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MORPHOLOGICAL CHARACTERISTICS OF GUINEA PIGS BRONCHUS
ASSOCIATED LYMPHOID TISSUE IN THE DYNAMICS OF EXPERIMENTAL
OVALBUMIN-INDUCED ALLERGIC INFLAMMATION

©S. S. Popko
Zaporizhzhia State Medical University

SUMMARY. The actual problem of modern medicine is the reaction of Bronchus associated lymphoid tissue in
airways chronic allergic diseases, because the full functioning of the respiratory system depends on the state of its local
immune system.

The aim - to study morphological changes in Bronchus associated lymphoid tissue of guinea pigs in the dynamics of
experimental ovalbumin-induced allergic inflammation.

Material and Methods. We have studied the lung of 48 guinea pigs, using histological and morphometric methods,
under conditions of experimental ovalbumin-induced allergic inflammation. To assess the structural and functional
rearrangement of pulmonary lymphoid nodules, their diameter and number were determined.

Results. We have shown that sensitization and allergization with ovalbumin leads to a significant structural and
functional rearrangement of Bronchus associated lymphoid tissue of guinea pigs in the form of the elevation in their
number and diameter. We found more pronounced morphological changes in the late period of development of allergic
inflammation in peribronchial lymphoid nodules, confirmed by the maximum magnification factor — 2.6 (p7<0.001) of
the diameter of peribronchial lymphoid nodules in the 4th experimental group compared to the control.

Conclusions. Sensitization and inhalation with ovalbumin leads to structural reorganization of Bronchus associated
lymphoid tissue of guinea pigs in the form of the elevation in their number and diameter, had the unidirectional staged
character depending on localization of lymphoid nodules and the duration of the experiment and claimed proliferative
changes in the cellular adaptive link of local lung immunity of guinea pigs in late period of allergic inflammatory process.
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Introduction. The organs of the immune system
consist of lymphoid tissue, which is the "working"
parenchyma of the organs of immunogenesis, can be
diffuse and in the form of Mucosa associated lym-
phoid tissue and defends the constant state of the
internal environment of the body throughout the
life of the individual [1-3]. The cellular component
of Bronchus associated lymphoid tissue is represent-
ed by immunocompetent cells: first of all, small lym-
phocytes, as well as plasma cells, included in the im-
mune process, ensure the recognition and destruc-
tion of inhaled foreign substances carried signs of
genetically foreign information by T- and B-lympho-
cytes, which function together and with the partici-
pation of macrophages provide immune response in
the body [4-7]. Proceeding from the importance of
Bronchus associated lymphoid tissue, there is a need
for a detailed study of it in the dynamics of allergic
inflammatory process, it is of current importance for
the search for new methods of its correction.

The aim of this work is to study morphological
changes in Bronchus associated lymphoid tissue of
guinea pigs in the dynamics of experimental ovalbu-
min-induced allergic inflammation.

Materials and Methods. The object of the ex-
perimental study was lung, removed from 48 sexu-
ally mature male guinea pigs weighing 450-600 g,
which were kept in standard conditions of Zapo-
rizhzhya State Medical University vivarium. All ma-

nipulations were carried out in compliance with the
basic principles of working with experimental ani-
mals in accordance with the provisions of the Euro-
pean 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 Bioethics (Kiev, 2001),
the Law of Ukraine "On the protection of animals
from cruelty" (From 21.02.2006).

Allergic airway inflammation induced by subcu-
taneous sensitization and followed challenging by
intranasal inhalation with ovalbumin (OVA) (Sigma
Aldrich, USA). Guinea pigs were actively sensitized
by subcutaneous injections into the interscapular re-
gion 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 Doc-
tor International, Singapore, LD-211C) coupled to a
plastic box. We divided animals into 6 groups (8 ani-
mals per 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 - control group, re-
ceived injections and challenged with saline only; 6 -
intact group. For the purpose of rational presenta-
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tion 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) periods of the de-
velopment of allergic inflammatory process in lung.
Histological sections were stained by hematoxylin-
eosin, viewed and photographed by the compound
binocular light microscope (Primo Star, Zeiss, Ger-
many). To assess the structural and functional rear-
rangement of pulmonary lymphoid nodules, their
diameter and number per 1 mm? of section were de-
termined.

The research results were processed by modern
statistical methods of analysis on a personal com-
puter using the standard software package Micro-
soft Office 2010 (Microsoft Excel) and STATISTICA®
for Windows 6.0 (StatSoft Inc., USA, license 46 No.
AXXR712D833214FANS5). We use the Shapiro-Wilk
test and the Kolmogorov-Smirnov test of consisten-
cy testing the hypothesis about the normal distribu-
tion of the studied parameters. We use the Kol-
mogorov — Smirnov homogeneity criterion testing
the hypothesis that two independent samples be-

long to the same distribution law. The mean (M) and
deviation of the mean (xm) were evaluated. The sta-
tistical significance of intergroup differences ac-
cording to the data obtained was established using
the parametric Student&apos;s t-test (p*) and the
nonparametric U-Whitney-Mann test (p**). The ob-
tained data were compared between the median
and interquartile range Me (Q1; Q3). Differences be-
tween the compared values at the level of 95 %
(p<0.05) considered statistically significant.

Results and Discussion. We have shown that
the lymphoid nodules represented guinea pigs’
Bronchus associated lymphoid tissue have an oval,
round or triangular shape and diameter varied from
80 to 220 pm, located in the wall of the bronchi of
different caliber, perivascular or subpleural. Some
lymphoid formations have a well-defined connective
tissue capsule according to results of the histologi-
cal analysis. Blood vessels and fibroblasts are found
between lymphoid cells in the lymphoid nodules. We
identified lymphocytes, plasma cells and macro-
phages among immunocompetent cells in lymphoid
nodules (fig. 1).

Fig. 1. Lymphoid nodules in guinea pigs’ lung on the 30th (3, d), 44th days (b, c) after the start of the experiment.
a - lymphoid nodule in the wall of small bronchus, perivascular lymphoid nodules; b - lymphoid nodule in the wall of
cartilaginous bronchus. c — subpleural perivascular lymphoid nodules. d - cellular composition of the lymphoid nodule:
1-lymphocyte; 2 — macrophage; 3 — plasmablasts; 4 - plasma cells; 5 - fibroblasts. Stain H. and E. 1a, 1b, 1c- x 100; 1d - x

1000.
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There is a tendency to an increase in average
number and diameter of lymphoid nodules in the dy-
namics of experimental ovalbumin-induced allergic
inflammation. There was no statistically significant
difference between the indices of the number and
diameter of perivascular and peribronchial lymphoid
nodules in animals of the intact and control groups,
indicated that the experiment procedure itself does
not affect changesin their morphometric parameters.
There is a statistically significant difference between
the diameters of lymphoid nodules in the control and
experimental groups already in the early period of de-
velopment of allergic inflammation: peribronchial —
from the 23rd day, perivascular - from the 30th day of
observation. In the 2nd experimental group the aver-

age diameter of perivascular lymphoid nodules of
guinea pigs’' lung was 143.10+3.22 pm, which is statis-
tically significantly more by 1.6 times (p”/~<0.01) than
in the control group. In the late period of the develop-
ment of allergic inflammation in guinea pigs’ lung a
statistically significant increase by 1,7 times (p~<0.01)
in the diameter of perivascular lymphoid nodules
compared with the control appeared in the 3rd ex-
perimental group on the 36th day of observation —
150.08%3.92 um. On the 44th day of observation, the
average diameter of perivascular lymphoid nodules
was 202.20£3.86 um, which is statistically significant-
ly more by 2.3 times (p/**<0.001) than the same indi-
cator in the control group, by 1.7 times (p”/~<0.01)
compared to the 1st experimental group (table).

Table. Morphometric parameters of lymphoid nodules in guinea pigs’ lung in the dynamics
of ovalbumin-induced allergic inflammation

Group | Il
1 3.12+0.06 1.88+0.30
2 4.00+0.11 2.25+0.41
3 4.38+0.087" 2.75+0.087"
4 4.62+0.37"7 3.12+0.587"
5 2.88+0.30 1.62+0.26
6 3.00+0.27 1.50+£0.19

11 v
119.08+3.45 100.54+0.787"
143.1043.22"7" 134.34+2.687"
150.08+3.927" 144.96+0.92"7"
202.20+3.867 221.97+3.967
87.29+1.33 84.20+0.79
86.72+1.03 86.35+0.78

Note 1. *-p<0.05 (Student&apos;s t-test); ** — p<0.05 (U-Whitney-Mann test) compared to the control group. Mtm. (n=8). Note 2. |- the
average number of perivascular lymphoid nodules / 1 mm? Il - the average number of peribronchial lymphoid nodules / 1 mm?; Ill -
diameter of perivascular lymphoid nodules (um); IV — diameter of peribronchial lymphoid nodules (um).

In animals of the 1st experimental group the
average diameter of peribronchial lymphoid nodules
of guinea pigs’ lung was 100.54 £ 0.78 ym, which is
statistically significantly by 1.2 times (p”<0.01) more
than the same indicator of the control group. Statis-
tically significant increase in the average diameter of
peribronchial lymphoid nodules, compared to the
control group, is also present in animals of the 2nd
experimental group — 134.34+2.68 um, which is by
1.6 times (p/**<0.01) more than in the control group.
Statistically significant elevation in the average dia-
meter of peribronchial lymphoid nodules, compared
to the control group, available in animals of the 3rd
experimental group - 144.96+0.92 um, which is
1.7 times more than the control and 1.4 times more
than the same indicator of the 1st experimental
group (p”/<0.001). On the 44th day of observation,
the average diameter of peribronchial lymphoid
nodules of guinea pigs’ lung was 221.97+3.96 um,
which is statistically significantly by 2.6 times
(p/”<0.001) more compared to the control group
and by 1,5 times more (p7*<0.01) compared to the
previous observation period (table).

Analyzing the average number of perivascular
lymphoid nodules in guinea pigs lung, it turned out
that it statistically significantly increased in compari-
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son with the control only in the late period of the de-
velopment of allergicinflammation from the 36th day
after the start of the experiment and was 4.38 £ 0.08
in the field of view, which is more than the indicator of
the control group by 1.5 times (p”/*<0.01) and more as
compared to the 1st experimental group by 1.4 times
(p7<0.05). On the 44th day of observation in animals
of the 4th experimental group, this tendency persists
and the average number of perivascular lymphoid
nodules increased by 1.6 times (p”7“<0.01) compared
to animals in the control group.

Thus, sensitization and allergization with oval-
bumin leads to significant structural and functional
rearrangement of Bronchus associated lymphoid tis-
sue in the form of an elevation in their number and
diameter. A similar trend is observed in the previous
reported species [8-10]. The most significant chang-
es occur during the late period of development of
allergic inflammation in the peribronchial lymphoid
nodules. This fact confirms the maximum magnifica-
tion coefficient (2.6) of the diameter of peribronchi-
al lymphoid nodules, found in the fourth experimen-
tal group compared to the control. Obviously, this
study demonstrated that the implementation of the
ovalbumin-induced allergic inflammatory process in
lung proceeds according to the humoral type and
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the duration of its course is not limited by the direct
effect of the antigen, but also continues after the
end of its action, which was in agreement with the
previous observations [6, 11].

Conclusions. Sensitization and inhalation with
ovalbumin leads to structural reorganization of
Bronchus associated lymphoid tissue of guinea pigs
in the form of the elevation in their number and dia-
meter, had the unidirectional staged character de-
pending on localization of lymphoid nodules and the
duration of the experiment and claimed prolifera-
tive changes in the cellular adaptive link of local lung
immunity of guinea pigs in late period of allergic in-
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MOP®OJIOINYHA XAPAKTEPUCTUKA NIMPOIAHOI TKAHUHU, ACOLLINOBAHOI
3 BPOHXAMUN MOPCbKNX CBMHOK, B AMHAMILLI EKCMEPUMEHTAJIbHOIO
OBAJIbBYMIH-IHAYKOBAHOI'O AJIEPTIYHOIO 3AMNAJIEHHS

©C. C. Monko
3anopizbkull depxcasHull MeoduyHul yHisepcumem

PE3FOME. AKTya/IbHOIO NPO6/1eMOIO Cy4aCHOT MeANLMHN € peakLif NiMPOIAHOT TKAaHMHM, acoLinoBaHOI 3 6poHXa-
MW, NMPU XPOHIYHNX ANEPriYHNX 3aXBOPIOBAHHAX AMXANIbHMX LWAAXIB, afXe caMe Bif CTaHy MiCLeBOi iMyHHOI cMctemMmn
JlereHb 3a/1eXXK1Tb NOBHOLiHHE GYHKLIOHYBAHHA TKAHWMH Ta KNITUH AUXaNIbHOT CUCTEMW OpraHiamy.

MeTa - BMBYNTM MOPDONOTIYHI 3MiHM NTIMPOTAHOT TKAHMHW, acoLiNoBaHOT 3 6pPOHXaMN MOPCbKMX CBUHOK, B ANHAMI-
Lji eKCNepMMEHTaIbHOro 0Bas1bbyMiH-iHAYKOBAHOro afepriyHoro 3anasieHHs.

MarTepian i MeToAM. 33 AONOMOrOO FiCTONOMYHOrO, MOPGOMETPUYHOIO Ta CTATUCTUYHOTO METOAIB BUBYMIIM Jiere-
Hi 48 camLiB MOPCbKOT CBUHKM B yMOBaX eKCNeprMeHTaIbHOro 0BasibbyMiH-iHAYKOBAHOro anepriyHoro 3anasieHHa. na
BM3HAYEHHA CTPYKTYPHOI Ta PYHKLiOHANbHOI Nepebynosu NiMboigHNX BY3AMKIB NiereHb BM3HAYaM BEIMYMHY iX Aia-
MeTpa Ta iX KiNbKiCTb.

Pe3ynbTaTu. BCTaHOB/IEHO, O CeHCMBiNi3aLia Ta aseprisalis oBasibbyMiHOM NPpU3BOAMTL [0 CYTTEBOT CTPYKTYPHO-
dyHKUioHaNbHOT nepebyaosu NiMPOiAHOT TKAHMHK, aCOLLINOBAHOT 3 BPOHXaMM MOPCLKOT CBUHKM, Y BUNAAi 36iblueHHSA
X KiJIbKOCTi Ta po3MipiB. HancyTTeBiWwi 3MiHK BiAbyBalOTLCA NPOTArOM Mi3HLOro Nepioay Po3BUTKY asiepriyHoro 3ana-
JIEHHS1 Y NepubpoHXiaNbHNX NiIMOIAHNX BY3/IMKAX, LLO MiATBEPAXKYE MAKCMMANbHUN KoedilieHT 36inblieHHA — 2,6
(p7<0,001) giameTpa NepmbpoHxXiaNbHNX NiMPOILHMX BY3/IMKIB B 4-ii eKCNePMMEHTasIbHIM rpyni, NOPiBHSHO 3 KOHTPO-
nem.

BucHoBKM. CeHcMbinizauis Ta iHransuinHa aneprisauia oBasibbymiHOM NpU3BOAMTL A0 CTPYKTYPHOI peopraHisauii
NiMmdoigHOT TKaHNHK, ACoLiN0BaHOI 3 BPOHXaMM MOPCbKMX CBMHOK, Y BUMNAAI 3pOCTAHHA iX KiIbKOCTi Ta po3MipiB, fka
MA€ 0AHOCNPSAMOBAHMWI CTaAiINHMIA XapaKTep B 3a/1€XKHOCTI Bif oKasizauii 1imdoigHMX By3NNKiB i TPMBANOCTI ekcnepu-
MEHTY Ta € NPOABOM NpoipepaTUBHMUX 3MiH KJIITUHHOT 3AANTMBHOT JIAHKM MiCLLEBOr0 iMYHITETY JIereHb MOPCbKUX CBU-
HOK NPOTAroM Mi3HbLOro nepioAy asiepriyHOro 3anasbHoro npouecy.

KJIFOYOBI CJIOBA: nimdoigHa TKaHMHA; acouiioBaHa 3 6POHXaMK; eKCNepMMEHTa/IbHe afiepriyHe 3anasieHHs;
0BaJIbbYMiH; MOpPCbKa CBMHKa.
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