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An urgent issue of modern morphology is establishing a number of patterns of morphological changes and reactivity of connective tissue
components of lungs in case of experimental sensitization with allergens.

The aim is to estimate morphological features of histogenic differon cells in connective tissue of guinea pigs’ lungs after sensitization with
ovalbumin.

Materials and methods. Using morphometric and histological method, we have estimated the lung connective tissue of 48 male guinea pigs
with experimental ovalbumin-induced allergic inflammation, simulated by subcutaneous sensitization and aeroallergization with ovalbumin.
The number of fibrocytes, fibroblasts per 5000 pm? and their ratio - fibroblast/fibrocyte coefficient were determined.

Results. We have established the regularity of morphological changes dynamics in the cellular elements of pulmonary connective tissue.
Experimental sensitization and inhalated allergization with ovalbumin leads to a statistically significant increase in the average number of fibroblasts
and fibrocytes throughout the observation period in all experimental groups. It has been proved that the dynamics of cells has a multidirectional
character, demonstrated by indicators of the fibroblast/fibrocyte coefficient, which shows the disproportion in the fibroblast/fibrocyte ratio and proves
the tendency to the development of fibrosis in guinea pigs’ pulmonary connective tissue in case of experimental sensitization with ovalbumin.

Conclusions. A gradual increase in the number of fibrocytes, against the background of a decrease in the number of fibroblasts is observed
from the 23" day to the completion of experimental sensitization with ovalbumin in the lungs of guinea pigs, compared with control group. A
decrease of fibroblast/fibrocyte coefficient from 1.37 + 0.03 in the early period to 0.82 + 0.03 in the late period of the allergic inflammation
demonstrates multidirectional nature of the dynamics in the number of connective tissue cells and indicates a tendency towards the development
of fibrosis in pulmonary connective tissue.
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MopdhonoriuHi 0coBnMBOCTI KNiTUH ricTOreHHOro AudepoHy CNONMy4YHOI TKAHUHU NereHb Nicns ceHcubinisauii oBanbL6yMiHOM
C. C. lNonko, B. M. €BTyLLEHKO

AkTyanbHo Npobnemoto Cy4acHoi MOPAOIOrii € NMUTaHHS LOAO BCTAHOBMEHHS HU3KWM 3aKOHOMIPHOCTEN MOPONOriYHMX 3MiH i peak-
TWBHOCTI KOMMOHEHTIB CMOMYYHOI TKAHUHW NereHb NpU eKCNEPUMEHTArbHIN ceHcmbinisauii anepreHamu.

Meta po6oTtu — 3'cyBatm MoOpdonoriYHi 0COBNMBOCTI KMITUH TiCTOreHHOro AUMGEpPOHY CNOMNYYHOT TKAHUHU NEreHb MOPCHKOI CBUHKM
nicns ceHcubinisauii oBanb6ymMiHOM.

Matepianu Ta meToaun. BUkopucToBYyOUYM MOPOMETPUYHIIA | FICTONOMYHWIA MeTOAM, AOCNIANMN COMYYHY TKaHUHY NnereHb 48 camuis
MOPCBKOI CBUHKM 3 eKCMepyMeHTanbHUM anepriyHuM 3anaseHHsM, 3MOAeNbOoBaHNM ceHcumbinidauieto Ta aepoaneprisauieto oBasib-
OymiHoM. BusHauanu cepeHto Kinbkicts ibpounTis, dibpobnactie Ha ymoBHY oauHuuto nnowi 5000 Mkm? Ta IXHE CMiBBIAHOLEHHS —
hibpobnacTHo-hibpoLMTapHI KoediLliEHT.

Pesynkratn. BcTaHOBUMM 3aKOHOMIPHICTb AMHAMIKM MOPAOMNOMiYHWUX 3MiH KMITUHHUX €IEMEHTIB CMOMyYHOI TKaHWHK nereHb. Excnepu-
MeHTanbHa ceHcubinisauis Ta iHransuiHa aneprisayis oBanb6yMiHOM NpU3BOAATL A0 CTATUCTUYHO 3HAYYLLOrO 30iNblIEHHS cepeaHboi
KinbkocTi chibpobnacTis i hibpoumTiB NPOTArOM YCiX TEPMIHIB CNOCTEPEXEHHS B YCiX EKCNEPUMEHTAIbHUX rpynax. [nHamika KniTuH Mae
Pi3HOCMPSIMOBaHMIA XapakTep, WO NiATBepAXXeHO NokasHukaMmu ibpobnactHo-ibpoumTapHoro KoedilieHTa, ski ceigyaTb Npo Auc-
NPOMOPLHICTb Y CiBBiAHOLWEHHI ibpobnacTtu/dibpounTin, NoKasyoTb TEHAEHLII0 40 PO3BUTKY (hiBpo3y Ta CKNepoTUYHKX NPOLECB Y
CMOIYYHili TKaHUHI NIereHb MOPCLKUX CBUHOK Mif Yac ekcrnepumeHTanbHoi ceHenbinisadlii oBans6ymiHOM.
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BucHoBku. Big 23 0o 44 nobv nicns noyaTky ekcrepumMeHTarnbHoi ceHembinisavii oBansbyMiHOM Y TEreHsiX MOPCbKUX CBUHOK MOPIBHSHO
3 KOHTPOIEM CnocTepirany nocTynose 36inbLUeHHs cepeaHbOi KinbKOCTi ibpoLuTiB, ane 3MeHLLIEHHS cepeaHbOi KinbkocTi hibpobnacTis.
PisHoCnpsiMoBaHuWiA xapakTep y AUHaMIL KiNbKOCT KNiTUH CMOMYYHOT TKaHMHM NOKa3ye 3MEHLLEHHS Noka3Huka ibpobnacTHo-gibpoLy-
TapHoro koediuieHTa Big 1,37 + 0,03 B paHHbomy nepiogi Ao 0,82 + 0,03 B ni3HLOMY nepiofi PO3BUTKY anepriyHoro 3ananeHHs, Wwo
CBIOYMTb MPO TEHAEHL0 A0 PO3BUTKY (hiBpOo3y B CNOMYYHIN TKAHWHI NEreHb MOPChKOi CBUHKM.

Knto4oBi crnosa: Mopcbka CBWHKa, ibpounT, dibpobnacT, cnonyyHa TKaHWHa nereHb, ekcrepuMeHTarnbHe anepriyHe 3ananexHs,
0BanbOyMiH.
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Mopdhonormyeckme 0CoGEHHOCTH KNETOK TMCTOreHHOro AudhdhepoHa COeaUHUTENBHOMN TKaHN NErKNX
nocrne ceHCMOMnu3aLumm oBasnboyM1MHOM

C. C. Moriko, B. M. EBTyLueHko

AkTyanbHas npobnema coBpemMeHHoW Mopdonorin — Bonpoc 06 yCTaHOBNEHWUM psia 3akOHOMEPHOCTe MOPONOrvyeCcKMX 3MeHEHUN
1 pPeakTUBHOCTN KOMMOHEHTOB COEANHUTENBHOMN TKaHU NETKUX NPU AKCepUMeEHTanbHOM CeHCMbMnuaaumny annepreHamm.

Llenk paboTkl —ycTaHOBUTL MOPONOrMYeckne 0COOEHHOCTH KIIETOK FTMCTOreHHOTO AN hepoHa CoeaUHUTENBHO TKaHW NIENKMX MOPCKWX
CBWHOK Mocne ceHcnbunmsauum oansoyMUHOM.

Matepuansl u metozkl. /icnonb3ys MOPGOMETPUYECKUI N TUCTONOMMYECKWI METOABI, UCCMEeAoBanM COeaNHUTENbBHYIO TKaHb NErkux
48 caML0B MOPCKOW CBWHKM C 3KCMEPUMEHTanbHbIM annepriyeckuM BocraneHneM, CMOAENMpoBaHHbIM CeHCMBUNM3aLumen n aspoannep-
rusauueit osansbymmuHom. Onpeaensnu cpeaHee konuyecTso prnbpoumTos, hrubpodnacTos Ha yCroBHY0 eanHuLy nnolaam 5000 Mkm?
1 X COOTHOLLEHNe — hmbpobnacTHO-hnbpoLMTapHBIN KOIMAMULIMEHT.

PesynbraTthl. YcTaHoBNeHa 3aKOHOMEPHOCTb AMHAMMKN MOPONOTMYECKNX M3MEHEHWNIA KIIETOYHBIX 31IEMEHTOB COEANHUTENBHO TKaHN
NErknx. AKCnepuMeHTanbHas CeHCMbUNM3aLUms v MHransaLMoHHas annepriaums oBansbyMUHOM NPUBOASAT K CTATUCTUYECKN 3HAYUMOMY
YBENMYEHUI0 cpefHero konnyecTaa ombpobnacTos 1 pMBPOLIMTOB Ha MPOTSHKEHW BCEX CPOKOB HaBMIOAEHWS BO BCEX SKCIEpUMEHTarbHbIX
rpynnax. [iMHamuka KneTok NMeeT pasHOHaNpaBMeHHbI XxapakTep, KOTOPbI OTpaxatoT nokasatenu dubpobnactHo-dprubpoumnTapHoro
Ko3bhuumeHTa, CBUAETENLCTBYOLLME O AUCNIPONOPLMM B COOTHOLLEHUN hmbpobnacTbl/dubpounTsl 1 SBASIOLLMECS NOATBEPXKAEHNEM
TEHAEHUWN K pa3BuTuio ¢nbpo3a M CKNepoTUYECKUX MPOLIECCOB B COEANHUTENBHON TKaHW NETKUX MOPCKMX CBMHOK MpU 3KCMepuMeH-
TanbHOM CeHcnbunmusaumm oBanbbyM1MHOM.

BeiBogkl. C 23 no 44 cyTkv nocne Ha4Yana akCnepUMeHTarnbHON ceHcnbunmaaumm oBansbyMMHOM B NETKUX MOPCKMX CBUHOK MO CpaB-
HEHWIO C KOHTPOSIEM OTMEYEHO MOCTENEHHOE YBENMYEHNE CPEAHETO KomyecTBa (hMbpoLMTOB, HO YMEHbLLIEHWNE CPEeHEro KonnyecTea
ubpobnacTos. YMeHbLLIEHWE nokasaTens dubpobnactHo-ubpouuTapHoro kosdpduumerta ¢ 1,37 + 0,03 B paHHem nepuoge £o0
0,82 + 0,03 otpaxaeT pazHOHaNPaBMEHHbIN XapakTep B AMHAMUKE KONWYECTBA KINETOK COEAMHUTENBHOM TKaHW B NMO3QHEM nepuoge
pasBUTMS annepryeckoro BocnaneHusl, CBUAETENbCTBYET O TEHAEHLMM K pa3BuUTUO (hMbpo3a B COEAMHUTENBHOM TKaHW NETKX MOPCKMX
CBVHOK.

KntoueBLie crioBa: Mopckas cBWHKa, mbpoumt, hnbpobnact, coeanHuTenbHas TkaHb NErKUX, AKCMEPUMEHTanbLHOe annepruyeckoe
BOCnaneHue, oBanboyMuH.

AxTyanbHble Bonpockl hapMaLeBTUYECKOW U MeAULIMHCKON Haykm u npakTuku. 2021. T. 14, Ne 2(36). C. 220-225

The variety of connective tissue functions, such as
morphogenetic, reparative, biomechanical, metabolic
reflects a wide range of its morphological adaptive changes
in response to various factors, including allergenic ones
[1,2]. Airway hyperreactivity develops as a result of allergic
airway inflammation in case of experimental sensitization
with ovalbumin [3]. Asthma pathogenesis is represented
as a multiple process in which nonspecific and specific
immune and neuroendocrine points are involved. Interactions
between them lead to the development of asthma hallmarks —
inflammatory process and as its result —airway remodeling
[4-6]. A specific sign of connective tissue reaction in response
to the action of an allergen as a result of the development
of allergic inflammation is subepithelial fibrosis in airways
[7]. The thickened basal lamina of the airway epithelium
and the connective tissue of their respiratory mucosa
contain an increased number of collagens types I, III and
V, fibronectin and tenascin, which is a pathognomonic
point of allergic inflammation and is not observed in case

of other inflammatory diseases of the respiratory system
[7,8]. The appearance and accumulation of deposits from
glycosaminoglycans and collagen in the ground substance
of extracellular matrix of connective tissue is associated
with fibroblasts’ or myofibroblasts’ secretory function.
The latter originate from resident cells of pulmonary
connective tissue, such as fibroblasts and myocytes [8,9]. The
mechanisms of differentiation of fibroblasts and myocytes
into myofibroblasts, actively synthesized collagen types I, 11,
Vin case of allergic inflammation, are currently being actively
investigated by scientists [10,11]. However, morphological
changes in the cellular component of the connective tissue of
airways and lungs, experimentally sensitized, have not been
sufficiently studied in the chronobiological aspect.

Aim
To estimate morphological features of histogenic differon

cells in connective tissue of guinea pigs’ lungs after
sensitization with ovalbumin.
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Materials and research methods

The experiment was performed on 48 male guinea
pigs weighing 450-600 g, which were housed under
standard environmental conditions in the animal facility of
Zaporizhzhia State Medical University. All experimental
procedures and the animal care were carried out according
to ethical guidelines (Strasbourg, 1986; Kyiv, 2001).

Experimental model of allergic airway disease. Allergic
airway inflammation was induced as previously described
[12]. Guinea pigs received three subcutaneous injections and
eight inhalations with ovalbumin (OVA) (Sigma Aldrich,
USA). We use alum (10 mg/mL in saline) as an adjuvant
(AlumVax Hydroxide vaccine adjuvant, OZ Biosciences
France) with OVA injections to counteract tolerance.

Experimental design. We use six groups of guinea pigs in
the experimental protocol (8 guinea pigs each). Animals of
the first four groups with asthma model were euthanized with
an overdose of thiopental (50 mg/kg) on the 23%, 30%, 36
and 44" days of the experiment respectively; control guinea
pigs of group 5 were administered with equivalent amount
of saline; group 6 was intact. We subdivided the experiment
to the early (23", 30" days of the experiment) and late (36"
and 44" days of the experiment) periods of the pulmonary
allergic inflammatory process. Paraffin sections of guinea
pigs’ lungs were stained by the method of Mason to
estimate the number and distribution of collagen fibers,
alcyan blue with a critical concentration of MgCl, 0.2 M to
determine the dynamic of glycosaminoglycans distribution
and morphometric evaluation of histogenic differon cells
of connective tissue [13]. The sections were examined by
light microscope (Primo Star, Zeiss, Germany). We counted
the number of fibrocytes and fibroblasts per 5000 um? in 10
fields of lung strip in each animal and their fibroblast/fibrocyte
ratio coefficient. Fibroblasts and fibrocytes were identified
and differentiated by their morphological points at the light-
optical level. Fibroblasts are large polygonal cells up to 50
pm in size with rounded or oval euchromatic nucleus, have
processes. Fibrocytes are spindle-shaped cells with the large,
identical-shaped, dense nucleus, little volume of cytoplasm
and long processes.

Statistical analysis was performed using Microsoft
Excel and Statistica for Windows 13 (StatSoft Inc., Ne
JPZ8041382130ARCN10-J). Data were evaluated by
Shapiro—Wilk test and the Kolmogorov—Smirnov test. Values
are expressed as means M + m. Multiple comparisons
were made using the parametric Student’s t-test (P*) and
the nonparametric U-Whitney—Mann test (P**). The obtained
data were compared between the median and interquartile
range Me (Q,; Q,). P value of <0.05 was considered
significant.

Results

Morphological evaluation of guinea pigs’ lungs after
experimental sensitization with ovalbumin reveals reactive
morphological changes in the connective tissue of airways and
pulmonary interstitium. There is edema and disorganization

of collagen fibers and changes in the tinctorial properties of
the ground substance, such as more intensive metachromatic
staining, compared to the control group. Along with this,
we observe a reaction from the fibroblastic elements of
the connective tissue of lung. Some of the fibroblasts
increase in size, the cytoplasm acquires a more pronounced
basophilia. Some cells divide mitotically. In addition, in
case of ovalbumin sensitization, intense diffuse and focal
perivascular and peribronchial infiltration by lymphocytes
is observed (Fig 1).

Morphometric assessment of diffusely located histogenic
differon cells of connective tissue in lungs of intact group
guinea pigs has shown that their average number was as
follows: fibrocytes 6.50 £ 0.24, fibroblasts 7.50 £ 0.16,
fibroblast/fibrocyte coefficient 1.46 + 0.06. We have not
found statistically significant difference in the number of cells
between control and intact groups (P*/** > 0.05), indicated
that the procedure has not influenced changes in data content
from connective tissue cells. Therefore, we compare results
of'the experimental and control groups in further observation.

The number of fibrocytes and fibroblasts in the connective
tissue of guinea pigs’ lungs changes after sensitization and
inhalation with ovalbumin. Analysis of the average number of
fibrocytes in the early period of allergic inflammatory process
in the lungs reveals that their number increases statistically
significantly compared to the control group since the 23" day
after the experiment and is 9.5 + 0.09 in the field of view,
which is 1.7 times more than in the control group (Fig. 2).
We have declared a tendency to an increase in the number
of fibrocytes on the 30" day of the experiment in the 2™
experimental group. There is also a statistically significant
difference between the average number of fibrocytes in
animals of the control group and after sensitization with
ovalbumin, observed in the late period of the experiment
(36" and 44" days) in animals of 3 and 4" experimental
groups. Thus, on the 36" day after the start of the experiment,
the average number of fibrocytes is 12.88 + 0.15 in the field
of view, the coefficient of increase is 2, compared to the control
group. On the 44™ day of observation, the maximum value
of the average number of fibrocytes reaches 13.38 + 0.14
in the field of view. The maximum coefficient of increase
(2.3) is observed in the 4™ experimental group, compared to
the control group (Fig. 4).

Analyzing the number of connective tissue fibroblasts
in guinea pigs’ lungs in the early period of allergic
inflammation, we have found that their number increases
statistically significantly (P*/** < 0.05) from the 23" day of
the experiment (12.75 + 0.21 in the field of view), compared
to the control group (Fig. 3). The maximum coefficient of
increase in the average number of fibroblasts compared to
the control group is 1.8 and is observed on the 23" day of
the experiment in the 1% experimental group. Fibroblast/
fibrocyte coefficient is 1.37 £ 0.03 in the 1* experimental
group, which is slightly less than the same indicator in
the control group. We have reported the tendency to increase
of the number of fibroblasts on the 30" day of the experiment
in the 2" experimental group. The fibroblast-fibrocyte
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Fig. 1. Microscopic changes of connective tissue elements of the airways and pulmonary interstitium of guinea pigs after sensitization and challenging
with ovalbumin on the 30" (1a, 1b), 36" (1c), 44" (1d) days after the start of experiment. 1a, 1b: edema and disorganization of collagen fibers of
connective tissue in the bronchial wall (1a), uneven thickening of the subepithelial layer in terminal bronchiole (1b). 1c: more intensive metachromatic
staining of the ground substance of connective tissue in the bronchial wall; 1d: connective tissue cells in lung: 1 —fibroblast; 2 — fibrocyte; 3 —mast
cell; 4 —lymphocyte; 5 — macrophage; 6 — plasma cell. Staining: 1a, 1b — Mason staining; 1c, 1d — alcian blue. 1a, 1b, 1c x 400; 1d x1000.

coefficient in the 2™ experimental group is 1.30 + 0.04
(Fig. 4).

The statistically significant difference in the average
number of fibroblasts compared to similar indicators in
animals of the control group is also observed in the late
period of allergic inflammatory process in lung (36" and 44"
day after the start of the experiment) in animals of the 3%
and 4" experimental groups. On the 36" day after the start
of the experiment, the average number of fibroblasts ss
10.38 + 0.27 in the field of view, the magnification factor is
1.5, compared to the control group. The tendency to gradually
significant decrease of the number of fibroblasts is shown with
increasing experiment time. Fibroblast/fibrocyte coefficient
decreases statistically significantly in 1.8 times in the late
period of development of allergic inflammatory process in
lung, compared to the similar indicator in the control group.

Discussion

Thus, our study determines the pattern of dynamics
of morphological changes in the cellular elements of

the respiratory connective tissue. Experimental sensitization
and challenging with ovalbumin leads to a statistically
significant increase in the average number of fibroblasts
and fibrocytes during all observation periods in all
experimental groups. The multidirectional nature of their
dynamics attracts attention. The maximum number of
fibroblasts occurs during the first period of pulmonary
allergic inflammation on the 23" day of observation, after
which there is a tendency to gradually reduce their content
to the 44" day of the experiment. In contrast to the dynamics
of fibroblasts, the average content of fibrocytes gradually
increases during the experiment, with the maximum
coefficient of increase on the 44" day. This multidirectional
nature of cell dynamics reflects the fibroblast/fibrocyte
coefficient, during the experiment, indicated a disproportion
in the fibroblast — fibrocyte ratio, especially in the late
period of allergic inflammation. The latter fact is a
confirmation of the tendency to the development of fibrosis
and sclerotic processes in connective tissue of guinea pigs’
lungs during experimental sensitization with ovalbumin.

ISSN 2306-8094
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Our morphological observation of guinea pigs’ lung
connective tissue cells in general confirmed with previous
studies. Previously reported persistently elevated number
of fibrocytes in bronchial mucosa is observed in chronically
undertreated or corticosteroid-resistant asthma and are
associated with persistent airway inflammation and
connective tissue remodeling of the bronchial wall [10].
The asthmatic bronchial epithelium is predominant source
of fibrocyte chemoattractants in asthma and contributes
with T helper type 2 lymphocytes and eosinophils to
promote the proliferation and remodeling function of
recruited fibrocytes. The presence of elevated numbers
of fibrocytes in the bronchial mucosa of allergic patients
may also increase the risk of acute exacerbations because
these cells can amplify T helper type 2 inflammation to
the clinically relevant allergen and can promote further
inflammation [4,14,15]. Several studies have revealed
subepithelial fibrosis, primarily mediated by submucosal
resident fibroblasts proliferated and differentiated into
myofibroblasts [9,10]. However, authors have shown
that oncostatin M-induced products of connective tissue
cells, such as monocyte chemoattractant protein 1 (MCP-
1), IL-6, and PGE2 can modulate macrophage function,
including the expression of oncostatin M produced by
macrophages and neutrophils, indicating feedback loops
characterized macrophage and connective tissue cell
interaction in extracellular matrix remodeling and allergic
inflammation [16]. Oncostatin M receptor (OSMR chains)
is expressed by pulmonary connective tissue fibroblasts and
bronchial smooth muscle cells. Scientists have associated
lung extracellular matrix hyperproduction with defective
epithelial — connective tissue crosstalk during allergic
inflammation, suggesting the aberrant activation of
the asthmatic epithelial-mesenchymal trophic unit (EMTU)
may lead to disease pathogenesis [14]. A similar trend has
been recently showed in studies of other scientists [9,17].

In conclusion, our results may become a part of
the foundation for the further investigation of morphological
basis of mechanisms of epithelial neuroendocrine —immune
interaction in the animal models of widespread diseases.

Conclusions

1. There is a gradual increase in the average number of
fibrocytes (respectively 9.50 + 0.09 in the 1% experimental
group to 13.38 + 0.14 in the 4" experimental group) and a
decrease in the average number of fibroblasts (12.75 + 0.21
in the 1* experimental group to 10.37 + 0.27 in the 4
experimental group) from the 23" to the 44" day after the start
of experimental sensitization with ovalbumin in guinea pigs’
lungs.

2. A decrease of the fibroblast/fibrocyte coefficient from
1.37 £ 0.03 in the early period to 0.82 + 0.03 reflects a
divergent nature in the dynamics of the number of connective
tissue cells in the late period of allergic inflammation, indicated
atendency of development of fibrosis in the connective tissue
of guinea pigs’ lungs.
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Fig. 2. Morphometric changes in the number of fibrocytes in
the connective tissue of guinea pigs’ lungs. *: P < 0.05 (Student’s
t-test); **: P < 0.05 (Whitney—Mann U-test) compared to the control,
Me (Q; Q,),M £ m(n = 8).
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Fig. 3. Morphometric changes in the number of fibroblasts in
the connective tissue of guinea pigs’ lungs.

*: P < 0.05 (Student's t-test); **: P < 0.05 (Whitney—Mann U-test),
compared to the control, Me (Q,; Q,),M = m(n = 8).
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Fig. 4. Dynamics of fibroblast/fibrocyte coefficient.
*: P < 0.05 (Student’s t-test); **: P < 0.05 (Whitney—-Mann U-test)
comparing to the control group, Me (Q;; Q,),M + m (n = 8).
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Prospects for further research. We are planning to study
the components of ground substance of extracellular matrix
and ultramicroscopic changes in the connective tissue cells
of guinea pigs’ lung in case of experimental sensitization
with ovalbumin.
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MeAVLIMHCKI YHUBEPCUTET, YkpanHa.
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