTOpble BO3HUKAOT B OTBET Ha BOcnarneHue. ABTOPbI UCMOMb30Banm
6UBnMocemMaHTMYeCKniA MeToq, UMW NPoaHanM3NpPoBaHbl BbIBOAbLI U3 COBPEMEHHbIX NMyBruKaLmii, B KOTOPbIX
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oCBeLlanncb MOPGONOrMyYeckne W3MEHEHUs!, BO3HMKaIOLME B FeMOMMUKPOLIMPKYMATOPHOM KPOBOTOKE B
oTBeT Ha BocnaneHue. MNpoBeaeHHbIN aHann3 nokasan 3HadnTenbHble MOPdOonorMieckne NsmMeHeH1s B co-
cyaax reMOMUKPOLIMPKYNATOPHOro pycna B OTBET Ha BO3[eiCTBUe nposocnanuTenbHbIX daktopos. Bocna-
nuTenbHbIE MPOLECCHl COMPOBOXAAKTCA MPOSABMEHUAMN TEMOMUKPOLIMPKYMATOPHON ANCAYHKLIMA: runepn-
POHULIAEMOCTbLIO KanUMMspoB, paspyLlleHneM sHaoTennansHoro 6apbepa, notepent aHTMaareanBHOM yHK-
LMK aHaoTenua U Ap. B oTBeT Ha BocnaneHue oTMevaroTcs MOpOodYHKLUMOHArMbHbIE PpacCTPOWNCTBA B re-
MOMMUKPOLIMPKYNSATOPHOM pycrie pasnuyHbIX OpraHoB, NPOSIBMEHUS KOTOPbIX 3aBUCAT OT BPEMEHWU TeyeHus
BocnaneHus. B HayanbHOM nepuoae MpPenMyLLLIeCTBEHHO OTMEeYaeTCs Cra3MUMpoBaHME COCYO0B COMPOTMB-
MeHns U paclLMpeHe eMKOCTHbIX COCYA0B. HapylueHne peonormyecknx CBOWCTB KPOBW BblpaxaeTcs ABre-
HUAMW CTa3a, CrNagKNupPoBaHUA U MUKPOTPOMBOO6pasoBaHus.

Pedepar
MOP®ONOIYHI 3MIH MIKPOLIMPKYNATOPHOIO CYOUHHOIO PYCNA HA TNI 3AMANIEHHSA: OrNALQ NITEPATYPU
Binaw C.M., KonteB M.M., BuHHuk H.l., MpoxiHa O.M., WwunkiHa J1.M.
Kntoyosi cnosa: MiKpOLMPKYNATOPHE pycno, 3ananeHHs, Mopdonoris.

"eMOMIKpOLMPKYNATOPHE PYCMO € CKMagHO CTPYKTYPHO-DYHKLIOHANbLHOK CUCTEMOIO, SIKa PEryrioe Kpo-
BOHAmNoBHEHHS OpraHiB, 3abes3neyye TpaHcKaninsgpHui obMiH i NigTpMMye TKaHUMHHWIA romeocTas. FeMoMik-
POLMPKYNATOPHE PYCIO Y MOAUHN NpeacTaBneHe cCMCTEMOKO ApiOHMX CyauH: apTepionamu, kaninsapamu, Be-
Hynamu Ta apTepiono-BeHynspHUMN aHactoMo3amu. CyauHN LbOro KOMMNMEKCY YyTNuBi O 3MiH KPOBOTOKY;
BOHM MOXYTb AernoHyBaTn hopMeHi enemeHTH KpoBi abo GyTn cna3amMoBaHMMM i MponyckaTh nue nnasmy,
3MiHIOBaTW CBOK NPOHUKHICTb AS1A TKAHWHHOI PiaMHU. [eMOMIKpOLIMPKYNATOPHa cucTemMa Hag3BMYamHO YyT-
nuea [0 BNNmBY pi3HMX drakTopis. MikpounpkynaTopHa UChYHKUIS CynpoBOaXye abo nepeaye 3araribHOMY
po3nagy KpoBoobiry, MMOBIPHO, Yepes3 Taki MEXaHI3MN YPaKEHHSA CYOMH SIK OKMCHWA CTpecC Ta 3ananeHHs.
Poanag reMmoMikpoLumpKynauil € ogHMM i3 OCHOBHMX KOMMOHEHTIB 3ananeHHs. Y cTtaTTi NnpoBegeHo aHania
HayKoBMWX NyoGnikauii, NPUCBAYEHNX BUBYEHHIO MOPMONOTiYHMX 3MiH Y FeMOMIKPOLMPKYIATOPHOMY pychi, SKi
BMHUKaIOTb Y BiAMNOBiAb Ha 3ananeHHs. byno BukopucTaHo 6ibniocemaHTU4YHMIN MeTo; NpoaHanisoBaHo BU-
CHOBKW CyYacHUX nyonikauin, y Sk1x BUCBITMOBaNncs MopdonorivyHi 3MiHW, WO BUHUKAOTb Yy reMOMIKpoLMp-
KyNATOPHOMY KPOBOTOLL Y BiAMNOBiAb Ha 3ananeHHs. NpoBeaeHuid aHania nokasaB 3Ha4YHi MOPAONOrivHi 3Mi-
HW B CyOWHaX reMOMIKpOLMPKYMSTOPHOrO pycra y BignoBidb Ha BMMMB npo3ananbHux dhakTopiB. 3anarnbHi
npouecn CynpoBOAXYTLCA NPOosiBaMU FreMOMIKPOLMPKYATOPHOT OMCAYHKLUIT: rinepnpoHUKHICTIO Kaninsapis,
pYyMHYBaHHSAM eHpoTeniansHoro 6ap’epy, BTpaTol aHTUaAre3anBHOI (PYHKLUIT eHgoTenito Towo. Y Bignosiab
Ha 3ananeHHs BigMivalTbcs MopdodyHKLUIOHamNbHI po3naan B reMOMIKPOLMPKYISTOPHOMY PYyCri Pi3HUX op-
raHis, NPOSIBM AKX 3anexaTb Bif Yacy nepebiry 3ananeHHs. Y no4yaTkoBOMY Mepiogi nepeBaxHo BiAMIYaeTb-
Cs cnasm OMipHUX CYAWH Ta PO3LMPEHHS EMHOCHUX. MopyLUEeHHA peonoriYHMX BNacTUBOCTEN KPOBI NPOSiB-
NATLCA ABULLAMW CTa3dy, CramKyBaHHS Ta MIKpOTPOMOOYTBOPEHHS.
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