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CHARACTERISTIC FEATURES OF MORPHOLOGICAL,
STRUCTURAL AND HISTOCHEMICAL LIVER DISORDERS
AT DIFFERENT STAGES OF EXPERIMENTAL
ABDOMINAL SEPSIS

Abdominal surgical sepsis is characterized by a significant number of episodes in case of recorded
steady growth and a high mortality rate. The morphological, structural and histochemical changes
in the liver tissues at different stages of abdominal sepsis were assessed in 52 experimental animals.
The following stage related inflammatory infiltrative changes (hyperemia and edema of interstitial tissue
and Disse spaces, hydropic and fatty degeneration of hepatocytes, lymphoid-neutrophil infiltration
of portal tracts and intra-lobular stroma) and degenerative-dystrophic necrobiotic disorders (cariopicosis
and cariolysis of the cell nuclei, foci of hepatocyte necrosis of the colliquation type, cytoplasmic
inclusions of hyaline-like masses, fragmentation of reticular fibers, PNK and glicogen investigation
data) underlying the experimental hepatoprive syndrome were identified.

Key words: abdominal surgical sepsis; stages; morphological, structural, histological and chemical
disorders; liver.
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OCOBEHHOCTH MOP®OCTPYKTYPHbBIX

H THCTOXHMHYECKHX HAPYIHIEHHH NEYEHH

IIPH PABJIHYHDIX CTAAHAX SKCIIEPUHMEHTAJIbBbHOI'O
AB/IOMHHAJIDHOI'O CEIICHCA

YO «Beaopycckui zocyoapcmeennviii MeOUYUHCKUU YHUGepcumems',
YO «Bumebcxui zocyoapcmeennvitl MeOUUUHCKUL YHUBEPCUME

AOOOMUNANDHOIL XUPYPZUUECKUL CENCUC XAPAKMEPUIYEMCSL CYUECMBEHHBIM UUCIOM 6 CAYUde
3apezucmpuposaniozo pocma u cmabuibHo 6vblcoKoU aemanvrnocmyio. Iposedena oyenxa mopgho-
CMPYKMYPHOIX U 2UCTNOXUMULECKUX USMEHEHUT 6 MKAHAX NEUEHIU NPU PAZIULHOLY CNAOULX A6)0-
MUHATILHOZO CENCUCA Y 52 IKCNEPUMEHMATLHLIX KUBOMHBLY. Yemanoeaenv, cmadulinvie eedyujie
gocnaiumenvio - unguivmpamuehovie (NOIHOKPOBUE U OMEK MEKYMOUHOU MKAHU U NPOCPAHCING
[acce, zudpozuneckas u xupoeas ducmpopus zenamoyumos, AuUMGoudno-neumpopuivrnas ungpu-
HOMPAYUs NOPMATLHOLY MPAKMOE U GHYMPUIOILKOGOU CMPOMBL) U DezeHepamueHo-0ucmpopuue-
cxue nexpobuomuueckue (KAPUONUKHO3 U KAPUOIUIUC KICTNOUHBLX S0ep, 0udzu HeKPO3d 2encumo-
UUMO8 NO KOANUKGAUUOHHOMY MUNY, UUMONAAZMAMUYECKUE SKII0UEHUS 2UAIUNON0000HbIX MACC,
(ppazmenmayus pemuryispHvlx 80L0KOH, ucciedosanue PAK u uauxocena) napyuienus, nexa-
ujue 6 0CHOBE IKCNEPUMEHMATILHOZO 2eNAMONPUBHO20 CUHOPOMA.

Katouesvie caosa: ab0oMunaivivili Xupypeuueckuil cencuc, cmaouu, Mopghocmpyxmypoie
U 2UCTMOXUMUYECKUE USMEHEHUS, NeUCHD.

he topicality of the problem connected with ge-  acute inflammation and heat shock proteins, cytomedines
neralized surgical infections is due to a steady  and neurotransmitters.
growth of cases, the number of which has increased With the activation of the inflammatory factors
more than 8-10 times over the last 50 years. 350,000~  the systemic generalized reaction acquires an uncont-
500,000 new cases of sepsis with 50,000-180,000 fatal  rollable nature which causes a number of systemic patho-
outcomes are diagnosed each year only in the US. logical reactions including increased permeability of the
According to randomized studies conducted in Western  vascular wall, development of perivasal edema, thrombo-
Europe, Canada and lsrael the number of cases hemorrhagic stasis in the microcirculatory bed, thus for-
with surgical sepsis in the intensive care and resusci- Ming the prerequisites for multiple organ dysfunctions.
tation units is more than 15-17% of the total number At the same time, despite a significant number of sci-
of patients treated at the above departments. entific publications on this §ubject, t-he d){namics of mor—
The mortality rate from sepsis remains high, reaching phological, ;tructural and hlstochemllcal disorders of inte-
30-50% and in case of concomitant multiple organ rnal organs in the development of different stages of ab-

failure (MOF) and septic shock it is over 70-80%. ﬁ:z/mu;ial tisipss is still elusive and requires further
A significant part of unfavorable statistics is attribu- estiga 9 ) . )
. . LN . The aim of the study is to assess experimentally
ted to abdominal sepsis, which is currently considered as . . .
. . . the dynamics of morphological, structural and histo-
a generalized systemic response, occurring on the back- chemical disorders in the hepatic tissue at different
ground pf co.nstgnt or periodic penetra‘uon of microbes stages of abdominal sepsis.
and their toxins into the systemic bloodstream from the
intra-abdominal foci and initiating the development of Materials and methods
MOF caused by the failure of the body’s immune system We analyzed 124 histological sections of the liver
to suppress and localize them in the primary focus. obtained from 52 experimental animals (Wistar rats)
Bacterial modulins activate the spe0|flc receptors  fo|lowing all the accepted rules and requirements con-
of monocytes/macrophages, neutrophils and NK-cells  cerning the work with experimental animals (Strasbourg,
found in the inflammatory focus, which, in turn, trigger  France, 1986, EU Directive 86/609 of 24.11.1986).
the cellular and humoral reactions of natural resistance The operations were performed after preoperative
through the production of intracellular enzymes, matrix  premedication with the mixture of droperidol (0.5 mg/kg),
and cationic proteins, regulatory peptides and hormones,  demidrol (1.5 mg/kg) and analgin (60 mg/kg). For ge-
pro- and anti-inflammatory cytokines, eicosanoids, neral anesthesia we applied intra-flow administration
systemic complement products, free-radical metabolites, of a 1.0% solution.
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Abdominal sepsis combined with multiple organ
failure was simulated by modeling widespread peritonitis
(by Usikov) via placing a remote vermiform appendage
(with the feces content transferred into it from the lumen)
into the mesogastric region.

Additionally, we narrowed the terminal section
of the small intestine (2-3 cm proximally to the ileocecal
angle) by 40-60% applying silk ligature. After 24 hours,
we injected the animals with a 24-hour culture of Sta-
phylococcus aureus (strain No. 4293) in the amount
of 5 billion units and suspension of epidermal staphylo-
coccus culture (strain No. 3347) in the amount of 10 billion
units. Abdominal sepsis was detected in all experimental
animals 3 days after the start of the experiment. Lympho-
structural and histochemical disorders of internal organs
were studied in the dynamics: up to the first signs
of sepsis which appeared on the 15-2" day and after
its full manifestation on the 39-4" day.

The studied biopsy material, taken from the liver
tissue after its fixation in 10% solution of neutral formalin
and Bien solution, was dehydrated with the increasing
concentration of alcohol (60°, 70° 80°, 90°, 100°).

At the next stage the biopsy tissues were first treated
with paraffin; then we made 5-7 pm thick sections
from the prepared blocks, which were later redewaxed.
The obtained material was followed by a selective
histochemical reaction to determine:

A. Glucosaminoglycans in the intercellular substance
(by the PAS reaction).

B. Elements of connective tissue of the liver (by staining
with Mallori).

C. Reticular stroma of the liver (by impregnation
applying the Foot’s technique).

D. Neutral fats (by staining with Sudan V).

E. Microcirculation (by staining with thionine).

F. Metachromasia (by staining with toluidine blue).

Histological and histochemical reactions were
performed many times from different (at least 5-6) sites.
The study of micropreparations was carried out by means
of “Amplival” Carl Zeiss optical light microscope (Germany,
mag.280 times).

Results and discussion

A. Compensated stage of sepsis

Macroscopically it was characterized by an increase
in the size and weight of the liver with expressed blood
filling. During the incision we determined: the flattened
lobe structure; multiple foci of yellow color; thrombosis
of the portal vein branches and heterogeneity.

Microscopic examination revealed hydrophilicity,
granularity and edema in the hepatocyte cytoplasm.
Dystrophy of the liver was detected either as protein-
parenchymal disorders or in the form of hyaline-
granular and hydropic changes. The cytoplasm of cells
with protein dystrophy was characterized by granula-
rity, scarcity of glycogen and RNA, and moderate
polymorphism of the nuclei. In a number of cases
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the damage of the hepatic tissue cellular boundaries
was observed.

Mallory’s bodies were found in the cytoplasm
of the cells subjected to hyaline-granular dystrophy
in addition to hyaline grains. Usually they are localized
only in the tissue perinuclear region. The main characteristic
feature of Mallory’s bodies is the wedge-shaped
formations with acidophilic inclusions.

At this stage of sepsis, hepatocytes with hydropic
destruction were detected. They had cytoplasmic vacuoles
with eroded boundaries and almost complete absence
of glycogen. Protein-parenchymal and hyaline-granular cell
degeneration was found mainly in peripheral and central
lobular areas of the hepatic tissue, while hydropically
altered hepatocytes were mainly detected in periportal
areas. In some cases, balloon-modified hepatocytes were
defined, which later turned into a single large vacuolized
structure. More often they were localized as cell groups
with destroyed nuclei due to pycnosis and lysis.

This stage was also characterized by necrotic foci
in the hepatic tissue with hepatocytes fusion with each
other. In necrotic foci tinctorial signs of hepatocyte
and liver lobe disorders with the destruction of radial
structures were revealed. In necrotic cells autolysis
prevailed, while in the nuclei we observed marginal
or complete lysis.

The triads of the vessels were plethoric and expanded;
endotheliocytes had a “cigar-like” form. In the outer layer
of the triad we noted the fragility of connective tissue
fibers. In some areas around the periphery of the hepatic
lobules a weak regeneration of hepatocytes was revealed
in the form of areas located as islets characterized
by polydisploidy, cell hypertrophy and stromal angiosis.
Hepatocytes in necrotic foci were similar to trabeculae
located in 2-3 rows; the Disse spaces were extended.

We observed edema around the bile ducts
on the background of neutrophilic leukocyte infiltration
and expansion of interlobe biliary tract as well as smooth
epithelial cells with the signs of microvillosis in the lumen
(figure 1).

Figure 1. Hepatic tissue with the compensated stage
of experimental sepsis. Staining: hematoxylin-eosin.
Magpnification: x280
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In a number of bile ducts surrounded by a fibrous
connective tissue cylindrical epithelium was partially
replaced by the cubical one.

B. Subcompensated stage of sepsis

Macroscopically this stage was characterized
by a decrease in the liver volume, consolidated tissue
and tuberous surface; on the slice it was brown
with the inclusion of small gray foci.

Microscopic investigation revealed infiltrative deve-
lopment of fibrous connective tissue caused by its pro-
liferation into the liver lobules. In some places
we revealed «slands» of fibrous tissue. The majority
of hepatocytes were hypertrophied, less often - atrophied.
Hypertrophied cells were located along the periphery
of the liver lobes, while atrophied cells were noted
in the periportal spaces. Protein-hydrophilic degeneration
predominated in hepatocytes, while in the cytoplasm
we observed expressed vacuolization and granularity.

Radial columnar structure of hepatocytes has been
subjected to decomposition, and reticular fibers -
to fragmentation. Multiple lymphoid infiltrates, edema,
fragmentation of the collagen stroma were discovered
in the interlobular connective tissue. Hepatocyte cell
borders were indistinct. We also revealed shrinkage
of the atrophied cells cytoplasm with the signs of ka-
ryopicosis and karyolysis in the nuclei, small inclusions
of chromatin aggregates and necrobiotic changes
accompanied by the loss of nucleoli.

In comparison with the previous stage we observed
fatty degeneration of the central hepatic lobular zones.
In the sites of fatty degeneration complete disappearance
of glycogen, predominance of macrophages filled
with crystals, fat and protein grains were noted.

One of the characteristics of this stage of sepsis was
presence of multiple foci of colliqguative necrosis.
In hepatocytes, located in these necrotic foci, irreversible
changes with the absence of radial columns in the com-

Figure 2. Hepatic tissue micropreparation at the subcompensated
stage of experimental sepsis. Fatty and hyaline-droplet dystrophy
of hepatocytes, moderate swelling of Disse spaces, narrowing
of sinusoids on the background of weak lymphohistocytosis
infiltration of portal tracts are detected there. Staining:
hematoxylin-eosin. Magnification: x280
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position were revealed. Along with the above changes, we
found hepatocytes with nuclear destruction caused by
karyopicosis and karyolysis and large hyaline-like masses
observed in the cytoplasm. A marked lympho-plasmocyte
infiltration was defined around hepatocytes; in the foci of
necrosis multiple hemorrhages and the expansion of the
Disse spaces were identified (figure 2).

C. Decompensated stage of sepsis

Macroscopically it is characterized by liver conso-
lidation, decrease in the size with granularity detected
on the surface; yellow patchy inclusions on the incision
surface.

On microscopic examination we identified fibrosis
of the connective tissue capsule (Glisson) with deep
proliferation into lobes and lobules accompanied
by the development of a false lobular structure. We also
revealed thrombosis of the vessels located between
the connective tissue fibers, obliteration of their lumen
with the development of connective tissue (the phlebo-
sclerosis and endophlebitis type). The normal lobular
structure of the liver parenchyma was not determined
in the absolute majority of cases; we identified only
isolated islets, false lobules and signs of lipoidosis.

Most of the tissue cells were atrophied due to
hydrophobic (balloon) dystrophy. The existing cells had
the phenomena of karyopicosis, karyolysis, karyorexis
with the destruction of the nuclear membrane, which
confirmed the development of irreversible processes.

The above changes were more expressed around
the foci of hemorrhage and hematoma of the tissue.
In comparison with the previous stages of sepsis
(compensated and subcompensated), the number
and size of hemorrhage foci were considerable.
Changes of this type were more frequently observed in
the periportal areas, where focal sites of necrosis were
defined along with total vacuolohydropic and granular
dystrophy. Foci of necrosis were characterized by
necrobiosis of hepatocytes, accumulation of tissue
detritus products and perifocal lymphoid infiltrates
(figure 3).

Hepatocytes were more susceptible to protein-
hydropic changes in the central lobular and intermediate
areas, where nucleus cell pycnosis with condensed
chromatin was determined.

Sinusoidal capillaries were wavy and in some regions
expanded. They contained only plasma capillaries,
while in other regions they were narrowed and included
uniform elements of blood and detritus masses. In some
atrophied lobules, necrotic foci were found in the inter-
medial and periportal areas.

Protein-parenchymal dystrophy of hepatocytes
and lipid accumulation were discovered in the reactions
with Sudan IV staining mainly in the peripheral areas
of the liver. In addition we also noted fragments and lysis
of reticular fibers. Their destruction was most often de-
termined around the vessels and in the central lobular
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Figure 3. Hepatic tissue at the decompensated stage of sepsis.
Visible: stagnation in the blood vessels with expansion
of the Disse spaces; hepatocyte dystrophy; plasma cells
in the region of the hepatic triad. Staining: hematoxylin-eosin.
Magpnification: x280
zones. At the same time multiple thrombi were isolated
in the lumen of the blood vessels and signs of necrobiosis
were observed in the surrounding tissues. In histoche-
mical studies a decrease or complete disappearance
of RNA and glycogen was identified in the lumen
of hepatocytes on the background of the Disse spaces
expansion.

Conclusions

1. A severe degree of hepatic insufficiency (hepato-
prive syndrome) was noted in the absolute number
of cases with the onset of sub- and decompensated
stages of abdominal experimental sepsis.
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2. Morphological, structural and histochemical ma-
nifestations of experimental hepatoprive syndrome
are a combination of inflammatory infiltrative and de-
generative-dystrophic necrobiotic processes including
hyperemia (plethora) and edema of interstitial tissue,
Disse spaces, hydropic and fatty degeneration of hepa-
tocytes, lymphoid-neutrophil infiltration of portal tracts
and intra-lobular stroma.

3. The discovered pathology stipulates the need
for targeted hepatotropic correction in combination
therapy of abdominal sepsis.
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