Int. J. Morphol.,
42(2)446-451, 2024.

Morphological Characteristics of the Results of
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SUMMARY: Experimental studies devoted to the study of the mechanisms of the pathogenesis of acute peritonitis and the
development of new methods of medical and surgical treatment are becoming increasingly relevant. Today, experimental medicine
knows many different ways to modeling septic peritonitis and eliminate it, but the role of the local immune system isnuaigeresti
whereas it takes a direct part in inflammation. The objective of our work to study morphological features of results afraaperim
modeling of septic peritonitis in white rats. The study included 15 sexually mature white male rats weighing6Z&® giams. A
simulation of septic peritonitis was performed by perforating the upper part of the cecum with four punctures with a @b6 inject
needle. As a result of the experiment, after examination of the peritoneal cavity, all 15 animals were diagnosed withamprtadet
of perforated damage to the caecum. In 11 cases, the perforated wall of the caecum was covered by the greater omentuam@73.34 %)
in the other 4 animals, tamponade was performed by one of the epididymal omentum (26.66 %). The initial stage of tampibreade with
greater or epididymal omentums of a perforated caecum begins on the first day of the experiment and consists of tiigit interstit
consolidation between them, as well as in the invasion of blood vessels from the omentum side to the focus of infecéosuvehich
delivery of the appropriate immunocompetent cells. As a result of this process, intensive lymphoid infiltrates are foisraean ds
well as the growth of adipose tissue, which isolates the inflammatory focus from the peritoneal cavity with a thick layer.

KEY WORDS: Peritonitis; Greater omentum; Duodenum; Stomach; Caecum; Testis; Lymph node; Lymphoid nodule;
Lymphocytes; Adipocytes; Immunocompetent cells.

INTRODUCTION

Experimental studies on the mechanisms of theg,mmation (Daviset al, 2017; Savchenket al, 2018;
pathogenesis of acute peritonitis, the development and testiRg: 130t al. 2022 Kostylenket al, 2022). The relevance
of the novel methods of medicamentous and surgicg} ,,r stydy can be explained by the fact that in the scientific
treatment of this pathology are becoming more and mofigs ratyre few publications on the clarification of
relevant (Kebkalet al, 2019; Liwetal, 2021). Experimental 1, ol0gical aspects of the reaction of local immunity in
models of the peritonitis are crucial to obtain the reliablg,qy,nse 1o infection of the peritoneal cavity of experimental
results. Currently, in experimental medicine, many different,in, s have been found. Therefore, the purpose of our work

methods of mo?'e_“”g septic pgritonitis are knowny 1, stydy the morphological features of the results of
(Sydorchuk, 2015; Vintrycatal, 2022; Browretal, 2023). o, nerimental modeling of septic peritonitis in albino rats.
At the same time, in each case, the experiment should

consider the optimal assessment of known etiological faCtQWATERIAL AND METHOD
in its pathogenesis, among which the most common cases
are ulcerative perforation of the stomach or duodenum, as In this study 15 mature albino male rats, weighing

yvell as pe_rforation of the cecal appendage in its gangrenoigs 756 56 g, were involved into the experiment. All
inflammation (Hryret al, 2022). animals were kept in the standard conditions of the

_ experimental biological clinic (vivarium) of Poltava State

However, the role of the immune system has beqfqjica| University, in compliance with the regulations for
underestimated, though it is directly involved intqening experimental animals adopted by the Directive of
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the European Parliament and Council (Directive 2010/63/ Vivisection of the animals was carried out by an
EU of the European Parliament and of the Council of 2&verdose of ether anesthesia (Flecknell, 2016) for three days
September 2010 on the Protection of Animals Used favith an interval between three groups of animals (five
Scientific Purposes, 2010), the Order of the Ministry ofubjects in each group) equal to 24 hours. It should be noted
Education and Science, Youth and Sports of Ukraine astbft during the experiment, which lasted 3 days, not a single
01.03.2012 No. 249 “On Approval of the Procedure faanimal died. At the same time, all animals during the first
Conducting Experiments on Animals by Scientificday were in a postoperative numbness, without showing any
Institutions” and “General Ethical Principles of Animalreaction to food and water. And only after some time, on the
Experiments”, adopted by the 5th National Congress @econd day of the experiment, the animals began to recover
Bioethics (Kyiv, 2013), (Minutes No. 198 as of 21.10.202from the operation, returning to their usual way of life.
from the meeting of the Commission on Biomedical Ethics
of the Poltava State Medical University After systematic and methodically correct vivisection,
(2010:276:0033:0079). Given that, according to thee proceeded with sequential opening their peritoneal cavity
publications, microbiota is mainly concentrated in thand immediately irrigated it with 10 % solution of neutral
caecum, we chose it as the object of study (Shevchetnkdormalin, which ensured the preservation of all its organs in
al., 2017; Shet al, 2017; Hryret al, 2018a,b). their vital state for the entire duration of the morphological
study, which was carried out using traditional anatomical
The animals under ether anesthesia (Flecknell, 201&)d histological methods. The obtained serial paraffin slices
(with observance of sterile conditions and relevanif 4 um thick were stained with hematoxylin-eosin.
requirements for the ethics of experimental research on
animals) alternately underwent incision of the peritoneal Specimens were studied and documented using the
cavity along the linea alba. Konus light microscope equipped with the Sigeta DCM-900
9.0MP digital microphotographic attachment with the Biorex
Peritoneal cavity of animals was infected by3 software adapted for these studies (serial number 5604).
perforating the anterior wall of the cecal apex at four sitédorphometric characteristics of the tissue structures of the
using a G16 injection needle (Fig. 1). corresponding specimens were obtained using a system for
visual analysis of histological specimens, as well the Sigeta
] an X 1 mm/100 Div.x0.01 mm object micrometer, the scale of
which (equal to 1 mm, where the smallest division
corresponds to 1Am) was applied on the corresponding
microimage obtained at an equivalent magnification.
Statistical processing of the resulting data was carried out
on a personal computer using the Prism 5 (version 5/03)
and Microsoft Excel 2010 software packages, as well as
S methods of descriptive statistics and statistical analysis.
Descriptive statistics are presented as mestandard error
of the mean (Mm). Qualitative indicators were presented
in the form of absolute values (n) and percentages (%).
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The values of the studied parameters between the
groups were compared using the Kruskal-Wallis test (One-
Way ANOVA).
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|5|g 1. The caecum of an albino rat with [;erfbrTa;[ion sites. 1. RESULTS
needle used for perforation of the wall of the caecum; 2. ileum; 3.
colon; 4. the apex of the caecum. Preliminary examination of the peritoneal cavity of
all 15 animals showed that the regular stereotypical defense
After perforating the edge, the abdominal wall wagesponse to perforated damage to the caecum is the well-
sutured with a polypropylene thread that does not poss&sfown omental tamponade (Platadt al., 2000).
antigenic properties. Interestingly, in the peritoneal cavity of mature male rat,
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The differences were considered statistically
significant at p<0.05.
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unlike in human one, in addition to the greater omentum, Figure 4 presents the microimage of one of the
two additional, homologous to it in structure, derivatives afections, obtained within 24 hours of the experiment
the visceral peritoneum, which in the scientific literature we
first called epididymal omenta, since they are related to the In the cross-section, the microimage clearly identifies
epididymides, have been found (Hreh al, 2023a,b). the cecal mucosa and the muscular layer, closely adjacent to
Therefore, the findings of the detailed analysis have fouridnferiorly. In the mucous membrane, the epithelial layer is
that in the vast majority of cases, namely in 11 animals, thkearly identified, speckled with crypts, as well as the lamina
tamponade of the perforated wall of the caecum was maglopria with a defect in the center, resulted from the
by the greater omentum (73.34 %) (Fig. 2 A, B), and in gerforation of the caecum. Noteworthy, at the lower part of
animals it was made by one of the epididymal omenta (26.66 microimage, where the omentum is presented, its
%) (Fig. 3). adhesion to the intestinal wall occurs through the close
contact between the two layers of mesothelial cells, which
The next task of our study was to find out how tightindergo reduction. Consequently, consolidation (or
the omentum was adhered to the perforated wall of tlaelhesion) occurs between the tissue structures of the
caecum, since no data on this issue have been found in dheentum and the muscular layer of the caecum.
literature. Consequently, the histological cross-sections i ; ‘
the tissue have been made. Importantly, the analysis of s
histological sections aids in distinguishing the tissu
structures that, on the one hand, belong to the intestinal w_
and on the other hand, to the corresponding omentum.

A o B

S . : T R s
Fig. 2. Tamponade with the greater omentum (A) and epididym & " BOL AL TR e
omentum (B) of the perforated caecum of the male rat followinigig. 4. The zone of consolidation between the greater omentum
one day of the experiment. Macroimage. A Biagnification, B. and the perforated wall of the caecum of a male rat after 24 hours
2 x magnification. A: 1. Greater omentum; 2. The site obfthe experiment. Paraffine section; H & E stain. Objective lens 4
consolidation of the greater omentum with the perforated caecummagnification. The smallest division in the metric scale is 10
3. Colon; 4. Liver; 5. Stomach. B: 1. Epididymal omentum; 2. Thgm. 1. Epithelial layer of the mucous membrane of the caecum; 2.
site of consolidation of the epididymal omentum with the perforatdcamina propria of the caecum; 3. Traces of perforated damage; 4 .
caecum; 3. Caecum; 4. Stomach; 5. Liver; 6. Testicles. Muscular layer of the caecum; 5. Lymphoid infiltrate; 6. Adipocytes
of adipose tissue of the greater omentum; 7. Blood vessels. The
dotted line marks the margin of consolidation between the omentum
and the cecal wall.

y Y Y <> Yy Yy Yy V>V V.V yV >
: :
Moreover, on the first day of the experiment, the

day 1 day 2 day 3 phenomena related to the reaction of the omentum in
response to pathogenic invasion was noted in the contact
Fig. 3. Chronometric assignment of albino rats into groups withgyne. It was manifested by the pronounced lymphoid
marked involvement of the corresponding omentum in thﬁldfiltration at the site of its perforation, which was noted

tamponade of the perforated caecum (red arrows mark tampon% % . .
: ! etween the omentum and the lamina propria of the mucous
of the perforated caecum made with the greater omentum; green

arrows mark tamponade of the perforated caecum made with m@mbraﬂe of th_e caecum (F'_g' 4). At the same time, in its
epididymal omenta (arrow to the left — with the left epididymafl€nse aggregation of lymphoid elements numerous plasma
omentum, arrow to the right — with the right epididymal omentumj:€lls were detected, indicating the development of humoral
*Note: p=4,455 immune response on the site of inflammation.

448




HRYN, V. & MAKSYMENKO, O.  Morphological characteristics of the results of experimental modeling of septic peritonitis. Morphol., 42(2)146-451, 2024.

Thus, within the first day of the experiment, local reduction ahicrovessels growing into them from the adipose
pathogenic microflora and the development of humoral immunitissue of the omentum.
response occurred in the area of perforation of the caecum with its
tamponade with one or another omentum. Subsequently, we found It is noteworthy that in some cases in the
that further prolongation of this process over the next 24 hours @idipose tissue of the omentum (in the zone of
not lead to any qualitatively new morphological transformations dymphoid infiltration) the formations similar in shape
the site of damage. Notably, all changes were limited to a mared cytoarchitectonics to mature lymphoid nodules
extensive proliferation of lymphoid infiltrations, accompanied by theesembling milk spots were found (Fig. 6).
invasion of blood microvessels into them (Fig. 5).

.

DISCUSSION

The problem related to peritonitis,
notwithstanding the enhancement of the methods
of diagnosis and treatment, surgical technique, the
achievements of anesthesiology and resuscitation
and pharmacology, remains one of the most
complex and relevant in emergency abdominal
surgery to date (Ross al, 2018; Oukt al, 2020).

=/ rere 3Gty The high rates of mortality in postoperative diffuse
i &y Bs’,ﬂfﬂ". S0k 3G QSIS A purulent peritonitis encourages authors to develop
Fig. 5. The zone of consolidation between the epididymal omentum and f&vel methods for modeling septic peritonitis (Ness
perforated wall of the caecum of a male rat following 2 days of the experimegt. al, 2003; Mascenat al, 2018). The main
Paraffin section; H & E stain. A— objective lensagnification; B —objective condition for modeling peritonitis is the
lens 10x magnification. The smallest division in the metric scale isi0 1. reproducibility and uniformity of its development,
Epithelial layer of the mucous membrane of the caecum; 2. Lamina propriq/mich significantly affects the results of an

the caecum; 3. Muscular layer of the caecum; 4. Lymphoid infiltrate; ? . -
Adipocytes of adipose tissue of the omentum; 6. Blood vessels. The dotted |r>1(genmema| study (Witteveest al, 2016).

marks the margin of consolidation between the omentum and the cecal wall.

Currently, the diverse experimental models

At the same time, thickening of the adipose tissue of tid peritonitis exist, and all of them have their

omentum, which, thereby, isolates the peritoneal cavity from the f@fvantages and disadvantages. The common
of inflammation was noted. models of peritonitis can be the methods of

introduction of foreign bodies (Hryet al, 2023a)

At the end of the experiment, namely, following 3 days, in tH@f chemicals into the abdominal cavity, or bacterial
zone of consolidation of the omentum with a perforated wall of tg@ntamination of the abdominal cavity with
caecum, morphological signs of reorganization of lymphoigultures of pathogenic microorganisms, or by
infiltrations in the form of two-row trajectories of immunocompeterPening the lumen of the colon or combination of
cells was noted. At the same time, the degree of their vascularizaft9h methods (Fantiet al, 2019; Montenegret
was significantly increasing due to numerous hyperemic blo. 2020; Vintrychet al, 2022).

Among the models reproduced by surgical intervention, the
method proposed by O Donnell ét.al (1975), is noteworthy. The
caecum of experimental animals (dogs) was ligated. At the same time,
necrosis of the dome of the caecum occurs simultaneously with the
formation of intestinal obstruction, which leads to the development
of enteric dysfunction, resulted in peritonitis. The study showed that
the animals had the signs of intoxication following 24 hours after the
surgery (O'Donnell Jet al, 1975).

IJHj i
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Fig. 6. The zone of consolidation between the greater omentum and the
perforated wall of the caecum of a male rat at the end of day 3 of the
experiment. Paraffin section; H&E stain. Objective lensmagnification.

The smallest division in the metric scale is. 1. Epithelial layer of the
mucous membrane of the caecum; 2. Lamina propria of the caecum; 3.
Lymphoid infiltrate; 4. Adipose tissue of the greater omentum.

449



HRYN, V. & MAKSYMENKO, O.  Morphological characteristics of the results of experimental modeling of septic peritanitis Morphol., 42(2)146-451, 2024.

Given the shortcomings of the method, Wichtermian CONCLUSIONS
al. (1980), described a model of suture of the cecum with a
ligature followed by perforation of the latter with 18 G and 24. Perforative damage to the wall of the caecum of albino
G cannulas. The cecum is ligated distally to the ileocecal valviale rats is eliminated most often (in 73.34 % of cases) by
and perforated by punctures with an injection needle. its tamponade with the greater omentum. In other cases,
this role is performed by one of its epididymal homologues
Some authors suggested to supplement the model (26.66 %) p=4,455.
Wichtermanet al (1980), with mandatory resection of the2. The initial, fundamental stage of tamponade of the
greater omentum due to its functional features. To createerforated caecum with one or another omentum, occurred
model of peritonitis, perforations were made in the avasculawithin the first days of the experiment, is a tight interstitial
zone of the dome of the caecum in 6-8 sites on differerdonsolidation between them, as well as the invasion of blood
sides of the intestine, followed by the resection of the greatefessels to the site of infection, which ensure the delivery
omentum. The authors hypothesize that the slow, permaneot the appropriate immunocompetent clones to the site of
flow of the intestinal contents to the abdominal cavity avoidsnfection cells. The result of this process is the formation
the development of infectious and toxic shock (Gol Setrin - of extensive lymphoid infiltrates in this zone.
al., 2019; Liuet al, 2021). 3. Prolongation of this process, observed at the end of the
second day of the experiment, is manifested mainly by the
The use of models with damage to the intestinal walfuantitative multiplication of the above tissue structures.
induce the development of peritonitis, brings the procesét the same time, with an increase in the vascularization of
closer to real pathogenetic changes in the abdominal cavithis structural complex, a noticeable growth of adipose
in case of postoperative peritonitis (Muraretaal, 2019;  tissue occurs in it.
Capchaet al, 2021; Utigeret al, 2021). However, the 4. Qualitatively new morphological transformations in the
disadvantages of these methods include the uncontrollathmage zone were noted at the end of the third day of the
volume of intestinal contents entering the abdominal cavityexperiment. Basically, they are manifested by the
In the case of its significant entering, there is a higlreorganization of lymphoid infiltrates and their
probability for developing abdominal sepsis and death ofransformation into mature lymphoid nodules (milky spots)
animals during 24 hours of the experimental study (Murandof a new generation. At the same time, in the zone of the
et al, 2019). inflammatory process, proliferation of adipose tissue occurs,
which isolates this inflammatory focus from the peritoneal
Experimental modeling using the surgery, especiallycavity with a thick layer.
with perforation of the wall of the caecum, can limit the
purulent process (Wichtermaet al, 1980; Utigeret al, This, in our opinion, can explain the fact that during
2021). Itis known that one of the main factors that determintds experiment, which lasted 3 days, not a single animal
the course of the postoperative period in acute surgiadibd, and successfully recovered thereafter.
pathology of the abdominal organs is the involvement of
the greater omentum in the formation of the intraperitonedRYN, V. & MAKSYMENKO, O. Caracteristicas morfolégicas
inflammatory focus. The greater omentum demarcates thglos resultados del modelado experimental de peritonitis séptica.
intraperitoneal focus of inflammation, forming infiltrative-J- MOrphol., 42(2A46-451, 2024.

gdhe;we processes, which can preV(_ant the r_ap|d spread of RESUMEN: Las investigaciones experimentales dedicadas al
infection to other parts of the abdominal cavity (Plagell esygio de los mecanismos de patogénesis de la peritonitis aguda y el
al., 2000; lizukaet al, 2021). The greater omentum is ajesarrollo de nuevos métodos de tratamiento médico y quirdrgico son
barrier to bacterial invasion and, as a result, can convert tha@a vez mas relevantes. Hoy en dia, la medicina experimental conoce
source of a possible development of peritonitis into a |locgluchas formas diferentes de modelar la peritonitis séptica y eliminarla,

abscess (Di Nicola, 2019; Lat al, 2021). pero se su_bgstlm_a el papel del S|s_tema |nr_n’unolog|c_o _Iocal, mientras
que él participa directamente en la inflamacion. El objetivo de nuestro

. L trabajo fue estudiar las caracteristicas morfolégicas de los resultados
However, the data presented in our publication Offel modelado experimental de peritonitis séptica en ratas blancas. El

the consolidation of the greater omentum and serod§udio incluy6 15 ratas macho blancas, sexualmente maduras que
formations of the epididymides, completely homologous fgesaban 276,766,56 gramos. Se realiz6 una simulacion de peritonitis

the latter (Hryret al, 2022; Hrynet al, 2023b), with the séptica perforando la parte superior del ciego con cuatro punciones con
perforated openings of the cecum have not been found“ﬂrl aguja dZ'”IyeCC'C,’C;‘ 316',tC°m°|reS|“'t‘i%° del e’l‘pe”mle“tg: deSp‘i.eS,
the scientific literature, as well as the morphological aspe%%examen € acavidad perifonea, a ‘s 1> animales se 1es diagnostico

. . . . onamiento del omento o lesion perforada del ciego. En 11 casos, la
of the local immune response to infection of the peritonegleq perforada del ciego fue recubierta por el omento mayor (73,34

cavity of the experimental animals. %), y en los otros 4 animales el taponamiento se realizé por uno de los
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epididimos (26,66 %). La etapa inicial del taponamiento con omerk®stylenko, Y. P.; Hryn, V. H.; Hryn, K. V. & Harbolynska, L. Morfolohichni
mayor o epididimo de un ciego perforado comienza el primer dia del Osnovy Imunnoyi Systenyiv, Mahnoliya 2006, 2022. pp.136.
experimento y consiste en una estrecha consolidacion intersticial e Y- HU, 3. N.; Luo, N.; Zhao, J.; Liu, S. C.; Ma, T. & Yao, Y. M. The
ellos, asi como en la invasién de los vasos sanguineos desde el lado dgjSSential involvement of the omentum in the peritoneal defensive

. - <. .1.mechanisms during intra-abdominal sepsient. Immunol., 1531609,
omento hasta el foco de infeccion, que aseguran la entrega de las celulaa021

inmunocompetentes apropiadas. Como resultado de este proces%é&ena{, G. V.; Figueiredo Filho, C. A.; Lima Janior, M. A. X.; Oliveira, T.
forman intensos infiltrados linfoides en esta zona, asi como el crecimiento k. B.; Gadelha, D. N. B.; Melo, M. & Brandt, C. T. Fecal peritonitis in
de tejido adiposo, que aisla el foco inflamatorio de la cavidad peritoneal aging rat model. Therapeutic response to different antibiotic strategies.

con una gruesa capa. Acta Cir. Bras., 33(5%46-53, 2018.
Montenegro, O.; lllescas, S.; Gonzélez, J C.; Padilla, D.; Villarejo, P.; Baladrén,
PALABRAS CLAVE: Peritonitis; Omento mayor; V.; Galan, R.; Bejarano, N.; Medina-Prado, L.; Villaseca, é.al

Development of animal experimental model for bacterial peritoRigs.
Esp. Quimioter., 33(1)8-23, 2020.

Murando, F.; Peloso, A & Cobianchi, L. Experimental Abdominal Sepsis:
Sticking to an Awkward but Still Useful Translational Moddediators

Duodeno; Estébmago; Ciego; Testiculo; Linfonodo; Nodulo linfatico;
Adipocitos; Células inmunocompetentes.
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