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Acute pancreatitis is one of the most urgent problems in abdominal surgery. The relevance of this problem is primarily
due to a significant increase in the number of patients with acute pancreatitis. The prevalence and incidence of acute pancreatitis
has increased dramatically in recent years. Experiments were conducted on male white rats with arginine-induced acute
pancreatitis. Conducted electron microscopic studies showed that in the conditions of simulated acute pancreatitis, a violation of
the ultrastructural organization of the components of the respiratory department of the lungs was noted already during the first 6
hours of the experiment. It was found that the most pronounced changes of a dystrophic-destructive nature are observed after 12—
24 hours of the study. Erythrocyte sludge, adhesion and aggregation of leukocytes and platelets are found in the lumen of the
hemocapillaries of the alveolar wall.
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YIABTPACTPYKTYPHA OPTAHIZAIISA KOMIIOHEHTIB PECIIIPATOPHOTI'O BIAALTY
JIETEHDB IIP EKCIIEPUMEHTAJIBHOMY I'OCTPOMY NTAHKPEATUTI

TocTpuit maHKpeaTUT € OAHIEI0 3 HAMOIIBIIT aKTyalbHUX HPOOIEM ChOrOACHH. AKTyalbHICTh AaHOT MPoOIeMH Mepl 3a
Bce OOYMOBJIEHA 3HAYHUM 30UIBIICHHAM KIIBKOCTI XBOPHMX TOCTpMil maHkpeaTuT. ITOMMpPEHICTh 1 3aXBOPIOBAHICTH TOCTPUM
MaHKPEaTUTOM Pi3KO 3pociia MPOTATOM OCTaHHIX POKiB. EKcIepMMEHTH NpOBeAECHO Ha OIMMX MOIypax caMIlIX 3 apriHiH-
IHZyKOBAHUM TOCTPHUM TaHKpeaTHuToM. IIpoBemeHi €IeKTPOHHO-MIKPOCKOMIYHI JOCHIIPKEHHS IIOKa3ald, M0 B yMOBax
3MOZIETEOBAHOTO TOCTPOTO MAHKPEATUTY BiIMIYa€ThCS IOPYIIEHHS YIETPACTPYKTYypHOI OpraHi3amnii KOMIIOHEHTIB PECIipaTOpHOTo
BIAJUTY JIeTeHb B)XKE MPOTATOM IepmuX 6 roj eKcIepuMeHTy. BcTaHoBieHO, mo HafOUTBII BHpaXXeHI 3MiHH JHCTPO(hIdHO-
JIECTPYKTUBHOTO XapakKTepy CIIOCTEPIiraroThes yepe3 12—24 roj AoCiipKeHHs. Y MPOCBITI reMOKAMIAPIB adbBEOISIPHOI CTIHKH
BUSIBJSIIOTBCSL €PUTPOLIMUTAPHI CJIAJDKI, aAre3is Ta arperanis JeHKOUUTIB Ta TPOMOOIIHTIB.

Ku1ro4oBi cjioBa: ekcriepuMeHTaIbHUI TOCTPUI TAHKPEATHT, JIET€Hi1, pecIipaTOpHUI BiIiIL.

The study is a fragment of the research project” Pathogenetic mechanisms of changes in the organs of the respiratory,
endocrine and nervous systems during the modeling of pathological conditions and their correction”, state registration No.
0125U002441.

Today, acute pancreatitis (AP) is one of the most urgent problems in abdominal surgery [4, 5, 7, §].
The urgency of this problem is primarily due to the significant increase in the number of AP patients [6,
11, 14]. A population-based cohort study showed that the global incidence of AP is 33.74 cases per 100,000
people per year with a 95 % confidence interval [3, 8, 10]. AP can be accompanied by both local and
systemic damage. Among systemic complications, pulmonary complications occur most often and are
potentially the most difficult. Pulmonary complications of AP occur in almost 75 % of cases, ranging from
hypoxia to acute respiratory distress syndrome (ARDS). Systemic involvement manifests in the form of
organ failure, which occurs in approximately 20 % of AP cases and defines severe AP (SAP) [2]. Organ
failure usually develops in the early stages of AP but may develop later and is the most important factor
determining the AP outcome. The most common type of organ failure is acute lung injury, which is the
most common manifestation of SAP [3, 10]. It has been established that SAP can be complicated by acute
lung injury (ALI) in 60-70 % of cases. Moreover, ALI can often be accompanied by ARDS, and the last
one is the main cause of death in patients with SAP.

According to literature data [3], pathological reactions and their molecular mechanisms of lung
damage are closely related to increased permeability of microvascular endothelial cells, aggregation of the
limiting concentration of leukocytes, and abundant expression of ICAM. The accumulation of
inflammatory cells and mediators of inflammation in the lungs lead to the development of dystrophic —
destructive changes in the constituent components of the lung respiratory department (LRD), such as type
I alveolocytes (A-I), type II alveolocytes, (A-II) endotheliocytes of hemocapillaries and alveolar
macrophages (AM). Accumulation of a large number of neutrophils in the lungs increases the generation
of reactive oxygen species (ROS) and increases the production of pro— inflammatory cytokines, including
TNF - a, IL - 1B, IL - 6, which activate various intracellular signaling pathways and adhesion molecules,
releasing inflammatory mediators. The generation of inflammatory mediators including cytokines and
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chemokines, as well as ROS, is a major cause of AP —induced lung injury. These mediators promote the
accumulation of macrophages and neutrophils, triggering a cascade of pathological changes in the
pulmonary microcirculation of the lungs, leading to the onset and exacerbation of AP-induced lung injury
[3, 8].

The electron microscopic studies performed make it possible to detect changes in the components
of LRD at an early stage of the development of AP. Thus, an in-depth study of the pathogenesis of ALI
associated with SAP has key importance for improving the prognosis of patients with SAP.

The purpose of the study was to investigate the dynamics of ultrastructural changes in the
components of the respiratory system of the lungs in experimental acute pancreatitis.

Materials and methods. The experiments were carried out on 88 white Wistar male rats weighing
180-220 g. The animals were divided into three groups: 1 — intact (n=10); 2 — control (n=40); 3 —
experimental with a model of acute pancreatitis (n=38); which was reproduced by intraperitoneal
administration of a 20 % solution of L-arginine “Sigma” Chemical Co (USA) at a total dose of 5 g/kg at
one-hour interval. The control group of animals was intraperitoneally injected with an equivalent dose of
isotonic sodium chloride solution.

Animal husbandry and research were conducted in accordance with the provisions of the
“European Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986), the Law of Ukraine on the “Protection of Animals from Cruelty”’(2006) and
the “General Ethical Principles of Experiments on Animals” approved by the Fifth NationalCongress on
Bioethics (Kyiv, 2013).

The collection of material (lungs) for ultrastructural analysis was carried out and contrasted
according to the generally accepted method under thiopental anesthesia after 1, 6, 12, 24 hours [1].
Ultrathin sections were prepared on “Tesla BS-490” ultramicrotome and studied in a PEM-125K electron
microscope.

Results of the study and their discussion. The conducted ultrastructural analysis showed that 1
hour after the start of the experiment, the nuclei of A-1, A-II were round or oval with a matrix of medium
electron-optical integrity. Chromatin granules are evenly distributed over the entire area of the nucleus.
Mitochondria, components of the Golgi apparatus (GA) and the granular endoplasmic reticulum (GER)
without any special structural changes. Lamellar bodies (LB) A-II of varying degrees of maturity, size and
shape. Basement membranes A-I and A-II throughout retain their characteristic structure.

For the current period of research, violations of the submicroscopic structure of some
hemocapillaries of the interalveolar septa of the lungs are already detected. The cytoplasm of individual
endothelial cells is characterized by weak electron — optical density. Nuclei are oval with invaginations of
the nucleolemma. Mitochondria with a lightened matrix and disorganized cristae are sometimes found. The
components of GA and GER are somewhat expanded. Many micropinocytotic vesicles are observed in the
peripheral parts of the endothelial cells. Basal membrane of some cells is locally thickened. In the lumen
of individual hemocapillaries, an increased number of leukocytes and their adhesion to endothelial cells
are determined.

AM in a state of increased functional activity are observed in the alveoli. A characteristic feature
of their submicroscopic structure is the presence of a well — defined lysosomal apparatus.

With increasing study time (6 h), individual alveolar cells with swollen mitochondria and single
disorganized cristae are observed. The tubules and cisterns of the GA and GER are somewhat dilated. In
individual A-1, sail — like protrusions of the peripheral part into the lumen of the alveoli are noted (Fig. 1).
Intercellular contacts retain their integrity.

The nuclei of AM are oval with a fine — grained matrix. The cytoplasm contains moderately
enlarged components of GA and GER, many lysosomes and phagosomes, as well as individual
mitochondria increased in volume.

Endothelial cell nuclei are oval or spherical in shape. The nuclear envelope has sinuous contours
and forms shallow invaginations. Chromatin granules are mostly evenly distributed over the entire area of
the nucleus. At the same time, some cells with marginal localization of chromatin granules are found.
Mitochondria of such endothelial cells are enlarged in volume with a matrix of low electronoptical density
and single reduced cristae. GA is represented by moderately expanded cisterns and small vesicles. GER
tubules are hypertrophied with a reduced number of ribosomes on the membranes of the latter. The
basement membrane is locally thickened. In the lumen of individual hemocapillaries, erythrocyte
aggregates and leukocyte adhesion are detected (Fig. 1).
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At the 12th hour of the study, it was found that the nuclei of some A-I, A-II with nucleoplasm of
low electron — optical density. The perinuclear space is locally expanded. Individual mitochondria of
alveolar cells with a clarified matrix and single reduced cristae. The components of GA and GER are
expanded and deformed. LB of various sizes and shapes, partially filled with phospholipid material. In the
peripheral sections A-I, an increased number of micropinocytotic vesicles is determined, which are tightly
adjacent to the apical and basal parts of the cell plasmalemma (Fig. 2).

As in the previous period of study of individual A-I, sail — like protrusions of the peripheral part
into the lumen of the alveoli are noted. LB A-II of various sizes and shapes, partially vacuolated.

~ Fig. 1. Ultrastructural organization of the lung Fig. 2. Respiratory department of the lungs 12 hours after
respiratory department 6 hours after the start of the experiment.  the start of the experiment. Electron micrograph x 6400. Key: 1 —

Electron ) micrograph RS 6400. Key: 1 — lum.en of the lumen of the alveolus; 2 — peripheral part of the type I alveolocyte;
hemocapillary; 2 — peripheral part of the endothelial cell; 3 — 3 _ interstitial tissue; 4 — peripheral part of the endotheliocyte; 5
leukocyte; 4 — erythrocyte; 5 — lumen of the alveolus; 6 —  _ Jeukocyte.

peripheral part of the type I alveolocyte.

The nuclei of endothelial cells are enlarged in size with marginal localization of chromatin
granules. The perinuclear space is expanded. Mitochondria are swollen, of various sizes and shapes with
single disorganized cristae. Along with the expanded components of GA, fragmentation of GER
membranes is noted. The basement membrane is swollen, of heterogeneous thickness. In the peripheral
parts of endothelial cells, an increased number of both small and large micropinocytotic vesicles is
observed. Large vesicles often merge with each other, forming vacuoles or transendothelial channels. In
the lumen of individual hemocapillaries, leukocyte adhesion is determined.

Changes from the side of the interstitial tissue are characterized by a decrease in the electron —
optical density of the main substance of the connective tissue and the loosening of fibrous structures by
edematous fluid.

For the current period of the study, AM with poorly developed lysosomal apparatus is found among
macrophage elements. In individual AMs, numerous lipid inclusions are detected. In the cytoplasm of AMs,
some mitochondria with a clarified matrix and single reduced cristae are observed. GA is represented by
unevenly expanded cisterns and vesicles. The GER tubules are expanded with fine — fibrous contents inside.

The conducted ultrastructural studies showed that the most pronounced changes in A-I are
determined 24 hours after the start of AP simulation. A-I nuclei with a matrix of low electron — optical
density. Granular components of the nucleoplasm are concentrated near the nuclear envelope. The
nucleolemma forms shallow invaginations. The perinuclear space is expanded. Most mitochondria are
swollen, of various sizes and shapes with single disorganized crista. GA consists of dilated cisterns and
vacuoles. The GER tubules are dilated and fragmented. The number of ribosomes on their membranes is
reduced. The basement membrane is thickened with indistinct contours. In the peripheral sections of A-I,
the fusion of micropinocytotic vesicles with the formation of large vacuoles is often observed. The
increasing edema of individual A-I leads to local ruptures of the apical plasmalemma, especially its
peripheral section.

The nuclei of A-II are enlarged (Fig. 3). Chromatin granules are mainly located along the inner
surface of the nuclear envelope. The mitochondria of such cells are enlarged in volume with single
disoriented cristac. The components of GA and GER are expanded. The number of ribosomes on the
membranes of the latter is reduced.

LB are characterized by the appearance of uneven spaces between bimembrane osmiophilic plates.
Sometimes LB form cavities with fragments of osmiophilic plates inside. The basement membrane is
locally thickened. The number of microvilli on the apical surface of A-II is reduced.
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The severity and prevalence of ultrastructural changes in hemocapillaries are significantly greater
than in the previous period of study. The nuclei of many endothelial cells with a matrix of low electron —
optical density. Chromatin granules in most cells are located along the inner surface of the nuclear
membrane or grouped into separate clumps. The perinuclear space is expanded. Sometimes there is partial
destruction of mitochondria. GA is represented by expanded cisterns and vacuoles. The GER tubules are
vacuolated and fragmented. The basement membrane is thickened with indistinct contours. The peripheral
part of many endothelial cells with a clear matrix and many micropinocytotic vesicles and vacuoles (Fig.
4). In some hemocapillaries, areas of lysis of the lumenal plasmolemma are noted, which leads to the release
of intracellular contents into the lumen of the microvessel. In the lumen of many hemocapillaries, adhesion
and aggregation of platelets are observed. In addition, in some areas, the destruction of inter — endothelial
contacts is determined, which leads to the release of formed elements of blood into the interstitial tissue
and the lumen of the alveoli.

R
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Fig. 3. Fragment of a type I alveolocyte 24 h after the start Fig. 4. Respiratory department of the lungs 24 hours
of the experiment. Electron micrograph x 8000. Key: 1 — alveolar  after the start of the experiment. Electron micrograph x 8000.

lumen; 2 — nucleus, 3 — mitochondria; 4 — lamellar body; 5 — Key: 1 — lumen of the hemocapillary; 2 — platelet; 3 — peripheral
microvilli. part of the endotheliocyte; 4 — interstitial tissue; 5 — lumen of the
alveoli.

The interstitial tissue is swollen, especially in places adjacent to the area with impaired integrity of
the hemocapillary endothelium.

Submicroscopically, a significant heterogeneity of macrophage elements is observed in the alveolar
lumen. Along with active phagocytizing, AM with dystrophic — destructive changes are identified. The
nuclei of such cells are oval with a matrix of low electron — optical density. The nucleolemma has sinuous
contours and forms shallow invaginations. The perinuclear space is expanded. Chromatin granules in many
cells are located along the inner surface of the nuclear envelope, in some AM they form separate clumps.
Mitochondria of various sizes and shapes with single disorganized cristae. Along with this, vacuolarly
transformed mitochondria are found. GA consists of vesicularly expanded cisterns and a small number of
vesicles. GER tubules are expanded, deformed. Fragmentation of GER membranes is observed in
individual cells. The number of ribosomes on GER membranes is reduced. Lysosomes are represented by
single granules. In the cytoplasm of AM, individual phagosomes with polymorphic osmiophilic material
are also noted. The progression of submicroscopic changes on the part of the organelles is accompanied by
a decrease in the electron — optical density of the cytoplasmic matrix.

Studies have shown that in the early period of development of AP (1 —6 h) in the hemocapillaries
of the alveolar wall, a violation of the rheological properties of the blood is detected, as evidenced by
excessive accumulation of neutrophils, their adhesion and aggregation. Adhesion of leukocytes to the
endothelium is the cause of the formation and release of oxygen radicals, secretory degranulation, which
have a direct damaging effect on endothelial cells [2, 3], as indicated by our electron microscopic studies.
Increased permeability of endothelial cells of the hemocapillaries of the alveolar wall leads to the release
of neutrophils into the interstitial tissue and the lumen of the alveoli. Emigration of neutrophils into the
lumen of the alveoli was also observed by us 24 hours after the start of the experiment. The obtained data
are consistent with the results of studies by other scientists, who indicate the important role of activated
neutrophils in the development of ALI in other pathological conditions [9]. As the electron-microscopic
analysis showed, for the current period of the study, submicroscopic changes of A-I, A-II and AM are also
noted, which are less pronounced than in the endotheliocytes of hemocapillaries. Ultrastructural analysis
performed after 12-24 hours indicated the presence of dystrophic and destructive changes in the
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components of the LRD, which leads to the development of interstitial and alveolar edema. A number of
other researchers point to changes of a similar nature under the influence of various exo- and endogenous
factors [12, 13, 15].

Conclusions

1. Experimental acute pancreatitis is accompanied by submicroscopic changes in types I and II
alveolocytes, hemocapillaries of the alveolar wall, and alveolar macrophages.

2. Disturbances in the ultrastructural organization of the components of the respiratory department
of the lungs under conditions of simulated acute pancreatitis indicate pronounced changes in the
hemocapillaries of the alveolar wall, as evidenced by the presence of erythrocyte sludges and thrombocyte
aggregates.

3. The nature and severity of the changes depend on the duration of acute pancreatitis.
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