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Clinical and morphological forms of chronic pancreatitis:
features of development, diagnosis and treatment

Olena Krylova
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ABSTRACT

Introduction. Chronic pancreatitis (CP) is a common disease with a complex pathogenesis, characterized by difficulties in
its diagnosis and treatment.

Purpose of the study. To determine the main pathogenetic links of clinical and morphological forms of CP, markers of
disease progression, to develop a diagnostic algorithm and principles of treatment of patients.

Material and methods. 210 patients with CP were examined, who were divided into 4 groups: I - obstructive, II - calcify-
ing, III - fibrous-parenchymal, IV - CP, complicated by pseudocyst. Instrumental, functional, morphological, biochemical,
immunological, microbiological methods were used. To study the main morphological and biological changes in the pan-
creas during the development of CP and to study the effectiveness of the proposed treatment, we conducted experimental
studies on 45 laboratory white Wistar male rats weighing 180-230 g.

Results. Imbalance of the immune system, oxidative stress, toxic-metabolic disorders, and diseases of the biliary system
are important in the development of various forms of CP. However, there are differences in the severity of these changes.
The most pronounced activity of fibrotic processes in the pancreas is typical for patients with a long course of the disease
and in the presence of complications (pseudocyst). The most unfavorable course and prognosis are seen in the calcifying
form of CP. The markers of CP progression are the value of the calcification coefficient of 0.5-1.0, the translocation of DNase
[ from the cytoplasm to the nucleus of the acinar cell, the activation of collagen formation, the increase in the level of fibro-
sis activators (TGF-B1, TNF-a), and the intensification of lipid peroxidation processes. An early marker of apoptosis is the
translocation of DNase I from the cytoplasm to the nucleus of an acinar cell.

Conclusions. The developed diagnostic algorithm allows assessing the pathophysiological features of functional and or-
ganic disorders of the pancreas, predicting the course of the disease and choosing the optimal treatment. The proposed
treatment of patients with CP effectively reduces the severity of pain and oxidative stress, normalizes the cytokine profile,
improves the general condition and quality of life of patients.
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Key messages

What is not yet known about the issue addressed in the sub-
mitted manuscript

Today there are still many unresolved issues of the pathogenesis
and diagnosis of chronic pancreatitis (CP) and there is no specific
treatment for CP. For effective treatment of chronic pancreatitis, it
is necessary to influence the main pathogenesis in order to inhib-
it the development of fibrous and other structural changes in the
pancreas.

The research hypothesis

The development and course of clinical and morphological forms
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of chronic pancreatitis are determined by the ratio of regulatory factors of the immune system, apoptosis, and oxidative stress.
The treatment, aimed at normalizing the cytokine profile and limiting oxidative stress, will improve the effectiveness of therapy

and improve the quality of life of patients.

The novelty added by the manuscript to the already published scientific literature

The markers of chronic pancreatitis progression and calcification coefficient to predict the formation of pancreatic calcifi-
cations were developed; differences in the mechanisms of apoptosis in the exo- and endocrine parts of the pancreas were
determined and an early marker of apoptosis was identified; an algorithm for diagnosing clinical and morphological forms of
chronic pancreatitis and methods for treating patients have been developed.

Introduction

Chronic pancreatitis (CP) is a widespread disease that
affects patients of working age, which makes this problem
not only medical, but also medical and social [1, 2]. This
pathology attracts the attention of many researchers, but
today there are still many unresolved issues of the patho-
genesis, diagnosis and treatment of CP [3, 4].

Until now, there is no specific treatment for CP, and the
goal of conservative influence is the treatment of exacerba-
tion of the disease, chronic pain syndrome, exocrine / endo-
crine insufficiency of the pancreas, correction of metabolic
disorders and complications [2].

For effective treatment of chronic pancreatitis, it is nec-
essary to influence the main pathogenesis in order to inhibit
the development of fibrous and other structural changes in
the pancreas.

Purpose of the study: To determine the main pathoge-
netic links of clinical and morphological forms of CP, mark-
ers of disease progression, to develop a diagnostic algo-
rithm and principles of treatment of patients.

Materials and methods

Prospectively, we recruited 210 patients with CP who
underwent a comprehensive examination Control groups
without pancreatic diseases (n = 120) and a comparison
group (n = 25) were established to determine the effec-
tiveness of the proposed treatment. Patients in all groups
were comparable in terms of gender and age. To deter-
mine the effectiveness of treatment, the main indicators
were studied immediately after treatment and at 6-12
months. Among the examined patients, there were 169
men and 41 women, with patients ages ranging from 26
to 72 years, and an average age of (47.3+0.7) years. The
ratio of women to men was 1:4.1. According to the 1998
Marseille-Rome classification, patients were divided into
4 groups: group I consisted of 26 patients (12.4%) with
obstructive CP, group II - 56 patients (26.7%) with calci-
fication, group III - 78 patients (34.1%) with the fibro-pa-
renchymal form, and group IV - 50 patients (23.8%) with
CP complicated by pseudocyst.

Methods of research included clinical, instrumental
(esophagogastroduodenoscopy (EGD), endoscopic ret-
rograde cholangiopancreatography (ERCP), radiography,
enhanced computed tomography (CT), ultrasound), and
functional methods (gastric sounding to study its secretory
activity and duodenal sounding with the determination of

enzymes and bicarbonates) [2]. To study the role of immune
factors and oxidative stress in the progression of fibrosis
and stone formation in the pancreas, the following meth-
ods were used: biochemical analysis of blood serum and
the contents of the pancreatic duct to determine enzymatic
activity of the pancreas (amylase, lipase, phospholipase A)
[4]. Levels of glycated hemoglobin (HbA1c) and hyaluronic
acid (HA) were determined [4], as well as indicators of lip-
id peroxidation (LP) and antioxidant protection (AP) [5, 6],
hexosamines (Ha) content [4], protein-bound hydroxypro-
line (PBH) [7], and the content of medium-weight molecules
(AWM) [8].

Levels of interleukins TNF-a, TGF-$1, REG-1a, lactofer-
rin, and fecal elastase-1 were determined in the blood by
enzyme immunoassay. The immune status and nonspecific
resistance of the organism were assessed [9, 10]. Morpho-
logical methods were used to study biopsies of the pan-
creas obtained from 60 patients (aspiration biopsy under
ultrasound control and during planned operations on the
pancreas). Staining was conducted with hematoxylin and
eosin and according to Mallory-Slinchenko, and pancreatic
histostructure was assessed according to Stolte (1987). Im-
munohistochemical typing of apoptotic nucleases and mor-
phometry were performed [11, 12]. Microbiological meth-
ods were used to determine the microbial contamination of
the stomach and pancreatic duct [13].

To study the main morphological and biological chang-
es in the pancreas during the development of CP, we con-
ducted experimental studies on 24 laboratory white Wistar
male rats weighing 180-230 g. We used our experimental
model of CP, which developed as a result of blocking NO
synthase [14]. Rats (n = 12) were intraperitoneally admin-
istered NG-nitro-L-arginine (L-NNA), Sigma-Aldrich (USA),
at a dose of 40 mg/kg for 6 (n = 6) and 12 (n = 6) days. The
control group (n = 12) consisted of rats intraperitoneally
administered with 0.9% NaCl solution. Rats were removed
from the experiment on days 6 and 12.

To study the effect of the drug ,Glutargin” (,Health”, Kyiv,
Ukraine) on the state of the LP-AP system and collagen me-
tabolism, an experimental study was conducted on 21 lab-
oratory white Wistar male rats weighing 180-230 g. Group
[ rats (n = 7) were injected with L-NNA at a dose of 40 mg/
kg for 12 days, and the rats in group II (n = 7) were injected
with L-NNA at the same dose and glutargin at 20 mg/kg (in-
traperitoneally, 20 min. before the introduction of L-NNA)
for 12 days. The control group (n = 7) consisted of rats that
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received 0.9% NaCl solution intraperitoneally. Rats were re-
moved from the experiment on the 45th day.

The withdrawal of animals from the experiment was
carried out by introducing a lethal dose of ketamine hy-
drochloride. After the animals were withdrawn from the
experiment, blood was taken to determine the concentra-
tion of PBH, malonic dialdehyde (MDA), glucose, nitrites/
nitrates, and the activity of a-amylase, lipase, and trypsin
in the blood serum. A histological study of the tissue of the
pancreas of rats was also conducted.

The studies were carried out in compliance with the
main provisions of the Declaration of Helsinki of the World
Medical Association (1964-2013) and the European Con-
vention for the Protection of Vertebrate Animals used for
Research and other Scientific Purposes [15].

Descriptive and inductive statistics were used to analyze
the obtained results. In the case of quantitative data and
under the condition of their normal distribution, the mean
and standard error of the mean were used. To determine
the significance of differences, Student’s t-test was used.
In the absence of a normal distribution, the median, min-
imum, maximum, upper, and lower quartiles were used,
and the significance of differences was determined by the
Mann-Whitney U test. To describe qualitative data, the fre-
quency of feature detection (%) was used. In this case, the
X-test was used to determine the significance of differences
between groups. Differences were considered significant at
p < 0.05. Correlation and factor analysis were performed.
All calculations were carried out in SPSS 9.0 for Windows
(or Statistica 6) [16, 17]. The work was performed at the
Institute of Gastroenterology of the National Academy of
Medical Sciences of Ukraine.

The study has been approved on September 10, 2008, by
the ,Research ethics committee of Institute of Gastroenter-
ology of National Academy of Medical Sciences of Ukraine”
(minutes No. 5). Informed consent was obtained from each
subject at the beginning of the study.

Results

In the experiment involving the use of L-NNA in the pan-
creatic tissue of rats, morphological changes characteristic of
inflammation with atrophy and fibrosis of the pancreatic pa-
renchyma were observed, along with an activation of the exo-
crine function of the gland. The introduction of glutargin con-
tributed to a decrease in the level of lipid peroxidation prod-
ucts, an improvement in the state of the antioxidant defense
system, and the normalization of collagen metabolism (PBH).

In all patients, risk factors for the development of clinical
and morphological forms of chronic pancreatitis and quality
of life (QOL) were studied. An assessment of the possibili-
ties of methods for diagnosing clinical and morphological
forms of CP was carried out, and morphological features of
the pancreas were determined. The role of immune factors
and oxidative stress in the progression of clinical and mor-
phological forms of CP was examined, and the diagnostic
capabilities of markers of inflammation, fibrosis, stone for-
mation, and apoptosis in clinical and morphological forms
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of CP were studied. A treatment and diagnostic algorithm
for CP has been developed, taking into account the factors
of disease progression.

As a result of the work, it was found that the activity of
fibrotic processes (TGF-f1) is higher in patients with a long
history of the disease (groups II and III, (29.06£0.55) ng/
ml and (27.62+0.56) ng/ml, respectively, compared with I
(23.50+0.64) ng/ml and IV (21.16+0.67) ng/ml, (p<0.001),
against the background of a decrease in the level of apop-
tosis receptor protein - CD95 (II (15.08+0.83)% and III
(15.78+0.43)% compared with control (17.24+0.57)%,
(p<0.001). The level of pro-inflammatory cytokines (TNF-&)
is increased in all patients, but significantly higher in pa-
tients with impaired pancreatic secretion outflow - group
I (197.33%£2.21) pg/ml, and the presence of pancreatic
pseudocyst - group IV (194.44+2.62) pg/ml compared with
11 (174.34+12.16) pg/ml, (p<0.001) and III (178.78+1.88)
pg/ml, (p<0.05), and compared with the control (22.0+0.81)
pg/ml, (p<0.001).

For a detailed characterization of immune disorders,
the coefficient of diagnostic value was taken into account,
allowing, given the average values of the parameters in the
group and their dispersions, to select indicators that are sig-
nificantly different from the norm. Consequently, a formula
for immune system disorders (FID) was obtained, which
includes the 3 most informative indicators (Table 1). Ac-
cording to FID, the most pronounced changes were found
in patients of group III in both cellular and humoral immu-
nity. In patients with chronic pancreatitis complicated by a
pseudocyst, dysfunction of cellular immunity is character-
istic, while in patients with calcifying chronic pancreatitis
- humoral dysfunction is notable.

Table 1. Formula for immune system disorders in examined patients.
FID

humoral immunity

Groups of patients . .
cellular immunity

I group CD3,,CD4,CD8 * CIC ), IgG,", IgA*
II group Cbh4,,CD3,,CD8 * CIC ", IgG,*, IgA,*
I1I group CDh4,,CD3,,CD4/CD8,  CD19,, CIC,", IgG,*

IV group CD4,,CD3 ,CD4/CD8,  CD19,, CIC, IgG*
Note: the results were analyzed using Oneway ANOVA; FID - formula
for immune system disorders; CD - cluster of differentiation (CD3

- T lymphocytes, CD4 - T helper cells, CD8 - cytotoxic T cells,

CD19 - B lymphocytes); CIC - circulating immune complexes; Ig -
immunoglobulin; (+) - hyperfunction; (-) - immune deficiency; 1 (2, 3)
- the degree of immune disorders.

In patients with various clinical and morphological
forms of CP, unidirectional changes in the level of stone for-
mation markers were established. There was a significant
increase in the level of lithostatin (REG-1a) by 8.7 times,
reaching (1498.71+63.80) pg/ml compared to the con-
trol group’s (185.0+23.0) pg/ml (p<0.001). Additionally,
the level of lactoferrin increased by 18.7 times, reaching
(12227.574542.29) ng/ml compared to the control group’s
(653.57+11.89) ng/ml (p<0.001).

An intergroup analysis showed that in patients of
groups | and 1], the level of lithostatin ((1183.22+70.69)
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pg/ml and (983.86+8.83) pg/ml, respectively) was sig-
nificantly lower compared to patients in groups III and IV
((1779.91+109.86) pg/ml and (2256.94+57.79) pg/ml],
respectively) (p<0.001). The increase in the level of lacto-
ferrin was significantly higher in patients of groups I and
II ((17669.44+841.39) ng/ml and (17461.892+261.18) ng/
ml, respectively) compared with patients in groups III and
IV ((7305.72+40.74) ng/ml and (7218.88+51.45) ng/ml], re-
spectively) (p<0.001). Thus, the level of a specific protein of
»pancreatic stones” - pancreatic stone protein (PSP, or litho-
statin), which suppresses the growth of calcium carbonate
crystals, is significantly lower in patients of groups I and
II (obstructive and calcifying CP). In contrast, the level of
lactoferrin, which is the basis of ,pancreatic stones”, is sig-
nificantly higher in patients of these groups compared with
patients of groups Il and IV. The coefficients of the values of
these indicators relative to the control and their ratio were
calculated (the control values of the studied indicators were
taken as 1.0) and it was found that the probability of stone
formation is high - at a value of 0.5-1.0 of the calcification
coefficient (REG-1a / lactoferrin), low - at 1.5 and above.

The possibilities of modern methods for diagnosing
clinical and morphological forms of CP were determined,
and the highest sensitivity in diagnosing structural chang-
es in the pancreas was found with the CT method (group
[ -98.6%, Il - 95.1%, III - 89.1%, IV - 98.2%). Complete
agreement among CT, ultrasound, and ERCP diagnoses oc-
curred in 64.7% of cases, partial mismatch - in 28.5%, and
complete discrepancy - in 6.8%. Ultrasound demonstrated
the highest sensitivity and specificity in cases of calcific
CP (93.8% and 85.6%) and CP complicated by pseudocyst
(92.3% and 88.5%). For diagnosing other forms of CP, it is
necessary to additionally use CT and, if necessary, ERCP. In
the assessment of fibrotic changes in the pancreas in CP, a
significant correspondence was found between the ultra-
sound parameters and the data from morphological studies
of the pancreas, including the areas of fibrosis in the paren-
chyma of the gland (r = 0.91; p = 0.03) and the density of the
parenchyma (r = 0.94; p = 0.05).

As a result of the study of the histostructure of the pan-
creas, it was found that the morphological picture of fibrotic
changes in the pancreas does not depend on the form of the
disease and is characterized by a mild (I) degree of fibrosis
in 6.6% of patients, moderate (II) in 20.0%, severe (III) in
16.7%, and complete fibrosis (IV) in 56.7%. Immunohis-
tochemical studies have revealed various mechanisms of
apoptosis in the exocrine and endocrine parts of the pan-
creas. The proapoptotic protease DNase I is expressed in the
cytoplasm of acinar cells, and endonuclease-G is expressed
in some of the islet cells and in the epithelium of the ducts.
It has been established that an early marker of apoptosis is
the translocation of DNase I from the cytoplasm to the nu-
cleus of the acinar cell.

The vast majority of patients with CP are character-
ized by endotoxemia (AWM level is increased in 67.8%
to (706.67+26.84) mg/l compared with the control
(445.60+18.20) mg/l, p<0.001), activation of fibrotic pro-
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cesses (PBH increased in 81.6% to (175.76+3.59) umol/I
compared with the control (136.04+4.3) pmol/l, p<0.001),
HA level increased in 75.0% to (1.71%0.24) g/l compared
with the control (0.76+0.12) g/1, p<0.02), and the level of Ha
was increased in 50,9% to (6.81+0.16) mmol/l compared
with the control (5.04+£0.19) mmol/l (p<0.001)), and no
significant intergroup differences in these indicators were
found.

Activation of lipid peroxidation processes was detect-
ed in 90.0% of cases (MDA up to (3.32+0.09) nmol/ml
versus (2.07£0.13) nmol/ml in control, p<0.05), isolated
double bonds (IDB) up to (1.42+0.04) relative units/ml
versus (0.99+0.04) relative units/ml in control, p<0,05),
diene conjugates (DC) up to (0.87+0.03) relative units/ml
versus (0.67+0.03) relative units/ml in control, (p<0.05).
Moreover, in 97.4% of patients with CP, there was an im-
balance between the accumulation of primary lipid peroxi-
dation products and a significantly accelerated decay of the
products of their transformation into dialdehyde products
(MDA). That is, in patients with CP, there is an intensifica-
tion of lipid peroxidation processes, which contributes to
the formation of secondary LP products that inactivate cat-
ionic pumps, channels, and ionic conductivities, membrane
proteins, and enzymes.

On the basis of the data obtained, markers of CP pro-
gression were determined, including: the value of the cal-
cification coefficient (REG 1a/lactoferrin) between 0.5-1.0,
translocation of DNase I from the cytoplasm to the nucleus
of the acinar cell, activation of collagen formation (with a
decrease below 0.5), an increase in the level of fibrosis acti-
vators (TGF-B1, TNF-a), and intensification of LP processes
(MDA).

As aresult of factorial and correlation analysis of the ob-
tained data, and in order to develop a diagnostic algorithm,
the main pathogenetic links of various forms of CP were for-
mulated (Figs. 1-4). The analysis allowed us to explore the
relationships between variables and interpret the ,nature”
of the factors that make the main contribution to explaining
the variability of the sample variables.

In patients of group I (obstructive pancreatitis), four fac-
tors explain about 59% of the total variance (Fig. 1). The
first factor (13.4% of sample variability) correlated mainly
with indicators that reflect disorders of the biliary system
(presence of cholelithiasis (Chl) r = 0.72; p = 0.001), LP-AP
processes (ceruloplasmin/malondialdehyde (Cp/MDA) r =
0.72; p = 0.05), endogenous intoxication (AWM r = 0.66; p
= 0.05) and activation of humoral immunity (IgG r = 0, 78;
p = 0.001). Therefore, with cholelithiasis (Chl), bile reflux
into the pancreatic duct is determined, which, along with
an imbalance in the LP-AP system, leads to inflammation
and damage to the pancreatic tissue. The volume of duo-
deno-pancreatic reflux affects the degree of oxidative dam-
age. Prolonged exposure to refluxate leads to fibrosis of the
pancreas. There is ,a vicious circle”, that is, the mutual in-
fluence of immune factors, LP indicators, disorders of the
biliary tract, endogenous intoxication in the development
and course of CP.
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The second most important factor (16.0% of sample
variability) is toxic-metabolic, correlated with indicators
that reflect the toxic effect of overnutrition (r = 0.69; p =
0.001), harmful substances and toxins (alcohol r = 0.82; p
=0.05,CICr=0.77; p = 0.05, AWM r = 0.73; p = 0.05, bile
acids (BA) r = 0.78; p = 0.01, bilirubin r = 0.76; p = 0.001),
and shows their direct effect on acinar cells, cell metabo-
lism, which leads to fatty degeneration, cell necrosis and the
development of fibrosis (PBH r = 0.81; p = 0.05). Periductal
fibrosis develops and, accordingly, dilatation of the ducts.

Fibrosis of the pancreatic tissue with scarring in the peri-
ductal areas leads to obstruction of the ducts. Complete and
prolonged obstruction leads to atrophy and fibrosis. Struc-
tural changes in the pancreas, which were detected by ERCP,
CT, or ultrasound, correlate with the level of endogenous in-
toxication (AWM r = 0.78; p = 0.01), metabolic changes (LpX
r=0.76; p=0.03, Car =0.73; p = 0.028), and AP disorders
(superoxide dismutase (SOD) r = 0.77; p = 0.04).

The third factor (15.0% sample variability) reflects dis-
orders of the immune system,; it is correlated with the level
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of activated lymphocytes (HLA-DR r = 0.68; p = 0.001), lac-
toferrin (r = 0.86; p = 0.05), profibrotic cytokines (TGF-B1 r
= 0.81; p = 0.001), which, in turn, leads to the activation of
stellate cells with their subsequent production of an extra-
cellular matrix with a predominance of collagen. This leads
to the replacement of the functional parenchyma of the
gland with fibrous tissue (fibrosis index r = 0.79; p = 0.03).

The fourth factor (14.3% of sample variability) reflects
oxidative stress and correlates with the level of catalase (r =
0.70; p = 0.05), lipid peroxidation products (MDA r = 0.79;
p=0.003), (Car=0.73; p = 0.028), the level of lymphocytes
(CD3 r = 0.88; p = 0.001). Various xenobiotics during their
metabolism cause oxidative stress in the pancreatic tissue,
which leads to cell and organ damage (fibrosis index r =
0.56; p=0.007).

In the development of clinical and morphological forms
of CP, the same factors are important: toxic-metabolic, bil-
iary, immune, oxidative stress, but there are differences.
In patients of group II (calcifying pancreatitis), the largest
number of factors was found - 5 (Fig. 2), which confirms the

Fig. 4 Pathogenesis of chronic pancreatitis complicated by pseudocyst.

Note: Factor analysis was performed in the STATISTICA system; F1 - factor 1
(disorders of the biliary system); F2 - factor 2 (disorders of the immune system);
F3 - factor 3 (oxidative stress); EHBD - extrahepatic bile ducts; TG - triglycerides;
IDB - isolated double bonds; CD19+ - B lymphocytes; CD8+ - cytotoxic T cells;
CD95+ - receptor of apoptosis; IgM - immunoglobulin M; c. Cp/MDA - coefficient
ceruloplasmin/malondialdehyde; DC - diene conjugates; ODC - oxadiene conjugates.

data obtained on the basis of a comprehensive clinical, lab-
oratory, and instrumental study that the calcific form of CP
is the most unfavorable for the course and prognosis. Five
factors explain about 58.4% of the total variance.

The first toxic-metabolic factor (11.1% of sample vari-
ability) was additionally correlated with indicators of hu-
moral mechanisms of regulation of pancreas activity (pHr =
0.81; p = 0.001; H+ secretion rate r = 0.73; p = 0.05; pepsin
r=0.87; p = 0.001). In combination with the second factor
(oxidative stress, 12.0% of sample variability, correlated
with Cp indicators r = 0.79; p = 0.05, Har = 0.75; p = 0.001,
IDB r = 0.68; p = 0.05, DC r = 0.69; p = 0.003), third (dis-
orders of the immune system, 13.6% sample variability,
correlated with CD19 r = 0.74; p = 0.001,CD4r=0.74; p =
0.001,CD16 r=0.65; p=0.001), and disorders of the biliary
system (fourth factor, 8.9% of the sample variability, cor-
related with the expansion of the choledochus r = 0.68; p =
0.001, choledochal calculi r = 0.63; p = 0.05); these changes
lead to the activation of stone formation (REG-1a r = 0.78;
p =0.05; Car =0.83; p = 0.001). Against the background of
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an increase in the phenomena of cholestasis and metabolic
disorders, the processes of fibrosis of the pancreas intensify
(fifth factor, 9.1% of sample variability, correlated with BA
valuesr =0.80; p=0.001, LpXr=0.85;p=0.01, TGF-B1r=
0.75,p=0.01, HAr=0.71,p = 0.001).

In patients of group III (fibro-parenchymal form of CP),
similarly to the first group, 4 factors were identified that ex-
plain 50.8% of the variance (Fig. 3): the toxic-metabolic fac-
tor is determined in the first place (14.5% of the sample vari-
ability, correlated with AWM r = 0.77, p = 0.05, Cpr = 0.70, p
=0.05, HAr = 0.62, p = 0.05, lymphoid follicles r = 0.67, p =
0.01), on the second - disorders of the immune system and
humoral regulation of the activity of the pancreas (13.9% of
sample variability, correlated with TGF-f1 r = 0.65; p=0.001,
apoptosis r = 0.83; p = 0.05, gastric pH r = 0.88, p = 0.05, H+
secretion rate r = 0.78, p = 0.01, pepsin r = 0.88, p = 0.05)
induced by oxidative stress (the third factor is 11.9% of the
sample variability, correlated with IDB indicators r = 0.65, p
= 0.05, DCr = 0.86, p = 0.05, oxadiene conjugates (ODC) r =
0.65, p = 0.05). All these changes, along with disorders of the
biliary system (fourth factor - 10.5% of the sample variability,
correlated with indicators of the content of the choledochus
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r=0.83; p=0.05 REG-1 ar=0.67; p = 0.05, fibrosis index r
= 0.74; p = 0.05), lead to damage to the pancreas. The high
probability of stone formation is evidenced by REG-1¢, which
is a component of the fourth factor.

The smallest number of factors was found in patients of
group IV - 3 factors (Fig. 4): biliary (13.3% of sample variabil-
ity, correlated with bilirubin index r = 0.75; p = 0.05, dilata-
tion of extrahepatic bile ducts r = 0.77; p = 0.05, triglycerides
(TG)r=0.76;p=0.05,IDBr=0.82; p=0.05), disorders of the
immune system (13.2% sample variability, correlated with
CD19r=0.74,p = 0.05,CD8r = 0.76, p = 0.05, lactoferrin r =
0.70,p=0.05,CD95r=0.65,p =0.05,IgM r = 0.66; p = 0.05),
oxidative stress (10.7% of sample variability, correlated with
Cp/MDATr=0.63;p=0.05I1DBr=0.83;p=0.001,DCr=0.95,
p=0.001,0DCr=0.81, p=0.05). These three factors account
for 37.1% of the variance. This coincides with the data on a
short history of the disease in patients of this group and the
development of pseudocysts after acute pancreatitis.

Based on the conducted studies and factor analysis data,
the diagnostic algorithm for patients with CP was improved

a) alcohol, smoking;

etiological \
factors N
Chronic pancreatitis / L

(Fig. 5).
ﬂaboratory:

a) complete blood count; Fe,
trace elements, vitamins;

b) alimentary (fatty and protein
foods);

c) prolonged stress;

d) acute pancreatitis in history

e) diseases of the gallbladder and

clinical
manifestation

extrahepatic biliary tract; a) abdominal pain
f) surgical interventions, b) dyspeptic syndrome
abdominal trauma; c) EPI

g) hypercalcemia, d) intrasecretory
hyperparathyroidism, uremia; pancreatic insufficiency
h) idiopathic

exocrine pancreatic
insufficiency

a) fecal elastase-1 (in severe forms
<100 pg/g).

b) pancreatic juice bicarbonates (<
80 mU/)

predictive markers

b) determination of enzyme

objective data concentration in blood, urine,
feces;
c) proteinogram
a) decrease in BMI; d) endotoxemia (AWM);

b) manifestation of e) dgtermination of serum
maldigestion and calcium;

malabsorption f) determination of C-reactive
¢) pain on palpation protein;

g) determination of
oncomarkers CA 19-9, CEA;
h) fecal tests (creatorrhoea,
steatorrhea)

endocrine
pancreatic
insufficiencv

a) determination of sugar
content in blood and urine
b) Staub-Traugott test

c) glycosylated Hb

d) increase in the level of fibrosis activators (TGF-B1, TNF-a);
e) intensification of LP processes (MDA).

a) the value of the coefficient of calcification (REG la / lactoferrin) 0.5-1.0 - a high probability of stone formation;
b) translocation of DNase 1 from the cytoplasm to the nucleus of the acinar cell;
c) activation of collagen formation (decrease in the ratio of PBH / HA below 0.5);

Fig. 5 Algorithm for diagnosing clinical and morphological forms of chronic pancreatitis.

Note: EPI - exocrine pancreatic insufficiency; BMI - body mass index; Fe - iron; CA 19-9 - carbohydrate antigen 19-9; CEA - carcinoembryonic antigen;
AWM - medium-weight molecules; REG 1a - lithostatin; DNase 1 - deoxyribonuclease I; PBH/HA - protein-bound hydroxyproline/hyaluronic acid; TGF-f1 -
transforming growth factor $1; TNF-a - tumor necrotic factor alpha; LP - lipid peroxidation; MDA - malonic dialdehyde.

The developed diagnostic algorithm, with the maximum
information content of the data obtained, made it possible
to evaluate the pathophysiological features of functional
and organic disorders of the pancreas in patients with CP,

choose a pathogenetically justified method of treatment,
and reduce the length of stay in the hospital.

A group of patients with persistent and intermittent
pain syndrome due to obstruction at various levels of the
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pancreatic ductal system was identified, with the develop-
ment of complications that could not be eliminated by con-
servative methods and were subject to surgical treatment.
With obstructive CP, the treatment of patients is aimed at
eliminating the cause of the obstruction, which is achieved
only by surgical methods. Patients with CP complicated by
pseudocyst formation also need treatment in the surgical
department. They underwent gastro/duodenocystostomy
or percutaneous puncture of the pseudocyst at the first
stage of treatment, and then surgery was performed. Sur-
gical treatment of patients with CP was aimed at improving
the outflow of pancreatic juice from the main pancreatic
duct or resection of the affected area of the gland.

The tactics of conservative treatment for patients with
CP was the use of basic complex therapy to relieve exac-
erbation of the disease, chronic pain syndrome, exocrine/
endocrine insufficiency of the pancreas, and correction of
metabolic disorders and complications. Analgesics, non-ste-
roidal anti-inflammatory drugs, enzyme preparations, ant-
acids, and proton pump blockers were used.

In addition to the basic therapy, treatment is proposed
aimed at stopping the pain syndrome, normalizing immune
system disorders, eliminating oxidative stress, and inhibit-
ing fibrotic processes. To stop the pain syndrome, a vortex
pulsed magnetic field (VPMF) was applied with an effect on
the projection of the pancreas and biologically active points
for 5-15 minutes in a course of 10-15 sessions [18]. Glu-
targin (a salt of arginine and glutamic acid) was used to nor-
malize the state of the LP-AP system, glutathione, and ulti-
mately as an antifibrotic agent [19]. For immunocorrection
and increasing the adaptive potential of the body, reducing
the level of pro-inflammatory cytokines and profibrotic
cytokines, patients with CP were prescribed autocytokine
therapy in addition to the main treatment [20, 21].

As a result of complex treatment, good results were ob-
tained in 73.5% of patients. The severity of pain, as mea-
sured by the visual analogue scale (VAS), decreased. There
was a significant decrease in the levels of lactoferrin, REG
la, TGF-1B, and normalization of the Tx/Tc ratios. There
was also a significant decrease in the marker of collagen
formation (PBH) and lipid peroxidation products (MDA).

Discussion

The development of CP is considered the result of ex-
posure to various pathological stimuli. There is no single
etiology that inevitably leads to CP, and it is considered a
complex disease with several concomitant factors [3, 22,
23]. The diagnosis of CP requires the integration of clinical,
laboratory, and imaging features [24, 25].

In our study, we demonstrated that the development
and course of clinical and morphological forms of CP are de-
termined by the ratio of regulatory factors of the immune
system, apoptosis, and oxidative stress. The obtained inter-
relations of immune factors, oxidative stress, and structural
changes in the pancreas made it possible to develop mark-
ers for the progression of CP: the value of the calcification
coefficient (REG 1la / lactoferrin) 0.5-1.0; translocation of
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DNase I from the cytoplasm to the nucleus of the acinar
cell; activation of collagen formation (decrease in the ratio
of PBH / HA below 0.5); the growth of the level of fibrosis
activators (TGF-f1, TNF-a), intensification of LP processes
(MDA). In our study, it was shown that an early marker of
apoptosis is the translocation of DNase I from the cytoplasm
to the nucleus of an acinar cell.

Today, the treatment of patients with CP remains one of
the most difficult areas of pancreatology [25, 26]. A search
is being made for treatment methods that can influence the
main links in the pathogenesis of the disease to inhibit the
development of fibrosis and other structural changes in the
pancreas [27].

In the ACG guideline on CP (2020), it is noted that the
most frequent symptom of CP and a factor in patients’ low
quality of life is abdominal pain, which is often refractory
to the treatment used [26]. There is a constant search for
treatment methods that can reduce the severity of the pain
syndrome and slow down the progression of CP.

One of the mechanisms of the pain syndrome is damage
to nerve endings [28, 29]. In the hope of treating refractory
pain in CP, various experimental treatment methods, such
as spinal cord nerve stimulation, transmagnetic brain stim-
ulation, or direct radiation therapy to the pancreas, have
been performed, and they have shown their effectiveness in
treating pain [26, 30].

We used VPMF to treat pain and showed that in patients
with CP and refractory pain, VPMF has an analgesic effect, im-
proves the patient’s general condition and quality of life [18].

In the development and progression of CP, an import-
ant pathogenetic chain is the uncontrollable strengthening
of LP processes. In the case of prolonged action, oxidative
stress entails the destruction and death of cells, which fur-
ther leads to the progression of fibrous changes, exocrine
and intrasecretory pancreatic insufficiency [3, 31, 32].
Therefore, antioxidants are used to correct LP [33, 34].

In our work, we used glutargin in the complex treat-
ment of patients with CP. The composition of glutargin in-
cludes L-arginine and glutamic acid; it is able to activate
the synthesis of enzymes of antioxidase protection (gluta-
thione, glutathione peroxidase); therefore, it is an antioxi-
dant. In addition, L-arginine enhances the activating effect
of glutamic acid, which, in turn, together with metabolites,
changes the activity of phosphorylase A2 and promotes the
removal of toxic products of peroxidized fatty acid residues
of phospholipids [19].

Cytokines play an important role in the pathogenesis of
CP, as in any inflammatory process. During pancreatic in-
jury, atrophic acinar cells activate several key participants
in inflammation, such as macrophages and granulocytes,
which release a number of pro-inflammatory cytokines.
Proinflammatory cytokines additionally activate pancreatic
stellate cells, contributing to the development of CP [35-37].

Cytokines have promising potential as therapeutic
agents. However, the clinical use of cytokines is limited
since they have high pleiotropy, and their systemic adminis-
tration can lead to severe side effects [38].



Krylova O.

We used autologous cytokines (autocytokines) in addi-
tion to the main treatment of patients with CP. Autocyto-
kines act according to the network principle and their im-
munocorrective effect is directed to the cells involved in in-
flammation, regeneration, and development of the immune
response [20]. The main principles of the method are the
use of a composition of cytokines secreted by mononuclear
cells of the patient’s peripheral blood, it allows to avoid the
development of toxic and allergic side effects [20].

Conclusions

The obtained results contribute to a further understand-
ing of the complex pathogenesis of pancreatitis, improving
the diagnosis and treatment of patients with CP. The use of
disease progression markers has enhanced the diagnosis
of clinical and morphological forms of pancreatitis and the
stratification of treatment. The proposed treatment for pa-
tients with chronic pancreatitis contributed to a decrease in
the severity of pain, normalization of the cytokine profile,
and limitation of oxidative stress, improving the general
condition and quality of life of patients.
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