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Morphofunctional and morphometric features of the small intestine
in experimental rats with inflammation of the abdominal cavity

Abstract. The article presents studies of the effect of fecal suspension by introducing into the abdominal 
cavity at the rate of 0.5 ml of a 10% solution per 100 g of animal body weight. The morpho-functional state 
and morphometric analyzes of the small intestine were studied in normal conditions and with inflammation 
of the abdominal organs by introducing fecal suspension. The results showed that inflammation of the 
abdominal organs led to significant changes in the wall of the small intestine, multiple hemorrhages and 
fibrin clots were found. In the intestine, there is a change and violation of the structures of the small intestine, 
the total thickness of the mucous membrane increases. Violation of goblet cells, villus height and crypt 
depth occur. Analysis of the study showed that the walls of the small intestine, revealed structural changes, 
mainly in the mucosa, submucosa and muscle membranes. The mean value of the mucosal thickness in the 
control group was 526.17±17.11 micrometer; submucous layer – 47.21±1.63 micrometer. Phenomena of 
edema, inflammatory infiltration, and separation of muscle fibers were noted in both layers of the muscular 
membrane. The average layer of thickness of the muscular membrane was 145.67±6.92 µm. Changes in the 
mucous membrane of the small intestine, at one time reflected in the structural changes in the villi-crypt of 
the small intestine. A violation of microcirculation in the tissues of the small intestine after the inflammatory 
process was revealed, which leads to aggravation of dystrophic and necrobiotic lesions of the overall state 
of the small intestine and is combined with the severity of the clinical picture in experimental animals.
Key words: goblet cells, abdominal cavity, villi, crypts, small intestine.

Introduction

Inflammation of the parietal and visceral layers 
of the peritoneum, which is accompanied by a severe 
general state of the body. The most common cause 
of inflammation of the abdominal organs is hollow 
viscus perforation of the gastrointestinal tract, which 
includes a number of critically important stages 
that determine the further nature of the course of 
the disease [1, 2]. One of the leading factors in the 
progression of inflammatory processes with the 
development of multiple organ dysfunction and 
adverse outcomes is enteral insufficiency syndrome 
[3, 4]. Violation of the barrier function of the intestinal 
wall and the loss of colonization resistance lead to the 
development of uncontrolled processes of systemic 
inflammatory response and endogenous intoxication 

[5, 6]. Currently, various changes are taking place in 
the understanding of inflammation of the abdominal 
organs, such as a systemic inflammatory response, 
oxidative stress and endothelial dysfunction, 
intestinal failure and intra-abdominal hypertension 
[7].

Morphological studies of the organs of the immune 
system of animals, which is the main defense system 
of the body, showed that the linear parameters of the 
thymus and lymph nodes depend on a high reactivity 
to exogenous and endogenous influences [8, 9]. Based 
on the data of modern literature, aggregated lymphoid 
nodules of the small intestine are secondary organs of 
the immune system [10, 11], which represent one of 
the first lines of defense against the penetration of 
pathogenic microorganisms, so their normal morpho-
functional state is one of the conditions on which the 
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constancy of the internal environment, both the small 
intestine and the whole organism as a whole, depends 
[12, 13].

One of the models of inflammation is the peritoneal 
administration of a suspension of contents into the 
abdominal cavity, which leads to the development of 
progressive multiple organ failure, microcirculation 
dysfunction, including the colon [14].

Inflammation of the peritoneal cavity is the lining 
inner wall of the abdominal cavity and covers most 
of the abdominal organs. In most literary sources, the 
peritoneum is described only as a

“serous cover” lining the abdominal cavity. In the 
scientific literature, in most cases, references to the 
peritoneum are limited only to its representation as 
a mutually permeable membrane that provides fluid 
flow from the abdominal cavity to the circulatory 
and lymphatic systems and vice versa, using its 
capabilities as a dialysis surface or as a site for the 
manifestation of peritonitis [15]. Mortality in severe 
forms of inflammation of the abdominal cavity and 
an increase in the number of organs involved is 
very high. One of the most important organs, which 
is primarily exposed to pathological changes is the 
intestine. In the pathogenesis of its damage during 
inflammation, ischemia is of great importance. 
According to the nature of morphological changes 
in the intestinal wall, mild and severe degrees 
of ischemia are distinguished, in particular, it is 
characterized by necrosis of individual enterocytes in 
the region of the tip of the villi of the small intestine 
[16, 17].

The mucous membrane of the digestive tube is 
one of the most significant surfaces of the body in 
terms of area in constant interaction with the external 
environment [18]. Over the past decades, significant 
progress has been made in the study of inflammation 
in diseases of the internal organs. However, many 
issues of pathogenesis and various approaches to the 
study of inflammatory processes in the abdominal 
cavity remain unresolved. The purpose of the current 
study was to evaluate the morpho-functional state 
of the small intestine and to identify morphometric 
changes in the wall of the small intestine in rats with 
inflammation of the abdominal organs.

Material and methods

Animals.The experiments were carried out on 
white male Wistar rats250±5 g, obtained from the 
commercial supplier (Netherlands). All animals 
were kept under the same conditionsat a constant 
ambient temperature of 23-26ºC, fed the same 

amount of food, and maninupaled at the same 
time frame. All experiments with animals were 
carried out in accordance with the Directive of 
the European Parliament and the EU Council 
2010/63/EU fromSeptember 22, 2010 on the 
protection of animals used in experimental studies 
for scientific purposes, and approved by the local 
ethical commission of the Institute of Genetics and 
Physiology,protocol No.4 from December 18, 2021. 
The experiments were carried out on 40 laboratory 
male rats weighing 250±5 g. Three groups of rats 
were created: one group contained control rats 
(15 rats), and the other two groups contained rats 
subjected to experimentally induced acute abdominal 
organ inflammation: I-experimental group (12 rats) 
experienced inflammation on the 2nd day,while 
the II-experimental group (13 rats) experienced 
inflammation on the 5th day.We have chosen a 
method for modeling inflammation ofthe abdominal 
organs, which is close to an acute inflammatory 
process, characterizing the completion of the acute 
phase of peritonitis in terms of etiopathogenesis, 
clinical evidence and flow phasal nature close to that 
in humans. Acute inflammation of the abdominal 
organs in rats was caused by introducing fecal 
suspension into the abdominal cavity at the rate of 
0.5 ml of a 10% solution per 100 g of animal body 
weight. Animals for research were taken on the 2nd 
and 5th day after fecal injection. Anesthetization 
of animals was carried out by inhalation with ether 
through a mask into which a cotton wool with ether 
was placed [19].

Morphometric analysis.In all study groups, 
the state of the structural components of the small 
intestine was analyzed. Organs were fixed in 10% 
neutral formalinsolution.According to the generally 
accepted histological method[19], the organs were 
passed through a series of alcohol of increasing 
concentration, xylene, and embedded in paraffin. 
Sections 5-7 µm thick were made on a rotary 
microtome (Thermo Scientific HM 325, Roche) 
and stained with hematoxylin and eosin, light 
green, according to Masson[20]. The assessment of 
morphological changes was carried out at the light 
optical level with magnification x10, x40 and x100. 
Structural morphometric parameters of the intestine 
were performed using the Image ProPlus 4.1 program 
(Media cybernetics, Inc.) with the measurement of 
the diameters of the crypt, villus, mucous membrane, 
the thickness of the entire intestinal wall, which was 
superimposed on a section of the small intestine. We 
counted the intersections of the grid pertaining to 
the entire section of the small intestine, as a whole 
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and separately, for each of its structures, recalculated 
as a percentage, the thickness of the muscular and 
mucous membranes, mucous, muscular and serous 
membranes, the height and width of the villi, the 
depth and width of the crypts (in um) and the area 
of goblet cells, including the area of the nucleus (in 
µm2) [20, 21].

Statistical analysis. Statistical processing of the 
obtained results was carried out in the StatPlusPro 
2009 program (AnalystSoft, Inc.) using Student’s t 
test. Data are presented as arithmetic mean (M)±error 
of the mean (±m). Differences were considered 
significant at p<0.05.

Results and discussion

To study the histological changes in the intestinal 
wall caused by inflammation of the abdominal cavity, 
we conducted a series of experiments to study the 
morphology of tissue samples of the intestine wall in 
the control and experimental groups of animals.

In the control group of animals, at autopsy, as has 
been shown by the macroscopy, theinternal organs 
had the usual location, without abnormalities, the 
mucous membrane was at usual location, without 
abnormalities. Figure 1 shows control section of 
intestinal tissue samplefrom section of the villi.

Figure 1 – Section of the villi of the small intestine in control 
animals. Note: Abt. 40x0,65; ABT. 10x20

In the I-experimental group strong adhesion 
loops of the small intestine within itself and with 
abdominal peritoneum along with a decrease in the 
motion activity of rats,decreased food intake, and 
slight edema were observed. Visual examination of 
the mucosa revealed smoothness, atrophy and pallor 
of the latter, there were single structural defects in the 
form of petechial hemorrhages.

On the 5th day from the startof the experiment, 
the most pronounced changes in the behavior of 
animals were noted. In rats, the surface epithelium 
of the villi of the small intestine was flattened and 
necrotic. The villi and crypts of the small intestine 
were dystrophic, devoid of a brush border, and there 
was an increase in the number of goblet cells with a 
pyknotic nucleus. Vessels and capillaries of the villi 
are full-blooded and hemorrhages are noted, areas of 
erosion of the mucous membrane of the small intestine 
are characteristic. In these groups, the animals moved 
little, huddled in groups,ate scarcely; loose of stool 
and siginificant detioration of wool were observed as 
well. In animals, 1.5-3.0 ml of a nebulous liquid with 
a milky tint was found in the abdominal cavity; in 
some animals a purulent effusion with an unpleasant 
odor was observed. At the end of the experiment, 
after the 5th day, the surviving animals did not move 
around the cage, sat motionless in a dark place, did 
not eat, and also loose stool and profuse hair loss 
were recorded in all animals.

When studying morphological changes, it was 
revealed that in the animals of the II-experimental 
group, the inflammation of the abdominal cavity was 
observed, especially in the walls of the abdominal,and 
intestines were less pronounced, cell tissue infiltration 
decreased. There was an increase in the number of 
collagen and elastic fibers in the adhesions, cells 
with large drops of fat, as well as fibroblasts, were 
located between them. The entire connective tissue of 
adhesions is permeated with blood vessels of various 
calibers (Figure 2).

Figure 2 shows a histological section of the 
wall of the small intestine on the second day after 
the inflammatory process of the abdominal cavity. 
The study of the morphofunctional features of the 
intestine in case of massive inflammation of the 
abdominal cavity confirmed with other authors that 
the mucous membrane suffers first of all in the form 
of desquamation, discomplexation of epithelial 
cells in the lining of the villi and crypts. It was 
noted that against the background of destruction, 
regeneration processes begin to occur, which are 
most pronounced in the small intestine [22, 23].The 
results showed that microscopic examination of the 
small intestine revealed structural changes in the 
villi and deterioration of the mucous tissue of the 
intestinal wall. Structural changes in the villi were 
found, mainly related to the surface epithelium – 
the boundaries between individual epithelial cells 
are smoothed, decomplexation and desquamation 
of enterocytes are observed. The deterioration of 
the structural elements of enterocyte cells and the 
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beginning of perforation up to the detachment of the 
intestinal wall are visible. In the experiment, there 
is exfoliation of the intestinal wall and a complete 
violation and deterioration of the structural elements 
of the cells of the intestinal villi, perforation. At the 
end of the experiment on the 5th day,the complete 
deterioration of the villi of the small intestine with 

inflammation caused by fecal suspension was noted. 
Violation of cell entanglement is a nonspecific 
reaction to various altering influences.

In the morphological study of the small intestine 
of intact rats, the morphometric parameters of the 
small intestine in terms of length and area were 
obtained (Figure 3).

A B

Figure 2 – Deterioration of the villi of the intestinal wall in experimentally induced inflammation of the abdominal cavity. 
Designation: A – pronounced purulent inflammation of the mucous membrane with the destruction of the villi,  

B – inflammatory infiltration of the submucosa and muscle membranes. Dystrophic, necrobiotic  
and necrotic changes were most pronounced in the muscular layer of the small intestine. Note: Abt. 40x0,65; ABT. 10×20.

Figure 3 – Morphometric indicators of the thickness of the muscular membrane and submucosa.  
Designation: On the ordinate axis: the measurement of the object in fm,  

On the abscissa axis: 1 – the thickness of the muscle membrane, 2 – the thickness of the submucosa

The assessment of morphological changes was 
more often used in the diagnosis and assessment 
of the development of inflammatory processes in 
the abdominal cavity, including the small intestine. 
Normally, the small intestine is a long muscular tube 
of the gastrointestinal tract, which is the main site 
of absorption and digestion of nutrients and other 

substances. Various substances and also various 
physiological or pathological conditions can change 
the rate of proliferation of enterocytes in the crypt 
and affect the rate of their migration to the top of the 
villi. The intercourse between the small intestine and 
nutritional factors is very complex. The mean value 
of the mucosal thickness in the control group was 
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526.17±17.11 µm; submucosal layer – 47.21±1.63 
µm. Phenomena of edema, inflammatory infiltration, 
and separation of muscle fibers were noted in both 

layers of the muscular membrane. The average 
layer thickness of the muscular membrane was 
145.67±6.92 µm (Table 1).

Table 1 – Morphometric characteristics of the small intestine in rats with experimental inflammation of the abdominal cavity

Indicators Control I – experimental group
(2nd day)

II – experimental group
(5th day)

Villus height, µm 267.21±9.91 260.4±11.3 253.86±10.4
Villus thickness, µm 71.46±3.08 75.9±2.17 79.86±3.8
Crypt depth, µm 203.19±6.11 198.2±2.34 195.6±4.13
Crypt thickness, µm 35.12±1.2 37.7±1.9 39.9±1.5
The thickness of the muscle membrane, µm 145.67±6.92 149.5±5.27 153.2±4.3
Submucosal thickness, µm 47.21±1.63 53.3±1.81 59.1±1.85*

Mucosal thickness, µm 526.17±17.11 554.24±12.6 631.65±14.9*

Goblet epithelial cells
Quantity in the villus 8.7±0.52 15.1±0.69 17.1±0.73
Area, µm 2 178.32±15.36 192.12±16.25 199.5±17.36
Core area, µm 2 25.1±1.14 32.6±1.56* 34.3±2.39*

Note: * – significance of differences compared to control, Р<0.05

Morphological changes in the wall of the small 
intestine were more pronounced in animals 5 
days after their removal from the experiment, and 
corresponded to the toxic stage of its development – 
the inflammatory process of the abdominal organs.
The visceral and parietal layers of the peritoneum 
almost completely lost their mesothelial cover and 
were edematous.Multiple hemorrhages and fibrin 
clots were found in the wall of the small intestine. 
Analysis of the study showed that the walls of the 
small intestine revealed structural changes, mainly 
in the mucosa, submucosa and muscle membranes. 
The average value of the thickness of the mucous 
membrane in these periods exceeded the indicators 
of its thickness at the stage of inflammation of 
the internal organs, ranging from 554.24±12.6 to 
631.65±14.9 µm, while the values of the submucosa 
ranged from 53.3±1.81 to 59.1±1.85* µm. The 
average thickness of the muscular membrane 
increased from 152.5±5.27 to 163.8±4.3 µm 
(control values were 145.67±6.92 µm). Leukocyte 
infiltration of the lamina propria of mucous 
membrane and submucosa was noted.

An increase in the average value of the thickness 
of the mucous membrane (526.17±17.11 µm) and 
submucosa (47.21±1.63 µm) by 0.7-0.8 times was 
comparable tothe characteristics in animals with 
the stage of inflammation, characterized by the 

acute phase of peritonitis (Table 1). In experiments, 
desquamation of the surface epithelium and small 
necrosis were observed against the background of 
edema and infiltration of the mucosa and submucosa.
The structural and functional unit of the mucous 
membrane of the small intestine is the crypt-villus 
system. Under normal conditions, the crypts are 
located in the lamina propria of the mucous membrane 
of the small intestine. The intestinal villus of the first 
part of the small intestine of the rat are flattened 
structures protruding into the intestinal lumen, the 
shape of which can be characterized as leaf-shaped, 
i.e. they are lined with low-prismatic epithelium, 
their height increases from the base to the mouth and 
amounts to 35.12±1.2 µm on average.

On the 5th day of the experiment, there was a 
significant increase in the thickness of the mucous 
membrane both due to the height of the villi and the 
depth of the crypts, despite the fact that the height of 
enterocytes at this time is greater than in the control. 
The trend towards an increase in the number of goblet 
cells in the area of the villi, as well as an increase 
in the depth of the crypt and villi, continued (Table 
1).Thus, it can be observed that after the 5th day of 
inflammatory processes in the small intestine, there is 
a change in morpho-functional indicators compared 
to the control group. Atrophic processes were 
observed in the crypts, which indicates the failure of 
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regenerative processes in the mucous membrane of 
the small intestine [24].

In the experiments, it was observed that the 
wall of the small intestine underwent significant 
inflammatory changes, manifested primarily by an 
increase in the thickness of its layers, compared with 
the intent wall of the intestine; vascular reaction 
of the submucosa, changes in both layers of the 
muscular membrane in the form of the formation of 
spaces between muscle fibers. Morphological and 
morphometric indicators of the thickness of the layers 
of the wall of the small intestine in conditions of 2- 
and 5-days of inflammation of the abdominal organs 
were found. Inflammation of the abdominal cavity 
causes a decrease in the depth of intestinal crypts by 
10%. According to the authors, the intestinal crypts 
are responsible for the renewal of the epithelial 
lining of the intestine for body balance control [25], 
it can be concluded that a decrease in the depth of 
the crypts is a morphological sign of a decrease in 
the regenerative activity of the epithelium of the 
small intestine [26]. The authors have shown that the 
absence of peristalsis leads to the loss of intestinal 
colonization resistance, translocation of pathogenic 
and opportunistic microflora to unusual habitats, 
bacteremia, the development of abdominal sepsis, 
and multiple organ failure [27, 28]. The mucous 
membrane of the small intestine has many finger-
shaped villi, the surface consists of erythrocytes and 
individual goblet cells [29-31].

Studies have shown that after the 2nd and 5th 
days after the development of the inflammatory 
process in the abdominal cavity, inflammatory 
changes developed in the wall of the small intestine 
without a necrotic component. An increase in the 
thickness of the wall of the small intestine was noted 
in comparison with the intact group of animals. 
Quantitative morphometry showed that under the 
influence of fecal suspension there is an increase in 
the thickness of the entire wall of the small intestine 
due to the thinning of its membranes. The thickness 
of the muscular membrane was increased – by 
5-12%, the mucous membrane – by 5-20% and the 
submucosa – by 13-25% compared to the control 
group.Changes in the mucous membrane of the small 
intestine, reflected at the time the structural changes 
in the villi-crypt of the small intestine. Studies have 
shown that there was a significant increase in the 
thickness of the villi by 6-12% due to a significant 
increase in the area of the villus b 5-11% and the 
area of the nucleus of the villus by 23-31%. In 

rats after inflammation, there is an increase in the 
thickness of the intestinal wall and its layers, caused 
by dystrophic and necrotic processes, inflammatory 
infiltration and degeneration of the fibrous skeleton 
to the submucosa, dystrophic changes in the cells of 
the muscle layer and necrotic processes of the serous 
membrane. In the serous membrane, hyperemia, 
edema, punctate hemorrhages, and fibrin plaque 
were noted.

Conclusion

The results of the study showthat after the 
introduction of fecal suspension in the body of rats, 
an inflammatory process of the abdominal organs 
occurred, morphofunctional changes in the small 
intestine area and morphometric features of all layers 
of the wall of the small intestine were revealed. After 
the 5th day of the experiment, destructive and necrotic 
changes develop in the wall of the small intestine. 
During inflammatory processes, a morphological 
change begins from the mucous membrane of the 
small intestine, the surface epithelium flattens, the 
number of goblet cells decreases sharply, the crypts 
acquire an irregular shape, and microabscess develop 
in them. Thus, the introduction of fecal suspension in 
animals in the abdominal cavity caused a complete 
subsidence of the acute inflammatory process, which 
characterized the completion of acute widespread 
purulent peritonitis, in the form of the development of 
pronounced changes in the wall of the small intestine. 
Secretory and dystrophic disorders of the surface 
epithelium of the small intestine were observed 
along with vascular congestion, hemorrhages, 
edema and loosening in the mesentery.Quantitative 
morphometry indicated the pronounced edema of the 
peritoneum, small hemorrhages, and fibrin plaque 
on the peritoneum and on the abdominal organs. An 
analysis of morphological changes in the wall of 
the small intestine, carried out in dynamics, showed 
significant, gradually increasing, structural changes, 
showed significant, gradually increasing, structural 
changes during inflammation of the internal organs 
in rats.
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