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Abstract. Features of pancreatic parenchyma fibrosis in the comorbid course of chronic pancreatitis and
chronic obstructive pulmonary disease. Dudka I.V., Khukhlina O.S., Dudka T.V., Hryniuk O.Y., Pavliuk V.O.
Under the conditions of chronic obstructive pulmonary disease (COPD), chronic pancreatitis (CP) progresses with
the development of exocrine pancreatic insufficiency (EPI), which occurs when the active area of the acinar epithelium
decreases as a result of the inflammatory process and fibrosis of the organ. The objective of the study was to study the
peculiarities of the processes of the pancreas tissue fibrosis in patients with chronic pancreatitis in case of comorbidity
with chronic obstructive pulmonary disease. A prospective cohort study was conducted with the analysis of inpatients’
medical records of 305 patients. The first group of patients consisted of 96 people with an isolated course of CP, the
second group consisted of 116 patients with CP with comorbid COPD, the third group consisted of 93 patients with
isolated COPD. The comparison group consisted of 30 practically healthy persons. The study also used data from a
clinical blood analysis, a biochemical study of the content of markers of the syndrome of deviation of the pancreas
enzymes in the blood, the content of elastase-1 in feces, ultrasonographic examination of abdominal organs, changes
in the carbohydrate-protein components of the extracellular matrix, the state of collagenolytic activity of the blood
plasma. In patients with CP in the exacerbation phase without comorbid pathology, as well as with comorbid COPD
and isolated COPD, a significant activation of fibrosing reactions was established: activation of collagen synthesis
was registered as an indicator of an increase in the content of protein-bound oxyproline (PBOP) in the blood: in
patients of the Ist group — 1.7 times, patients of the 2nd group — 2.1 times and 3rd group — 2.3 times (p<0.05). The
specified direction of changes is confirmed by the indicator of the content of type IV collagen in the blood, which
increased in comparison with the indicator in practically healthy persons, respectively, in patients of groups 1, 2, 3 —
by 1.4 times, 2.4 and 2.5 times (p<0.05), i.e. maximally in patients with COPD and with comorbidity of CP with COPD.
In patients with a comorbid course of CP and COPD, a correlational interdependence was established between the
indicators of the state of the protein components of the connective tissue of the extracellular matrix of the pancreas
(PBOP) and hyperamylasemia (r=0.32, p<0.05), the intensity of endotoxicosis (r=0, 37, p<0.05), the level of glycemia
(r=0.45, p<0.05), and the inverse relationship between the content of elastase-1 in feces (r=-0.33, p<0.05 ),
insulinemia (r=-0.46, p<0.05), which indicates the interdependence of these changes and their role in the pathogenesis
of the progression of chronic pancreatitis. Correlation relationship between the parameter of ultrasonographic
histography of the pancreas — L, which indicates the degree of the pancreas fibrosis, and the content of type IV collagen
in the blood (r=0.54, p<0.05), the content of PBOP in the blood (r=0.46, p<0.05), hexosamines (r=0.38, p<0.05)
points to the biochemical mechanisms of the pancreas fibrosis and opens up prospects for developing the ways of
pathogenetic correction and prevention of CP progression in comorbidity with COPD.

Pedepat. OcobauBocTi ¢piopo3yBaHHsI napeHXiMHU NNy HKOBOI 32/1031 32 KOMOPOiIHOT0 Nepediry XpoHiuyHoro
NAHKPeaTUTY Ta XPOHIYHOI0 0OCTPYKTHBHOIO 3aXBOPIOBaHHA Jerensb. Jyaka I.B., Xyxaina O.C., lyaka T.B.,
I'puniok O.€., MaBawk B.O. 3a ymos xponiunoco obcmpyxmusHoeo 3axeopiosants neeensb (XO3JI) xpowiunutl
nankpeamum (XI1) npoepecye i3 po36umkom 308HiUHbOCEKPEMOPHOT HedocmamHuocmi niownynkogoi sanosu (113), axa
BUHUKAE NPU 3MEHUWEeHHI aKMUSHOT NIOWi AyuHApHO20 enimeiilo 8HACIIOOK 3anaibHo20 npoyecy ma Qiobposyeanns
opeana. Memoro docnioxcents 6y10 suguumu 0cobaugocmi npoyecis Qiopo3y8ants MKAHUHY NIOULTYHKOBOI 3a7103U Y
X8OPUX HA XPOHIUHUL NAHKPeAMuUm 3a KOMOPOIOHOCMI 3 XPOHIUHUM 0OCMPYKMUBHUM 3AX60PI0GAHHAM Jle2etb. [Ipo-
68€0€H0 NPOCNEeKMUBHE KO2OPMHe O0CIIONCEHHS 3 AHANIZ0M MeOuyHUX Kapm cmayionapuux xeopux 305 nayienmis.
IHepwa epyna xeopux — 96 ocib 3 isonvosanum nepedicom XI1, opyea epyna — 116 xeopux na XI1 3 komop6ionum XO3JI,
mpems epyna — 93 xeopux Ha izonvosane XO3JI. ¥V 00cniodicenHi maxkoxic UKOPUCMO8Y8AIUCA OAH] KIIHIYHO20 AHANI3Y
KpOGIL, OIOXIMIUHO20 OOCTIONCEHHS 6MICIY MAPKEPi8 CUHOPOMY GIOXUNCHHS (hepMeHmie NiOWIYHKOBOT 3a103U Y KPOS,
emicmy enracmasu-1 y Kaui, yimpaszeyko6020 00CII0HNCEHH OP2aHie UepesHOi NOPOHCHUNU, 3MiH 8Y2N1e800HO-0IIKOBUX
KOMNOHEHMI8 NO3AKNIMUHHO20 MAMPUKCY MA CIMAHY KOJIA2eHOATMUYHOT akmugnocmi niasmu kposi. ¥ xeopux na XI1
v @asi 3acocmpenns 6e3 komop6ionoi namonoeii, a makodc 3 Komopoionum XO3JI ma izonvoeanum XO3JI
yCemanosnena icmomua akmugayis Qiopo3yeanbHux peakyill. 3apeccmposano akmueayilo Cunmesy KOideeHy 3d
NOKA3HUKOM NIOSUWEeHHs 8MICMY 6 Kposi 0in1k06036 s3anozo okcunponiny (b30I1): y xeopux 1-i epynu — 6 1,7 pa3sa,
xeopux 2-i’ epynu —y 2,1 paza ma 3-i epynu—y 2,3 pasa (p<0,05). [liomeepoicye 3a3Hauenutl HanpAmoK 3MiH NOKA3HUK
smicmy 8 Kpogi xoaazeny IV muny, akuil 3pocmas NOpi6HAHO 3 NOKAZHUKOM y Apakmuuno 300posux ocio (1130)
8ionosiono y xeopux 1, 2, 3 epyn — 6 1,4 paza, 2,4 ma 2,5 pasu (p<0,05), moomo maxcumanvro — y xeopux na XO3JI
ma 3a komopbionocmi XI1 iz XO3JI. 'V xeopux 3 komopbionum nepedicom XII ma XO3JI scmanosnena xopenayitina
83AEMO3ANENHCHICING  MIdC NOKASHUKAMU CMAHY OIIKOBUX KOMNOHEHMI8 CHOIYYHOI MKAHUHU NO3AKITMUHHOZO
mampuxcy niounynkosoi sanosu (b30I1) ma cinepaminazemicio (r=0,32, p<0,05), inmencusHicmio eHOOMOKCUKO3Y
(r=0,37, p<0,05), piguem enixkemii (r=0,45, p<0,05), i 360pomuuii 368 130K misc emicmom eracmazu-1y xani (r=-0,33,
p<0,05), incyninemicro (r=-0,46, p<0,05), wo 6xazye Ha 63AEMO3YMOBIEHICMb 3A3HAYEHUX 3MIH Md IX polb y
namozenesi npozpecysamHs XpoHiunoz2o naumxpeamumy. Kopenayiinuii  63a€M036’A30K  MidC  napamempom
yasmpaconozpaghiunoi cicmoepadhii 113 — L, sikuil exazye Ha cmyninb Qioposyeanns I13, ma emicmom y Kposi KonazeHy
1V muny (r=0,54, p<0,05), emicmom y xpoei B30Il (r=0,46, p<0,05), eexcosaminie (r=0,38, p<0,05) exasye na
Oioximiuni mexanizmu Qioposyeanna 113 i 8i0kpusae nepcnekmugu po3pooKu ULIAXI8 Namo2eHemudHoi Kopekyii ma
nonepeodaicenns npoepecysanns X1 3a komopoionocmi 3 XO3JI.
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A significant increase in the incidence of chronic
pancreatitis (CP) and its progression against the back-
ground of various comorbid conditions indicates the
relevance of studying the mechanisms of their mutual
burden. CP progresses with the development of exo-
crine pancreatic insufficiency (EPI), which occurs
when the active area of the acinar epithelium decreases
as a result of the inflammatory process and fibrosis of
the organ [1, 2, 3]. The factors contributing to the pan-
creas fibrosis in CP under the conditions of chronic
obstructive pulmonary disease (COPD) against the
background of systemic inflammation are the acti-
vation of lipid peroxidation (LPO), oxidative modi-
fication of proteins (OMP), processes of apoptosis of
pancreatocytes, endogenous intoxication (EI), hyper-
production of pro-inflammatory cytokines: TNF-a, IL-
1B and growth factors: TGF-B1, IGF-1, etc [4, 5, 6]. Of
an important role in the development and progression
of both CP and COPD is the system of neutrophil
granulocytes, the aggression factors of which are the
“respiratory explosion” with the formation of active
oxygen species (AOS) and nitrogen, the activation of
nitrosative stress (NS) and oxidative stress (OS), the
release of pro-inflammatory cytokines, which provide
a universal algorithm for cell damage and bring
inflammation of pancreas to an order of higher activity
[6, 7, 8, 9]. At the same time, systemic low-intensity
inflammation in COPD also contributes to the acti-
vation of the connective tissue components of the
bronchial wall, the remodeling of the bronchi with
persistent, irreversible changes, the activation of the
tissue fibroblast system of the lung parenchyma in
response to the influence of inflammatory mediators
and hypoxia and diffuse pneumosclerosis [10, 11]. The
analysis of references indicates the lack of research of
the probable interrelationship mechanisms between
indicators of collagen ana- and catabolism, metabolism
of carbohydrate-protein components of connective
tissue in the pathogenesis of CP progression under
conditions of comorbidity with COPD.

The objective of the study was to study the pecu-
liarities of the processes of the pancreas tissue fibrosis
in patients with chronic pancreatitis in case of comor-
bidity with chronic obstructive pulmonary disease.

MATERIALS AND METHODS OF RESEARCH

A prospective cohort study was conducted with
the analysis of inpatients’ medical records of 305 pa-
tients. The first group of patients consisted of
96 people with an isolated course of CP of mixed
etiology in the exacerbation phase of moderate se-
verity (group 1), the second group (group 2) consisted
of 116 patients with CP with comorbid COPD
group E, the third group (group 3) consisted of 93 pa-
tients with isolated COPD group E. The average age
of patients was (51.3£3.14) years old. 76 women
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(24.92%) and 229 men (75.08%) were under
observation. The comparison group consisted of
30 practically healthy persons (PHP).

The diagnosis of CP was made according to the
unified clinical protocol approved by the Order of the
Ministry of Health of Ukraine No. 638 of Sep-
tember 10, 2014 “On the approval and implemen-
tation of medical and technological documents on the
standardization of medical treatment for chronic
pancreatitis” on the basis of classic clinical, ultra-
sonographic, biochemical methods, taking into
account the Order of the Ministry of Health of
Ukraine No. 1204 dated July 4, 2023 “On approval of
the Unified clinical protocol of primary and spe-
cialized medical care “Chronic pancreatitis™” [12,
13]. The degree of pancreatic exocrine insufficiency
was studied according to the Pancreatic Exocrine
Insufficiency Questionnaire (PEI-Q) (2018) [14].

Diagnosis and treatment of COPD was carried out in
accordance with the recommendations of clinical
guidelines (Order of the Ministry of Health of Ukraine
No. 555 dated 06.27.2013, taking into account the
Evidence-Based Adapted Clinical Guidelines for
Chronic Obstructive Pulmonary Disease, 2020). Belon-
ging to groups A, B, E of patients with COPD was
assessed according to the COPD severity assessment
scale according to ABE (GOLD 2023) [15, 16].

The study also used data from a clinical blood
analysis, a biochemical study of the content of
markers of the syndrome of deviation of the pancreas
enzymes in the blood (according to the activity of
blood alpha-amylase) according to generally accep-
ted methods, the content of elastase-1 in feces by
ELISA on the immunoenzyme analyzer “Labsystems
Multiskan MS” (Netherlands).

100% of patients underwent ultrasonographic exa-
mination (USG) of abdominal organs. A complex
USG study was performed on an ultrasound scanner
“AU-4 Idea” (Biomedica, Italy) with a convex sensor
with a frequency of 3.5 MHz, which included USG of
abdominal organs in B-mode in real time with USG
histograms [17]. A positional USG of the patient’s
back was performed in the supine position. The
technique of holding breath in the phase of deep
inhalation was used. A polyprojection scanning was
carried out in the longitudinal, transverse and oblique
planes, with a further assessment of the size of the
organ (the size of the head and body of the pancreas),
the nature of the pancreas contour, the echogenicity
of the tissue, the degree of heterogeneity of the pan-
creas parenchyma, the presence of expansion of the
main pancreatic duct (MPD), the presence of calci-
fications in the parenchyma and pain when pressed by
the ultrasound sensor in the area of the pancreas
projection. Two indicators were used to analyze
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histograms. The homogeneity index N was calculated
according to the formula (1):

N=M/Tx100%, 1)

where N is an indicator of the homogeneity of the pancreas tissue, M is the
number of elements of the shadow component that occurs most often in the
specified area, T is the total number of elements in the specified area.

The histographic coefficient of the pancreas was
calculated according to the formula (2):

Kgst=[N/PxL]x10 000, Q)

where Kgst is the histographic coefficient, N is the homogeneity index of
the pancreas tissue, P is the maximum gray level in this histogram, L is
the gray level that occurs most often in the specified area.

Changes in the carbohydrate-protein components
of the extracellular matrix were determined by the
content of free oxyproline (FOP) in the blood accor-
ding to S.S. Tetianets (1985) [18] and protein-bound
oxyproline (PBOP) according to M.S. Osadchuk
(1979) [18], hexosamines (HA) according to
O.H. Arkhipova (1988) [18], non-protein bound
fucose (NPBF), sialic acids (SA) with the help of kits
from the company “Danish Ltd” (Lviv) [18]. The
state of collagenolytic activity (CLA) of the blood
plasma was studied by the intensity of collagen lysis
(azocol lysis) with the help of reagents from the
company Danish Ltd (Lviv) [18]. The content of type
IV collagen in the blood was determined by means of
using reagents by ELISA [18].

Statistical analysis of the obtained results was
carried out according to the type of research con-
ducted and the types of numerical data that were
obtained. The normality of the distribution was
checked using the Liliefors, Shapiro-Wilk tests and
the method of direct visual assessment of histograms
of the distribution of eigenvalues. Quantitative mea-
sures that had a normal distribution are presented as
mean (M) + standard deviation (S). Discrete values
are presented in the form of absolute and relative
frequencies (percentage of observations to the total
number of examinees). Parametric tests with Stu-
dent’s t-test or Fisher’s F-test were used to compare
data that had a normal distribution. A difference of
p<0.05 was considered statistically significant. To
assess the degree of dependence between variables,
Pearson’s correlation analysis was used in the case of
a parametric distribution and Spearman’s rank
correlation coefficient in the case of a distribution of
indicators that probably differed from normal [19].
Statistical and graphical analysis of the obtained
results was carried out using software packages
StatSoft STATISTICA 10.0.1011 Enterprise edition
(Stat Soft inc., USA, serial No. GFR205F354521FA-5),
Microsoft Excel 2007 (Microsoft, USA).

All respondents gave their personal written
informed consent to participate in the study. The
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study was conducted with strict adherence to the
principles of bioethics, in accordance with the Decla-
ration of Helsinki on Ethical Principles for Medical
Research Involving Human Subjects, developed by
the World Medical Association, the UNESCO's
Universal Declaration on Bioethics and Human
Rights and approved by the Biomedical Ethics
Commission of Bucovinian State Medical University
(Protocol No. 8 of 16.05.2024.).

RESULTS AND DISCUSSION

The analysis of our study findings indicates that in
patients with CP in the exacerbation phase without
comorbid pathology, as well as with comorbid COPD
and isolated COPD, a significant activation of fibro-
sing reactions was established: activation of collagen
synthesis was registered as an indicator of an increase
in the content of PBOP in the blood: in patients of the
1% group — 1.7 times, patients of the 2™ group — 2.1 ti-
mes and 3™ group — 2.3 times (p<0.05) (Table 1). The
specified direction of changes is confirmed by the
indicator of the content of type IV collagen in the
blood, which increased in comparison with the
indicator in PHP, respectively, in patients of groups 1,
2,3 — Dby 1.4 times, 2.4 and 2.5 times (p<0.05) (Tab-
le 1), i.e. maximally in patients with COPD and with
comorbidity of CP with COPD. The direction of
changes in FOP content indicators — a marker of
collagen catabolism — in patients of groups 1, 2 and
3 differed (p<0.05).

In particular, the FOP content in patients with
isolated COPD was likely to increase by 1.2 times
(p<0.05), and in patients with CP with comorbid
COPD and isolated COPD, it decreased by 1.3 and
1.5 times, respectively (p<0.05). This fact indicates
that the resorption of the newly formed CT in patients
with CP in the exacerbation phase increases due to
hyperfermentemia and fibrotic reactions have a
partial counteraction. This fact is confirmed by the
increase in collagenolytic activity (CLA) of blood
plasma in patients of the 1st group by 2.8 times
(p<0.05). At the same time, CLA in patients of
groups 2 and 3 probably decreased by 1.2 times
(p<0.05) compared to PHP (Table 1). The decrease in
CLA in this patients’ contingent probably contributes
to the development of diffuse fibrosis of the pancreas
tissue and the progression of CP and COPD. At the
same time, we found a probable increase in the
content of HA in patients of all comparison groups:
by 12.9%, 29.5% and 33.9% (p<0.05), respectively,
an increase in the content of SA — by 15.2%, 21.1%
and 34.8% (p<0.05), which probably contributes to
the organization or “cementing” of collagen fibrils in
the extracellular matrix (ECM) and reduces the
likelihood of their resorption (Table 1).

Ha ymosax niyensii CC BY 4.0



MEJIMYHI [IEPCIIEKTUBU / MEDICNI PERSPEKTIVI

Table 1

Indicators of the blood content of protein and carbohydrate-protein components
of the extracellular matrix in patients with chronic pancreatitis depending
on the presence of comorbid COPD (M+m)

Groups of examined patients

Indicator,
un. of measure
PHP, group 1, group 2, group 3,
n=30 n=96 n=116 n=93
FOP, pmol/l 12.52+0.26 15.27+0.31 * 9.73£0.17 */** 8.51+0.22 */**/#
PBOP, pmol/l 42.71+3.45 72.78+3.56 * 88.26+3.81 */** 98.63+5.38 */**
HA, mmol/l 5.52+0.02 6.23+0.03 * 7.15£0.04 */** 7.39+0.07 */**/#
SA, mmol/l 2.04+0.01 2.35+0.08 * 2.47+0.06 * 2.75+0.05 */**/#
NPBF, pmol/l 37.15+4.64 54.34+3.39 * 76.22+3.14 */** 78.41+3.25 */**
CLA, pM/Ixh 2.59+0.05 7.22+0.05 * 2.15+0.02 */** 2.13+0.01 */**
Type IV collagen, ng/ml 14.21+1.18 19.52+1.23 * 33.51+2.37 */** 35.75+2.29 */**

Notes: * — reliable changes compared to indices in PHP (p<0.05); ** — reliable changes compared to indices of group 1 patients (p<0.05); # — reliable

changes compared to indices of group 2 patients (p<0.05).

The study of the content of NPBF in the blood
indicates increased degradation of ECM fucose in
patients of all groups: 1.5 times, 2.0 and 2.1 times,
respectively (p<0.05). The growth of CLA in patients
with CP made it possible to balance the processes of
collagen anabolism and catabolism in this contingent
of patients. The induction of AFO processes of
proteolysis inhibitors generation in patients with an
isolated course of CP probably led to a less intense
increase in proteolytic damage to cells. In patients
with a comorbid course of CP and COPD, a decrease
in blood pressure was observed, the result of which is
diffuse fibrosis of both the lung with the development
of its exocrine insufficiency, and the lungs with the
development of diffuse pneumosclerosis. The con-
ducted correlation analysis established the presence
of a direct relationship between the index of collagen
anabolism (PBOP) and hyperamylasemia (r=0.32,
p<0.05), the intensity of endotoxicosis (r=0.37,
p<0.05), the level of glycemia (r=0.45, p<0.05), and
the inverse relationship between the content of
elastase-1 in feces (r=-0.33, p<0.05), insulinemia (r=-
0.46, p<0.05). The presence of a direct relationship
between the CLA indicator and the content of
elastase-1 in the feces (r=0.41, p<0.05) was estab-
lished, which indicates interdependence with the
degree of EPI, and an inverse relationship with the
degree of endotoxicosis (r=0.33, p<0.05), the level of
glycemia (r=0.39, p<0.05). It is obvious that the
intensity of collagenolysis decreases due to the
inhibitory effect of toxins, including due to glucose
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toxicity of the environment, the influence of an exces-
sive amount of LPO products, OMB and nitrates. The
level of type IV collagen in the blood, the degree of
degradation of fucoglycoproteins (FGP), and the
content of HA in the blood are directly related to the
degree of EPI (r=0.32-0.43, p<0.05).

The analysis of USG parameters of the patients’
pancreatic duct revealed characteristic USG signs of
CP, namely: changes in the size of the pancreatic
duct, uneven contour, inhomogeneous echostructure,
increased echogenicity, expansion of the main pan-
creatic duct, calcification of the pancreatic duct,
painfulness when pressed by the ultrasound sensor in
the projection of the pancreatic duct. In patients of
group 1, the size of the pancreas head was 1.4 times
bigger than that of the PHP (p<0.05). The dimensions
of the pancreas head in patients of the 2nd group were
significantly increased — by 1.6 times (p<0.05) with
the presence of a probable difference with the 1st
observation group (p<0.05) (Table 2). In patients of
both groups, the vertical size of the pancreas body
exceeded the indicator in the PHP by 1.4 and
2.2 times, respectively (p<0.05), with the presence of
a probable intergroup difference (p<0.05).

Heterogeneity of the structure, mosaic increase
and decrease in the pancreas echogenicity was obser-
ved in patients of both observation groups (p>0.05).
When studying the changes in the pancreas tissue
echogenicity, it was found that patients of the
2d group most often showed a heterogeneous increase
in the pancreas echogenicity as a result of the
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presence of hypoechoic (areas of inflammation and
infiltration) and hyperechoic (focuses of fibrosis and
calcification) areas against the background of the
normal pancreas parenchyma of medium echoge-
nicity. Patients of group 1 were dominated by a
heterogeneous decrease in the echogenicity of the
pancreas parenchyma. In patients of group 2, there
was both a heterogeneous increase in the pancreas

echogenicity, due to the replacement of the pancreas
parenchyma by connective tissue, and a hetero-
geneous decrease in the pancreas parenchyma
echogenicity — due to the superimposition of hy-
poechoic zones of inflammatory edema on the chan-
ged echogenic structure of the pancreas, which
worsens the clarity of the USG picture.

Table 2

Results of ultrasound examination of the pancreas in patients
with chronic pancreatitis, depending on the presence of COPD (M+m)

Indicator, PHP, Group 1, Group 2,
un. of measure n=30 n=96 n=116
Pancreas head size, mm 22.3+0.01 31.1+0.10 * 36.1+0.07 */**
Pancreas body size, mm 12.5+0.01 17.3£0.11 * 26.6£0.12 */**
Pancreas tail size, mm 15.4+0.02 29.7+0.05 * 27.5+0.08 */**
Pancreatic duct diameter 1.7+0.001 3.3+0.001 * 4.1+0.001 */**
L 16.2+0.3 18.7+0.3 * 26.2+0.3 */**
N 15.3+0.1 11.6+0.06 * 3.240.01 */%*
K 122.5+14.7 102.5+8.7 * 35.2+4.7 */**

Notes: * — reliable changes compared to indices in PHP (p<0.05); ** — reliable changes compared to indices of group 1 patients (p<0.05).

The results of USG histography of the pancreas
head showed that the indicators of L, N, K in patients
of group 1 in comparison with PHP were reduced
respectively by 1.2 times (indicates swelling of the
pancreas), by 1.3 and 1.2 times (p<0,05). In patients
of group 2, the L indicator exceeded the standard by
1.6 times (p<0.05) with the presence of a probable
difference with group 1 (p<0.05), which indicates
fibrosis of the pancreas. The homogeneity index of N
in group2 was reduced by 4.8times (p<0.05),
respectively, with a significant difference between
groups (p<0.05). The K indicator in patients of
group 2 was also significantly lower than the standard
by 3.5 times (p<0.05). The obtained data confirm the
fact that the pancreas parenchyma with the comor-
bidity of CP and COPD is more actively transformed
with the development of fibrosis than with the
isolated course. A correlation was established bet-
ween the parameter of ultrasonographic histography
of the pancreas — L, which indicates the degree of the
pancreas fibrosis, and the content of type IV collagen
in the blood (r=0.54, p<0.05), the content of PBOP in
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the blood (r=0.46, p<0.05), HA (r=0.38, p<0.05).
Thus, establishing the peculiarities of the biochemical
mechanisms of the pancreas fibrosis opens up prospects
for developing ways of pathogenetic correction and
prevention of the progression of the pancreas fibrosis in
patients with a comorbid course of CP and COPD.

In patients with CP due to comorbidity with
COPD, the determinants of the development of the
pancreas fibrosis can be considered the systemic
inflammatory process, the intensity of which in-
creases in the presence of several inflammatory loca-
lizations, which is revealed in studies devoted to the
study of this phenomenon in patients with chronic
pancreatitis with a long history of smoking and
carbohydrate disorders exchange [20].

Other conditions for the development of fibrosis
can be considered the phenomenon of glucose
toxicity, described by Kawahito S et al. [21] against
the background of first relative, and later absolute
insulin deficiency in connection with the develop-
ment of type 3c pancreatogenic diabetes mellitus,
increased glycosylation of structural and transport
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(hemoglobin) proteins, lipoproteins, which in this
connection become functionally inferior, as well as
glycosylation of collagen, which immediately ac-
quires “mature” properties and is not subject to
resorption processes; significant oxidative stress
(0S), mediated by the Cyp2E1/Cyp 4A system of
cytochromes, lipid peroxidation (LPO) of mem-
branes and low-density lipoproteins (LDL) [3, 4],
which acquire cytotoxic properties and are actively
deposited in the acinar epithelium of the pancreas
and subendothelially, contributing to the activation
of pancreatocyte apoptosis processes, the release of
cell adhesion factors, lysosomal hydrolases, the
development of local acidosis, which are powerful
factors for the activation of the pancreas stellate
cells — the pancreas tissue fibroblasts, which is
confirmed by the research of KongF. with co-
authors [22]; progressive polymorphocellular infil-
tration of the pancreas tissue with the release of
profibrogenic cytokines and various inflammatory
mediators (TNF-a, TGF-B, chemokines, IL-1, 6, 8,
VEGF, PDGF, CTGF and FGF); dysregulation of
PPAR-y and -a expression under the influence of
TNF-a; dysregulation of insulin and leptin
expression and reception. As we have demonstrated
in our previous works, patients with CP with
comorbidity with COPD have hyper- and dyslipi-
demia, which, under the condition of increasing
intensity of OS, is an additional damaging factor for
both the pancreas tissue and the lungs and
contributes to the development of the pancreas
fibrosis and pneumosclerosis [4].

The leading factor in the progression of CP in
patients with COPD is the activation of fibrotic
reactions in the pancreas tissue, which lead to the
development of exocrine insufficiency of the pan-
creas. The specified changes occur as a result of
hypoxia, acidosis, metabolic intoxication — hypergly-
cemia due to relative/absolute insulin deficiency,
intensive OS with the accumulation of intermediate
and final products of LPO, OMB, medium-molecular
peptides, products of uncontrolled proteolysis, etc.,
against the background of inhibition of the activity of
AQOZ factors and the detoxification system.

CONCLUSIONS

1. In patients with chronic pancreatitis with an
isolated course, significant changes in the metabolism
of the components of the extracellular matrix have
been established, which predict a probable increase in
the intensity of the synthesis of collagen and glyco-
proteins, with a simultaneous increase in collagen
catabolism against the background of a probable
increase in the collagenolytic activity of the blood
plasma, which somewhat balances the processes of the
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pancreas fibrosis and resorption of newly formed
collagen, accompanied by moderate hyperproduction
of hexosamines and increased degradation of
fucoglycoproteins. The comorbid course of chronic
pancreatitis and chronic obstructive pulmonary disease
is characterized by the maximum activation of col-
lagen anabolism with inhibition of collagenolysis, a
significant increase in the content of sialic acids in the
blood, and increased degradation of fucoglycoproteins,
which contributes to diffuse fibrosis of the pancreas.

2. In patients with a comorbid course of chronic
pancreatitis and chronic obstructive pulmonary
disease, a correlational interdependence was esta-
blished between the indicators of the state of the
protein components of the connective tissue of the
extracellular matrix of the pancreas (protein-bound
oxyproline) and hyperamylasemia (r=0.32, p<0.05),
the intensity of endotoxicosis (r=0.37, p<0.05), the
level of glycemia (1=0.45, p<0.05), and the inverse
relationship between the content of elastase-1 in feces
(r=-0.33, p<0.05 ), insulinemia (r=-0.46, p<0.05),
which indicates the interdependence of these changes
and their role in the pathogenesis of the progression
of chronic pancreatitis. Correlation relationship
between the parameter of ultrasonographic histo-
graphy of the pancreas — L, which indicates the
degree of the pancreas fibrosis, and the content of
type IV collagen in the blood (r=0.54, p<0.05), the
content of protein-bound oxyproline in the blood
(r=0.46 , p<0.05), hexosamines (r=0.38, p<0.05)
points to the biochemical mechanisms of the pancreas
fibrosis and opens up prospects for developing the
ways of pathogenetic correction and prevention of
chronic pancreatitis progression in comorbidity with
chronic obstructive pulmonary disease.

Prospects for further research in this direction
the effectiveness of drugs with anti-inflammatory,
antioxidant, antifibrotic effects for the purpose of
treatment and prevention of the progression of
pancreatic parenchyma fibrosis will be studied.
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