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Morphological rearrangement of the metabolic link
of the microcirculatory bed of guinea pigs lungs after sensitization
with ovalbumin

S. S. Popko

Zaporizhzhia State Medical University, Ukraine

The reaction of the lung microvessels is an urgent issue of morphology and medicine in general, as well as one of the insufficiently
investigated points in the study of morphological changes in chronic allergic diseases of the respiratory system.

The aim is to study the morphological changes in the vessels of the metabolic link of the microcirculation in the lungs of guinea pigs
sensitized with ovalbumin.

Materials and methods. We have studied the lungs of 48 guinea pigs, using histological and morphometric methods, under conditions of
experimental ovalbumin-induced allergic inflammation, simulated by three-time subcutaneous sensitization and subsequent 8-day intranasal
inhalation of ovalbumin. To estimate the structural and functional state of capillaries, the inner diameter of the vessels was determined.

Results. A general regularity in the reactivity of the hemomicrocirculatory bed of guinea pig lungs in experimental ovalbumin-induced
allergic inflammation was established, which consists in a significant structural and functional restructuring of the exchange vessels of the
microcirculatory bed. Dysfunction of the capillaries endothelium is manifested by a change of vasodilatation to vasospasm, as evidenced
by morphometric changes in the diameter of the capillaries lumen in the experimental groups, and an increase in the permeability of the
capillaries wall, which is confirmed by edema and disorganization of the connective tissue component.

Conclusions. Allergic inflammation leads to structural and functional reorganization of the metabolic link of the hemomicrocirculatory bed
of guinea pig lungs, which has a multidirectional staging character depending on the duration of the experiment and is a manifestation of
a violation of the compensatory-adaptive processes of hemomicrocirculation. The most pronounced changes in the form of a decrease
in the diameter of the lumen of the blood capillaries of the lungs of guinea pigs by 23 % compared to the control are observed during the
late period of the development of the allergic inflammatory process.
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Mopdonoriuna nepedynoBa 0OMiHHOI NaHKM MIKPOLMPKYNSATOPHOIO pycrna nereHb MOPCLKUX CBUHOK
nicns ceHcubinisauii oBanbL6yMiHOM

C. C. lNonko

AkTyanbHor npobnemoto Mopdonorii Ta MeAULIMHK, @ TAKOX OAHUM i3 HEA0CTaTHBO AOCTIAKEHNX SABULL Y BUBYEHHI MOPCOMNOriYHUX 3MiH
Mif Yac XPOHIYHMX anepriYHnxX 3aXBOpIOBaHb AMUXanbHOI CUCTEMM 3aNULLIAETLCS peakLis MiKpOCyOWH NereHb.

MeTa po6oTu — BUBYNTM MOPEONOTiYHI 3MiHM CyaAnH OBMIHHOT NaHKV reMOMIKPOLIMPKYNATOPHOO pycna NereHb MOPCLKUX CBUHOK, CEH-
cubinizoBaHnx oBanbLObyMiHOM.

Marepianu Ta MmeToau. 3a JONOMOrOIO FCTONONYHOr0, MOPGOMETPUYHOTO METOAIB BUBYMIIU NereHi 48 camLyiB MOPCbKOi CBUHKM B yMOBaXx
eKcnepuMeHTansbHOro 0BanbbyMiH-iHIYKOBAHOTO anepriYHoro 3anarneHHs, sike MOLEoBasu LWISIXOM TPUpasoBoi NigLWKipHOT ceHeunbini-
3auii Ta HacTynHoI 8-4eHHOI iHTpaHa3anbHoi iHranauii oBanbbymiHOM. [Ins BU3HAYeHHS! CTPYKTYpHOI Ta dyHKLiOHanbHOT nepebynosu
KPOBOHOCHMX Kaninspie yCTaHOBMIOBANM BENMYMHY BHYTPILLIHBOTO AiaMeTpa CyAvH.

PeaynikraTtn. BctaHoBMNM 3aranbHy 3aKOHOMIPHICTb peaKTUBHOCTI MIKPOLIMPKYNSTOPHOTO pycrna nereHb MOPCbKUX CBUHOK Mpu eKcne-
pUMeHTanbLHOMY 0BanbbyMiH-iHAYKOBaHOMY anepriyHoMy 3ananeHHi, Lo Nnonsrae B CyTTEBIN CTPYKTYPHO-OYHKLiOHanbHi nepebynosi
CyAVH 0BMiHHOIT NaHKy MIKPOLIMPKYNSTOPHOIO pycna NereHb MOPCHKOT CBUHKW. Tak, BUSIBUMM O3HAKM ANCEYHKLIT eHO0TENiK0 KPOBOHOCHUX
Kaninspis: 3aMiHy Aunaraii CyauH Ha CTiiK1 cna3M, Npo Lo CBigYMIn MopoMeTpUYHI 3MiHK diameTpa NPoCBiTY Kaninsapis B eKCnepuMeH-
TanbHKX rpynax, a TakoX 30inbLUeHHst NPOHUKHOCTI CYAMHHOI CTiHKM, LLIO NiATBEPAXYHOTb HAOPSIK | Ae3opraHisaList CronyYyHOTKaHUHHOMO
KOMMOHEHTA | CTPOMY.
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BucHoBku. AneprivyHe 3ananeHHs Npu3BoanTb 40 CTPYKTYPHOI Ta yHKLiOHanbHOI peopraHisaLii 06MiHHOT naHK1 MiKpOLIMPKYNSITOPHOTO
pycna nereHb MOPCbKWX CBUHOK, LLIO MaE Pi3HOCNPAMOBaHWIA CTaAiNHWIA XapakTep 3anexHo Bif TPMBANOCTi EKCMEPUMEHTY Ta € NPOSIBOM
NOPYLUEHHS1 KOMMNEHCaTOPHO-aAanTaLiiHUX NpoLeciB reMoMikpoLmpkynsLii. Hanbinblue BupaxeHi 3MiHU, a caMe 3MEHLLEHHS fjiameTpa
MPOCBITY KPOBOHOCHMX Kaninsipi nereHb MOPChbKMX CBUHOK Ha 23 % MOPIBHSHO 3 KOHTPOMIEM BUSIBUMW MPOTSrOM Mi3HbOrO Nepiogy po-
3BMTKY anepriyHoro 3ananbHOro npoLecy.

Knto4yoBi crioBa: KpOBOHOCHWIA Kaninsp, MiKPOLMPKYMALIS, eKCriepyMeHTanbHe anepridyHe 3anarneHHs, nerexsl, oBanboymiH, Mopcbka
CBUHKA.
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Mopdonoruyeckas nepecTpoiika 06MeHHOro 3BeHa MUKPOLIMPKYATOPHOrO pycna NErkux MOPCKMX CBUHOK
nocne ceHcMGMnu3aumm oBanbGyMMHOM

C. C. lNonko

AkTyanbHomn npobnemoit Mopchonorum 1 MegULMHbI, a Takke OOHUM U3 HeLOCTATOYHO UCCMEAOBAHHbIX SBNEHU B U3y4eHnn Mopdono-
TUYECKNX U3MEHEHWIA NPY XPOHUYECKMX annepriveckunx 3abonesaHusx AblxaTernbHOM CUCTEMbI OCTAETCs peakLmsi MUKPOCOCYA0B NErkuX.

Llens pa6oTtkl — u3yuntb Mopconornieckne U3MeHeH1s cocyAoB 0BMEHHOTO 3BeHa MUKPOLIMPKYNSTOPHOTO pycna Merkux MOPCKUX
CBMHOK, CEHCUOUIMM3MPOBaHHbBIX 0BaNbGYMUHOM.

Matepuansi u metoakl. C NOMOLLBIO FTMCTONOMMYECKOr0, MOPOMETPUYECKOTO METOA0B U3y4unn nerkve 48 camLoB MOPCKON CBUHKM
B YCNOBMSIX 3KCMEPUMEHTANbHOrO 0BanbbyMUH-MHAYLIMPOBAHHOTO aniepruyeckoro BocnaneHus, KoTopoe MOAenMpoBany nyTem Tpex-
KpaTHOW MOAKOXHON CeHcnbunusauum n nocnegyrolen 8-AHeBHON WHTPaHa3anbHOW MHranauum osanbbymuHoM. [ina onpegenexns
CTPYKTYPHOW 1 (OYHKUMOHANbHO NEPeCcTPOKN KDOBEHOCHBIX KanunnspoB Onpeaensny BeNu4nHy BHyTPEHHero AnameTpa CocyaoB.

Pesynkrathl. YcTaHoBneHa obLyasi 3akOHOMEPHOCTb PeakTUBHOCTU reMOMUKPOLIMPKYMSITOPHOTO pycra Merkux MOPCKWUX CBUHOK Mpw
3KCNepUMEHTarnbHOM 0BarnbOyMUH-UHOYLMPOBAHHOM annepruyeckoM BOCNaneHum, 3aknodatoLLascs B CyLLECTBEHHON CTPYKTYPHO-(DYHK-
LIMOHaMNbHO NepecTpoiike cocynoB 0BMEHHOTO 3BeHa MUKPOLIMPKYIISTOPHOTO pycria NErkx MOPCKON CBUHKY. Tak, 0BHapyXeHb! NpuU3Haku
ANCDYHKLMM 3HOOTENUS KPOBEHOCHBIX KanunmsipoB: M3MeHeHWe aunatauuy CocyAoB Ha CTONKMIA CnasM, O YeM CBUAETENbCTBYIOT MOp-
homeTpryeckme N3MEHEHUS AUamMeTpa NPOCBETA KaNUMNSPOB B SKCNEPUMEHTANbHBIX TPynnax, a Takke yBENMYeHe NpoHLaemMocTy
COCYAMCTOMN CTEHKM, YTO NOATBEPXAALT OTEK U Aie30praHn3aLst COEAUHUTENBHOTKAHHOTO KOMMOHEHTA CTPOMBI.

BeiBoakl. Annepriveckoe BocnaneHne NnpuBoauT K CTPYKTYPHOW 1 PyHKLMOHAINBHON peopraHn3aLymn 06MeHHOro 3BeHa reMOMUKPOLMP-
KyNSITOPHOrO pycra Nerkmx MOpCKUX CBMHOK, KOTOpasi HOCUT pa3HOHanpaBneHHbI CTaAUNHBIA XapakTep B 3aBYCUMOCTY OT NPOAOITKM-
TEMNbHOCTW SKCMEPUMEHTA W SBMSAETCA NMPOSIBNEHNEM HapYLLEHWNS KOMNEHCAaTOPHO-aAaNTaLMOHHbIX MPOLECCOB FEMOMMKPOLIMPKYNSALMN.
Hawnbonee BbipaXeHHbIE U3MEHEHUS B BUAE YMEHbLLEHWS AMaMeTpa NpoCBeTa KPOBEHOCHbIX KanunmspoB JNErkux MOPCKWUX CBUHOK Ha
23 % no cpaBHEHWIO C KOHTPOINEM OTMEYeHbl B TEYEHME NO3AHEro Nepuoaa pasBuTHS anneprivyeckoro BoCManmTeNbHOM npolecca.

KntoyeBkle crioBa: KPOBEHOCHbIA Kanunmsp, MAKPOLMPKYMALMS, SKCepUMEHTanbHOe anmnepriieckoe BocnaneHve, nerkoe, oansoy-
MUH, MOpCKasi CBUHKa.
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In recent years, there has been an increase in the number of
chronic respiratory allergic diseases which is a significant
medical and social problem [1]. One of the insufficiently
researched issues in the study of morphological changes
in chronic respiratory allergic diseases is the reaction of
pulmonary microvessels [2,3]. The metabolic link of the
microcirculatory bed of lungs, located on the border be-
tween circulating blood and lung tissue, is one of the largest
functionally active systems of the studied organ. The partic-
ipation of blood capillaries in gas exchange, regulation of
homeostatic and metabolic processes, and intercellular inter-
actions, ensures the transport of gases, secretion of trophic
and regulatory substances in normal conditions and during
functional rearrangement aimed at adapting to damaging
factors action at allergic inflammation [4]. Numerous studies
have been devoted to the research of the processes of adaptive
restructuring microvessels walls in human and animal lungs
under the influence of various factors on the body [5-7].
However, structural rearrangement of microcirculatory bed
of the lungs in allergic inflammation is still the subject of
scientific discussions.

Aim
To study the morphological changes in the vessels of the

metabolic link of the microcirculatory bed in the lungs of
guinea pigs sensitized with ovalbumin.

Materials and methods

The object of the experimental study was lungs, removed
from 48 sexually mature male guinea pigs weighing 450—
600 g, which were kept in standard conditions of Zaporizhzhia
State Medical University vivarium. All manipulations were
carried out in compliance with the basic principles of work
with experimental animals in accordance with the provisions
of the European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific Purposes
(Strasbourg, 1986), the General Ethical Principles for Animal
Experiments adopted by the First National Congress on Bio-
ethics (Kyiv, 2001), the Law of Ukraine “On the protection
of animals from cruelty” (from 21.02.20006).

Allergic airway inflammation was induced with subcutane-
ous sensitization and followed challenging with intranasal in-
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halation with ovalbumin (OVA) (Sigma Aldrich, USA). Guinea
pigs were actively sensitized with ovalbumin (0.5 mg/mL)
with alum (10 mg/mL in saline) as an adjuvant (AlumVax
Hydroxide vaccine adjuvant, OZ Biosciences France) sub-
cutaneously injected into the interscapular region on days 0,
7 and 14. From days 21 to 28 of the experiment, guinea pigs
were challenged for 15 min with inhalation of either OVA
(10 mg/mL in saline) via a nebulizer (Little Doctor Interna-
tional, Singapore, LD-211C) attached to a plastic box. The
animals were divided into 6 groups (8 animals in each). The
first four groups are animals sensitized and aeroallergenic
to OVA, withdrawn from the experiment, respectively, on
the 23, 30", 36" and 44" days after the start; group 5 is
control group, where the animals received injections and
were challenged with saline only; group 6 is intact one. For
the purpose of rational presentation of the obtained data and
their interpretation, we conditionally distinguish the early
(231, 30™ days of the experiment) and late (36" and 44" days
after the start of the experiment) periods of the development
of allergic inflammatory process in the lungs.

The animals were withdrawn from the experiment with
an overdose of thiopental anesthesia (50 mg/kg) according
to the established terms (23, 30", 36™ and 44" days of the
experiment). Histological sections were stained with hema-
toxylin-eosin. Impregnation by silver was carried out accor-
ding to the Laidlaw method to identify reticular and elastic
fibers, and with Mason staining to assess the organization of
collagen fibers. The sections were viewed and photographed
with a compound binocular light microscope (Primo Star,
Zeiss, Germany). The inner diameter of the blood capillaries
was determined.

The research results were processed with modern statis-
tical methods of analysis on a personal computer using the
standard software package Microsoft Office 2010 (Microsoft
Excel) and Statistica for Windows 13 (StatSoft Inc., Ne JP-
7Z8041382130ARCN10-J). While testing the hypothesis about
the normal distribution of the studied parameters, we used
the Shapiro—Wilk test and the Kolmogorov—Smirnov test of
consistency. We used the Kolmogorov—Smirnov homogeneity
criterion testing the hypothesis that two independent samples
belong to the same distribution law. The arithmetic means (M)
and standard errors of the mean (+m) were calculated. The
statistical significance of intergroup differences according
to the data obtained was established using the parametric
Student’s t-test (P*) and the nonparametric U-Whitney—Mann
test (P**). The obtained indicators were compared between
the median and interquartile range Me (Q1; Q3). Differences
between the compared values at the level of 95 % (P < 0.05)
were considered statistically significant.

Results

Histological analysis of microcirculatory bed of guinea
pigs’ lungs revealed the following components: arterioles
and precapillaries demonstrated a resistive link, capillaries
— an exchange link, postcapillary and muscle venules — a
capacitive link. In animals of the intact group, capillaries of

the microcirculatory bed of lungs are thin-walled vessels of
a continuous type with an average lumen diameter of 6.91 +
0.06 pm, their wall consists of a continuous thin endothelium
with a thickness of 0.1-0.2 pm and flattened pericytes.

The development of experimental ovalbumin-induced aller-
gic inflammation in guinea pigs’ lungs leads to structural and
functional rearrangement of the lung microcirculatory bed, in-
cluding its metabolic link. Histological examination revealed
aregular sequence of morphological disorders manifestations
in the system of lung microcirculation. It varies from the
sludge phenomenon of erythrocytes and stasis of blood cells
in the early period to hemorrhages and plasmorrhages of
varying severity, accompanied by stromal connective tissue
disintegration in the late period of development of experi-
mental ovalbumin-induced allergic inflammation (Fig. 7).

Morphological changes in the structure of blood capil-
laries of pulmonary microcirculatory bed, identified at the
light-optical level, have their own quantitative morphometric
characteristics.

There were no statistically significant differences between
the indices of the diameter of blood capillaries lumen in the
animals of the intact and control groups (P* > 0.05); this
indicates that the procedure itself does not affect the changes
in the morphometric parameters of the metabolic link of the
microcirculatory bed of guinea pigs’ lungs. There is a tenden-
cy for the blood capillaries lumen to increase in the diameter
after sensitization and challenge with ovalbumin in the early
period of development of experimental ovalbumin-induced
allergic inflammation in the lungs. A statistically significant
decrease in the diameter of the blood capillaries lumen, in
comparison with the control group, is observed during the
late period of development of allergic inflammation from the
36" day of observation (Fig. 2).

The average diameter of the blood capillaries lumen is 8.44
+ 0.14 pm in the first experimental group on the 23 day of
observation, which is 6 % more than in the control group.
Vasodilation is also preserved on the 30" day of observation
in the second experimental group, where the average diameter
of the blood capillaries lumen was 8.7 + 0.08 pm, which was
9 % more than in the control group. In the late period of the
development of allergic inflammation in guinea pigs’ lungs,
a statistically significant decrease in the diameter of the
blood capillaries lumen by 7 % compared to the control was
observed in the third experimental group on the 36" day of
observation — 7.41 + 0.14 um (Fig. 2). The tendency to a de-
crease in the parameters of the diameter the blood capillaries
lumen persisted on the 44" day of observation in the fourth
experimental group and was 6.15 + 0.15 pm, which is 23 %
less than in the control group (P*/** < 0.05).

Discussion

Sensitization and challenge with intranasal inhalation with
ovalbumin leads to a significant structural and functional
restructuring of the metabolic link of the microcirculatory
bed of guinea pigs’ lungs. It is manifested with endothelial
dysfunction of blood capillaries, consisting in changes from
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Fig. 1. Microscopic changes in the microcirculatory bed of guinea pigs’ lungs after sensitization and challenge with ovalbumin on the 23" (1a), 30"
(1b), 36" (1c, 1d) days after the start of experiment. 1a, 1b: vasodilation, plethora, hemorrhages, sludge-phenomenon of erythrocytes of capillaries
of interalveolar septa; 1c, 1d: edema and disorganization of the fibrous elements of the connective tissue, surrounded microvessels. Staining: 1a,
1b - G. and E.; 1c — Impregnation by silver according to Laidlaw; 1d — Mason staining. x400, 1b — x1000.

2 Fig. 2. Morphometric parameters
4 of the blood capillaries of the
—|— microcirculatory bed of guinea

pigs’ lungs after sensitization with
i T ovalbumin.

*1 P < 0.05 (Student's t-test);

. —" T *: P < 0.05 (Whitney—Mann

U-test) comparing to the control

group. Me (Q1; Q3).

) i T M+ m (n=8).

Inner diameter of capillaries (um)

Group 1 Group 2 Group 3 Group 4 Control group ~ Group 6
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vasodilatation in the early period of allergic inflammation
to persistent spasm in the late period of inflammation. It is
confirmed by morphometric changes in the diameter of the
capillaries lumen in the experimental groups. Another change
is increased permeability of the vascular wall, as evidenced
by edema and disorganization of the stromal connective tissue
component. A similar trend is observed in scientific research
by other authors [8,9]. The degree of reaction of the microcir-
culatory bed vessels in the organs determines the dynamics
of interstitial interaction during compensatory-adaptive and
pathological processes. Adaptive changes in the microvessels
of various organs are variable and staged, associated with
phylo- and ontogenetic features and are manifested by regular
compensatory reactions.

Allergic inflammation develops in guinea pigs’ lungs
as a result of sensitization and challenge with ovalbumin.
The mechanism of inflammation is a cascade of processes
involving a wide variety of cells, cytokines and mediators,
whose interaction forms the characteristic inflammatory
process and rearrangement of microvessels and bronchi [10].
The vascular factor plays an important role in the develop-
ment of the allergic process in the lungs. Endothelial cells
express P-selectin, E-selectin, Sox17, intercellular adhesion
molecules-1 (ICAM-1) and blood cell adhesion molecules
(VCAM-1) [11]. On the other hand, the components of the
vascular wall (endothelium, smooth myocytes, fibroblasts)
are targets for neuroendocrine [12] and immune factors [10]
of the development of allergic process in the lungs.

Conclusions

1. Experimental ovalbumin-induced allergic inflamma-
tion leads to structural and functional reorganization of the
exchange link of the microcirculatory bed of guinea pigs’
lungs. It has multidirectional and staged nature, depending
on the duration of the experiment and is a manifestation
of a violation of the compensatory-adaptive processes of
microcirculation.

2. The most pronounced changes such as a decrease in the
diameter of the blood capillaries lumen of guinea pigs’ lungs
by 23 % compared to the control are observed during the
late period of the development of the allergic inflammatory
process.

Prospects for further research. We are going to study
ultramicroscopical and immunohistochemical changes in
microvessels of the lungs of guinea pigs with allergic in-
flammation.
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	Fig. 2. Morphometric parameters of the blood capillaries of the microcirculatory bed of guinea pigs’ lungs after sensitization with ovalbumin.


