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AG SICOVULLARIN NAZiK BAGIRSAQLARINDA LiMFOID DUYUNLORIN
NEOGENEZININ GENIS TOSIR SPEKTRLI ANTIiBIOTIiKLOR VASITOSILO
INDUKSIYASI
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Nazik bagirsagin limfoid diiyiinlorinda genis tasir spektrli antibiotiklorin induksiya etdiyi neogenez
prosesini oyranmak magsadila tadqiqat aparilmisdir.

Tadgiqata kiitlasi 200420 g olan 60 bas erkoak cinsli ag sicovul daxil edilmisdir. Heyvanlardan 30 bas
birinci — kontrol qrupunu, 30 bas isa asas qrupu toskil etmisdir. Osas qrupdakt heyvanlarda klaritromisin
yeridildikdon sonra nazik bagirsaqlarin limfoid diiyiinlarinda téranan morfoloji dayisikliklor kontrol qrupu
ilo miiqayisada tadqiq edilmigdir.

Todgiqat gostarmisdir ki, nazik bagirsaqlarda qruplarla yerlasan va immUn reaksiyalarin inkisafi iiciin
zomin yaradan limfoid toromalor diiyiinlarinin saymma gorve fordi xiisusiyyat dagiyir va bu, bagirsaq
mohtaviyyatimn torkibindaki antigenlordan asili olaraq, dayisikliyo ugraya bilir. Bagirsaglarin selikli
qisastmin va selikalti bazal qatimin limfoid téramalari yeni yaranmis qrupsakilli limfa diiyiinlarindon ibarat
olur, onlarin yaranmasini genis tasir spektrli antibiotik olan klaritromusinin bagirsaq mikrobiosenozunda
toratdiyi pozuntularla izah etmok olar. Bundan alava, klaritromisin ham da immunotrop tasir xassasing
malikdir. Antibiotikin totbiqi zamami immun sistemin ikincili (periferik) orqanlart olan genetik
determinasiyall limfoid strukturlarin is¢i kompensator hiperplaziyasi miisahida edilir.
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antibiotik
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NEOGENESIS OF LYMPHOID NODULES OF SMALL INTESTINE OF WHITE RATS
INDUCED BY A BROAD-SPECTRUM ANTIBIOTIC
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0.S.Maksymenko, I.L.Fedorchenko, A.L.Katsenko
Department of Human Anatomy, Poltava State Medical University, Ukraine

The article presents the results of a study conducted to investigate the neogenesis of lymphoid nodules in
the small intestine of rats induced by a broad-spectrum antibiotic. The study was conducted on 60 white
male rats of reproductive age, weighing about 200.0£20.0 grams, which were divided into two groups:
control (n=30), and animals of the second group (n=30) in which studied the morphological state of the
group lymphoid nodules of the small intestine after the clarithromycin administration. The genetically
programmed total number of group lymphoid nodules in the small intestine of rats is a constant, while the
number of lymphoid nodules in them is a variable value that depends on situational shifts in the
microbiocenosis of the small intestine. Group lymphoid nodules are characterized by a large degree of
individual variability in the number of lymphoid nodules involved in immune reactions, which depends on
the variability of the antigenic composition of the contents of the small intestine.

Thus, lymphoid formations of the mucous membrane and submucosa of the small intestine of white rats
are newly formed (initial) forms of group lymphoid nodules, the appearance of which can be explained by a
violation of microbiocenosis in the small intestine under the influence of a broad-spectrum antibacterial
drug - clarithromycin, which also has immunotropic properties. After taking an antibiotic, we observed the
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phenomena of working, compensatory hyperplasia of genetically determined lymphoid structures, which are
related to secondary (peripheral) organs of the immune system.

Introduction. This article is consistent
with the reports that have appeared in the
literature in recent years about the possibility
of re-formation of some secondary (peri-
pheral) organs of the immune system, which
have been called "tertiary lymphoid struc-
tures”. These are mainly lymph nodes and
lymphoid nodules associated with various
organs [1-5]. Such ectopic formations may
have different complexity of organization,
ranging from simple accumulations of immu-
nocompetent cells to the formation of highly
ordered lymphoid nodules, which arise in the
process of development of chronic inflam-
matory processes, oncological and autoim-
mune diseases, as well as in the process of
allotransplant rejection [6-9].

According to the existing ideas, these
formations appear as a result of different
pathological factors, which can be considered
as a process of adaptive multiplication (as a
result of additional generation) in the
corresponding affected organs of lymphoid
structures which conform in form to the
secondary, genetically determined, organs of
the immune system [10].

Purpose. To study neogenesis of the
lymphoid nodules in the small intestine of
rats, induced by a broad-spectrum antibiotic.

Material and Methods. The study was
conducted on 60 white male rats of reproductive
age, weighing about 200.0£20.0 grams, which
were divided into two groups equal in number and
physiological state, one of which served for
obtaining initial control data (n=30), and the
animals of the second group (n=30) were used in
the experiment to study the morphological state of
group lymphoid nodules (GLN) of the small
intestine after a course administration of a broad-
spectrum antibacterial medicine, which was
clarithromycin. Before the experiment, all animals
were kept in standard conditions of the
experimental-biological clinic  (vivarium) of
Poltava State Medical University, according to the
rules of keeping experimental animals, established
by the Directive of the European Parliament and
the Council (2010/63/EU), the order of the
Ministry of Education and Science, Youth and
Sports of Ukraine from 01.03.2012 Ne249 "On
approval of the order of scientific institutions to
conduct experiments, experiments on animals"
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and "General ethical principles of experiments on
animals", adopted by the Fifth National Congress
on Bioethics (Kyiv, 2013) [11-12].

In order to avoid stressful condition of animals
from clarithromycin administration by means of a
probe, which may adversely affect the functional
state of the digestive system, we resorted to a
natural, physiological method, which consisted in
administering the antibiotic to animals with food
in the mode of two times a day (morning and
evening) for 10 days. However, the coarse fodder
products usually used in the diet of animals were
replaced by stale bread, which allows absorption
of clarithromycin solution into itself [13].

After completion of the experiment and
alternate vivisection of all animals, this was
accomplished by an overdose of ether anesthesia
[14]. The material for the study was the small
intestine, starting from the pyloric part of the
stomach to the border with the cecum. This
allowed to determine its length (which was about
1 meter) without much difficulty and to count
along its entire length the GLN, which are clearly
visible under the serous membrane (from the side
opposite to the place of mesentery attachment) in
the form of different in shape and size whitish
spots. At the same time, in each individual case
intragroup differentiation by size was carried out
among them, as a result of which their small,
medium and large specimens were isolated in
separate variants, which were further subjected to
planimetric analysis. Considering that they have a
round or oval shape, their area was estimated
using known formulas used in mathematics to
calculate the area of the corresponding figures.
The Digital Caliper 150 mm Miol served as a
measuring instrument. The obtained quantitative
and planimetric data were subjected to statistical
analysis using EXCEL 2010 program (Microsoft
Excel Corp., USA). The mean value - M, error of
mean value - m were calculated. Reliability of
differences between mean values was determined
on the basis of Student's t-criterion. The result was
considered reliable at p < 0.05 [15].

The next stage was the preparation of small
intestine GLN preparations for histologic studies,
for which we selectively excised small sections of
the small intestine containing GLN of different
sizes. The latter were individually enclosed in
paraffin blocks so that serial sections (4 um thick)
in the cross section of the small intestine could be
obtained, which were stained with hematoxylin-
eosin.



The obtained histological preparations were
studied and documented using the Konus light
microscope equipped with the Sigeta DCM-
9009.0MP digital microphotographic attachment
with the Biorex 3 software adapted for these
studies (serial number 5604). Sigeta X 1 mm/100
Div.x0.0lmm micrometer object served as a
metric scale, the scale bar of which (equal to
1 mm, where the smallest division corresponds to
10 um) was applied to the corresponding micro-
photograph obtained at equal magnification.

Results and Discussion. According to the
obtained planimetric indices (Table), the total
area of small intestine GLN increased more
than twice, namely, if according to control
data it was equal to 220.9£14.4 mm?, after a
course administration of clarithromycin for 10
days it expanded to 476.8+10.1 mm?.

Based on the results of our studies, we can
draw a general conclusion that the genetically
programmed total number of GLN in the
small intestine is a constant, whereas the
number of lymphoid nodules in them is a
variable value depending on situational shifts
in the microbiocenosis of the small intestine.
During the study of serial histologic slices,

the mucous membrane formations of the
small intestine of experimental animals,
which attracted attention by their atypical
form, were found quite unexpectedly. At low
magnifications of a light microscope, they
look like a close row of several alternating,
different in size, dome-shaped elevations of
the mucosa, which are surrounded by typical
intestinal villi (Fig. 1).

It can be clearly seen that each such
elevation is a protrusion of the intrinsic
lamina of the mucosa, covered with a layer of
intestinal epithelium and crypts embedded in
it (from the muscular side). At high
magnification, it can be seen that these crypts
are short tubular branches of a common
cisterna embedded in the basal part of these
elevations (Fig. 2).

In this case, some of these crypts open with
an orifice on their luminal surface, while
others communicate with slit-like gaps
between adjacent elevations, which is typical
for the general structure of lymphoid nodules
[16], which in this case are in their
rudimentary state.

Table. Results of quantitative and planimetric analysis of group lymphoid nodules of small
intestine of white rats in normal and after clarithromycin introduction (n=60), M+m

Number and area (S) by size of GLN o
% 5 Small Medium Large =
] [0) g
= % 5 S
S S = =
5 S é 2 o~ > o > o e E
= 2 2 g e g E g : |8~
o = & %) & n > %) s
(O] ° S)
[ [

Control | M+m|19,9+0,7| 12,6+0,4 | 64,9+2,9 | 5,8+0,5] 97,6+8,0 | 1,5+0,3 | 58,4+10,3 | 220,9+14,4
group Min 12 8 1,57 2 10,6 0 31,4 87,3
=30 MViax| 28 17 9.8 11 275 5 60,4 406.7
After M+m |19,4+0,5] 3,3+0,4 | 17,7+1,7 |10,4+0,4]1201,5+9,0*| 5,7+0,2 |258,2+10,7*|476,8+10,1*

clarithro-| Min 13 0 3,1 5 12,6 3 31,4 406,4
mycin [ Max 25 8 9,4 16 28,3 8 100,5 593,7

administ-

ration
n=30

Note: GLN — group lymphoid nodules; S — square, M — mean value, m — mean value error, Min — minimal
value, Max — maximal value; «*» — reliability of differences with control (p<0,05).
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Figure 1. Rudimentary forms of lymphoid nodules of the small intestine mucosa of the white rat after
a course clarithromycin administration. Paraffin section; hematoxylin-eosin staining; magnification:
x100. The smallest division of the scale bar is 10 pm.
1 — muscular layer; 2 — intestinal crypts; 3 — rudiments of lymphoid nodules; 4 — intermediate form between
intestinal villi and rudimentary lymphoid nodules; 5 — intestinal villi. Arrows indicate the orifices of

intestinal crypts.

As an additional confirmation of this
conclusion, the structure of the connective
tissue located between the crypt formations
and the covering intestinal epithelium of these
formations (Fig. 2) can serve as a peculiarity
of the connective tissue structure. It is
characterized by blood vessels and various
cellular elements, among which lymphocytes
predominate. It is noteworthy that the
peripheral (lateral) zones of the dome sections
of rudimentary lymphoid nodules are the

predominant zone of concentration of the
latter.

The presented microphotographs (Fig. 2)
show that such populations of lymphocytic
elements are located subepithelially, where
there are individual cells containing several
lymphocytes together with macrophages. It is
noticeable that these immunocompetent cells
have a close connection with the polarized
monolayer of intestinal epithelium of
rudimentary lymphoid nodules, which acquires

Figure 2. Microscopic structure of two rudiments of lymphoid nodules. Paraffin section; hematoxylin-
eosin staining; magnification: x400. The smallest division of the scale bar is 10 pm.

1 — goblet cells in the epithelial wall of intestinal crypts; 2 — connective tissue base; 3 — lymphocytic
infiltration; 4 — intestinal covering epithelium (future follicle-associated epithelium).
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an uneven, torn surface characteristic of the so-
called follicle-associated epithelium of mature
GLN [17].

Obviously, the question arises about the
morphological sources of formation of these
rudimentary forms of GLN in the mucosa of the
small intestine. To explain this phenomenon, we
pay attention to the fact that they are always
found in the continuum of typical intestinal villi,
with transitional forms on the border zone
between them, which is quite well seen on the
overview microphotograph (Fig. 1). This
suggests that the newly formed lymphoid
nodules arise as a result of morphogenetic
transformation of intestinal villi on the
preformed base of intestinal crypts, the
epithelium of which contains stem cells that are
a source of renewal and proliferation of all types
of enterocytes of follicle-associated GLN
epithelium. It is quite possible that this refers to
the process of their formation in the embryonic
period of development.

First of all, it should be noted that, according
to our data, the character of topographic
distribution of GLN in the wall of small
intestine of experimental animals does not differ
from that of the control group. The same can be
said about their total number. Consequently, the
topography and total number of GLN in the
small intestine of white rats after exposure of
the small intestine microflora to an antibacterial
preparation  remain  unchanged,  which
contradicts the data of some authors [18-19].

It is noteworthy that the main share of the
increase in the area of GLN is provided by
medium and, especially, large specimens, while
the number and area of small GLN are
subjected to a noticeable decrease. This
phenomenon can be explained by the fact that
small-sized GLN are transformed into larger
group clusters. Consequently, the result of the
action of clarithromycin used in the experiment
is hyperplasia of the organized lymphoid tissue
of the small intestine.

Therefore, the question arises: what causes
this overgrowth of lymphoid tissue in the
mucosa of the small intestine, which leads to a
doubling of the area of its contact with the wall
microflora? In our opinion, it becomes possible
either due to the formation of new additional
lymphoid nodules in the GLN, or as a result of
hyperplasia of the existing ones. To discuss this
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question it is necessary to involve our data,
where it is clearly shown that separately taken
GLN is an association of several, different in
size and shape lymphoid nodules, among which
small, medium and large are distinguished. At
the same time, very small lymphoid nodules are
found among them. This gives grounds to
believe that every GLN, whatever their size,
consists of a certain number of lymphoid
nodules of different generation times, among
which there are rudimentary forms, as well as
those in the stage of development (small and
medium nodules) and definitive lymphoid
nodules (the largest). According to our data, the
large lymphoid nodules are the same size in all
cases, and only they have germinal
(germinative) centers. It follows from this that
in each GLN the necessary conditions are
preserved for the emergence of new lymphoid
nodule rudiments, which during their
development will lead to the expansion of their
area. In other words, GLN are characterized by
a large degree of individual variability in the
number of lymphoid nodules involved in
immune reactions, which depends on the
variability of the antigenic composition of the
contents of the small intestine.

In rudimentary forms of lymphoid nodules,
the predominant zone of lymphocyte
concentration is the peripheral zones of their
dome sections. As it is known, these zones in
definitive GLN are the place of settled
concentration of T-lymphocytes (T-dependent
zones). This morphological fact can be seen as
the beginning of the process of settlement (first
wave) of new, developing GLN by lymphocytic
elements, after which, according to literature
data, lymphocytes migrate to follicle-associated
epithelium of GLN.

Conclusion. Thus, all the facts presented
above leave no doubt that the described
formations of the mucosa and submucosa of the
small intestine of sexually mature white rats
involved in the experiment are newly formed
(rudimentary) forms of group lymphoid
nodules, the appearance of which can be
explained by the disturbance of microbiocenosis
in the small intestine under the influence of a
broad-spectrum  antibacterial medicine -
clarithromycin, which also has immunotropic
properties. So, at its course administration
within 10 days there is not only a significant



increase (more than twice) of the area of the
former (stationary in localization and quantity)
GLN, but also an additional appearance of
similar structured lymphoid formations in their
rudimentary form outside them.

It follows from this that neogenesis of
lymphoid structures can in principle be induced
not only by some pronounced pathological
processes, but also by other factors that are not
related to pathology as such. But the problem
under consideration is how to interpret these

processes of neogenesis in morphogenetic
aspect. We believe that in this case we observe
the phenomena of working, compensatory
hyperplasia of genetically determined lymphoid
structures belonging to secondary (peripheral)
organs of the immune system. In other words,
there is no question of any fundamentally new
formations. Therefore, such a name as "tertiary
lymphoid structures” seems to us devoid of
logic.
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HEOI'EHE3 IMM®OUHBIX Y3EJIKOB TOHKOM KUIIKHA BEJBIX KPBIC,
NHAYHUPOBAHHBIU AHTUBUOTUKOM HINPOKOI'O CIIEKTPA JEUCTBUSA

B.I'.I'pbinb, HJI.CBunnunkas, P.JI.Y crenko, A.B.ITmwitorun, A.C.MakcuMeHKo,
N.JI.®enopuenko, A.JI. Kanenko
Kageopa anamomuu wenosexa Iloamaeckozo eocyoapcmeeHH020 MEOUYUHCKO20 YHUSepcumema, Ykpauua

Pesrome. B crathe mpencTaBieHbl pe3yibTaThl UCCIEAOBAHUS, IMPOBEJCHHOIO C LIENbI0 W3yYUTh HEOTEHE3
TUMQOHUIHBIX y3€NKOB TOHKOW KUIIKH KPbIC, HMHAYLIMPOBAHHOTO AHTHOMOTHUKOM IIMPOKOTO CHEKTpa JEHCTBHS.
Hccnenosanne nposeneHo Ha 60 OeIbIX KpbICax-camIlaX PENpoyKTHBHOTO Bo3pacTa, Maccoit okoso 200,0+20,0
rpaMM, KOTOpbIE OBUTH pa3/iefieHbl Ha JIBE IPYIIIBL: )KUBOTHBIC MepBoii rpymibl (N=30) iy KOHTpoleM, a
KMBOTHBIE BTOpOW Tpymmsl (n=3(0) HCMONB30BaHBI B AKCHEPUMEHTE B IENSIX H3y4YeHHS MOP(OIOTHYECKOTO
COCTOSAHUSA I'PYHIIOBBIX HI/IM(bOI/II[HBIX Y3€CJIIKOB TOHKOM KHIIIKH TTOCTIe BBCICHMA KIIApUTPOMUILIHA. I/ICCHGI[OBaHI/Ie
MOKa3ajJ0, YTO TPYINIOBbIE JIUM(OHUIHBIC Y3€IKH OTIMYAIOTCS OOJNBLION CTENEeHbIO HHAWBHIAYaIbHON
W3MEHUYMBOCTH 10 KOJINYECTBY JTUM(POUIHBIX Y3€IKOB, 3a/IeiCTBOBAHHBIX B MMMYHHBIX PEAKLHAX, YTO 3aBUCHUT
OT EPEMEHYMBOCTH aHTUT'€HHOT'O COCTABA COJIEPIKUMOTO TOHKOH KHUIIKH.

Jlmmbonanasie 00pa3oBaHMs CIU3UCTON OOONOYKH W TOACIA3UCTOW OCHOBBI TOHKOW KHUIIKH OENBIX KpPBIC
SIBJSIFOTCSL BHOBb 00OPa3yrOIIMMUCS (329aTOYHBIME) (JOpMaMU TPYHIIOBBIX JIMM(POUIHBIX y3€JIKOB, MOSBICHUE
KOTOPBIX MOYKHO OOBSCHUTH HAPYIICHUEM MHKPOOHOIICHO3a B TOHKOW KHIIKE MO BIMSHUEM aHTHOAKTe-
PHAIBHOTO TIpernapaTa MIMPOKOTO CIEKTpa JEHCTBUS — KIAPUTPOMHMIIMHA, 00JIaaloNIero, ene ¥ MMMYHOTPOII-
HBIMH cBoWicTBamH. 1Ipu nmpreme aHTHOMOTHKA HAOIOAAIOTCS SIBIICHHSI pabodeii, KOMIIEHCATOPHOM THITEPILIa3HH
TEHETHYECKH ACTEPMHUHHPOBAHHBIX JTUMQPOUIHBIX CTPYKTYP, OTHOCSIIMXCA K BTOPUYHBIM (TIepH(EpUUECKIM)
opraHamMm HMMYHHOﬁ CHUCTCMBbI.
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