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MORPHOLOGICAL CHANGES IN THE SMALL INTESTINE OF RATS WITH ACUTE GENERALIZED
PERITONITIS

Summary. The main cause of mortality in acute generalized peritonitis (AGP) is the development of multiple organ insufficiency. The
intestine is the organ where the first changes develop in this pathology.

The aim of the study — to research and evaluate the morphological changes in the small intestine wall of animals with experimental
AGP.

Materials and Methods. 32 white rats were used in this study. Acute peritonitis was modeled by introduction of 10 % fecal suspension
in the dosage of 0.5 ml per 100 g of the animal's weight into the abdominal cavity of rats by puncture. The terms of observation: the
1st, 3rd and the 7th days from the beginning of the peritonitis modeling. For histological study the intestinal tissue was taken. The
resulting pieces of the organ were fixed in a 10 % neutral formalin solution, which were then stained with hematoxylin and eosin.
Results and Discussion. On the 3rd day of the experiment in animals with a modeled AGP, vascular changes were manifested first
of all by the rounding (retraction) of endothelial cells or their desquamation and the appearance of defects, that allow plasma proteins
and the formed elements of blood to leave circulation boundaries of the vascular bed. On the 7 th day in animals with a modeled AGP
increased vascular permeability of the mucous membrane of the small intestine was accompanied by a significant edema of the
stroma of the villi and by focal hemorrhages.

Conclusion. Consequently, the distinct inflammatory changes in all terms of the injury were seen in the wall of the small intestine at
the simulated AGP. The significant expansion of the capillaries and venules against the background of inflammatory infiltration in the
stroma of the glandular component of the small intestine was noted on the 1st day from the beginning of the experiment. An increase
in the height of intestinal villus and a crypt with retraction and desquamation of endothelial cells in the wall of vessels, which caused
platelet adhesion in the areas of destruction was observed on the 3rd day. The areas of focal necrosis of the superficial epithelium,
which were accompanied by multiple hemorrhages per diapedesis in the perivascular space of the mucous membrane, were seen in

the wall of the small intestine of animals with a simulated AGP on the 7th day.

Key words: acute generalized peritonitis; the wall of small intestine; morphological changes.

INTRODUCTION Acute generalized peritonitis (AGP)
remains the most common cause of postoperative lethality
in urgent surgery [1, 2, 3]. The high mortality rate of patients
with abdominal pathology is due to the severity of the course,
diagnosis and complications. In the pathogenesis of AGP the
most important damaging factors include hypotension, hy-
poxia, anemia, disorders of water and electrolyte metabolism,
systemic inflammatory reactions and other disorders that
occur at the system level in response to injury [4, 5, 6].

The main cause of mortality in AGP is the development
of multiple organ insufficiency [7]. The intestine is the organ
that first undergoes changes in this pathology. The con-
ducted analysis of scientific literature data showed that there
is a number of conflicting data and no complete information
about the morphological changes of structural components
of the wall of the small intestine at various terms of AGP [8,
9]. In the available literature, we did not find any messages
that would fully explain the pathomorphological mechanisms
that underlie the development of complications of AGP. Our
research was dedicated to solve this problem.

The aim of the study — to research and evaluate the
morphological changes in the small intestine wall of animals
with experimental AGP.

MATERIALS AND METHODS 32 white rats were used
in the experiment. They were divided into two groups: the
first group — 24 animals with a simulated AGP; the control
group consisted of 8 intact animals that were kept under
standard vivarium conditions. The comparable groups of
animals were representative of weight, sex, and age. This
experimental study was carried out in compliance with the
general rules and regulations of the European Convention
for the Protection of Vertebrate Animals used for research
and other scientific purposes (Strasbourg, 1986), the General
Ethical Principles of Animal Experiments (Kyiv, 2001) and

the Law of Ukraine “On the Protection of Animals from cruelty”
(2006).

AGP was studied on the model proposed by
V. A. Lazarenko and co-authors [10]. This model, based on
etiological factors, clinical manifestations and phase transi-
tion, is close to a similar process in humans. Animals of the
main AGP group were modeled by administering a 10 %
filtered fecal suspension into the abdominal cavity of the
test rats at a dose of 0.5 ml per 100 g of body weight. The
fecal suspension was obtained by mixing isotonic solution
and feces from the intestine of 2—3 intact animals, then it
was filtered twice through a double layer of cheesecloth.
The resulting suspension was delivered to the intact rat by
puncture method no later than 20 minutes after preparation.
The animals were held upright, caudal end up to avoid
damage of the internal organs while delivering the fecal
suspension into the abdominal cavity. Using the puncture
method of the ventral wall in the center of the abdomen
middle line, directing the end of the needle to the right and
left subcostal area, right and left iliac areas, the same
amount of fecal suspension was injected.

The control group consisted of intact animals, which were
kept under standard vivarium conditions. The removal of the
material for histological examination was carried out on the
1st, 3rd and 7th days after withdrawal of animals from the
experiment by their decapitation under thiopental anesthesia.

The intestine tissue was taken for histological studies.
The resulting pieces of the organ were fixed in a 10 % neutral
solution of formalin and Lilli fixator, followed by pouring in
paraffin. Serial sections of 4-5 microns thick were prepared
from the prepared paraffin blocks.

Resulting in Sannomiya microtome sections were stained
with hematoxylin and eosin, by Heidenhain and for Shaba-
dashem. The nature and depth of morphological changes
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were determined by using the Olimpus microscope and
histological imaging system.

RESULTS AND DISCUSSION In the histological
preparations of the small intestine of the control group of
animals, the wall of the small intestine is represented by three
membranes, the mucous and submucosal basis, muscle and
serous. The mucous membrane consists of four layers —
epithelium, own muscle plates and submucosal basis.
Epithelium of a mucous membrane is a single-layer cylinder.
The own plate is formed by loose connective tissue, muscular
— smooth myocytes. The relief of the mucous membrane is
represented by circular folds, villi and crypts. The circular
folds are represented by the germs of the mucous membrane
together with the submucosal base (Fig. 1).

The villi are represented by the germs of the mucous
membrane, which is based on the connective tissue of its
own plate, in which there are single smooth muscle cells.
The surface of the villais covered by a cylindrical epithelium,
which consists of three types of epithelial cells: columnar
epithelial cells, goblet cells and intestinal endocrinocytes.
Columnal epitheliocytes of villi make up the main part of the
epithelial layer of villus. These are high cylindrical cells that
contain villi on the apical surface.

Goblet cells and endocrinocytes singly scattered on the
villus surface surrounded by columnar epithelial cells of the
rim (Fig. 1). Crypts — tubular germs contain columnar cells
with a rim, goblet cells and endocrinocytes, Panet cells,
located in the groups near the bottom of the crypt (these are
prismatic forms). There is a sufficient number of columnar
epithelial cells without borders, which are located in the
structure of villi and crypts, along with columnar epithelial
cells.

The own plate of the mucous membrane of the small
intestine is formed by a loose connective tissue, in which
there are a lot of elastic and reticular fibers, gauze of hemo-
and lymphocapillaries. The accumulation of lymphocytes is
formed here by single or grouped lymph nodes.

In the structure of animals’ intestine, the attention was
paid to the epithelial pad, blood and lymph capillaries,
interstitial space, connective tissue cells.

The integrity of the epithelial pad of the mucous
membrane of the small intestine was observed in animals
with a simulated AGP on day 1. But along with this, the

Fig. 1. Histological structure of the animal's intestine wall (control).
Stained with hematoxylin and eosin. x200.

number of goblet cells and intraepithelial lymphocytes was
decreased (Fig. 2). In the own plate of the mucous membrane
there were only tendencies to increase the number of
macrophages and the number of mast cells.

In the intestinal wall, multiple vessels were found, with
well-defined muscular wall and connected with the walls of
the vessels located in different directions with the smooth
muscle cells. In the stroma of the glandular component, in-
flammatory, mainly lymphoplasmocytic infiltration, was ob-
served on separate areas with a significant number of eo-
sinophilic leukocytes. The damage in the microcirculatory
channel was characterized by the brightness of morpho-
logical changes. On the half-thin sections, there was a sharp
plumage of the capillaries and venules, and sometimes "coin
columns" from red blood cells were observed.

The process of platelet adhesion and aggregation are
often correlated with morphological and functional changes
and precipitation of fibrin on the surface, forming together the
phenomenon of metamorphosis, so aggregation is irreversible.

In animals with a simulated AGP on day 3 of the experi-
ment, vascular changes were first of all manifested by the
retraction of endothelial cells or their desquamation and the
appearance of defects, that allow plasma proteins and the
formed elements of blood to leave circulation (Fig. 3). In turn,
the gross damage of the endothelium caused a protective
reaction — the adhesion of platelets in the areas of destruc-
tion. External vascular lesions were characterized by the
release of the liquid part of the blood and of the separate
formed elements in the perivascular space.

In the study of the enterocytes organization of intestinal
villi and animal crypt there was noticed an increase in the
height and number of epithelial cells and also the tendency
to increase the volumetric density of intracellular organelles.

In animals with a simulated AGP on day 7, the permeabili-
ty of the vessels of the mucous membrane of the small in-
testine was increased and accompanied by a significant
edema of the stroma of the villi and by focal hemorrhages
(Fig. 4). The villi were shortened and expanded. At the same
time, collumnar enterocytes suffered from dystrophic and
non-fibrotic changes. In the cytoplasm, predominantly hya-
line-drop and hydropic dystrophy were developed. It was
completed by desquamation and bulging of the basement
membrane with the development of multiple erosions.

Fig. 2. Structure of the small intestine of animals with simulated AGP
on the 1st day. Reducing the number of goblet cells and intraepithelial
lymphocytes in crypts. Swelling of the mucous membrane. Stained with
hematoxylin and eosin. x180.
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Fig. 3. The structure of the small intestine wall with a simulated AGP on
the 3rd day. Multiple hemorrhages per diapedesis in the perivascular space
of the mucous membrane. Stained with hematoxylin and eosin. x180.

Hyperplasia of lymphoid tissue with accession of exuda-
tive inflammation with the predominance of neutrophils in the
exudate was observed locally, in the mucous membrane.
Similar changes were observed in the serous membrane,
where also swelling and cellular infiltration were indicated.

The villi of the mucous membrane were expanded and
shortened due to diffuse lympho-histiocytic stromal infiltration.
The villi capillaries were expanded and caused multiple
hemorrhages per diapedesis. There was a focal necrosis of
the surface epithelium.

CONCLUSIONS Consequently, the pronounced
inflammatory changes in all terms of the injury were seen in
the wall of the small intestine at the simulated AGP. The
significant congestion of the capillaries and venules was
noted on the 1st day from the beginning of the experiment
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Fig. 4. The structure of the small intestine wall with a simulated AGP
on the 7th day. Exudative inflammation with predominance of neutrophils
in the exudate, edema. Stained with hematoxylin and eosin. x180.

against the background of inflammatory infiltration in the
stroma of the glandular component of the small intestine. An
increase in the height of intestinal villus and a crypt with a
retraction and desquamation of endothelial cells in the wall
of vessels, which caused platelet adhesion in the areas of
destruction was observed on the 3rd day. The areas of focal
necrosis of the superficial epithelium, which were accompanied
by multiple hemorrhages per diapedesis, in the perivascular
space of the mucous membrane, were seen in the wall of the
small intestine of animals with a simulated AGP on the 7th
day.

Prospects for further research The study and evaluation
of morpho-functional changes of small intestine walls in rats
with a simulated AGP will allow to broaden the idea of multiple
organ failure mechanisms activation in this pathology.
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©I. 4. A36aHoBCcbKuiAY, B. M. BepBera?, C. P. MigpyuHa’, H. A. MenbHuK*

TepHoninbcbKuli HayioHasIbHUU MeduyHUl yHisepcumem imeHi I. 1. Fop6a4yeBcbko20*
JIbBiscbkull HayioHa/1bHUU MeduyHul yHisBepcumem imeHi aHuna anuybkoao?

MOP®OJIOMNYHI 3MIHU B CTIHLJ TOHKOI KALLUKW MPY FOCTPOMY MOLUVMPEHOMY NEPUTOHITI

Pe3tome. OCHOBHOI NPUYMHOI0 CMEPTHOCTI NPW rOCTPOMY MoLumpeHoMy nepuToHiTi (MT1M) € po3BMTOK NOIOPraHHOT HeJOCTATHOCTI.
KulweyHuk — e opraH, B iKOMy pO3BMBalOTbCSA NEPLUI 3MiHM NPY AaHiil naTtonorii.

MeTta gocnigXeHHs — BUBYUTU Ta OLLIHUTM MOPCOJIOTiYHI 3MiHU B CTIHLji TOHKOI KULIKX Y TBApVH i3 eKCnepuMeHTaslbHUM rocTpyuM
NOLUMPEHUM NEPUTOHITOM.

Matepianu i MmeTogu. Y focnigpkeHHi Bukopuctanm 32 6invx Lypis. FOCTPUIA NEPUTOHIT MoZentoBanu LWAsSXoM BBefeHHs 10 % ka-
noBoi cycnensii y fo3i 0,5 mn Ha 100 r Macu TBapUHW Y YepeBHY MOPOXHWUHY eKCNepUMEHTaIbHUX LLYPIB MYHKLiAHUM MEeTOA0M.
TepMmiHy cnocTepexeHHs: 1; 3; 7 gobu Big noyatky MoAestoBaHHSA NEePUTOHITY. [ riCTONOrYHUX AOCIMKEHb O6pasin TKAHUHY KU-
LweyHnka. OTpMMaHi LWMaToyku opraHa doikcyBanun B 10 % po3uvHi HeldTpanbHoro dpopmaniy, skuii noTim dhap6yBany reMaToKCui-
HOM Ta €03UHOM.

Pe3ynbTatu gocnimkeHb Ta iX 06roBopeHHA. Y TBapuH i3 3moaensosaHum MMM Ha 3 f06y ekcnepyMeHTy CyAMHHI 3MiHW nepLy 3a
BCE NPOSIBMISNINCL OKPYTNIeHHsIM ab0 feckBaMaLieto eHoTeNito, NoABO0 AedekTis, L0 NPU3BOAWIO0 40 BUXOAY Na3mu Ta JOpMeHNX
e/1IeMeHTIB KPOBi 3a MeXi CyAMHHOro pycna. Y wypis i3 3mogensoBaHum TN Ha 7 fo6y NigBULLEHHS NPOHUKHOCTI CYAUH C/IM30BOT
060/10HKM TOHKOI KMLLKW CYNPOBOMKYBa/IOCA 3HAYHUM HAOPSKOM CTPOMU BOPCUHOK Ta 0CepeKOBUMU reMoparisMu.

BucHoBKW. BupaxeHi 3anasibHi 3MiHW Y CTiHLj TOHKOT KMLLKM Npu 3MoAenboBaHoMy TN 6ynn Ha ycix TepMiHax ypaxeHHs. Ha nepiuy
[006y Big noyaTKy ekcnepuMeHTy Ha TAi 3anasibHoi iHGINbTpaLii y CTPOMi 3a/1031MCTOr0 KOMNOHEHTA TOHKOT KMLLIKY Bif3Havas1ocs 3Ha-
YHe po3LLMpEeHHS Kaninapis i BeHyn. Ha 3 o6y cnocTtepirasiocs 36inbLIEeHHS BUCOTY KMLLKOBMX BOPCMHOK | KPUMT i3 BUpaXKeHot Je-
CcKBaMaLielo eHAO0TENIK0 Y CTiHLi CYyAUH, L0 BUKIMKaNO afresito TPOMOOUMTIB y 30HaX ypakeHHs. Ha 7 fo6y B CTiHLi TOHKOI KULLIKK
TBapWH i3 3mogenboBaHum MMM 6ynu ginsiHky hokasibHOTO HEKPO3Y NOBEPXHEBOTO ENiTeNito, Aki CyNPOBOMKYBaUTMCA MHOXVHHUMU
Jianefie3HVMy KPOBOBWUIMBaMY B MEPUBACKYISPHNI NPOCTIP CN30BOT 060/10HKM.

Knto4yoBi cnoBa: roctpuii NOLWMPEHNIA NEPUTOHIT; CTIHKA TOHKOT KNLLKW; MOPAIOOTiYHI 3MiHN.

©W. . O3t06aHoBCkumit, B. M. BepBera?, C. P. MugpyuHas?, H. A. MenbHuk!

TepHono/bcKuli HaYUOHa/IbHbIU MeduyuHCcKuli yHUBepcumem umeHu U. 51. Fop6ayesckozo’
JIbBOBCKUl HayUOHa/IbHbIU MeduyuHcKuli yHusepcumem umeHu JlaHuna aiuykoao?

MOP®O/TIOMYECKUE USMEHEHUSA B CTEHKE TOHKOW KMLLKW NPV OCTPOM PACNPOCTPAHEHHOM NEPUTOHUTE

Pestome. OCHOBHOI NPUYMHOI CMEPTHOCTY NPY OCTPOM PacrnpocTpaHeHHoM neputoHuTe (OPI) siBNsSieTcsA pa3BUTMe NOMOPTraHHoM
HeJoCcTaTouHOCTW. KULLIEYHUK — 3TO OpraH, B KOTOPOM Pa3BKBAKTCS NepBble M3MEHeHWs NpU JaHHOl naToorum.

Lienb nccnefoBaHus — U3y4nTb U OLEHUTb MOPIO/IOTMYECKNE UBMEHEHWST B CTEHKE TOHKOM KULLIKV XUBOTHBIX C 3KCMEPYMEHTA/IbHBLIM
OCTPbIM pacnpocTpaHEHHbIM NEPUTOHUTOM.

Martepuanbl U MeToAbl. B uccneaoBaHnmn UCnonb3oBanu 32 6erbix Kpbic. OCTPbIli NEPUTOHUT MOZAENMPOBaV NyTeM BBeAeHNs 10 %
kasnoBoii B3Becu B fo3e 0,5 M1 Ha 100 I Macchl )XKMBOTHOTO B GPIOLLIHYIO MOOCTb 3KCNEPUMEHTA/IbHBIX KPbIC MYHKLMOHHBIM METOZOM.
Cpoku HabnogeHus: 1; 3; 7 cyTkn OT Hauasia MOAeIMPOBaHNs NEPUTOHUTA. [I/1si TMCTONOTMYECKUX UCCNeA0BaHNUA Gpanu TkaHb Ku-
LIeyHuKa. MonyyeHHble Kycouku opraHa drkcrpoBav B 10 % pacTBope HeliTpasibHOro hopMasiviHa, KOTOpbIii 3aTEM OKpaluMBau
reMaToKCU/IMHOM W 303MHOM.

Pe3ynbTartbl UCCNef0BaHU U X 0GCYXAEHME. Y XMBOTHLIX NPY CMOAeNMpoBaHHOM OPT Ha 3 CyTKU 3KCNEPUMEHTA COCYANCTbIE
M3MEHEHWSI B MEPBYIO 0UEPE/ib NPOSIB/ISAIMCL OKPYTNIEHNEM WU fiecKBaMaLeil aHA0TENNs], NOsIBAIEHNEM AedeKTOB, YTO MPUBOAWIO
K BbIXOZY MiasmMbl U DOPMEHHBIX 3/IEMEHTOB KPOBYW 3a Npejesibl COCYAVCTOro pycna. Y Kpbic npy cMogenupoBaHHoM OPIT Ha 7
CYTKV MOBbILLIEHWE NPOHULLAEMOCTU COCYA0B C/IN3UCTO 060104KM TOHKOM KULLKV CONPOBOXAAIOCH 3HAUNTEIbHBIM OTEKOM CTPOMBbI
BOPCMHOK 1 04aroBbIMV FeMopparusivu.

BbIBOAbI. BbipaxeHHble BocnasinTe lbHble N3MEHEHUs! B CTEHKE TOHKOI KWLLIKU NMpU cMogenmpoBaHHoM OPT1 6binn Ha BCEX CpoKax
nopaxeHusl. Ha nepBbie CYTKM OT Hauasia IKCNePUMEHTA Ha (hOHe BOCMaNINTE/bHOW MHDMALTPALMU B CTPOME XKENE3UCTOrO KOMIO-
HEHTA TOHKO KULLIKU 0TMEYasioCh 3HaUYUTENIbHOE PacLUUPeHE KanuiisipoB 1 BeHy . Ha 3 cyTkv Ha61104anoch yBeIMyeHne BbicoTbl
KULLEYHbIX BOPCUHOK U KPUMT C BbIP&XEHHON AeckBaMalimeli 3HAOTENMasIbHbIX KNETOK B CTEHKE COCYZO0B, YTO BbI3BA/IO aAresuio
TPOMGOLMTOB B 30HaX MOPaXeHusi. Ha 7 CyTKM B CTEHKE TOHKOW KULLIKY XMBOTHbIX C MoAenupyemMbiM OPI Ha6noganmcb yuacTku
¢hoKasIbHOTO HEKPO3a NOBEPXHOCTHOTO 3MUTENUS, KOTOPbIE CONPOBOXAATUCL MHOXECTBEHHBLIMU AManee3HbIMW KPOBOU3MSIHUSIMU
B NepuBacKy/ISpPHOe NPOCTPAHCTBO C/IN3UCTON 060104KN.

KntoueBble cnioBa: OCTpbIli pacnpoCTPaHeHHbIV NEPUTOHUT; CTEHKA TOHKOW KMLLKIX; MOPAIOSIOTMYEeCcKne N3MeHEHMS.
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