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Abstract Background: Patients with obstructive bowel obstruction often develop severe infections, which can lead to death in 
45-88% of cases. These complications are thought to be caused by bacteria in the intestine. However, treatments that affect these 
bacteria have not helped to reduce the number of complications. It is important to find other possible sources of infection in 
intestinal obstruction. The experiment was done to study how the intestinal wall changes during 48 hours of obstruction. Methods: 
The experiment was conducted on 13 white rats. The animals were separated into two groups. In the first (control) group, 5 rats 
experienced a laparotomy (abdominal incision) without affecting the intestines. In the second group, eight rats had their small 
intestine ligated after laparotomy to cause a complete blockage. Then the abdomen was sutured and after a specific time, the 
intestines were examined after 12, 24, 36 and 48 hours. Results: The results showed no changes in the control group. The 
histological examination revealed that the average thickness of the intestinal mucosa was 0.48±0.02 mm and the muscle layer was 
0.92±0.02 mm. Healthy enterocytes with a clear structure were observed. In the group with intestinal obstruction, after 12 hours, 
the intestine dilated to 6-9 mm above the obstruction site and fluid appeared in the abdominal cavity. After 48 hours, the intestine 
became 2.5 times wider, blue-purple in colour and cloudy in fluid. The study showed that there were no changes in the control 
group. However, in the group with obstructive obstruction, purulent inflammation of the intestine began within 12 hours. It first 
appeared on the mucous membrane because the protective layer of the villi was damaged. Then, the inflammation spreads to the 
muscle and serous layers. Inflammation happened not only at the place of the blockage but also in the part of the intestine above 
it. Conclusions: The source of purulent complications in intestinal obstruction involves both intestinal microbes and structural 
damage to the bowel wall above the blockage. These findings underscore the need for early surgical intervention and strategies to 
protect the intestinal barrier, not just target the microbiota. 
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INTRODUCTION 
Acute Bowel Obstruction (ABO) is a serious problem that often 
leads to complications and even death. Doctors and scientists 
are looking for new treatments to reduce patient risks. 

After surgery, the mortality rate in patients with APN 
exceeds 17% and does not decrease [1,2]. One of the leading 
causes of complications is purulent infections, which occur in 45-
88% of cases [3]. For example, postoperative peritonitis occurs in 
35-56% of cases [3], anastomotic problems in 6.2-17.5% and 
postoperative wound suppuration in 2.7-37.8% [4-6]. 

Some studies indicate that purulent complications may 
be caused by the microflora in the intestine [5-9). 

Doctors  use  various  methods  to  reduce  the 
number  of  purulent  complications.  These  include 
naso-intestinal intubation, when a tube is inserted 
through the nose to remove the contents of the intestine, 
bowel lavage during surgery [7] and the administration 
of antibiotics through a probe [4,8,9]. Also, some 
researchers  believe  broad-spectrum  antibiotics  should 
be administered intravenously for prevention rather than 
treatment [7]. 

However, all these methods have some problems. For 
example, naso-intestinal intubation can damage the intestinal 
lining and it has not been proven to  work  well.  The  use  of 
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antibiotics through a probe is also debated, as there is no 
agreement on which drugs and doses to use [2,3,4,6,9]. 

Because there is a high risk of death after surgery for 
APNs, more research is needed to understand why infections 
happen and to find better ways to stop them. 

Postoperative intestinal obstruction is a common and 
serious problem. Researchers are studying how it happens 
with both clinical cases and animal studies. Many treatments 
have been tested to prevent or reduce this condition [8-11). 

Ileus usually means food and liquids cannot move 
properly through the intestines. Most studies focus on 
patients after surgery [12]. Small bowel obstruction is one of 
the main reasons for emergency surgery [13,14]. If not 
treated, it can lead to serious problems like organ failure. It 
can also change the bacteria in the gut and damage the 
intestine [15,16]. 

Studies show that in intestinal obstruction, the cells in 
the intestine begin to break down. The mucous membrane 
becomes more permeable within 3 hours of the disease. First, 
peristalsis works quickly, but then it slows down [8,17]. 

Bacteria growing too fast in the small intestine can cause 
digestion problems. However, the exact process is not fully 
understood. Treatment often uses broad-spectrum antibiotics. 
For example, Saffouri et al. [18] showed that a low-fiber diet 
can change the gut bacteria and cause problems with 
digestion. 

Scientists have found that bacteria in the intestines change 
during obstruction. In studies with mice, Bacillota decreased 
and Pseudomonadota and Bacteroidota increased [19]. When 
the obstruction is complete, Bacillota decreases even more, 
while Pseudomonadota, Verrucomicrobia and Bacteroidota 
increase. This harms the intestine's function and makes it more 
vulnerable to infection [15]. 

If the ileus continues, fluid and gas build up in the 
intestine. This causes the intestine to stretch and swell, 
leading to serious problems like inflammation, sepsis, or 
complete blockage. Wang et al. [20] found that the bacteria 
in the gut change during obstruction. This could help doctors 
choose the right antibiotics for patients with complications 
after surgery. 

It is also known that certain receptors (TLR4) damage 
the intestinal barrier after surgery. If bacteria begin to grow 
uncontrollably, they can enter the blood and cause 
inflammation. This can happen in two ways: through gaps 
between the cells (paracellular route) or directly through the 
cells (transcellular route). In the transcellular way, bacteria 
enter cells using unique molecules or by diffusion [21]. 

Animal studies show that acute intestinal obstruction can 
allow bacteria to enter the blood. These bacteria can travel to 
the upper small intestine [22]. The central part of gram-
negative bacteria, lipopolysaccharide (LPS), is a potent toxin 
that can cause sepsis. LPS can be found in the blood not only 
in bacterial infections but also in fungal infections. Infections 
damage the intestinal barrier [13,23]. Researchers have 
shown that the breakdown of the intestinal barrier and the 
entry of bacteria into the blood is an important factor in sepsis 
development during intestinal obstruction. 

Many processes in the gut affect how the body reacts to 
toxins. One of the main ways is through inflammation, which 
can harm internal organs [13,24,25]. Other diseases can 
worsen these problems [26-29]. 

Current research seeks new ways to prevent and treat 
infections in patients with postoperative intestinal 
obstruction. For example, Hartmann et al. [30] showed that 
preparing the bowels before surgery can lower the risk of 
infection and inflammation. However, other studies, like 
Hegde et al. [19], show that antibiotics do not significantly 
affect inflammation during intestinal obstruction. 

Research on postoperative intestinal obstruction aims 
to identify the factors that contribute to the development 
of complications, particularly infections and 
inflammation. In this context, special attention is given to 
changes in the gut microbiota and structural alterations in 
the intestinal wall [33]. Disruption of the mucosal, 
muscular and serous layers creates conditions for bacterial 
translocation into the bloodstream, which can lead to 
severe postoperative complications such as sepsis [34]. 

In animal studies, it has been found that significant 
morphological changes occur in the intestine just hours after 
obstruction [35]. Specifically, increased mucosal 
permeability allows bacteria and toxins to enter the 
bloodstream [36]. Additionally, inflammation leads to the 
disruption of normal intestinal function and changes in the 
microbiota composition, which may contribute to the 
development of serious infections [37]. 

These results highlight the importance of studying not 
only the microbiota but also the structural changes in the 
intestinal wall, as damage to the intestinal barrier function is 
one of the main mechanisms underlying postoperative 
complications [38]. A deeper understanding of these 
processes allows for the development of new strategies to 
improve the treatment of patients with postoperative 
intestinal obstruction and reduce the risk of sepsis and other 
severe complications [39]. 

In conclusion, postoperative intestinal obstruction can 
lead to profound changes in the intestine. It disrupts the balance 
of bacteria and causes inflammation. The bacteria in the large 
intestine are also greatly affected. More research is needed to 
find better ways to prevent and treat these complications. 

The aim of the article is to study how the intestinal wall 
changes during obstruction and understand where infections 
might occur. 

Objectives of the study: 
 
• To achieve the goal, there is a need to: 
• Induce intestinal obstruction in white rats in the 

laboratory 
• Study how the structure of the intestine changes in this 

process 
• Determine what changes occur in the intestinal wall 
• Find out what causes purulent complications in 

obstruction 
• To identify a causal relationship between these changes 

and the development of purulent complications 
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METHODS 
The study was conducted on 13 white rats, divided into 
control (5 rats) and experimental (8 rats) groups. The division 
of subjects into these groups was based on the intended 
comparison of obstructive ileus versus healthy controls. 
However, the sample size was not calculated a priori, which 
limits the statistical power of the study. Rats with pre-
existing gastrointestinal issues or other health conditions 
were excluded from the study to minimize confounding 
factors. The control and experimental groups were subjected 
to the same environmental conditions, including temperature 
and humidity, to ensure consistency throughout the 
experiment. The first group (5 rats) underwent an operation 
on the abdomen (laparotomy) but did not touch the intestines. 
The wound was then sutured. 

The second group (8 rats) also underwent a laparotomy, 
but the intestine was additionally clamped with a thread to 
create an obstruction. The wound was then sutured. 

After 12, 24, 36 and 48 hours of strong anaesthesia, the 
animals were removed from the experiment. The study was 
conducted in accordance with international standards 
“European Convention for the Protection of Pet Animals” [31] 
and the Law of Ukraine “On the protection of animals from 
cruelty” [32]. Postoperative pain management for 
experimental animals was carried out following ethical 
guidelines and established protocols to minimize discomfort 
and ensure animal welfare throughout the study. 

At the end of the experiment, the condition of the 
intestine was checked: Its appearance, size, presence of fluid 
in the abdominal cavity and characteristics. Two pieces of 
intestine were taken from the animals of the second group: 
one 1 cm above the place of clamping, the other 1 cm below 
the duodenum. Changes in intestinal tissue were analysed 
after 12, 24, 36 and 48 hours. Intestinal samples were also 
taken from the control group for comparison. Inter-rater 
reliability in the histological assessments was ensured 
through blinded evaluations by multiple pathologists, who 
independently analyzed the tissue samples without 
knowledge of the group assignments. To minimize bias and 
ensure consistency, predefined histological scoring criteria 
were used and discrepancies in assessments were resolved 
through consensus meetings. 

Data were analyzed using descriptive statistics. 
Histological data were compared between the control and 
experimental groups at each time point using appropriate 
statistical tests (ANOVA) to assess the significance of 
observed differences. A p-value of <0.05 was considered 
statistically significant. 
 
RESULTS 
In the control group, no pathological changes in the intestine 
were detected. 

In animals with obstruction, after 12 hours, the intestine 
above the constriction expanded to 6-8 mm and the 
membrane was shiny. The intestine below the constriction 
was flattened. There was a small amount of clear fluid in the 
abdominal cavity; 24 hours later, the intestine above the 
constriction did not change in size but became cyanotic. 
Below the constriction, it remained turgid and shiny; 36 
hours later, a cloudy, foul-smelling effusion appeared in the 
abdominal cavity. The intestine above the clamping point 
became blue-purple. Below the constriction, it expanded 
slightly but looked normal; 48 hours later, dark spots 
appeared on the intestine above the constriction and the 
membrane became dull. The abdominal effusion became 
thicker and cloudy, smelled of intestinal bacteria and 
contained fibrin. 
 
Analysis of Intestinal Tissues 
In the control group, the thickness of the mucous membrane 
was 0.48±0.02 mm and the muscle layer was 0.92±0.02 mm 
(Figure 1). The height of the villi was 2.5 times greater than 
the depth of the crypts. The primary cells of the crypts were 
cylindrical cells, including goblet cells and Paneth cells 
(5.02±1.04 per crypt). The crypts also contained dividing 
cells (4.52±0.51 per crypt). 

The villi epithelium had 163.05±17.39 intraepithelial 
lymphocytes per 1000 epithelial cells. The lamina propria 
had mostly loose fibrous tissue with 16.02±4.52 small 
lymphocytes per villus. 

After 12 hours of intestinal obstruction, the villi 
thickness increased to 0.137±0.012 mm. Compared to the 
crypts, their size decreased to 1.9:1 and the diameter of 
enterocytes  with  a  brush  border dropped to 28.68±0.52 μm.

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Changes in the thickness of the intestinal mucosa during the experiment 
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Figure 2: Intestinal wall structure after 48 hours: complete necrosis of a part of the wall. Hematoxylin and eosin staining, 
magnification ×100 
 
The muscle layer stayed the same at 0.92±0.04 mm. The 
brush border was hard to see and bacteria began to gather on 
the epithelium. Goblet cells were found only at the bottom of 
the villi and were fewer than enterocytes, with a ratio of 1:3. 
Mitoses in the crypts were 5.62±0.19 and Paneth cells were 
5.68±0.11. Lymphocytes in the mucosa increased to 
185.02±29.05 per 1000 epithelial cells. Severe edema 
separated the villi from the epithelium and neutrophilic 
leukocytes appeared, some of which penetrated the villi. 

After 24 hours, the intestinal mucosa thinned to 
0.37±0.05 mm due to the intestine stretching above the 
obstruction. The villi thickened, but their epithelium was 
damaged and many bacteria appeared on their surface. 

After 36 hours, the mucosa was severely damaged. The 
epithelium was almost gone and bacteria were everywhere. 
Leukocytes penetrated the villi and bacteria reached the 
submucosal layer. The mucosa thickness dropped to 
0.21±0.12 mm. Microvessels were dilated in the submucosa 
and serosa with leukocytes at the edges, blood stagnation and 
leukocyte-fibrin thrombi. 

After 48 hours, the villi were almost impossible to 
measure due to the complete loss of epithelium, heavy 
leukocyte presence and bacteria spreading into the 
submucosal layer. Ulcers formed, destroying much of the 
muscle layer, surrounded by dense leukocyte infiltration. The 
serosa was swollen with many leukocytes and the vessels had 
blood clots of leukocytes and fibrin. Large amounts of fibrin, 
leukocytes and bacteria were on the serous surface, indicating 
damage to the intestinal wall. Some vessels in the serosa had 
bacterial colonies. 

Two animals had the most severe inflammation after 48 
hours (Figure 2). All layers of their intestines were destroyed, 
with many ulcers and necrotic areas. 

The severity of inflammation and tissue damage 
increased progressively with time, with significant 
degradation of the intestinal mucosa and epithelial layers 
observed by 48 hours. The extensive leukocyte infiltration, 
bacterial presence and ulceration of the intestinal wall 
suggest that bacterial translocation and the breakdown of the 
intestinal barrier contribute significantly to the observed 
purulent complications in obstructive ileus. 

DISCUSSION 
A global study (1990-2020) showed intestinal obstruction is 
a common acute surgical condition. The incidence has 
increased from 56.9% to 86.7% [3]. The authors say that 
older people are at higher risk of illness and death. They also 
note that intestinal obstruction puts a heavy burden on the 
healthcare system. In the United States, 350,000 patients with 
ileus are hospitalised each year: 65% of cases are caused by 
adhesions, 10% by hernias, 5% by tumours and 20% by other 
causes [2]. 

The literature shows that purulent complications are the 
main cause of death in obstructive ileus. Some authors 
believe that this is caused by bacteria in the intestine. 
Therefore, researchers have proposed treatments to reduce 
the number of bacteria in the intestine [6,9]. However, these 
methods have not reduced the number of complications or 
improved treatment outcomes. 

Treatment methods should be based on experiments. 
Many studies have shown that during mechanical ileus, the 
intestinal mucosa is the first to be damaged [6,9]. In one 
experiment, scientists gave animals probiotics to protect the 
mucosa. After 24-48 hours, they removed the intestinal 
obstruction and continued giving them probiotics. In animals 
without probiotics, bacteria entered the intestinal wall more 
easily, showing the importance of this research. 

Experiments showed that the mucosa starts to break 
down within 3 hours of intestinal obstruction. Over time, this 
makes the intestine more permeable to proteins and slows 
down peristalsis [8,9]. 

To learn more about these changes, scientists created 
a model of progressive ileus. A key process in acute 
intestinal obstruction is the loss of normal intestinal 
microflora [1]. 

Histological studies showed that 12 hours after intestinal 
obstruction, inflammation appears in the mucous membrane. 
The protective layer of villi is destroyed, bacteria enter and 
the body responds with inflammation. This is accompanied 
by swelling and poor circulation. Bacteria and leukocytes in 
the intestinal wall indicate the onset of a purulent process. 
Purulent inflammation spreads to the entire intestine above 
the obstruction. 
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After 24 hours, the inflammation becomes purulent. 
After 36 hours, it reaches the muscle layer but does not touch 
the serous membrane. 

After 48 hours, all layers of the intestine are destroyed 
and fibrinous-purulent peritonitis appears on the serous 
membrane. 

Experiments have shown that in obstructive ileus, 
inflammation covers the entire intestine above the site of 
obstruction. As the disease progresses, phlegmonous enteritis 
develops. 

Previously, researchers have studied only the intestinal 
wall near the site of obstruction [8,9]. Our study showed 
that purulent inflammation covers the entire proximal 
intestine. 

Purulent inflammation begins after the brush border, 
which protects the intestine, is destroyed. Within 36 hours, it 
spreads to the submucosal and muscle layers. The serous 
membrane remains uninvolved. However, after 48 hours of 
experimental ileus, inflammation spreads to it. 

Thus, the primary source of purulent complications in 
obstructive ileus is the microflora inside the inflamed 
intestinal wall, not the intestinal lumen. This is important 
because antibiotic therapy should be directed at the intestinal 
wall, not the lumen, in such patients. 

After the cause of obstructive ileus is eliminated, the 
altered intestinal wall, not the microflora in its lumen, is the 
main source of purulent complications. 

Thus, the primary source of purulent complications 
in obstructive ileus is the microflora inside the inflamed 
intestinal wall, not the intestinal lumen [40]. This is 
important because antibiotic therapy should be directed 
at the intestinal wall, not the lumen, in such patients [41]. 
Studies have demonstrated that bacterial translocation in 
obstructive ileus correlates with the degradation of the 
intestinal wall, with bacteria migrating from the 
intestinal lumen into the bloodstream as the intestinal 
barrier becomes compromised [42]. The progressive 
destruction of the intestinal wall creates favorable 
conditions for bacterial translocation, which contributes 
significantly to systemic infection and septic 
complications [43]. Furthermore, the timing of these 
changes is crucial, as bacterial translocation and wall 
degradation begin early in the course of ileus, 
highlighting the importance of early therapeutic 
intervention [44]. 

In addition to the observed histological changes and 
the progression of bacterial translocation in the model, 
better integration of these findings with established 
studies on postoperative complications and bacterial 
translocation is crucial [45]. Previous research has shown 
that bacterial translocation plays a pivotal role in the 
development of systemic infections, particularly in 
postoperative patients with intestinal obstruction [46]. 
However, further investigation into treatments such as 
antioxidants, probiotics, or specific antibiotics targeting 
intestinal inflammation is needed [47]. These 
interventions could potentially reduce the severity of 

complications by preserving the integrity of the intestinal 
barrier and reducing bacterial load, which would improve 
outcomes for patients with obstructive ileus [48]. The 
integration of such therapeutic approaches could provide 
valuable insights into potential strategies for reducing 
postoperative morbidity and mortality [49]. 
 
CONCLUSIONS 
In the obstructive ileus experiment, the intestine's protective 
layer above the blockage is the first to break down. This 
allows normal bacteria to enter the wall of the intestine and 
cause harmful inflammation. 

In cases of obstructive ileus, inflammation starts in the 
wall of the intestine above the blockage. Within 48 hours, it 
spreads through all the layers of the intestine, including the 
outer membrane. After the blockage is removed, the damaged 
intestine can still lead to serious infections. Early 
identification of intestinal damage and appropriate treatment 
can significantly reduce the risk of severe complications, 
including purulent inflammation and sepsis, ultimately 
improving patient outcomes. 
 
Availability of Data and Material 
The data will be available with the corresponding author and 
will be made available up on request via email. 
 
Authors' Contributions 
The authors confirm contribution to the paper as follows: 
study conception and design: Valentin Nepomnyashchy, 
Tamara Tamm, Konstantin Kramarenko; data collection: 
Ivan Mamontov, Olena Shakalova, Konstantin Kramarenko 
andrey Ustinov; analysis and interpretation of results: 
Valentin Nepomnyashchy, Tamara Tamm, Ivan Mamontov, 
Olena Shakalova; draft manuscript preparation: Valentin 
Nepomnyashchy, Tamara Tamm andrey Ustinov. All authors 
reviewed the results and approved the final version of the 
manuscript. 
 
Conflicts of Interest 
The authors declare no conflicts of interest. 
 
Ethical Statement 
All animal experiments were conducted in accordance with 
the EU Directive 2010/63/EU for animal experiments. All 
efforts were made to minimize animal suffering and reduce 
the number of animals used, following the 3R principles 
(Replacement, Reduction and Refinement). 
 
REFERENCES 
[1] Van Maanen, Jesse, et al. “Overview and management of small 

bowel obstruction versus ileus: A primer for all 
physicians.” South Dakota Medicine, vol. 72, no. 5, 2019. 

[2] Rami Reddy, Srinivas R., and Mitchell S. Cappell. “A systematic 
review of the clinical presentation, diagnosis, and treatment of 
small bowel obstruction.” Current Gastroenterology Reports, vol. 
19, no. 1, April 2017, pp. 1-14. https://link.springer.com/article/10. 
1007/s11894-017-0566-9. 



Nepomnyashchy et al.: Histological Changes in the Intestinal Wall in Experimental Obstructive Ileus: Experimental Animal Study  
 

72 

 

[3] Long, Dan, et al. “Global, regional, and national burden of 
intestinal obstruction from 1990 to 2019: an analysis from 
the global burden of disease study 2019.” International 
Journal of Colorectal Disease, vol. 38, no. 1, October 2023. 
https://link.springer.com/article/10.1007/s00384-023-0452 
2-6. 

[4] Amanova, D. E., & Kuanyshev, S. R. (2019). The 
phenomenon of bacterial translocation in acute mesenteric 
ischaemia: A modern view of the problem. Journal of 
Kazakhstan Karaganda, 1(90), 23-35. https://repoz.qmu. 
kz/bitstream/handle/123456789/366/2Journal1-19%20% 
28pdf.io%29%20 %283%29.pdf?sequence=1&isAllowed 
=y.  

[5] Bordeianou, Liliana, and Dante D. Yeh. “Etiologies, clinical 
manifestations, and diagnosis of mechanical small bowel 
obstruction in adults.” UpToDate Com, vol. 65, December 
2023. https://www.uptodate.com/contents/epidemiology-
clinical-features-and-diagnosis-of-mechanical-small-bowel-
obstruction-in-adults. 

[6] Griffiths, Shelly, and Damian G. Glancy. “Intestinal 
obstruction.” Surgery (Oxford), vol. 41, no. 1, January 2023, 
pp. 47-54. https://www.sciencedirect.com/science/article/ 
pii/S0263931922002125. 

[7] Chen, Xiao-Li, et al. “A prospective randomized trial of 
transnasal ileus tube vs nasogastric tube for adhesive small 
bowel obstruction.” World Journal of Gastroenterology: 
WJG, vol. 18, no. 16, April 2012. https://pmc.ncbi.nlm.nih. 
gov/articles/PMC3337574/. 

[8] Hartmann, Lisa, et al. “Time-dependent alterations of gut wall 
integrity in small bowel obstruction in mice.” Journal of 
Surgical Research, vol. 233, January 2019, pp. 249-255. 
https://www.sciencedirect.com/science/article/pii/S00224804
18305201. 

[9] Edizsoy, Akay, et al. “Gut mucosa in the rats exposed 
temporary mechanical obstruction fed with probiotic.” Turkish 
Journal of Trauma & Emergency Surgery/Ulusal Travma ve 
Acil Cerrahi Dergisi, vol. 26, no. 6, November 2020, pp. 833-
842. https://jag.journalagent.com/travma/pdfs/UTD-30269-
RESEARCH_ARTICLE-EDIZSOY.pdf. 

[10] Georgopoulos, Ioannis, et al. “Experimental models of partial 
intestinal obstruction in young mice: establishment, and 
Evaluation.” Journal of Surgical Research, vol. 252, August 
2020, pp. 206-215. https://www.sciencedirect.com/science/ 
article/pii/S0022480420301232. 

[11] Wattchow, David, et al. “Postoperative ileus—an ongoing 
conundrum.” Neurogastroenterology & Motility, vol. 33, no. 5, 
November 2020. https://onlinelibrary.wiley.com/doi/abs/10. 
1111/nmo.14046. 

[12] Ariès, Philippe, and Olivier Huet. “Ileus in the critically ill: causes, 
treatment and prevention.” Minerva Anestesiologica, vol. 86, no. 
9, June 2020, pp. 974-983. https://europepmc.org/article/med/ 
32580530. 

[13] Śmiechowicz, Jakub. “The rationale and current status of 
endotoxin adsorption in the treatment of septic 
shock.” Journal of Clinical Medicine, vol. 11, no. 3, 
January 2022. https://www.mdpi.com/2077-0383/11/3/ 
619. 

[14] Markwart, Robby, et al. “Epidemiology and burden of sepsis 
acquired in hospitals and intensive care units: a systematic 
review and meta-analysis.” Intensive Care Medicine, vol. 46, 
June 2020, pp. 1536-1551. https://link.springer.com/article/10. 
1007/s00134-020-06106-2. 

[15] Mo, Jiali, et al. “Structural and quantitative alterations of gut 
microbiota in experimental small bowel obstruction.” PLoS 
One, vol. 16, no. 8, June 2021. https://journals.plos.org/ 
plosone/article?id=10.1371/journal.pone.0255651. 

[16] Bessard, Anne, et al. “Alterations of prostanoid expression and 
intestinal epithelial barrier functions in Ileus.” Journal of Surgical 
Research, vol. 296, April 2024, pp. 165-173. https://www. 
sciencedirect.com/science/article/pii/S0022480423006650. 

[17] Mavrigiannaki, Eleftheria, and Ioannis Georgopoulos. Prevalence 
of depression, anxiety and stress and their associated factors 
among cardiac patients in jazan, Saudi Arabia. Austria, 
IntechOpen, ISBN-17: 978-0-85014-929-6, Pages: 226. https:// 
www.intechopen.com/online-first/ 89555. 

[18] Saffouri, George B., et al. “Small intestinal microbial dysbiosis 
underlies symptoms associated with functional gastrointestinal 
disorders.” Nature Communications, vol. 10, no. 1, May 2019. 
https://www.nature.com/articles/s41467-019-09964-7. 

[19] Hegde, Shrilakshmi, et al. “Microbiota dysbiosis and its 
pathophysiological significance in bowel obstruction.” Scientific 
Reports, vol. 8, no. 1, September 2018. https://www.nature.com/ 
articles/s41598-018-31033-0. 

[20] Wang, Yong, et al. “Alterations of gut microbiota in a mouse 
model with partial small intestinal obstruction.” Frontiers in 
Microbiology, vol. 14, September 2023. https://www. 
frontiersin.org/articles/10.3389/fmicb.2023.1242650/full. 

[21] Courtney, Cathleen M., et al. “Small bowel resection increases 
paracellular gut barrier permeability via alterations of tight 
junction complexes mediated by intestinal TLR4.” Journal of 
Surgical Research, vol. 258, no. 73, February 2021. https:// 
www.sciencedirect.com/science/article/pii/S0022480420306120. 

[22] Belyansky, L.S., et al. “Bacterial translocation as a cause for 
septic complications in obstructive colonic ileus.” Acta 
Chirurgica Belgica, vol. 102, no. 2, March 2016, pp. 75-77. 
https://www.tandfonline.com/doi/abs/10.1080/00015458.2002
.11679270. 

[23] Caroff, Martine, and Alexey Novikov. “Lipopolysaccharides: 
Structure, function and bacterial identifications.” OCL, vol. 
27, June 2020. https://www.ocl-journal.org/articles/ocl/abs/ 
2020/01/ocl200025s/ocl200025s.html. 

[24] Nguyen, Maxime, et al. “Intra-abdominal lipopolysaccharide 
clearance and inactivation in peritonitis: key roles for 
lipoproteins and the phospholipid transfer protein.” Frontiers 
in Immunology, vol. 12, May 2021. https://www.frontiersin. 
org/articles/10.3389/fimmu.2021.622935/full. 

[25] Radocchia, Giulia, et al. “Chronic intestinal pseudo-obstruction: is 
there a connection with gut microbiota?.” Microorganisms, vol. 9, 
no. 12, December 2021. https://www.mdpi.com/2076-2607/9/ 
12/2549. 

[26] Babinets, Liliya S., et al. “Specific aspects of clinical 
course in case of combination of chronic pancreatitis and 
concomitant viral hepatitis C.” Wiad lek, vol. 72, no. 4, 
2019, pp. 595-599.  



Nepomnyashchy et al.: Histological Changes in the Intestinal Wall in Experimental Obstructive Ileus: Experimental Animal Study  
 

73 

 

[27] Halabitska, I., L. Babinets, and Y. Kotsaba. “Pathogenetic 
features of comorbidity of primary osteoarthritis and diseases 
with exocrine pancreatic insufficiency.” Georgian medical 
news, vol. 321, December 2021, pp. 57-62. https://europepmc. 
org/article/med/35000909. 

[28] Redkva, Olena V., et al. “Evaluation of parameters of actual 
typical pathogenetic syndromes in comorbidity of type 2 
diabetes mellitus and chronic pancreatitis.” Wiad Lek, vol. 74, 
no. 10, 2021, pp. 2557-2559. https://dspace.uzhnu.edu.ua/ 
jspui/bitstream/lib/45028/1/WL%2010%20cz%20II.pdf#page
=23. 

[29] Zemlyak, Olexandr S., et al. “The role of endotoxicosis and 
inflammation in deepening the pancreatic functional 
insufficiency in chronic pancreatitis in combination with type 
2 diabetes.” Pol Merkur Lekarski, vol. 51, no. 3, 2023, pp. 207-
215. 

[30] Hartmann, Lisa, et al. “Effect of bowel preparation on 
intestinal permeability and inflammatory response during 
postoperative ileus in mice.” Surgery, vol. 170, no. 5, 
November 2021, pp. 1442-1447. https://www.sciencedirect. 
com/science/article/pii/S0039606021004335. 

[31] Strasbourg, European convention for the protection of pet 
animals Protection of Pet Animals, 1987, 
https://rm.coe.int/168007a67d. https://rm.coe.int/168007a67d. 

[32] Law of Ukraine No. 3447 - IV On the protection of animals 
from cruelty 2006, https://www.globalanimallaw.org/ 
downloads/database/national/ukraine/library64.pdf. 

[33] Yehaiya, Mohemaiti, et al. “Investigating the factors 
influencing postoperative dynamic intestinal obstruction 
following laparoscopic colorectal radical surgery.” Annali 
Italiani di Chirurgia, vol. 95, no. 6, December 2024, pp. 1178-
1185. https://annaliitalianidichirurgia.it/index.php/aic/article/ 
view/3639. 

[34] Charitos, Ioannis Alexandros, et al. “Intestinal microbiota 
dysbiosis role and bacterial translocation as a factor for septic 
risk.” International Journal of Molecular Sciences, vol. 26, no. 
5, February 2025. https://www.mdpi.com/1422-0067/26/ 
5/2028. 

[35] Ballouhey, Quentin, et al. “Epithelial changes of congenital 
intestinal obstruction in a rat model.” Plos one, vol. 15, no. 4, 
April 2020. https://journals.plos.org/plosone/article?id=10. 
1371/journal.pone.0232023. 

[36] Yoo, Ji Youn, et al. “Gut microbiota and immune system 
interactions.” Microorganisms, vol. 8, no. 10, December 2020. 
https://www.mdpi.com/2076-2607/8/10/1587. 

[37] Hrncir, Tomas. “Gut microbiota dysbiosis: triggers, consequences, 
diagnostic and therapeutic options.” Microorganisms, vol. 10, no. 
3, March 2022. https://www.mdpi.com/2076-2607/10/3/578. 

[38] Massier, Lucas, et al. “Impaired intestinal barrier and tissue 
bacteria: Pathomechanisms for metabolic diseases.” Frontiers 
in endocrinology, vol. 12, March 2021. https://www. 
frontiersin.org/articles/10.3389/fendo.2021.616506/full. 

[39] Huang, Pinjie, et al. “Machine learning-based prediction of 
early complications following surgery for intestinal 
obstruction: Multicenter Retrospective Study.” Journal of 
Medical Internet Research, vol. 27, 2025. https://www.jmir. 
org/2025/1/e68354/. 

[40] Patel, Dhiren, et al. “Neurogastroenterology and motility 
disorders of the gastrointestinal tract in cystic 
fibrosis.” Current Gastroenterology Reports, vol. 26, no. 1, 
December 2023, pp. 9-19. https://link.springer.com/article/ 
10.1007/s11894-023-00906-4. 

[41] Shah, Taif, et al. “The intestinal microbiota: impacts of antibiotics 
therapy, colonization resistance, and diseases.” International 
Journal of Molecular Sciences, vol. 22, no. 12, June 2021. 
https://www.mdpi.com/1422-0067/22/12/ 6597. 

[42] Genua, Flavia, et al. “The role of gut barrier dysfunction and 
microbiome dysbiosis in colorectal cancer development.” Frontiers 
in Oncology, vol. 11, April 2021. https://www.frontiersin.org/ 
articles/10.3389/fonc.2021.626349/full. 

[43] Potruch, Assaf, et al. “The role of bacterial translocation in 
sepsis: a new target for therapy.” Therapeutic Advances in 
Gastroenterology, vol. 15, May 2022. https://journals.sagepub. 
com/doi/abs/10.1177/17562848221094214. 

[44] Zheng, Zhikai, et al. “Glucagon-like peptide-1 receptor: 
mechanisms and advances in therapy.” Signal Transduction 
and Targeted Therapy, vol. 9, no. 1, September 2024. 
https://www.nature.com/articles/s41392-024-01931-z. 

[45] Assimakopoulos, Stelios F., et al. “The role of gut barrier 
dysfunction in postoperative complications in liver 
transplantation: Pathophysiological and therapeutic 
considerations.”  Infection,  vol.  52,  no.  3,  February  2024, 
pp. 723-736. https://link.springer.com/article/10.1007/s15010-
024-02182-4. 

[46] Doudakmanis, Christos, et al. “Bacterial translocation in 
patients undergoing major gastrointestinal surgery and its role 
in postoperative sepsis.” World Journal of Gastrointestinal 
Pathophysiology, vol. 12, no. 6, November 2021. https://pmc. 
ncbi.nlm.nih.gov/articles/PMC8611185/. 

[47] Horvath, Angela, et al. “Probiotic therapy of gastrointestinal 
symptoms during Covid-19 infection: A Randomized, Double-
Blind, Placebo-Controlled, Remote Study.” Nutrients, vol. 16, 
no. 22, November 2024. https://www.mdpi.com/2072-6643/ 
16/22/3970. 

[48] Matar, Ayah, et al. “Intestinal barrier impairment, 
preservation, and repair: an update.” Nutrients, vol. 16, no. 20, 
October 2024. https://www.mdpi.com/2072-6643/16/20/3494. 

[49] Javed, Herra, et al. “Challenges and solutions in postoperative 
complications: A narrative review in general surgery.” Cureus, vol. 
15, no. 12, December 2023. https://assets.cureus.com/uploads/ 
review_article/pdf/217857/20240724-319105-5wvsre.pdf. 


