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ABSNRACT. Background. There is a progressive increase of respiratory allergic diseases nowadays in the world, made it
necessary to study the participation of the components of the immune system in these processes. From the point of view of
modern aspects about the organs of the immune system, interesting are the patterns of morphogenesis and function of bron-
chus associated lymphoid tissue, occupied a special place in the immunological protection of the body due to the large area of
contact with various antigens. Morphogenesis and reactive changes in the local immunity in respiratory system in conditions
of allergic inflammation remain urgent issue of modern morphology. Objective. To study the changes in diffuse lymphoid
tissue of bronchi and lungs of guinea pigs sensitized with ovalbumin. Methods. We have studied the lung of 48 guinea pigs,
using histological, immunohistochemical, morphometric, statistical methods, under conditions of experimental ovalbumin-
induced allergic inflammation, assessed the average number of lymphocytes, macrophages and plasma cells in the diffuse
lymphoid tissue. Results. The average number of lymphocytes in diffuse lymphoid tissue of bronchi and lungs increased
from the 23rd day of observation and remained at a high level until the end of the experiment, the maximum was during the
early period of the development of allergic inflammation, the increasing coefficient was 4.7. The average number of plasma
cells also acquired maximum elevation in the early period of allergic process, the increasing coefficient was 2.0. The most
significant average number of macrophages was on the 23rd day of observation with same increasing coefficient. Among all
types of immunocompetent cells of diffuse lymphoid tissue in bronchi and lungs, T-lymphocytes prevailed during the exper-
iment elevated almost by 5 times. Conclusions. In the early period of development of experimental ovalbumin-induced aller-
gic inflammation, the specific resistance of the respiratory system manifests itself in the form of activation of local links of
cellular and humoral adaptive immunity, as evidenced by the dynamics of changes in the average number of lymphocytes
(the maximum increasing coefficient 4.7 in the 1st experimental group), macrophages and plasma cells (maximum increasing
coefficient 2.0 in the 1st experimental group) of diffuse lymphoid tissue of bronchi and lungs of guinea pigs.

Key words: diffuse lymphoid tissue, lung, ovalbumin, allergic inflammation, guinea pig.

Citation:

Popko SS, Yevtushenko VM. Dynamics of quantitative changes of diffuse lymphoid tissue cells of bronchi and
lungs of guinea pigs sensitized with ovalbumin. Morphologia. 2021;15(2):53-8.

DOI: https://doi.org/10.26641/1997-9665.2021.2.53-58

Popko S.S. 0000-0002-5533-4556
X kluchkosv@gmail.com
© Dnipro State Medical University, «Morphologia»

Background

There is a progressive increase in inflammatory
and allergic diseases of the respiratory system now-
adays in the world, made it necessary to study the
participation of immune system components in these
processes [1]. The high frequency of allergic reac-
tions of the respiratory tract in adults and children is
associated with insufficiency of the barrier function
of the respiratory tract and lungs, caused by morpho-
logical and functional immaturity [2, 3]. From the
point of view of modern ideas about immune system

organs, interesting are patterns of morphogenesis
and function of bronchus associated lymphoid tissue.
It is not abundant among all organs of peripheral
immune system, but occupies a special place in the
immunological protection of the body due to the
large area of contact with various antigens [4, 5]. In
studies devoted to the investigation of the local im-
munity of the respiratory system in condition of al-
lergic inflammatory process, scientists mainly pay
attention to the issues of its immunological manifes-
tations [6]. At the same time, morphogenesis and
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reactive changes in the structures involved in the
formation of local immunity of the respiratory or-
gans in condition of allergic inflammation are pre-
sented in a generalized manner and insufficiently
fully substantiated by the data of specific studies.

Therefore, the objective of our work is to de-
termine the changes that occur in the diffuse lym-
phoid tissue of the bronchi and lungs of guinea pigs
sensitized with ovalbumin.

Materials and methods

The object of the experimental study was lung,
removed from 48 sexually mature male guinea pigs
weighing 450 - 600 g, which were kept in standard
conditions of the vivarium of the Zaporizhzhya State
Medical University. All manipulations were carried
out in compliance with the basic principles of work-
ing with experimental animals in accordance with
the provisions of the European Convention for the
Protection of Vertebrate Animals used for Experi-
mental and Other Scientific Purposes (Strasbourg,
1986), the General Ethical Principles for Animal
Experiments adopted by the First National Congress
on Bioethics (Kiev, 2001), the Law of Ukraine "On
the protection of animals from cruelty” (from
21.02.2006).

Allergic airway inflammation induced by sub-
cutaneous sensitization and followed challenging by
intranasal inhalation with ovalbumin (OVA) (Sigma
Aldrich, USA) [7]. Guinea pigs were sensitized by
subcutaneous injections into the interscapular region
of ovalbumin (0,5 mg/mL) with alum (10 mg/mL in
saline) as an adjuvant (AlumVax Hydroxide vaccine
adjuvant, OZ Biosciences France) on days 0, 7 and
14. From 21 to 28 days 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 International, Singapore, LD-211C)
coupled to a plastic box. The animals divided into 6
groups (8 animals in each group). The first four
groups are animals sensitized and challenged OVA,
withdrawn from the experiment, respectively, on the
23rd, 30th, 36th and 44th days after its start; 5 - con-
trol group, received injections and challenged with
saline only; 6 - intact group. For the purpose of ra-
tional demonstration of the obtained data and their
interpretation, we conditionally distinguish the early
(23rd, 30th days of the experiment) and late (36th
and 44th days after the start of the experiment) peri-
ods of the development of allergic inflammatory
process in lung. The animals were withdrawn from
the experiment by an overdose of thiopental anesthe-
sia (50 mg/kg) according to the established terms
(23rd, 30th, 36th and 44th days of the experiment).

Histological sections stained with hematoxylin-
eosin. To set up immunohistochemical reactions, we
used monoclonal antibodies Mo a-Hu CD68 Anti-
gen, Clone PG-M1 (DAKO, Denmark) - to deter-
mine macrophages, Mo a-Hu CD3 Antigen, Clone
SP7 (DAKO, Denmark) - to determine T - lympho-
cytes. The sections were viewed and photographed
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by the binocular light microscope (Primo Star, Zeiss,
Germany). We evaluate the average number of lym-
phocytes, macrophages and plasma cells of diffuse
lymphoid tissue of bronchi and lung per 5000 pm?.

The research results were processed by modern
statistical methods of analysis on a personal comput-
er using the standard software package Microsoft
Office 2010 (Microsoft Excel) and STATISTICA®
for Windows 6.0 (StatSoft Inc., USA, license 46 No.
AXXR712D833214FANS5). The matplotlib library
(BSD License) for moving Python programs used
for the visualization of the represented data. We use
the Shapiro-Wilk test and the Kolmogorov-Smirnov
test of consistency testing the hypothesis about the
normal distribution of the studied parameters. We
use the Kolmogorov - Smirnov homogeneity criteri-
on testing the hypothesis that two independent sam-
ples belong to the same distribution law. Values rep-
resent the mean (M) and standard deviation of the
mean (£ SD). The statistical significance of inter-
group differences according to the obtained data
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). Differ-
ences between the compared values at the level of
95% (p <0.05) were considered statistically signifi-
cant.

Results and discussion

The lymphoid component in guinea pigs lung is
represented by diffuse lymphoid tissue in the pul-
monary interstitium (fig. 1b) and lymphoid nodules
in adventitial layer of intrapulmonary bronchi and
blood vessels (fig. 1a). Among immunocompetent
cells in the composition of diffuse lymphoid tissue
are determined small, medium and large lympho-
cytes, plasma cells, macrophages (fig. 1c). Single
plasma cells are found subepithelially, in loose fi-
brous connective tissue of respiratory mucosa of
bronchi, nearby secretory units of serous-mucous
bronchial glands and in pulmonary interstitium
nearby blood vessels (fig. 1c). Most often CD3 posi-
tive lymphocytes are detected in pulmonary interstit-
ium and interalveolar septa (fig. 1d). CD68 positive
activated macrophages in most cases are detected in
interalveolar septa of pulmonary acinus and in pul-
monary interstitium.

In the intact group, the average number of lym-
phocytes is 3.75 + 0.90, plasma cells - 1.88 = 0.35,
macrophages - 7.38 + 0.62 in the field of view . In
the control group, the analysis of quantitative indica-
tors and localization of cells of diffuse lymphoid
tissue of the bronchi and lungs of guinea pigs found
that there is no statistically significant difference
between animals of intact and control groups, which
indicates that the procedure does not affect changes
in number and distribution of immunocompetent
cells. In the dynamics of the development of oval-
bumin-induced allergic inflammation of the respira-
tory tract, we showed quantitative changes of immu-
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nocompetent cells in diffuse lymphoid tissue of

bronchi and lungs of guinea pigs (table 1).

Fig. 1. Microscopic changes of bronchus associated lymphoid tissue and diffuse lymphoid tissue in guinea pigs lung after
OVA-sensitization on the 30rd (1a), 36th (1b), 44th (1c, 1d) days of the experiment. 1a — increase of the number of peribronchial
and perivascular lymphoid nodules; 1b - lymphocytic infiltration of pulmonary interstitium; 1c — immunocompetent cells of diffuse
lymphoid tissue: 1 — lymphocyte; 2 — plasma cell; 3 — alveolar macrophage; 4 — lumen of pulmonary alveolus; 1d — elevation of
the number of activated CD3 positive lymphocytes in pulmonary interstitium. Staining: 1a; 1b, 1c - G. and E. 1d - Immunohisto-
chemical reaction with Mo a-Hu CD3 Antigen, Clone SP7. 1a - x100, 1b - x400; 1c, 1d - x1000.

Table 1

Morphometric changes in the average number of diffuse connective tissue cells per 5000 um? of guinea pigs lung

sensitized with ovalbumin

Group Lymphocytes
16.5+1.60""

11.75+1.83""
9.75+1.03""

8.25+0.88
3.50+0.76
3.75+0.90

*[rx

o0k WN B

Plasma cells

* [

3.88+0.30
3.50+0.71
1.75+0.31
1.88+0.40
1.88+0.30
1.88+0.35

*k

Macrophages
12.88+0.85 "
12.62+1.15
10.88+0.67 "
9.12+0.85"
6.62+0.98
7.3840.62

*[rx

Note. * - p <0.05 (Student's t-test); ** - p <0.05 (Whitney-Mann U-test) compared to the control group. M + SD.

The average number of lymphocytes increased
statistically significantly from the 23rd to the 44th
day of the experiment in animals of all experimental
groups. Increasing coefficients of average indicators

of lymphocytes number at animals of experimental
groups are high (in the 1st group - 4,7; 2nd - 3,4; 3rd
- 2,8; 4th - 2,4), with the maximum increase almost
by 5 times on the 23rd day of the experiment in ani-
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mals of the 1st experimental group, compared to the
control group of animals. The increase in the number
of lymphocytes in diffuse lymphoid tissue of bronchi
and lungs occurs due to migration from blood ves-
sels and due to proliferation in lymphoid nodules. 80
- 90% of all lymphocytes of diffuse lymphoid tissue
of the bronchi and lungs belong to CD3 positive T-
lymphocytes. The average number of plasma cells of
diffuse lymphoid tissue of the bronchi and lungs
increased statistically significantly during the early
period of development of ovalbumin-induced aller-
gic inflammation in animals of the 1st and 2nd ex-
perimental groups. The maximum increase in the
number of plasma cells in 2 times is showed on the
23rd day of observation, compared to the control
group. The average number of macrophages doubles
from the 23rd day and remains high until the 36th
day of observation, compared to the control group
(table 1).

Thus, the average number of lymphocytes in
diffuse lymphoid tissue of the bronchi and lungs
increased from the 23rd day of observation and re-
mained high until the end of the experiment, and the
maximum was during the early period of allergic
inflammation, their increasing coefficient was 4.7.
The average number of plasma cells also gained
maximum increase during the early observation pe-
riod and the increasing coefficient was 2.0. The av-
erage number of macrophages was maximum on the
23rd day of observation. Among all types of immu-
nocompetent cells of diffuse lymphoid tissue of
bronchi and lungs during the experiment, lympho-
cytes underwent a maximum increase of almost 5
times. The dynamics of quantitative changes of im-
munocompetent cells of diffuse lymphoid tissue of
bronchi and guinea pig lungs shows a more active
course of inflammatory alternative process in the
respiratory tract and pulmonary interstitium in early
stages of experiment in conditions of OVA-
sensitization and challenge. Our results are con-
firmed by other scientific studies, showed morpho-
logical changes in diffuse lymphoid tissue of the
bronchi and lungs of mice, rats and guinea pigs in

case of allergic inflammatory process [8-10].

The mechanism of morphological changes in
diffuse lymphoid tissue represented the reactivity
and interaction of cells of nonspecific immune de-
fense, primarily cells of epithelial cells of respiratory
mucosa, such as bronchiolar exocrinocytes and pul-
monary neuroendocrine cells, as well as innate lym-
phoid cells type 2, which in agreement with other
researchers [11-14]. Their interaction under the in-
fluence of the allergen causes the activation of im-
munocompetent cells of the adaptive link of local
humoral immunity, which ends with the synthesis of
IgE, accumulated subsequently on the plasmalemma
of mast cells, initiating their repeated degranulation
upon repeated exposure to the allergen.

Conclusion

In the early period of the development of exper-
imental ovalbumin-induced allergic inflammation
(23rd and 44th day of the experiment) specific re-
sistance of the respiratory system is manifested in
the form of activation of local cellular and humoral
adaptive immunity, as evidenced by the dynamics of
changes in the average number of lymphocytes
(maximum increasing coefficient 4.7 in the 1st ex-
perimental group), macrophages and plasma cells
(maximum increasing coefficient 2.0 in the 1st ex-
perimental group) in diffuse lymphoid tissue of
guinea pigs bronchi and lungs.

Prospects for further research

We are planning to study the electron micro-
scopic changes of immunocompetent cells of bron-
chus associated lymphoid tissue in conditions of
experimental ovalbumin-induced allergic inflamma-
tion.
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Ionko C.C., €pTymienko B.M. /Iunamika KiJbkicHHX 3MiH KIiTHH Audy3HoI JiM(oiqHOI TKAaHMHHU
OpoOHXIB i JiereHb MOPCHKUX CBUHOK, CEHCUO0iTi30BaHUX 0BAIbOYMiHOM.

PE®EPAT. AkryanabHictb. Ha ChOTOAHIMIHIA €Hh Y CBITI CIIOCTEPIraeThCS MPOTPECHBHE 3POCTaHHS
ANEePTIYHAX 3aXBOPIOBaHb OPTaHIB AWXAJIbHOI CHCTEMH, IO OOYMOBIIOE HEOOXiMHICTH IOCITIMKEHHS YYacTi
KOMITOHEHTIB IMyHHOI CHCTEMH B LIMX MpoLecax. 3 MOMIAY Ha Cy4acH] YSBICHHS PO OPraHH IMyHHOI CHCTEMHU
0COOBHIA iHTEpeC BUKIMKAIOTH 3aKOHOMIPHOCTI MopdoreHe3y i pyHKIiT 1iMpOiTHOI TKaHUHH, aCOLiHOBaHOT 3
OpoHxaMmu, sIKa 3aiiMae 0cOOJHBE MicIle B IMyHOJOTI9HOMY 3aXHCTi OpTaHi3My 3aBISKH BEIUKIiH IOl KOHTaK-
Ty 3 Pi3HOMa@HITHUMH aHTHreHamH. MopdoreHe3 Ta peakTHBHI 3MiHH MICLEBOIO IMYHITETY OpraHIiB AMXaHHS
NpYU aJepridvHoOMY 3alajeHH] 3aJIMIIAI0ThCA aKTYaJIbHUM MUTAHHIM cydacHol Mopdoorii. MeTa - BU3HaYCHHS
3MiH, sIKi BiOyBaroTbcsl B quy3Hii niMQpOiaHii TKaHMHI OPOHXIB 1 JEreHb MOPCHKHX CBUHOK, CEHCHOLTi30Ba-
HUX oBanbOymiHOM. MeToau. ['icToyoriyHMM, IMYHOTiCTOXIMIYHUM, MOP(OMETPUYHUM, CTATUCTHYHUM METO-
JlaMU JIOCIIJDKYBAJIM CEpelHIO KUIBKICTh JiM(OLUTIB, MakpodariB Ta Ia3MOLUTIB y ckiaal audy3Hol JiiM-
¢oinHoi TkaHMHI OPOHXIB 1 JlereHb camiiB 48 MOPCHKMX CBHHOK IIICIHS iHILIAIIT eKCIIEpUMEHTAIbHOTO OBallb-
OyMiH-IHIYKOBAaHOTO JIEPTIYHOTO 3alaJicHHs TUXaTbHUX NUBIXiB. Pe3yiabTaTn. CepenHs KiIbKICTh TIM(pOIUTIB
mudy3Ho1 TiMpoinHOT TKaHUHHM OPOHXIB 1 JeTeHb 30iUTbITyBatacs 3 23-01 JOOH CIIOCTEPEKEHHS 1 TpUManacs Ha
BHCOKOMY PiBHI JI0 KiHI[SI EKCIIEPUMEHTA, 3 MAKCUMAIBbHOIO OyJia IPOTATOM PaHHBOTO MEPIOAy PO3BUTKY anep-
TIYHOTO 3amajCHHS, KOeQIIieHT iX 30imbIIeHHs cTaHoBuB 4,7. CepenHs KiIbKICTh MIa3MOLUTIB MaKCHMAaIHHOTO
30UTBIIeHHsT Ha0yBajda TaKOX IPOTATOM PaHHIX CTPOKIB CIIOCTEPEKEHHS 1 KOS(iIi€eHT 30UIBIICHHS CTaHOBHB
2,0. CepemHs KiTbKiCTh MakpodariB MakcuManbHOIO Oyina Ha 23-Tio M00y CHOCTEpEeKEHHS 3 aHAIOTIYHUM
koediienToM 30uUtbieHHs. Cepel BCIX BHJIIB IMYHOKOMIIETEHTHUX KIITHH AU(y3HOI JNiM(OinHOI TKaHWHH
OpOHXIB 1 JIereHb Il Yac EKCIePUMEHTY MaKCUMaJbHOrO 30UIbLICHHS Maibke y 5 pasiB 3a3nHaBamu T-
mimpouutu. Ilincymok. Y paHHiil nepioll pO3BUTKY €KCIEPHUMEHTAILHOIO OBAJILOYMiH-IHAYKOBAHOTO ajepriu-
HOTO 3alajieHHs creuu(iyHa pe3uCTeHTHICTh JUXalbHOI CHCTEMH IMPOSBIISETHCS Y BUIUISAAl aKTHBALil JIOKAJb-
HHX JIAHOK KJIITHHHOTO Ta T'yMOPaJbHOTO aJalTHBHOTO IMYHITETY, PO 10 CBIIYMTH JAWHAMIKA 3MiH CEPEAHBOT
KUTBKOCTI JIIMQOIHUTIB (MaKCHUMABHUHN KoedilieHT 30imbIneHHs 4.7 B 1-iif eKCIIepIMEHTaNBHIN Ipyi), MaKpo-
(hariB Ta TuIA3MONHKTIB (MakcUManbHUH KoedinieHT 30inpmenHs 2.0 B 1-iif ekCIepUMeHTANBHIH TPyII) Tudy3HOT
TMiMQOinHOT TKaHWHU OPOHXIB 1 JIeTeéHh MOPCHKOT CBHHKH.

KuarouoBi cnoBa: mudysHa mimdoingHa TkaHWHA, JIETCHS, OBaNbOYMiH, allepridyHe 3amalieHHS, MOPCHKa
CBHHKA.

Honko C.C., EBTymienko B.M. /luHaMuka KOJIMYeCTBEHHbIX M3MeHeHMIl KiaeTok Auddy3Hoil aum-
(ounHoii TKAHU OPOHXOB M JIETKMX MOPCKHX CBHHOK, CCHCHOMJIU3HPOBAHHBIX 0BATbOYMUHOM.

PE®EPAT AxrtyajabHocTh. Ha cerogasamamii e B MUpe HaOII0AaeTCsl IPOTPECCUBHBIN POCT aJuIepru-
YeCKUX 3a00JIeBaHUI OPraHOB JIBIXaTEIbHON CHCTEMBI, YTO 00YCIOBIMBAET HEOOXOAUMOCTD UCCIIEIOBAHHS yua-
CTHS KOMIIOHEHTOB MMMYHHOH CHCTEMBI B 3THX Hporeccax. C TOYKH 3peHHs] COBPEMEHHBIX IPEACTaBICHUI 00
OpraHax UMMYHHOH CHCTEMBI OCOOBIH MHTEPEC BBI3BIBAIOT 3aKOHOMEPHOCTH MopdoreHe3a u GyHKIMN UM O-
WJTHON TKaHH, aCCOLMMPOBAHHON ¢ OPOHXAaMH, KOTOpasi 3aHMMAaeT 0C000€ MECTO B MMMYHOJIOTHYECKOM 3all[1Te
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opraHu3Ma Ojarozapsi OOJIBIION IUIOMIAAN KOHTaKTa C Pa3IHMYHbBIMU aHTUTeHaMHu. MopdoreHes U peakTUBHbIC
W3MEHEHHSI MECTHOTO HMMYHHTETA OPTaHOB JIBIXaHUS IPH AJUIEPTHYECKOM BOCHAJICHUH OCTAIOTCS aKTyalbHBIM
BOIpocoM coBpeMeHHOH Mopdosioruu. Lleanb - onpeneneHre U3MEHEHHA, KOTOPhIE MMPOUCXOAT B TG DY3HOM
TMGOUAHON TKaHM OPOHXOB M JIETKMX MOPCKHX CBHHOK, CEHCHOWMJIN3MPOBAHHBIX OBaJILOyMHHOM. MeToabl.
I'ucTonormuecknM, IMMYHOTHCTOXHMHYECKUM, MOP()OMETPHIECKUM, CTATHCTHYECKUM METOAAMH HCCIIEI0BAIIH
cpeqHee KOIUYECTBO JIMM(OUUTOB, MaKpo(aroB M IDIa3MOIUTOB B cocTaBe AUPGy3HOH TUMPOUTHON TKAHU
OpPOHXOB U JIETKHUX caMIIOB 48 MOPCKHX CBHHOK I10CJI€ HHUIIUALIUH SKCIIEPUMEHTAILHOTO OBAJIbOYMUH- MH/IyLIH-
POBaHHOTO AJUIEPIHYECKOTO BOCIIAJICHUS AbIXaTeNbHBIX MyTed. PesyabTaThl. CpenHee KoaM4ecTBO JUMQoOIH-
TOB 1 dy3HOH TMMGPOUTHON TKaHH OPOHXOB M JIETKUX YBEIHMYMBAJIOCH C 23-UX CYTOK HaOJIIOJICHUS U JiepKa-
Jlach Ha BHICOKOM YPOBHE JI0 KOHIIA DKCIIEPUMEHTa, @ MAKCUMAaJIbHBIM OBIJIO B TEYEHUE PAHHETO MepHo/ia Pa3BH-
TSI AJJIEPTUYECKOT0 BOCTaieHus, kod(duuuneHt ysenuuenus 4,7. CpeaHee KOJINYECTBO IIa3MOLUTOB MAaKCH-
MaJIbHOTO YBEJIMYHMBAJIOCHh TaKXe B paHHHME CpOKH HaOmoneHus ¢ koaddunmenrom ysenudenus 2,0. Cpennee
KOJIMYECTBO Makpo(aroB ObLT0O MaKCHMAaJbHBIM Ha 23-¢ CYTKH HAONIOACHUS C aHAIOTHYHBIM K03(HuIreHTOM
yBenmueHus. Cpenu BceX BHAOB HMMYHOKOMITETCHTHBIX KJIETOK TU(PQy3HOH mrMpougHONH TKaHH OpPOHXOB U
JETKUX BO BPEMsI SKCIICpUMEHTa HamOoJee BBIpaKCHHAS PEakiys HaOII0Janach cO CTOPOHBI T-muMQOIHTOB.
3akJroueHue. B paHHUil nmeprnon pa3BUTHS 3KCIIEPUMEHTAIBHOTO OBATbOYMHUH-UHIYIIHPOBAHHOTO aJIeprude-
CKOTO BOCTIAJICHHA CIeHu(UIecKasl pe3UCTEHTHOCTh JbIXaTeIbHOW CHCTEMBI IPOSIBIACTCA B BHIC AKTHBALUH
JIOKAJIbHBIX 3BEHBEB KJIETOYHOTO U TYMOPAJIBHOTO aJallTHBHOTO IMMYHHTETa, O YEM CBUACTEIHCTBYET ANHAMH-
Ka M3MCHCHHI CPEIHEro KOJIMYECTBA JIMM(OIMTOB (MaKCHUMANBHBIA KOA(PGHUIIMEHT yBeauueHus 4.7 B MEpBOi
SKCIEPUMEHTAILHOW TpyIire), Makpo(aroB M IIIa3MOIMTOB (MaKCHUMAIbHBIA KO3 QuimeHT yBenudenus 2.0 B
MEepBOM IKCIEPUMEHTAIBHOH rpymne) 1uddy3Hoi TMM(OUIHON TKAaHU OPOHXOB M JIETKUX MOPCKOM CBHHKH.

KaroueBbie cinoBa: nuddysHas nmumdonHas TKaHb, JIErKoe, OBAILOYMUH, aJUIEPrHYECKOEe BOCHAJICHUE,
MOpCKasi CBUHKA.
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