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ABSTRACT

The objective of the study was to research the dy-
namics of changes in oxidative and reducing systems
in the blood and tissues of the pancreas, lungs and
liver during the development of acute necrotizing pan-
creatitis.

Material and methods. The experiment involved 63
sexually-mature rabbits «Gray giant». The degree of oxi-
dative modification of plasma proteins was assessed by
the method of L.LF. Meshchyshen. The content of malo-
nic aldehyde in the erythrocytes was determined by the
method of I. D. Stalna and T.G. Gorishvili. The con-
tent of ceruloplasmin in the serum was studied by M.1.
Revina method. The level of medium mass molecules
was determined by the method of N.I. Gabrielyan. The
oxidative modification of proteins in the tissues of the
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REsumE

Caractéristiques pathogénétiques du développement
de l'oxydation au peroxyde de lipides et de protéines
en raison de la pancréatite nécrotique expérimentale
aigue

Lobjectif de I'étude était d’étudier la dynamique
des modifications des systémes oxydatifs et réducteurs
dans le sang et les tissus du pancréas, des poumons et
du foie au cours du développement de la pancréatite
nécrotique aigué.

Materiel et méthodes. Lexperience a impliqué 63
lapins sexuellement matures «Gris géant». Le degré de
modification oxydative des protéines plasmatiques a
été évalué par la méthode de L.F. Meshchyshen. La te-
neur en aldéhyde malonique dans les érythrocytes a
été déterminée par la méthode de I. D. Stalna et T.G.
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pancreas, liver and lungs was carried out using the his-
tochemical method and original techniques.
Results. The development of acute necrotic pan-
creatitis in the experiment was characterized by an
increase in the activity of lipids and proteins in the
blood and the oxidative modification of proteins in
pancreatocytes, hepatocytes and alveocytes, which is
one of the leading mechanisms for their lesion. The
growth of the oxidative modification of proteins in the
endothelial cells of the pancreas, liver and lungs in the
development of acute pancreatitis contributes to the
occurrence of endothelial dysfunction, which is the
leading factor in the secondary lesions of these organs.
Conclusions. Considering the important role of li-
poperoxidation and oxidative modification of proteins
in the mechanisms of progression of acute necrotic
pancreatitis, it is pathogenically grounded to develop
new effective methods of systemic and local antioxi-
dant and anti-proteolytic effects.

Keywords: acute necrotizing pancreatitis, peroxide
oxidation of lipids and proteins.

Abbreviations: MMM - medium mass molecules;
MA - malonic aldehyde; POM - protein oxidative
modification; ANP - acute necrotizing pancreatitis;
LPO - lipid peroxidation; CP - ceruloplasmin.

INTRODUCTION

Disorders in the redox equilibria in acute pan-
creatitis are known to be accompanied by peroxide re-
actions, transforming them from adaptation to dam-
aging ones". In this case, the free radicals of oxygen
are not only a direct damaging factor for pancreatic
cysts and blood vessels endothelium, but also signal-
ing molecules*®. They trigger the synthesis of cellular
adhesion molecules, cytokines and proapoptotic com-
pounds, and also can activate pancreatic enzymes’'?.
It is accompanied by a deepening of necrotic lesions
of the pancreas tissues and an increase in endotoxi-
cosis>>® 18 However, the mechanisms for the devel-
opment of such harmful reactions, especially in the
tissues of pancreas and distant organs, require a more
thorough study.

THE OBJECTIVE OF THE STUDY was to research the
dynamics of changes in oxidative and reducing sys-
tems in the blood and tissues of the pancreas, lungs
and liver during the development of acute necrotizing
pancreatitis (ANP).
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Gorishvili. La teneur en céruloplasmine dans le sérum
a été étudiée par M.I. Méthode Revina. Le niveau de
molécules de masse moyenne a été déterminé par la
méthode de N.I. Gabrielyan. La modification oxyda-
tive des protéines dans les tissus du pancréas, du foie
et des poumons a été réalisée en utilisant la méthode
histochimique et les techniques originales.
Résultats. Le développement de la pancréatite nécro-
tique aigué au cours de I'expérience est caractérisé par
une augmentation de 'activité des lipides et des proté-
ines dans le sang et par la modification oxydante des
protéines dans les pancréatocytes, les hépatocytes et
les alvéocytes, qui est I'un des principaux mécanismes
de leur lésion. La croissance de la modification oxy-
dative des protéines dans les cellules endothéliales du
pancréas, du foie et des poumons lors du développe-
ment d’une pancréatite aigué contribue a I’apparition
d’un dysfonctionnement endothélial, qui est le princi-
pal facteur des lésions secondaires de ces organes.
Conclusions. Considérant le role important des pro-
cessus de lipoperoxydation et de modification oxydante
des protéines dans les mécanismes de progression de
la pancréatite nécrotique aigué, le développement de
nouvelles méthodes efficaces aux effets antioxydants
et anti-protéolytiques systémiques et locaux est bien
fondé du point de vue pathogene.

Mots-clés: pancréatite aigué nécrosique, oxydation
au peroxyde de lipides et de protéines.

MATERIAL AND METHODS

The experimental research involved 63 sexual-
ly-mature rabbits «Gray giant», weighing from 8 to
10 kg, in which ANP was simulated by ligating the
main pancreatic duct, followed by an injection of bile
solution with trypsin into the pancreas parenchyma
(utility model patent number 66667).

The degree of oxidative modification of plasma
proteins was assessed by the I.F. Meshchyshen method®.
The content of malonic aldehyde in the erythrocytes
was determined by the 1. D. Stalna and T.G. Gorishvili
method®®. The content of ceruloplasmin [KF 1.16.3.1]
in the serum was studied by the M.I. Revin method?..
The level of medium mass molecules (MMM) was de-
termined by the N.I. Gabrielyan method?'.

In order to study the processes of protein oxida-
tive modification (POM) in the tissues of the pancre-
as, liver and lungs, histochemical research was carried
out using the [.S. Davydenko original techniques®.

The ratio of the activity of antioxidant defense
(AOD) and lipid peroxidation (LPO) of the blood was
carried out by determining the integral index (coef-
ficient K) by the E.V. Chuyanova method?.
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Table 1. Primary values in the activity
of pro- and antioxidant systems
of the experimental animals’ blood.

Values M m
Malonic aldehyde
(umol/L) 13.620 0.267
Protein oxidative modification 208 0.06
(0.u.g/mL)
Ceruloplasmin 206.357 4312
(mg/L) ) )
Medium mass molecules 0.195 0.003

(s.u.)

In conducting the research, we followed the
generally accepted world and national standards for
carrying out research in the field of biology and medi-
cine, namely: Vancouver Convention on Biomedical
Research (1979,1994) and other legislative acts in
force in Ukraine.

RESULTS AND DISCUSSION

The primary parameters of the activity of oxi-
dative and reducing systems of blood are shown in
Table 1, and the coefficient R/B in the tissues of the
organs of experimental animals in Table 2.

After 24 hours, there was a marked increase in
the concentration of malonic aldehyde (MA) (Fig. 1)
and ceruloplasmin (CP) (Fig. 2), while the levels of
POM (Fig. 3) and MMM (Fig. 4) decreased moder-
ately. The above changes were accompanied by a sig-
nificant increase in the integral index of activity of
LPO and AOD (Fig. 5). At the same time, the POM
in both functional cells and the endothelium of the
blood vessels of the pancreas (Fig. 6), the liver (Figure
7) and the lungs (Figure 8) increased significantly.

The above data prove that the initiation of
AP in animals was accompanied by a characteristic

Table 2. Primary values of R/B index
in the tissues of experimental animals.

Morphological substrate M m

Epithelial cells of the exocrine

0.98 0.012
apparatus of the pancreas
Endothelial cells of the blood 0.98 0.007
vessels of the pancreas
Hepatocytes 1.08 0.012
Endothelial cells of the blood xx
blood vessels of the liver 0.99 0.011
Epithelial cells of the respiratory
system 0.94 0.007
lung departments
Endothelial cells of the pulmonary
blood 0.97** 0.008
vessels

Note. ** — reliability index P between the functional and
endothelial cells of the organs < 0.01, *** — < (0.001 (only
statistically significant differences are given).

activation of LPO. The parallel growth of AOD activ-
ity is a logical process that prevents possible adverse
effects of oxidative reactions. It is outlined by a sig-
nificant increase in the K coefficient and a decrease
in the POM activity and the level of MMM in the
blood plasma, as well as the existence of a reverse
significant correlation between the level of MA and
CP (Table 3).

At the same time, the early growth of LPO, even
alongside with a pronounced activation of AOD and
domination of its integral value, stimulates intraaci-
nar activation of pancreatic enzymes and the occur
rence of local hypoxia. It is evidenced by a significant
increase in the R/B ratio of epithelial cells of the
exocrine apparatus (Figure 9) and endothelium of the
blood vessels of the pancreas (Figure 6), as well as
the existence of a close direct significant correlation
between the increase in the level of MA and the activ-
ity of POM in pancreatic and endothelial cells of the
pancreas (Table 3). Therefore, the intensification of
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32 : 32
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28 1%+ 12,45%%% 28
24 b 24
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Figure 1. Dynamics of malonic aldehyde rate (umol/L) in the blood plasma of experimental animals
in the course of development of acute necrotizing pancreatitis
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Figure 2. Dynamics of POM parameters (o.u. g/L) in the blood plasma of experimental animals

in the course of development of acute necrotizing pancreatitis
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Figure 3. Dynamics of ceruloplasmin rate (mg/L) in the blood plasma of experimental animals
in the course of the development of acute destructive pancreatitis
Note. *** — reliability index P between the indicated terms of observation < 0.001
(only statistically significant differences are shown).
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Figure 4. Dynamics of the medium mass molecules (s.u) rate in the blood plasma of experimental animals in the course
of development of acute necrotizing pancreatitis
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Figure 5. Dynamics of changes in the integral index of activity of lipid peroxidation systems
and the blood antioxidant defense (K coefficient) in the development of acute necrotizing pancreatitis
Note. * — reliability index P between the indicated terms of observation
< 0.05, *** —<0.001 (only statistically significant differences are shown).

Table 3. Correlations of pro- and antioxidant systems of blood and tissues on the 1%, 3" and 7™ day of
development of experimental acute necrotic pancreatitis.

st rd th
Material under study I day 3 day 7" day Material under study
r p r p r p
MA 048 <005 010  >0.05 021  >0.05 CP
MA 064 <005 050 <005 013  >0.05 POM of
pancreatocytes
MA 063 <005 010 5005 003 >005 TOMof pancreatic endothe-
POM of the blood 058 <005 0.09 005 052  <0.05 POM of
pancreatocytes
MMM 064 <005 059 <005 070  <0.05 POM of
pancreatocytes
POM of 099 <001 087 <00l 090 <001 POMofpancreatic endothe
pancreatocytes lium
POM of 0.57 <0.05 0.49 <0.05 0.33 >0.05 POM of hepatocytes
pancreatocytes
POM of 086 <001 060 <005 059  <0.05 POM of alveocytes
pancreatocytes
POM of hepatocytes 0.52 <0.05 -0.02 >0.05 -0.48 <0.05 POM of alveocytes
POM of alveocytes 087 <001 012 005 002 005 L[OMof pUIIl?L‘::r‘larV endothe-
POM of pancreatonecrosis ~ ~ 051 <0.05 0.49 <0.05 MMM
areas
POM of pancreatonecrosis _ ~ 073 <0.05 0.48 <0.05 POM of
areas pancreatocytes

POM of pancreatonecrosis _ ~ 0.63 <0.05 0.48 <0.05 POM of the pancreas endothe-

areas lium

POM of pancreatonecrosis

- - 0.55 <0.05 0.25 >0.05 POM of the liver endothelium

areas

POM Ofpa;f;a“’“w“is - - 0.61  <0.05 059  <0.05 POM of alveocytes

POM of pancreatonecrosis ~ ~ 043 50.05 0.50 <0.05 POM of pul@onary endothe-
areas lium
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Figure 6. Dynamics of changes in the R/B ratio in the pancreatic tissues of experimental animals
in the development of acute necrotizing pancreatitis
Control 1%t day 3rd day 5th day 7th day
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Figure 7. Dynamics of changes in R/B ratio in the liver tissues of experimental animals
in the development of acute necrotizing pancreatitis

endothelium
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Figure 8. Dynamics of changes in R/B ratio in the lung tissues of experimental animals
in the development of acute necrotizing pancreatitis

Note. * — reliability index P between the indicated terms of observation < 0.05; ** — < 0.01, *** — <0.001; ++ —
reliability index between the indicated tissues < 0.05; ++— < 0.01; +++ — < 0.001 (only statistically significant differences are shown).

LPO is not only a cause of changes in the lipid com-
ponent of the membranes and contributing factor
of the intraacinar activation of pancreatic enzymes,
but also the leading trigger mechanism for activat
ing POM, both in the blood and tissues'®?*, Oxidized
proteins, in turn, are activators of numerous multi-
catalytic proteases, including the pancreatic ones'"?,
This allows us to consider the above-mentioned path-
ological mechanisms as factors contributing to the

240 / vol. 54, no.2

progression of AP and affecting directly the nature
of its further development.

It should be also noted that the increase in the
activity of LPO in the plasma is accompanied by a
significant elevation of POM hepatocytes (Fig. 10),
alveocytes (Fig. 11), and endothelial cells of the liver
(Figure 7) and lungs (Figure 8). In addition, all these
changes are characterized by the presence of a num-
ber of direct significant correlation dependencies
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(Table 3). It shows that the intensification of the LPO
leads to the initiation of systemic reactions, which is
based on the initiation of processes that are, factors
in the development of hypoxia and dysfunction of
distant organs, in particular the liver and the lungs.
From the 24™ to 72" hours of ANP develop-
ment, there was a significant increase in the levels
of MA, POM and MMM in the blood plasma, while
the CP concentration was decreasing. At the same
time, the reliable decrease of the integral index in
the activity of the LPO processes showed the domi-
nance of the prooxidant systems over the reserve ca-
pabilities of regenerative redox mechanisms. Besides,
there was a progressive growth of the POM activity
in pancreatocytes (Figure 12), hepatocytes (Figure 14),
alveocytes (Figure 15), as well as in endothelial cells
of the pancreas (Fig. 6), liver (Fig. 7) and lungs (Fig. 8)
vessels on the 3™ day. In addition, during histological
examination in the tissues of the pancreas, there were
reliable morphological signs of the formation of small
centers of necrosis (Fig. 13), whose POM activity was
significantly higher than in viable pancreatocytes and
endothelial cells of blood vessels (Fig. 6). At the same
time, the changes in POM in tissues were interre-
lated, which was confirmed by the presence of many
direct significant correlation dependencies (Table 3).
All of the above facts show that the maximum
intensity of prooxidant reactions against the backdrop
of the compensatory systems failure in case of ANP
progression can be regarded as a manifestation of «ox-
ygen explosion»*?. A sharp activation of free radical
transformation is associated with an increase in the
content of reactive forms of oxygen, the main sources
of which are stimulated phagocytes and endothelial
cells'®®, It is obvious that such uncontrolled excessive
increase in the activity of prooxidant factors in blood
and tissues leads to numerous negative consequences.
Among them, along with changes in metabolism,
circulation and immunity'®", it is worth noting the
disturbance of the stability of cellular and subcellu-
lar membranes, which, besides the disorders of trans-
membrane transport, is one of the causes of necrotic
lesions in the pancreatic parenchyma®". The latter is
reliably confirmed by the fact that the activity of POM
in the centers of necrotic lesions in the pancreatic tis-
sues on the 3™ day was 2.5 times more intense than
in the viable pancreatic and endothelial cells, exceed-
ing their initial indices by almost 3.5 times (see Fig.
3). In addition, these changes were characterized by
close direct significant correlations (Table 3). All of
the above make it possible to consider the sharp in-
crease in POM activity in pancreatic parenchyma as
one of the leading mechanisms of its necrotic lesion.
From the third to the seventh day of the develop-
ment of ANDP, there was a significant decrease in the

concentration of POM and CP in the blood plasma,
below the baseline values, against the background of
a pronounced tendency to decrease the level of MA,
which, however, was higher than that of the control.
At the same time, the level of MMM continued to
grow progressively, and the integral index of pancre-
atic activity was characterized by an even more pro-
nounced tendency to predominance of prooxidant
factors. In addition, there was a significant increase
in the activity of POM in functional and endothelial
cells of all organs, which was accompanied by the ap-
pearance of a common necrotic lesions of pancreatic
parenchyma (Fig. 16) and the development of degen-
erative processes in the liver (Fig. 17) and lungs (Fig
18). In this case, there was a direct significant cor-
relation between the growth of POM activity in the
pancreatic functional and endothelial cells, those of
the liver and lungs (Table 3).

Such changes indicate that, in addition to the
growth of POM in pancreatocytes, alveocytes and
hepatocytes, the growth of POM in their endothelial
cells is another mechanism of lesions in the pancreas,
liver and lungs. The latter, in our opinion, contrib-
utes to the emergence of endothelial dysfunction,
which is the leading factor in secondary lesions of
the pancreas, liver and lungs.

It should be also emphasized that, despite the
expressed suppression of redox-blood reactions, the
activity of POM in the tissues of all organs was char-
acterized by a continuously progressive growth. At
the same time, such changes were accompanied by
the appearance of reliable morphological manifesta-
tions of common pancreatic necrosis and the develop-
ment of degenerative processes in the liver and lungs.
This shows that the necrotic lesions of the pancreas
and the development of dysfunction/ insufficiency of
distant organs correlate with the activity of POM and
the severity of endogenous intoxication syndrome.
The reliability of the latter was further confirmed by
a set of direct significant correlations between these
changes (Table 3).

Particular attention should be also drawn to the
fact that in the early stages of development of acute
pancreatitis, the activity of LPO directly significantly
correlates with POM in pancreatocytes and endothe-
lial cells of the pancreas, while such a connection
can not be traced in case of the initial development
of necrotic lesions of pancreatic parenchyma and
its subsequent progression. The above is likely to
indicate that the rapid growth of the activity of the
PO processes initiates the processes of POM in the
pancreatic tissues, which causes triggering the local
alteration mechanism. Further development of the
latter is potentiated by its own non-oxidant factors
and is characterized by universality, which implies
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Figure 9. Microphotography of the pancreas area in a

rabbit after 24 hours of simulating acute pancreatitis. after 24 hours of simulating acute pancreatitis. Coefficient

Coefficient R/B: cells of the exocrine apparatus — 1.268, R/B: hepatocytes — 1.287, endothelium of blood vessels —
endothelium of blood vessels — 1.188. Coloring with 1.281. Coloring with bromophenol blue by Mikel Calvo.
bromophenol blue by Mikel Calvo. Ob. 40%, Ok. 10*. Ob. 40%, Ox. 10~

> A PRy \:“ :
Figure 12. Microphotography of the pancreas area in

.

Figure 11. Microphotography of the lungs area in a rabbit

after 24 hours of simulating acute pancreatitis. Coefficient a rabbit after 72 hours of simulating acute pancreatitis.
R/B: epithelium of the respiratory parts of the lungs- Coefficient R/B: cells of the exocrine apparatus — 1.431,

1.268, endothelium of blood vessels — 1.188. Coloring with endothelium of blood vessels — 1.455. Coloring with
bromophenol blue by Mikel Calvo. Ob. 40%, Ok. 10*. bromophenol blue by Mikel Calvo. Ob. 40%, Ok. 10*.

RN g ek S SRR e « UL NN
Figure 13. Microphotography of the pancreas area in Figure 14. Microphotography of the liver area in a rabbit
a rabbit after 72 hours of simulating acute pancreatitis. after 72 hours of simulating acute pancreatitis. Coefficient
Coefficient R/B of piecemeal necrosis areas — 3.428. R/B: hepatocytes — 1.455, endothelium of blood vessels —
Coloring with bromophenol blue by Mikel Calvo Bo. 1.337. Coloring with bromophenol blue by Mikel Calvo.

0b.40%, Ok.10~. Ob. 407, Ok. 10*
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Figure 15. Microphotography of the lungs area in a rabbit
after 72 hours of simulating acute pancreatitis. Coefficient
R/B: epithelium of the respiratory parts of the lungs —
1.341, endothelium of blood vessels — 1.364. Coloring with

bromophenol blue by Mikel Calvo. Ob. 40*, Ox. 10*.

Figure 17. Microphotography of the liver area in a rabbit
after 7 days of simulating acute pancreatitis. Coefficient
R/B: hepatocytes — 1.883, endothelium of blood vessels —
1.679. Coloring with bromophenol blue by Mikel Calvo.
Ob. 40%, Oxk. 10~.

an accelerating effect on both the parenchyma of the
pancreas and tissues of distant organs®*®?’. The mech-
anism of alteration of the POM growth in tissues may
mean that intracellular growth of POM is a possible
indication of the activation of ubiquitin-dependent
proteolysis, which may be non-protective (regulation
of the rate of transcription and cell cycle, apoptosis,
proliferation, differentiation and repair, the immune
system) in nonphysiological conditions?**3% but, on
the contrary, it can be damaging?>*°.

CoNcLUSIONS
The development of acute necrotizing pancreati-

tis in the experiment is characterized by an increase
in the activity of processes of lipids and proteins in

| W 5

N e \,. AR TS, O B
&\ o N B R A IO L‘mf?{.‘
Figure 16. Microphotography of the pancreas area in
a rabbit after 7 days of simulating acute pancreatitis.

Coefficient R/B of diffuse necrosis area — 3.452. Coloring
with bromophenol blue by Mikel Calvo. Ob. 40%, Ok. 10*.

Figure 18. Microphotography of the lungs area in a rabbit
after 7 days of simulating acute pancreatitis. Coefficient
R/B: epithelium of the respiratory parts of the lungs —
1.385, endothelium of blood vessels — 1.481. Coloring with
bromophenol blue by Mikel Calvo. Ob. 40%, Ok. 10*.

the blood and oxidation modification of proteins in
pancreatocytes, hepatocytes and alveocytes, which is
one of the leading mechanisms of their lesion. The
growth of the oxidative modification of proteins in
endothelial cells of the pancreas, liver and lungs dur-
ing the development of acute pancreatitis contrib-
utes to the occurrence of endothelial dysfunction,
which is the leading factor in the secondary lesions
of these organs’'. Considering the important role of
processes of lipoperoxidation and oxidative modifi-
cation of proteins in the mechanisms of the progres-
sion of acute necrotic pancreatitis, the development
of new effective methods of systemic and local anti-
oxidant and anti proteolytic effects is pathogenically
grounded .
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