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Abstract. A feature of rabbit gut-associated lymphoid tissue is that its structure is more
developed than in other animal species. In rabbits it is composed of sacculus rotundus, vermiform
appendix and Peyer’s patches. These immune formations contain an organized component of
lymphoid tissue — lymphoid nodules (B-cell zone) and interfollicular region (T-cell). Secondary
lymphoid nodules with germinal centers presented in them are formed due to antigen stimulation.
The caecum of Hyplus rabbits at the age of 30 -, 60 - and 90-days was investigated. Each age group
consisted of 5 rabbits. Experimental rabbits are clinically healthy, unvaccinated and untreated against
ecto- and endoparasites. Peyer’s patches of the caccum were selected for the study and fixed in
10% of formalin. Subsequently, the specimens stained with hematoxylin-eosin were prepared from
the obtained samples. On the 30" day of life, Peyer’s patches in the cecum were detected by gross
examination. On the histological level, they had formed interfollicular region and lymphoid nodules.
In turn, lymphoid nodules were divided into primary and secondary ones. A well-defined mantle zone
and germinal centers were observed in the secondary lymphoid nodules. The regularities of their
area indicators increase (mean value, median and interquartile range (IQR)) and their correlation
were studied. The most intensive growth of the mantle area and the germinal center was observed
from the 30" to the 60" day. The relative area of the mantle zone and the germinal center as part of
the secondary lymphoid nodule was determined. Its value did not change during the experimental
period.
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®dyHKUiOHaNbHI 30HU NAAMKM lNMelepa cNinoi KULWKKU KponiB

M. O. HikiTtiHa, M. B. KpaBuoBa, A. A. boromas
JHinposcbkuli OepicasHuli aepapHo-eKoHomiYHuUl yHisepcumem, [Hinpo, YkpaiHa

Amnoraunist. OcobmuBicTh NiM(MOITHOT TKAHMHH, aCOLIHOBAHOT 3 KUILIKAMH Y KPOJIB MOJSIa€ B TOMY, 110 BOHA OUIbLI PO3BHHYTA, HDK Y
IHIIMX BHAIB TBApUH. Y KPOJIB 10 il CKIaxy BXOAATH JIIMGOITHUI AUBEPTUKYI, YepBOMONIOHMI BinpocTok Ta msiMke Ileftepa. Ili imyn-
Hi yTBOPEHHS MICTATh OpPraHi3oBaHy CKJIajoBy JiMpoinHoi TkaHMHM — JiM(oinHi By3nuku (B-KITiTHHHAa 30HA) Ta MDKBY3JIHKOBY 30HY
(T-xniTnHHA). BHACHiOK aHTHreHHOI CTUMYISLIT (OPMYIOTBCS BTOPHHHI JIIM(OIIHI BY3IUKH 3 TepMiHaTUBHMMHM LeHTpamu. Jlociimke-
HO iy KumiKy kpouni nopoxu Ximryc 30-, 60- Ta 90-g060Boro Biky IO II’SITh OCOOMH y KOXKHIiH BikoBiit rpymi. JlocmigHi kpomi KIIiHIg-
HO 37I0pOBIi, HE MiUIArajy BaKUWHALi, 0OpoOIi Bix ekTo- Ta eHnomapasutiB. s nocmimkeHHs BimiOpaHi msmkn [leliepa cmimoi Kumkw,
3adikcoBani y 10% ¢dopMaiiHi 3 MOJANBIIMM BHUTOTOBICHHSAM TiCTONpPENAPaTiB i3 3a0apBICHHAM TI'eMaTOKCHJIIH-€03WHOM. BcTaHoBIIEHO,
mo Ha 30-Ty o0y *HTTS MakpOCKONiUHO BUSBISUMM IisiMke Ilefiepa y cnmimiii xummi. Ha ricromorivHoMy piBHI BOHM Maiu chOpMOBaHi
MDKBY3JIMKOBHUH TIpocTip Ta JimMpoinni By3nuku. B cBoro wepry, niMdoigHi By3MHKN MOIULIINCS Ha MEPBUHHI Ta BTOPHHHI. Y BTOPUHHHUX
TMQOTIHUX By3JIHMKax CIOCTEpiraan H00pe BUPaKCHY MaHTiIHHY 30HY Ta TepMiHATHBHI LEHTpH. J{OCTIIMIM 3aKOHOMIPHOCTI POCTY IO-
Ka3HHUKIB X IUIon] (cepenHe 3HA4EHHs, MeJiaHa Ta IHTePKBAPTWIBHUN PO3KHA) Ta iX Kopesmito. Haiioinbm iHTeHCHBHUH picT MOKAa3HUKIB
IOl MAaHTIHHOI 30HHM Ta TEPMIHATHBHOIO IEHTPYy cnocrtepiranu 3 30-1 mo 60-Ty no0y. BcraHoBMIM BiTHOCHY ILIONIy MAHTIHHOI 30HU Ta
TepMiHaTHBHOTO IEHTPY Y CKJIaJi BTOPHHHOTO JiM(OITHOrO By3muKa. [i 3HAYEHHS MPOTSTOM JOCIIIHOTO Mepiofy Maiike He 3MiHIOBANOCK.

KurouoBi csioBa: nim¢oinna TkaHuHa; 1iM(POigHI BY3JIHKH; TepPMiHATUBHI HEHTPH; MaHTii{HA 30Ha; IHTEPKBapTHIBHUI po3Max

Introduction

The immune system is one of the most important systems of body
homeostasis, which determines the immune status and adaptability.
It is presented by a functional set of lymphoid organs and lymphoid
cells of the body providing proliferation, differentiation and
migration of immunocompetent elements (Owen et al., 2013;
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Callahan & Yates, 2014). In addition, the immune system provides
tolerance to the own body cells and prevents adverse effects for
its own cells that can occur during protection against pathogens
(Marinkovic & Marinkovic, 2020). The most mature component
of the immune system is gut-associated lymphoid tissue (GALT).
It promotes the maturation of the immune system in the postnatal
period of ontogenesis and is involved in providing resistance to
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pathogens (Arrazuria et al., 2018; Wang et al., 2020). Its main
function like other secondary lymphoid organs is not only protection
against microbial agents but also against tumour cells (Eberl, 2007;
Morbe et al., 2021).

The main difference is rabbit gut-associated lymphoid tissue has
more developed structure than in other mammals due to the presence
of two lymphoid formations: sacculus rotundus and vermiform
appendix (Butler et al., 2013; Smith et al., 2013). Together with
Peyer’s patches sacculus rotundus and vermiform appendix contain
an organized component GALT — aggregated lymphoid nodules
(Zhai & Lanning 2013; Beyaz et al., 2017). These structures are
located in the places of the most probable invasion of pathogens that
increases the chance of meeting lymphocytes with the corresponding
antigen (Perez-Shibayama et al., 2019). Therefore, Peyer’s patches,
sacculus rotundus and vermiform appendix are the first to respond
to antigens getting through gastro-intestinal tract with food and
water as well as inform the body about their nature (Khomych &
Fedorenko, 2020). In particular, a direct access to intestinal antigens
into Peyer’s patches is due to their subepithelial location resulting in
producing a great amount of IgA (Prados et al., 2021).

Due to stimulation by foreign antigens, structural formation of
lymphoid nodules and their functional maturation accelerates in
the immune formations (Gomez de Aguero et al., 2016; Stebegg
et al., 2018). Central, marginal and subepithelial zones are formed
in them (Furukawa et al., 2020). After antigen stimulation GALT
lymphocytes turn into effector cells to provide immune response
(Khomych & Fedorenko, 2020). The germinal centers, where B-cell
of memory and long-lived plasmatic calls secreting antibodies, are
formed. Intestinal microbiota including bacteria, fungi, viruses and
protozoa affects the germinal centers as well. It causes the production
of IgA antibodies involved in the control of intestinal microbial
homeostasis (Reboldi & Cyster, 2016; Stebegg et al., 2018). The
germinal center B-cells clustering surrounded by the mantle zone
with naive IgD+ B-cells and memory cells on the periphery of
the lymph nodule. The main function of B-cell marginal zone is
providing a rapid response to pathogens and secretion of natural
antibodies (Palm & Kleinau, 2021).

Therefore, the aim of our research was to determine the ratio
of functional zones in the secondary lymphoid nodules of Peyer’s
patches in age aspect in the rabbits of Hyplus breed.

Material and Methods

The study involved Hiplus precocious meat rabbits, divided
into 3 age groups of five animals each in 30%-, 60"- and 90"-day-
old. Experimental rabbits were clinically healthy, unvaccinated,
untreated against ecto- and endoparasites. After slaughter of animals
for histological examination, Peyer’s patches of the cecum were
selected. Selected fragments were fixed in 10% formalin solution
or in Buen’s solution, and then poured into paraffin, histological
sections, which were stained with hematoxylin-eosin and azure-II
eosin according to standard methods were made. Microphotographs
were taken using a microscope with a Leica DM 1000 camera,
morphometric processing of microphotographs was performed
using the ImagelJ program followed by statistical processing.

The ratio of the mantle zone areas and the germinal centers in
the secondary lymphoid nodules was found by the formula:

where is the value of mantle zone area of i-j microphotograph,
is the value of the germinal center of i-j microphotograph,
Jj=1{30, 60, 90}.

The mean value of estimating the ratio
of mantle zone area to the secondary nodule on sections j-/ of age
group.

The value is estimating the ratio of the germinal center
areas to the area of the secondary lymphoid nodule.

Results

Peyer’s patch was revealed on the mucous membrane of the
caecum on the 30th day of rabbits’ development. They had formed
the interfollicular region and primary and secondary lymphoid
nodules. The mantle and the germinal center were present in the
secondary nodules (Fig. 1).

Analyzing the area of the mantle and the germinal center
of Peyer’s patch of the caecum during postnatal ontogenesis
predominant increase of mean values and medians was revealed

Fig. 1. Peyer’s patch of the caccum in rabbits A — 30-days old, B — 90-days old: 1 — the interfollicular region, 2 — the primary lymphoid
nodule, 3 — the secondary lymphoid nodule, 4 — the mantle, 5 — the germinal center. Stained with hematoxylin-eosin, x40
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Fig. 2. The area of the functional zones of the secondary lymphoid nodules of Peyer’s patch of the caecum: 1 — the mantle area,
b — the germinal center area
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Fig. 3. Relative area of the functional zones of the secondary lymphoid nodules of Peyer’s patch of the caecum: a — the mantle area,
b — the germinal center area

(Fig. 2). The values of medians and mean values were close. The
lowest values of the mantle area and the germinal center were on the
30" day of life. Thus, on the 30 day the mean value and the median
of the mantle area were approximately 0.028 mm?. By the 60" day
of life these values of the mantle area (mean and median) 3 times
increased and remained almost unchanged until the 90" day.

Increase of interquartile range value has similar pattern. The
lowest value of the interquartile range was on the 30™ day of life
—0.015. By the 60" day this value 4 times increases and is 0.057.
Insignificant increase of the interquartile range occurred by the 90
day of life (0.065).

Similar patterns of increasing the area are characteristic of the
germinal centers as well. On the 30" day of life mean values and
medians of the area and the germinal center are the lowest — 0.008
mm? and 0.007 mm? respectively. They 3 times increase by the 60th
day and almost do not change by the 90th day (0.024 mm? and 0.022
mm? respectively).
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The ratio of the mantle zone area and the germinal center as
components of the secondary lymphoid nodules were analyzed
(Fig. 3). It was estimated that on the 30th, the 60" and the 90" day of
the development their relative share is almost the same. The relative
mantle zone area during experimental period was approximately 80%.
The inverse pattern is characteristic of the area of the germinal center,
which was 20%. Positive correlation between values of mantle area
and germinal center was observed. On the 30" day of life correlation
coefficient was 0.7 and on the 60™ and the 90™ it was 0.8.

Discsussion

The mucosa-associated lymphoid tissue contains main
components: follicle-associated apithelium, subepithelial dome
regions, B-cell follicles and T-cell interfollicular regions (Ozaydm
et al., 2018). As soon as pathogen encounters M-cell in follicle-
associated epithelium, it is presented to dendritic cells and
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macrophages. Subsequently, these cells activate lymphocytes and
B-lymphocytes in germinal centers differentiate into IgA-secreting
plasma cells (Bonnardel et al., 2015; Panneerselvam, & Budh,
2020).

According to the studies by Pikor et al. (2020) effective response
of the germinal center is provided by the movement of B-cells
between microenvironment due to interaction of B-cells with
reticular cells. It was revealed that even in the primary B-cell nodule
specification of reticular cells was determined. While remodeling
of follicular dendritic cells of light and dark areas required inter-
linking connections with B-cell, the output signal from the germinal
center when B-cells are kept in the nodule and controlled interaction
with nodular T-helpers (Pikor et al., 2020).

Having investigated Peyer’s patches in mice Biram et al.
(2020) found the necessity of help to T-cells containing signaling
lymphocyte activation molecule-associated protein for participating
in B-cell selection to the germinal center. In the mice with the lack
of this protein plasmatic cells are generated propotional to the size
of the germinal center.

In Zhang et al. (2020) research when mice were immunized with
sheep erythrocytes decrease of immune response of the germinal
centers in the spleen was observed. Decrease of their number and
size occurred. No changes in the germinal centers of mesenteric
lymph nodes and Peyer’s patches were observed. Similar results
were noted in mice infected with lymphocytic choriomeningitis
virus. There was a skew of the B-cell composition in the dark and
light areas of the nodules (Zhang et al., 2020).

Biram et al. (2019) established that Peyer’s patches in Ccr6”
Aicda®*Rosa26Swr-dTomao mijce contained the germinal centers
significantly less in number and size than in wild type mice.

In sheep fetuses, according to Ozbek & Bayraktaroglu (2019),
precursors of Peyer’s patches were found at the 96th day of
development, from the 115" to the 119" days the follicle began
to expand to the muscular membrane (tunica muscularis). Mature
Peyer’s patches with the germinate centers were observed on the
147" day of fetuses development as well as on the early postnatal
period. In addition, involution of nodules and their expand to the
muscular membrane (tunica muscularis) was observed on the early
postnatal period (Ozbek & Bayraktaroglu, 2019).

In fetuses of goats rectal patch was detected on the 30" day
of development, and on the 5th month of development there was
an increase in the size and number of lymphoid nodules and their
histological maturity, the presence of a marked germinal center in
particular (Indu et al., 2018).

Conclusion

Peyer’s patches in rabbits’ caecum were detected on the 30™
day of life already with present of the primary and the secondary
lymphoid nodules and the interfollicular region.

The mantle zone and the germinal center area indices increased
almost 3 times from the 30 day to the 60" day of life but from the
60" to the 90" day they remained almost unchanged.

Relative mantle zone area as a component of the secondary
lymphoid nodule during experimental period was approximately
80% and the germinal center was 20%. There is a positive correlation
between the values of the areas of the mantle zone and the germinal
center.
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