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Abstract. Early restoration of coronary blood flow in acute myocardial infarction with elevation helps
reduce the area of myocardial necrosis, prevent dilatation of the ventricular cavity, and reduce the development
of arrhythmias and mortality. However, despite modern technologies in STEMI treatment, the development of
reperfusion syndrome, in particular, arrhythmias, is possible after the restoration of blood flow in the infarct-
related artery, which is a consequence of acute cellular, metabolic and local electrophysiological changes in
the myocardium.

The aim: is to investigate the long-term effects of reperfusion syndrome on the catabolic/anabolic
activity of connective tissue and the processes of connective tissue framework formation in the post-infarction
period in patients with myocardial infarction.

Materials and methods. The study involved 156 patients with acute myocardial infarction with ST
segment elevation (STEMI), and 15 apparently healthy individuals (control of laboratory parameters). The
average age of the patients was (57.8+1.2) years. The percent of male patients prevailed (76 %).

All MI patients were divided into two groups: Group I (98 people) — MI patients without clinical signs
of reperfusion syndrome during revascularization, Group II (58 people) — MI patients with the signs of reper-
fusion syndrome in the form of rhythm and conductivity disturbances during revascularization of coronary
arteries by percutaneous coronarography intervention (PCI) with prolonged stenting of the infarct-dependent
coronary artery.

Peculiarities of connective tissue metabolism were studied by the content of free and bound oxypro-
line, glycosaminoglycans, and antibodies to atypical collagens (Ig M and Ig G) in blood serum.

Results. The recovery period after myocardial infarction showed an increase in collagen catabolism
over collagen synthesizing processes in patients with MI who had reperfusion syndrome. The described
patterns were also established by changes in glycosaminoglycans. The study showed an increase in the level
of antibodies to atypical collagens. Particularly, the level of Ig M, which was within the norm (0.43%0.18)
ng/ml, in patients with MI without reperfusion manifestations was three times higher (p<0.001), and in cases
of combination of MI and reperfusion syndrome — the highest (p<0.001).

Conclusions:

1. Changes in collagen-synthesizing processes are observed in patients with MI, with a tendency to
increase the processes of catabolism of the connective tissue matrix.

2. The presence of reperfusion syndrome manifestations in MI patients after revascularization
aggravates the processes of catabolism, even in the recovery period after ML

3. Increase in the activity of catabolic processes stimulates fibrosis and formation of rigid matrix
and atypical collagen, to which antibodies are synthesized, thus blocking the pathological circuit of restructur-
ing of the heart connective tissue framework, and accordingly its pathological remodeling.

4. The obtained study results contribute to the identification of more sophisticated approaches to
revascularization techniques to avoid negative effects of reperfusion syndrome, as well as new effective
medications for collagen synthesis correction, which can increase the effectiveness of rehabilitative
management of such patients.
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Introduction. The aim of the research.
Recently, the scientists have been involved in detailed
study of a phenomenon with profound biochemical and
neurohumoral basis, which occurs during the complete or
partial restoration of blood flow in ischemic tissue, regard-
less of how the revascularization took place — spontane-
ously or artificially. This phenomenon has got the name of
reperfusion syndrome, and was based on the process of
destruction and dysfunction of primary ischemic tissues
caused by the restoration of arterial blood flow, which is
manifested by a disintegration of cell membranes, activa-
tion of the processes of apoptosis and necrosis of cells due
to violation of energy and ion exchange with an increase
in the production of toxic forms of oxygen and activation
of the local inflammatory reaction [4, 6, 7].

The main pathogenetic components of reperfu-
sion syndrome are: ischemic tissue reoxygenation syn-
drome — excessive oxygen supply to cells under the
influence of xanthine oxidase (which is formed in condi-
tions of ischemia) leads to the formation of active forms of
oxygen — superoxidanion, which in its turn leads to oxida-
tive stress [12, 13]; «calcium paradox» and «sodium par-
adox» phenomena — as a result of ischemic dysfunction
of ion pumps and excessive influx of calcium (Ca?+) and
sodium (Na+) ions, they penetrate the cells, resulting in in-
crease of intracellular volume with damage to intracellular
structures, primarily mitochondria [1, 2, 5], accordingly
resulting in the decrease of adenosine triphosphate (ATP)
production and formation of cardiomyocyte contracture
leading in the future to its death; mechanical damage to
cardiomyocytes — during the initial stage of blood flow
restoration process, an additional (mechanical) factor of
cardiomyocyte membrane damage takes place due to their
overstretching and ruptures [2, 8]; block of the microcir-
culatory bed («no-reflow» phenomenon) — damage to
the endothelium, release of a certain amount of free radi-
cals and paradoxical decrease in oxygen supply to tissues
due to swelling of the endothelium and increase in the pro-
portion of arteriovenular shunting, against the background
of arterial hemodynamics restoration, the volume of blood
entering the microcirculatory channel approaches normal
amount, while the volume of the microcirculatory bed does
not increase (this is due to the fact that long-term ischemia
of the tissues of extremity leads to desolation of the micro-
circulatory bed with the subsequent reduction of mi-
crovessels, which is manifested by a decrease in their num-
ber and decrease in tissue blood flow), which leads to a
simultaneous increase in the speed of blood flow in all mi-
crovessels and an increase in basal blood flow, at the same
time, the number of real capillaries is not enough to pro-
vide an adequate volume of blood through the nutritional
channel, which causes increased arteriolo-venular shunt-
ing; direct revascularization is accompanied by the pro-
gression of regional venous hypertension and profound
disorders in tissue blood flow [4, 5, 10, 12, 13]; activation
of polymorphonuclear leukocytes, which can produce a
large amount of superoxide anions and are a source of pro-
teinases, in particular elastinase, collagenases and lipoxy-
genases, which are secreted into the extracellular medium
during degranulation and have a potent alterative effect on
cell membranes; activated leukocytes promote the release
of biologically active substances (thromboxane, leukotri-
enes that activate platelet factor), which participate in the
local inflammatory reaction, in addition, the importance of

neutrophils in the pathogenesis of reperfusion injury of the
myocardium is due to their ability to clog capillaries in the
area of ischemia/reperfusion zone being the basis for «no-
reflow» phenomenon [3, 5, 9,12].

Profound pathogenetic changes occurring in the
tissue reperfusion zone are reflected in the form of:

- reperfusion arrhythmias, which are repre-
sented by ventricular extrasystole, accelerated idioventric-
ular rhythm, atrial fibrillation, ventricular tachycardia,
ventricular fibrillation, etc. [1, 2];

- phenomenon of myocardial «stunningy,
namely its reversible postischemic dysfunction [1, 10, 12];

- damage to the vessels of the microcirculatory
bed and lack of coronary blood flow restoration at the tis-
sue level («no-reflow» phenomenon — lack of dynamics in
the resolution of ST segment in acute coronary syndrome
(ACS) [4, 5, 12];

- accelerated development of necrosis of cardi-
omyocytes, the function of which was affected by prior is-
chemia (manifested by an increase in troponin levels) [1,
7, 13].

However, these pathological changes can be ob-
served straight after myocardial revascularization.
Proliferative processes and cell differentiation are also
important, especially in patients after myocardial infarc-
tion (MI), as they significantly affect the structure and
elastic properties of both arterial vessels and connective
tissue matrix of the myocardium. The above mentioned
factors contribute to functional changes in the left ventricle
of the heart, primarily in terms of hemodynamics.

The aim: to investigate the long-term effects of
reperfusion syndrome, especially its influence on the cata-
bolic/anabolic activity of connective tissue and the pro-
cesses of connective tissue framework formation in the
post-infarction period in patients with ischemic heart
disease.

Materials and methods. The study involved 156
patients with acute myocardial infarction with ST segment
elevation (STEMI), and 15 apparently healthy individuals
(control of laboratory parameters). The average age of the
patients was (57.8+1.2) years. The percent of male patients
prevailed (76 %).

All MI patients were divided into two groups:
Group I (98 people) — MI patients without clinical signs of
reperfusion syndrome during revascularization, Group II
(58 people) — Ml patients with the signs of reperfusion syn-
drome in the form of rhythm and conductivity disturbances
during revascularization of coronary arteries by percutane-
ous coronarography intervention (PCI) with prolonged
stenting of the infarct-dependent coronary artery.

Peculiarities of connective tissue metabolism
were studied by the content of free and bound oxyproline,
glycosaminoglycans, and antibodies to atypical collagens
(Ig M and Ig G) in blood serum.

The content of free and bound oxyproline in
blood serum was determined according to the method of
A.A. Krel, AN. Furtseva, H. Stegemann and K. Stalder,
modified by L.A. Utevska by means of colorimetry on
photoelectric colorimeter.

Biochemical technique of anion-exchange chro-
matography on DEAE cellulose was used to determine the
levels of glycosaminoglycans. Quantitative
immunoenzymometric determination of Ig M and Ig G was
carried out using a set of CJSC «Vector-Best» reagents.
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Statistical processing of the obtained findings was
carried out by means of STATISTICA-10 computer
program and Microsoft-Excel statistical software on a
personal computer, using the variational statistical method
of analysis. P-values less than 0.05 (p < 0.05) were
considered statistically probable.

Results of the investigation and their
discussion. Heart rhythm and conductivity disturbances
during PCI were diagnosed in 52 (89.7%) examined
patients of Group II, while supraventricular extrasystoles
were observed in 28% and ventricular extrasystoles —
19.2% of patients. Paroxysms of atrial fibrillation/flutter
were observed in 13.5% of patients, sinus tachycardia was
recorded in 9.6%. Ventricular fibrillation and ventricular
tachycardia were registered in 11.5% and 5.8% of patients,
respectively. I1I-degree (complete) atrioventricular block

occurred in 3.8% of patients, asystole with successful
rhythm recovery (3.8%), transient His bundle branch block
(3.8%). In 3.8% of patients, reperfusion syndrome
developed on the first day after PCI and was manifested in
recurrent paroxysms of ventricular tachycardia. The “no-
reflow” phenomenon was observed in 6 (10.3%) patients.

The analysis of exchange indicators in connective
tissue showed that both MI patients without the
development of reperfusion syndrome and patients with
previous MI with the development of reperfusion
syndrome, had a number of changes which, on the one
hand, reflect the activity of collagen metabolism, and at the
same time point to the mechanisms stimulating the
formation of undesirable «hard» types of collagens (Table

1.

Table 1

Indicators of collagen synthesizing functions in MI patients with and without reperfusion syndrome
manifestations (Mtm)

Indicator, Healthy Patients with M1 Patients with MI and
units of measurement (n=7) (n=98) RS (n=58)
Free oxyproline, pmol/l 11.7840.26 12.4840.23 14.80+0.37
p1<0.05 p1<0.001
p2<0.001
Bound oxyproline, pumol/l 8.45+0.18 9.46+0.38 10.25+0.34
p1<0.05 p1<0.01
p2>0.5
Glycosaminoglycans, g/l 0.089+0.009 0.204+0.004 0.22610.008
p1<0.001 p1<0.001
p2<0.01
Antibodies to atypical collagen 0.43+0.18 1.48+0.11 2.03£0.12
(Ig M), ng/ml p1<0.001 p1<0.001
p2<0.01
Antibodies to atypical collagen 2.61+0.67 6.83+0.55 8.14+0.59
(Ig G), ng/ml p1<0.01 p1<0.001
p2>0.05

Note: The difference in probability rates: pl — as compared to healthy individuals; p2 — as compared to patients with

MI.

The activity of metabolism (catabolic and ana-
bolic processes) of collagen is manifested in the increased
levels of both free and bound oxyproline, since it is a well
known fact that the concentration of free fraction of oxy-
proline is an indicator of collagen catabolism, and the level
of protein-bound oxyproline content reflects its synthetic
component. Profound analysis of these indices showed
their probable differences in the investigated groups of pa-
tients.

Thus, the blood level of free oxyproline in MI pa-
tients without reperfusion manifestations significantly ex-
ceeded its level in healthy individuals (p <0.05), and in
case of MI with reperfusion syndrome its level was the
highest — (14.8 +0.37) umol/l (p <0.001). Similar changes
were observed in blood levels of bound oxyproline: (9.46
+ 0.38) pumol/l in MI patients without reperfusion
manifestations and (10.25 £ 0.34) umol/l in MI patients
with reperfusion syndrome, as compared to (8.45 £ 0.18)
pmol/l in healthy (p <0.05) individuals. If we trace the dy-
namics of these indices in the recovery period after M1, we
will observe that the level of free oxyproline in patients
with MI, who experienced manifestations of reperfusion
syndrome during revascularization in the acute phase, was
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significantly higher than in MI patients without reperfu-
sion manifestations, while the analysis of bound
oxyproline did not show a significant difference (p> 0.5).
Therefore, even in the recovery period after MI, we
observed the prevalence of collagen catabolism over col-
lagen-synthesizing processes in patients with MI who
experienced reperfusion syndrome. The above described
patterns are also specified by changes in another marker —
glycosaminoglycans. Their level in the blood of patients
with reperfusion manifestations was (0.226 + 0.008) g/1,
which was significantly higher than in healthy individuals
(p <0.001) and even higher than in MI patients without
reperfusion manifestations (p <0,01). This is most likely
due to a prolonged reaction of local inflammation in pa-
tients with reperfusion syndrome, and therefore the activ-
ity of superoxide anions, proteinases and other biologically
active substances.

High levels of bound oxyproline in the blood of
MI patients with and without reperfusion syndrome, as
compared to healthy individuals, indicate a tendency to
constant pressure as well as collagenosynthetic processes
in such patients.




However, the study showed an increase in the lev-
els of antibodies to atypical collagen. Thus, the level of Ig
M, which in the norm makes up (0.43 £+ 0.18) ng/ml, was
three times higher (p<0.001) in MI patients without reper-
fusion manifestations and when combined with MI and
reperfusion syndrome it reached the highest level (p
<0.001).

The content of Ig G, as one of the markers of an-
tibodies to atypical collagen, was also significantly higher
in MI patients as compared to healthy individuals (p
<0.01). On the other hand, the increased Ig G values in MI
patients with and without the signs of reperfusion did not
significantly differ (p> 0.05), although the tendency to
higher Ig G values was observed in MI patients with reper-
fusion syndrome, and made up (6.83 + 0.55) ng/ml and
(8.14 £ 0.59) ng/ml respectively. It should be noted that in
this case Ig M can be considered an early marker of «rigid»
collagen synthesis activation, and Ig G level indicates
remote changes in collagen synthesis. Thus, the blood
level of free and bound oxyproline, glycosaminoglycans
and antibodies to atypical collagen, including Ig M, may
be considered the most informative markers to establish
peculiar changes in connective tissue in the recovery pe-
riod after MI.

Therefore, the activation of collagen metabolism
on the one hand is aimed at ensuring the formation of con-
nective tissue matrix of the heart, which is adequate to
changes in the myocardial mass of the left ventricule as
well as complete scarring in the myocardial necrosis zone
(after MI), and on the other hand, these prolonged
stiffening in catabolism and anabolism of connective tis-
sue processes contributes to the tendency to synthesize
atypical collagen (more obvious in patients after MI with
reperfusion syndrome). This leads not only to an increase
in the «stiffness» of the left ventricle, but also provokes its
pathological remodeling.

Conclusions:

1. Changes in collagen-synthesizing processes
are observed in patients with MI, with a tendency to in-
crease the processes of catabolism of the connective tissue
matrix.

2. The presence of reperfusion syndrome man-
ifestations in MI patients after revascularization
aggravates the processes of catabolism, even in the recov-
ery period after MI.

Increase in the activity of catabolic processes
stimulates fibrosis and formation of rigid matrix and atyp-
ical collagen, to which antibodies are synthesized, thus
blocking the pathological circuit of restructuring of the
heart connective tissue framework, and accordingly its
pathological remodeling.

The obtained study results contribute to the
identification of more sophisticated approaches to revas-
cularization techniques to avoid negative effects of reper-
fusion syndrome, as well as new effective medications for
collagen synthesis correction, which can increase the ef-
fectiveness of rehabilitative management of such patients.
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Pe3tome. PaHHE BiZHOBJIEHHS KOPOHAPHOTO
KpPOBOIUIMHY TpH TOCTpoMy iHQapKTi Miokapma 3
€JICBAIli€l0 CIPHsIE 3MEHIIEHHIO 30HH HEKpO3y MioKap/a,
NONEPEeDKEHHI0  JAWIaTalii MOPOXXKHMHU — [UTYHOYKIB,
3HMIKEHHIO PO3BUTKY apuTMid Ta cMmeprHocTi. OnHak,
He3Ba)kalouW Ha cydacHi TexHousorii nikyBanHs STEMI
micisl BIJHOBIIGHHSI KPOBOIUIMHY B iH(apK-3alexHii
apTepil MOXIIMBHH PO3BUTOK pernepdy3iiHOro CHHIPOMY,
30KpeMa apuTMil, SIKi € HACJIIOKOM FOCTPUX KITITHHHHX,
METa0OJIYHKX 1 JIOKAJTBbHUX €NEKTPO(i310JI0TIYHUX 3MIH Y
MiOKapi.

Mera. 3’sicyBaTd BifJajieHi HACJTIJIKH BIUIUBY
penepdy3iiiHOro CHHAPOMY Ha KaTtaboJivHO/aHAOOMIYHY

70 1 (25) ciuenn-6epesensn, 2023

«Art of Medicine»

AKTHBHICTP CIIOJIyYHOI TKaHMHH Ta Ipolecu (GopMyBaHHS
CIONYYHOTKAHMHHOTO KapKacy B IOCTiH(apKTHOMY
nepiofii B Mali€eHTiB 3 iH(apKTOM MioKap/a.

Marepianu i meToau. [IpoBeneHo kiiniko-1a00-
paTtopHe oOCTexeHHs156 XBOpuX Ha TocTpuil iH(papKT
MioKap/a 3 0O3HaKaMu Ta 06e3 03HaK penepdy3iiiHOTO CHH-
npomy. OCOOIHMBOCTI CIIOTyYHOTKAHUHHOTO METa00Ii3My
BUBYAIM 332 BMICTOM Yy CHpOBAaTIi KpOBiI BUIBHOTO Ta
3B’SI3aHOTO OKCHITPOJIiHY, TJiKO3aMiHOTIIKAaHIB, aHTHTLI
no atunivyHux konarexis (Ig M ta Ig G).

PesyabraTn. YV BigHOBHOMY mepioni micist IM
CIIOCTEPIraeThes MiJBUIIEHHS KOJIAr€HOBOT'O KaTaboIizMy
Ha/1 KOJIarTeHCHHTE3YIOUMMH MTPOIIecaMy B IAIieHTIB 3 IM,
y SIKMX MaB Micue perniepdysiitauii cunapom. Onucani 3a-
KOHOMIPHOCTI KOHCTATOBaHI 1 3a 3MiHAMH — TJIKO-
3aMiHormikaHiB. Crioctepiranocs 3pOCTaHHSI PIiBHS aH-
TUTUI JI0 aTUIIYHUX KOJIareHiB, 30KpemMa piBeHb Ig M,
cxianaroun B Hopmi (0,43+0,18)Hr/™Mn, y xBopux Ha IM
0e3 perepdy3iiHMX TPOsABIB OyB BTPUYI BHIIHMM
(p<0,001), a npu noenuanui IM Ta penepdysiiiHoro cuH-
Jnpomy — HaviBumm (p<0,001).

BucnoBku. BcraHOBIEHO, 1110 TIpH OETHAHHI Y
XBOpUX IiH(APKTy MioKapAa 3 HasiBHUMH KJIiHIYHUMH
o3Hakamu penepdysii e B OUIbLIINA Mipi KOHCTaTyHOTh
BUPaXKEHI MOPYIIEHHS NeCTPyKTUBHO-CUHTETHYHHX IPO-
LECIB CIONYYHOI TKaHWHH, L0 BEJE 32 COOOI0 CTHMYJIS-
IO CHHTE3Y aTUIOBUX KOJIAreHiB Ta MOCHUJIIOE MPOLECH
pecTpyKTypH3ailii Miokap/a.

Knawu4osi ciaoBa: iHdapkr Miokapma, pernep-
(y3iiiHuiA cMHIPOM, OOMIH CIIOJIyYHOT TKAaHUHH.
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