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Abstract: Acute generalized peritonitis (AGP) and diabetes mellitus (DB) remains an urgent problem in modern
medicine, as rapid disability and high mortality have been leading to cardiovascular disease and oncology
pathology in recent years. The purpose is to study and evaluate the morphological changes in the lungs in animals
with experimental AGP against the background of DM. In the experiment, 32 white rats were used. The main
group consisted of 24 animals with simulated AGP against the background of CD; control group — 8 intact animals.
The experimental CD was reproduced by intraperitoneal administration of streptozotocin at a dose of 60 mg/kg.
On the 14th day after administration of streptozotocin, animals of the main group were injected with 10 % filtered
stool suspension into the abdominal cavity of the study rats at a dose of 0.5 ml per 100 g of body weight. Removal
of material for histological examination was carried out on days 1, 3, and 7. For the morphological study of the
lungs of rats under experimental peritonitis, the method of light microscopy was used. Micropreparations were
stained with hematoxylin and eosin, according to Hart, by the VVan Gizon method. Histological examination of the
lung tissue of animals with simulated AGP against the background of CD compared with intact rats on day 1 of
the experiment showed a tendency for vasodilation. For 3 days, the lungs of the organs were observed in the lungs
of animals; the wall was thickened in the vessels of large and medium caliber, the phenomena of mucoid edema
and perivascular edema with small cell infiltration were noted. At day 7, significant changes in blood vessels and
bronchi in all components were detected in the lungs of animals; Perivascular edema and inflammatory infiltration
along the interval septa were observed in animals with simulated AGP against the background of CD in
comparison with intact rats for 1 day of the experiment in lung tissue. The wall of small bronchi was thickened
by leukocyte infiltration. For 3 days, the lungs of the animals were observed full blood vessels of the pulmonary
components, the phenomena of mucoid edema were noted. For 7 days in the lungs of animals found the expansion
of the lumen of the arteries and veins from their full blood, thickening of the outer shell of the vessel wall.

Keywords: morphological changes of the lungs; acute generalized peritonitis; diabetes mellitus.

© 2020 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Acute generalized peritonitis (AGP) and diabetes mellitus (DM) remains an urgent
problem in modern medicine, as rapid disability and high mortality have been leading to
cardiovascular disease and oncology pathology in recent years.

In AGP, acute respiratory distress syndrome develops in 25-42 % of cases. Pulmonary
complications and the development of respiratory failure in peritonitis significantly impair the
prognosis of the disease, which ultimately leads to high mortality. The leading factors in the
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pathogenesis of the aerohematic barrier disturbance are the increase in blood levels of toxic
compounds, including endotoxin, disorders of intra-organ hemodynamics, tissue hypoxia;
acidosis; damage to the lung surfactant system [1, 2]. Pulmonary hemocapillaries become the
first link for mediators and endotoxins, and the lungs are the first organ in the path of their
detoxification. As a consequence, there is a development of the surfactant system dysfunction
associated with phospholipid metabolism as well as damage to the aerohematic barrier [3]. This
is explained by the structural and functional features of the respiratory system and the direct
action of biological components of the mediator cascade on its metabolic functions,
contributing to disorders of microcirculation. In this case, the activation of immunocompetent
cells, accompanied by a "respiratory burst” and the release of a large number of inflammatory
mediators. As a consequence, the endothelial permeability of the hemocapillaries of the lungs
increases, their respiratory and non-respiratory functions are impaired, and irreversible changes
in hemodynamics develop with the progression of acute respiratory distress syndrome.

The late vascular complications of diabetes — micro- and macroangiopathy [4-15] —
have been not sufficiently studied to date, but they are the cause of the premature death of non-
disabled people. In current clinical guidelines, diabetes is considered as a risk factor for
nonspecific lung disease, which is explained by impaired immune status in these patients [16-
20].

Some foreign pathomorphologists show that diabetic microangiopathy develops in the
capillaries of the alveolar septum, arterioles of the lungs and pleura. However, these data are
disparate and contradictory [8].

Despite the relevance of a large number of studies on vascular system involvement in
AGP and DM, a lot of clinical and morphological aspects of this problem remain debatable.
The issue of the interdependence of diabetic angiopathies and acute peritonitis is not fully
addressed. Solitary works devoted to pathomorphological studies of the vessels of the lung
indicate a violation of the structure of arterioles and capillaries, which are characteristic of
diabetic micro- and macroangiopathy [9, 10]. Our study is dedicated to solving this problem.

The purpose is to study and evaluate the morphological changes in the lungs in animals
with experimental AGP against the background of DM.

2. Materials and Methods

The experiment used 32 white rats, which were divided into three groups: the main
group — 24 animals with simulated AGP against the background of CD; the control group
consisted of 8 intact animals kept in standard vivarium conditions. All groups of animals
compared were representative by weight, sex, and age. This experimental study was conducted
in compliance with the general rules and regulations of the European Convention for the
Protection of Vertebrate Animals, which are used for research and other scientific purposes
(Strasbourg, 1986), the General Ethical Principles of Experiments on Animals (Kyiv, 2001)
and the Law of Ukraine «On the Protection of Animals from Animals Abuse» (2006).

The experimental CD was reproduced by intraperitoneal administration of
streptozotocin at a dose of 60 mg/kg (“Sigmal”, which was dissolved in a sodium citrate buffer
pH 4.5). Glucose studies were performed at 9:00 am with experimental animals free access to
food and water during the night period. Insulin (0-2 units subcutaneously two to five times a
week) was administered to rats throughout the observation period.

After 2 weeks from the use of streptozotocin in rats from venous blood, which was

obtained from the tail vein, glucose content was determined, but in subsequent studies, only
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those rats in which glucose content was greater than 300 mg/L were observed. Animals of the
control group were administered subcutaneously sterile 0.9 % sodium chloride solution instead
of streptozotocin [11].

The influence of CD on the course of AGP was studied on the model proposed by
V.A. Lazarenko et al. [12]. This model is close to a similar process in humans in terms of
etiological factors, clinical manifestations, and phase of the course. On the 14th day after
administration of streptozotocin, animals of the main group were injected with 10 % filtered
stool suspension into the abdominal cavity of the study rats at a dose of 0.5 ml per 100 g of
body weight. Rats of the comparison group received only a subcutaneous injection of fecal
suspension. The stool suspension was obtained by mixing isotonic saline and fecal matter with
2-3 intact animals, then filtered twice through a double layer of gauze. This suspension was
injected into the intact rats in a puncture manner no later than 20 min after preparation. In order
to avoid damage to the internal organs when the stool suspension was introduced into the
abdominal cavity, the animals were kept upright, with a caudal end up. By the method of
puncture of the ventral wall in the center of the midline of the abdomen, directing the end of
the needle alternately into the right and left hypochondrium, right and left iliac areas, the same
amount of stool suspension was administered.

The control group consisted of intact animals kept in standard vivarium conditions. The
removal of material for histological examination was carried out on days 1, 3, and 7 after the
animals were removed from the experiment by their decapitation under thiopental anesthesia.
For the morphological study of the lungs of rats under experimental peritonitis, the method of
light microscopy was used. Pieces of lung tissue, no more than 0.5 cm thick, were taken in 10%
neutral formalin solution. After fixation, the material was washed, dewatered by appropriate
conduction through solutions of increasing concentration of alcohol, passed through
chloroform and chloroform-paraffin mixture, and poured into paraffin blocks [13]. Sections 7-
8 um thick were prepared on a dome microtome. Micropreparations were stained with
hematoxylin and eosin, according to Hart, by the Van Gizon method. The study of micro
preparations was carried out using a light microscope company "Olympus". Photomicrographs
were taken using a digital camera coupled with a C 3040-A DUP.

3. Results and Discussion

Microscopic changes in the structural components of the lungs of intact animals (Fig. 1).
In these animals, the interalveolar septa (alveolar wall, which is typical for two adjacent alveoli)
were slightly thickened by the expansion and fullness of the capillaries and the formation of
small-cell infiltrates. The lumps of the alveoli were free of exudate and cellular elements. Large
and medium-sized vessels expanded, contained erythrocyte clusters, but their walls varied
little, perivascular edema was insignificant.

The luminal bronchial tubes and bronchioles did not expand, the ciliated epithelium was
not damaged, and the lymphoid tissue of the peribronchial sites was similar to that in intact
animals.

After 1 day of the experiment in the lungs of animals with AGP on the background of
CD observed a tendency to vasodilation, which led to the development of perivascular edema
(Fig. 2).

The structural components of acini varied little compared to the previous group,
emphysematous manifestations continued to grow, along with the spread of inflammatory
infiltration along the interval septa. The wall of the small bronchi was moderately thickened,
https://biointerfaceresearch.com/ 7513
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mainly due to leukocyte infiltration. The bronchioles were free from the exudate and cellular

elements.
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Figure 1. Microscopic organization of Iungs of mtact animals. Structural state of acini, mild peribronchial
leukocyte infiltration. Staining with hematoxylin and eosin. x100.
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Figure 2. Microscopic changes in the lungs of animals 1 day after the simulated AGP against the background of
CD. Edema of the artery wall, emphysematous expansion of the alveoli. Staining with hematoxylin and eosin.
%100

After 3 days of experiment in animals with AGP against the background of DM in the
lungs of the animals observed, the anemia of vascular components of the organ, in the vessels
of large and medium caliber thickened wall, noted the phenomena of mucoid edema and
perivascular edema with small cell infiltration. The bronchial wall was also thickened by
swelling and lymphohistiocytic infiltration of the adventitia; in some areas, the permeability of
the vascular wall was increased, which was manifested by small diapedesis hemorrhages.
Single erythrocytes were also found in the lumen of the alveoli, most of which contained
Serious or serous Ieukocyte exudates (Fig. 3).
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Figure 3. Microscopic changes in the lungs of animals 3 days after the S|mulated AGP against the background
of CD. Edema of the artery wall, emphysematous expansion of the alveoli. Staining with hematoxylin and eosin.
x100
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On day 7, after modeling of AGP against the background of CD in the lungs of animals,
revealed significant changes in blood vessels and bronchi.

Vascular disorders of the organ were observed in all components. The enlargement of the
lumen of the arteries and veins was accompanied by their full blood. The walls of many vessels
were thickened by the swelling of the outer shell. Perivascular edema increased.

The structural organization of the bronchial wall has changed significantly. The ciliated
epithelium of the mucous membrane was damaged, its partial desquamation was noted.
Adventurous sheath edema was accompanied by leukocyte infiltration—detected spasm of the
small bronchial lumen, thickening of their muscular plate.

In respiratory departments of lungs revealed alveoli of different areas. Part of the
structures was significantly enlarged (the phenomenon of emphysema), part was narrowed due
to the thickened interval sections (Fig. 4).

background of the CD. Disorders of the structure of the bronchus and alveoli. Staining with hematoxylin and
eosin. x100.

In the study of histological sections of the lungs in all groups of animals studied showed
signs of acute lung injury in response to the effect of the damaging factor. Damage to the
endothelium of the capillaries, their basal membranes leads to increased vascular permeability
and the appearance of interstitial, and subsequently alveolar pulmonary edema, disorders of
microcirculation, erythrocyte aggregation, stasis and blood clots [20-26]. The increase in the
content of segmental neutrophils, macrophages, lymphocytes in the interval septa reflects the
reaction of adaptation and the immune system in the conditions of action of the damaging
factor, namely. Emerging atelectasis and diselectasis are a consequence of an obstruction of
the bronchial secretion, which leads to obstruction of the bronchial secretion, which leads to
increased dead space, damage to the alveoli endothelium, progression of hypoxia. Reception
into the interstitium of water, electrolytes, albumin enhances connective tissue edema. With
further progression, the interstitial fluid enters the alveoli [27-34].

Morphological signs of acute lung injury are nonspecific and do not depend on the
etiological factor. In acute lung injury, aggression factors lead to damage to the endothelium
of the pulmonary capillaries, their basement membrane, increase in capillary permeability,
accumulation of extracellular fluid and exudate of proteins with the formation of pulmonary
edema.

4. Conclusions

Histological examination of the lung tissue of animals with modeled AGP against the
background of CD compared with intact rats on day 1 of the experiment showed a tendency for
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vasodilation, which led to the development of perivascular edema, the spread of inflammatory
infiltration along the interval septa. The wall of the small bronchi was moderately thickened,
mainly due to leukocyte infiltration. For 3 days in animals with AGP against the background
of CD in the lungs of the animals observed, the anemia of vascular components of the organ,
in the vessels of large and medium caliber thickened the wall, noted the phenomena of mucoid
edema and perivascular edema with small cell infiltration. At day 7, modeling of AGP against
the background of CD in the lungs of animals revealed significant changes in blood vessels and
bronchi in all components. The enlargement of the lumen of the arteries and veins was
accompanied by their full blood. The walls of many vessels were thickened by the swelling of
the outer shell. Perivascular edema increased.
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