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Summary

Introduction. Despite the major successes achieved in the treatment of acute coronary syndromes
(ACS), acute myocardial infarction (AMI) remains the main cause of death among the working-age
population of Ukraine. The means of treatment of interventional cardiology can actually reduce the
mortality of patients with ACS, improve the course of the acute period of the disease and ensure
less reduction in the functional capabilities of the heart in the future. Among the many pathogenetic
mechanisms of vascular inflammation in coronary heart disease and type 2 diabetes, endothelial

dysfunction is the determining factor.

The aim of the study. To evaluate the levels of plasminogen activator inhibitor type 1, asymmetric
dimethylarginine and endothelial nitric oxide synthase on the 10-14th day in patients depending on

the presence or absence of concomitant diabetes type 2 and the type of reperfusion therapy.

Materials and methods. 130 patients with acute myocardial infarction were examined, who
were divided into 2 groups: 1 group consisted of patients with acute myocardial infarction with
accompanying type 2 diabetes (n=73), 2 group — patients with acute myocardial infarction without
type 2 diabetes (n =57). The quantitative content of the plasminogen activator inhibitor type 1 (PAI-1)
was determined by the immunoenzymatic method using a commercial test system manufactured
by Technoclone PAI-1 ELISA Kit (Austria), endothelial nitric oxide synthase (NOS) — Enzyme-
Linked Immunosorbent Assay (ELISA) Kit For Nitric Oxide Synthase Endothelial, asymmetric

dimethylarginine (ADMA) — Immunodiagnostik ADMA ELISA Kit (Austria).

Results. Percutaneous coronary intervention (PCI) contributes to a more significant decrease in the
content of the marker of endothelial dysfunction - ADMA and an increase in NOS on the 10-14th
day of acute myocardial infarction in comparison with standard therapy. During PCI, the level
of PAI-1 did not reliably change during treatment due to post-inflammatory and post-traumatic

activation of platelets in the vascular wall.

Conclusions. In patients with acute myocardial infarction with type 2 diabetes mellitus,
percutaneous coronary intervention contributes to a significant decrease in the content of asymmetric
dimethylarginine and an increase in NOS on the 10-14th day of acute myocardial infarction, but was
not accompanied by a significant decrease in the level of PAI-1, which in general indicates positive

effect of performed myocardial revascularization.

Keywords: acute myocardial infarction, type 2 diabetes mellitus, endothelial dysfunction,
asymmetric dimethylarginine, plasminogen activator inhibitor type 1, percutaneous coronary

intervention
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INTRODUCTION

Ischemic heart disease (IHD) has always been
considered and remains the leading cause of mortality
among cardiovascular diseases [1]: in European countries,
its share is approximately 38 % in the prevalence structure
and 19.5 % among cases of overall mortality [2]. Despite
progress in the field of cardiothoracic surgery, including
the widespread use of various methods of intracoronary
interventions, the mortality rate from IHD, unfortunately,
does not significantly decrease. Acute myocardial
infarction ranks first among the causes of mortality in the
population, even in developed countries.

Diabetes mellitus directly affects not only the quality
of life of patients but also complicates the prognosis for
the occurrence of unwanted cardiovascular events in this
category of patients, making it dangerous to neglect [3].

The imbalance in the NOS-NO system plays
a leading role in the development of endothelial damage
and inflammation, especially in patients with elevated
blood sugar levels [4, 5], which exacerbates the damage
to the already compromised vascular wall [6, 7, 8, 9].

According to modern data, in addition to the
mentioned factors, a significant role in the development
of cardiovascular complications of diabetes mellitus is
attributed to the dominance of thrombosis processes
over fibrinolysis processes [10, 11], which is associated
with an increase in the concentration and activity of the
marker of endothelial imbalance and atherothrombosis —
plasminogen activator inhibitor type 1 (PAI-1) [12].

Inhibition of fibrinolysis can occur either through
direct binding of plasmin or by suppressing the activation
of plasminogen. The main factor inhibiting fibrinolysis
is PAI-1 (also called endothelial type inhibitor), the
production of which is attributed to endothelial cells.

Scientists have proven that plasminogen activator
inhibitor type 1 not only promotes thrombosis by
disrupting the procoagulant properties of blood but
also contributes to the development of carbohydrate
metabolism disorders [13, 14]. However, due to conflicting
data regarding the concentration of this marker in the
dynamics of treatment [15], our study analyzed the
dynamics of PAI-1 levels in the presence of combined
pathology of acute myocardial infarction and type 2
diabetes mellitus, depending on the therapeutic approach.

The role of endothelial dysfunction cannot be
underestimated in the pathogenesis of diabetes mellitus.
Impairment of NO-dependent vasodilation is one
of the main effects of elevated levels of asymmetric
dimethylarginine (ADMA) — an endogenous inhibitor
of nitric oxide synthase (NOS), formed during the
methylation of the amino acid L-arginine [16, 17].

The study of ADMA as a marker of endothelial
dysfunction is ongoing [18].
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The development of interventional methods for
the treatment of acute coronary syndromes is widely
implemented through percutaneous coronary intervention
(PCI), which is a life-saving procedure and the best
method of reperfusion in acute myocardial infarction
with ST-segment elevation [19]. Despite this, there is
an ongoing debate among scientists regarding the risks
of developing fatal and non-fatal complications after
stenting [20, 21].

THE AIM

Depending on the treatment strategy for acute
myocardial infarction, analyze how levels of plasminogen
activator inhibitor type 1, asymmetric dimethylarginine,
and endothelial nitric oxide synthase have changed in
patients with impaired carbohydrate metabolism and those
without such impairment.

MATERIALS AND METHODS

We conducted a study at the Intensive Care Unit and
Cardiology Department of Kharkiv City Clinical Hospital
No. 27, the Cardiology Department of Kharkiv Regional
Clinical Hospital, and the Department of Interventional
Cardiology of the Institute of General and Emergency
Surgery named after V. T. Zaytsev, NAMS of Ukraine. We
examined 130 patients with acute myocardial infarction.

We divided the patients into two groups: Group 1
consisted of patients with acute myocardial infarction
and concomitant type 2 diabetes (n=73), and Group 2
consisted of patients with acute myocardial infarction
without type 2 diabetes (n=57). Group 1 included 43 men
(41.7 %) and 30 women (58.3 %), while Group 2 included
43 men (70.9 %) and 14 women (29.1 %). The average age
of patients in Group 1 was 62.73%1.40 years, and in Group
2, it was 63.98+1.47 years. A control group comprised
20 practically healthy individuals with an average age of
60.85+0.17 years.

The Technoclone PAI-1 ELISA Kit (Austria) was
used to determine the content of PAI-1, NOS — Enzyme-
Linked Immunosorbent Assay (ELISA) Kit for Nitric
Oxide Synthase Endothelial (NOS), and asymmetric
dimethylarginine — Immunodiagnostik ADMA ELISA
Kit (Austria). In the study, we compared how the levels
of markers changed with different approaches to the
treatment of AMI, for which we formed 4 subgroups of
patients: 1st subgroup of patients with acute myocardial
infarction with type 2 diabetes mellitus who underwent
PCI (percutaneous coronary intervention) (n=58); 2nd
subgroup of patients with AMI with type 2 diabetes
mellitus who received standard anticoagulant therapy
with enoxaparin/fondaparinux in combination with dual
antiplatelet therapy (n=15); 3rd subgroup of patients with
AMI without type 2 diabetes mellitus who underwent
PCI (n=40); 4th subgroup (n=17) — patients with AMI
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without type 2 diabetes mellitus who underwent standard
anticoagulant therapy.

Mathematical computer processing of the results
was performed using the software package «Statistica
6.0» (StaSoft Inc, USA). Calculations included: mean
value (M), variance, standard deviation, median (m),
probability, and significance level (p). For comparative
analysis of samples with a normal distribution, the validity
of differences was confirmed using the Student’s t-test.
Additionally, a standard correlation analysis program was
utilized, calculating means of arithmetic values: M+m,
o, probability, and confidence level (p). For paired
comparisons of means in groups, the non-parametric
Mann-Whitney test was employed. When analyzing

samples not following Gaussian distribution laws, the non-
parametric paired Wilcoxon test was used.

RESULTS

It was found that in the presence of type 2 diabetes
(table 1), on the 1st day of acute myocardial infarction,
the level of PAI-1 significantly exceeded that in patients
without concomitant diabetes (62.38+1.83 ng/ml and
50.9942.01 ng/ml; 66.72+1.63 ng/ml and 51.11£3.03 ng/ml,
respectively; p<0.001). This may indicate that patients
with insulin resistance have a higher risk of thrombotic
complications compared to those with normal carbohydrate
metabolism.

Table 1
Dynamics of PAI-1 levels on days 1 and 10-14 of acute myocardial infarction depending on the chosen
treatment tactics
e Patients with acute myocardial
infarction and concomitant type 2 z :
. > _ infarction, n=57.
diabetes mellitus, n=73.
IPA-1level, ng/ml | wijth coronary | Without coronary | With coronary | Without coronary P
artery stenting,| artery stenting, artery stenting, artery stenting,
n= 58 n=15 n=40 n=17
1 2 3 4
p,,>0,05
The Ist day of acute 62,38+1,83* 66,72+1,63+* 50,99+2,01° 51,1143,03> P.>0,05
myocardial infarction. ’ ’ > ’ > ’ ’ ’ p,;<0,001
p,,<0,001
p,,>0,05
SO SRS 61,75+1,81% 60,7820,90** 45,55+1,88" 42,63%1,94 p, 20,05
myocardial infarction. ’ > > ’ > ’ ’ ’ p,,<0,001
p,,<0,001

Note: *, ** — significance of differences p>0.05; *, « — significance of differences p<0.05

Ten days after the treatment of acute myocardial
infarction in patients with insulin resistance, there was
no significant decrease in the level of PAI-1 compared
to the results on the 1st day, both with stenting
(62.38%+1.83 ng/ml and 61.75%+1.81 ng/ml, respectively;
p>0.05) and with standard antiplatelet therapy
(66.72£1.63 ng/ml and 60.78+0.90 ng/ml, respectively;
p>0.05). This may indicate a prolonged nature of the
thrombotic risk in the context of insulin resistance.

On the contrary, the results of serum in patients
without type 2 diabetes on the 10th day of treatment
showed a significant decrease in the level of PAI-1 with
both treatment tactics: with PCI (50.99%+2.01 ng/ ml
and 45.55£1.88 ng/ml; p<0.05) and with standard
antithrombotic therapy (51.11+3.03 ng/ml and
42.63+1.94 ng/ml; p<0.05).

According to the results of our study (table 2),
patients with concomitant type 2 diabetes mellitus
(T2DM) on the Ist day of acute myocardial infarction
had significantly higher levels of ADMA, regardless
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of the treatment strategy (1.031£0.038 umol/I
and 0.57%0.025 umol/l; 1.063£0.06 pmol/I and
0.62+0.029 pumol/I1, respectively; p<0.001).

ADMA levels significantly decreased after treatment,
regardless of the chosen strategy in patients with elevated
serum glucose (1.03+0.04 and 0.84+0.03 umol/I;
1.06+0.06 and 0.8740.05 umol/1), as well as without
it (0.5740.03 and 0.51%0.03 pmol/1; 0.62+0.02 and
0.45+0.04 umol/1, respectively; p<0.05). However, in
patients with T2DM, ADMA levels remained significantly
higher than in patients without concomitant type 2
diabetes mellitus, regardless of the chosen treatment
method (0.84+0.03 pmol/I; 0.87%£0.05 pmol/l;
0.51%£0.03 pmol/1; 0.45+0.04 umol/I, respectively;
pl1-2,3-4>0.05, p1-3<0.001, p2-4<0.05).

The obtained data suggest that both coronary artery
stenting and standard antiplatelet therapy positively
influence the dynamics of asymmetric dimethylarginine in
these patient categories, confirmed by a significant decrease
in ADMA during the 10-14 days follow-up after treatment.
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Table 2
Dynamics of ADMA levels on days 1 and 10-14 of acute myocardial infarction depending on the chosen
treatment tactics
| el L TR m_yocardlal Patients with acute myocardial
infarction and concomitant type 2 : : =
Level of ADMA diabetes mellitus, n=73 infarction, n=57.
R With coronary | Without coronary | With coronary | Without coronary p
Dimethylarginine), . . . .
mol/L. artery stenting, | artery stenting, artery stenting, artery stenting,
a n= 58 n=15 n= 40 n=17
1 2 B 4
p,.,>0,05
The Ist day of acute 1,030,04* 1,0620,06%* 0,57+0,03 * 0,62+0,02" Py 005
myocardial infarction > ’ ’ ’ ’ > ’ > p,,<0,001
p,.,<0,001
p,,>0,05
Days 10-14 of acute 0,84:0,03* 0,87+0,05%* 0,51£0,03" 0,45+0,04" Py 0,05
myocardial infarction > ’ > ’ > ’ ’ > p,,<0,001
p,,<0,05

Note: *, ** 7 * ~ _significance of differences p<0.05

Oxidative stress directly affects ischemia and
endothelial damage in acute myocardial infarction, so
the analysis of nitric oxide synthase levels in this cohort
of patients was of interest.

In the research (table 3), it was found that in patients
with acute myocardial infarction on the Ist day, concomitant
type 2 diabetes mellitus was associated with significantly
lower levels of NOS compared to patients without type 2
diabetes, both in subgroups with coronary artery stenting
(3.10%£0.16 ng/mL and 4.26+0.13 ng/mL, respectively;
p<0.001) and in those receiving standard anticoagulant
and dual antiplatelet therapy (3.22£0.35 ng/mL and
4.15%+0.23 ng/mL, respectively; p<0.05). This suggests

endothelial vulnerability under the influence of insulin
resistance in the majority of type 2 diabetes patients.

On the 10th day of acute myocardial infarction, NOS
levels in the blood serum increased in both patients with
concomitant type 2 diabetes mellitus and those without
diabetes. However, in patients with type 2 diabetes,
the increase was less intense (4.82+0.31 ng/mL and
4.61£0.42 ng/mL; 7.42+0.57 ng/mL and 9.14%1.04 ng/mL,
respectively; p1-2>0.05, p3-4>0.05, p1-3,2-4<0.001).

This indicates signs of gradual restoration of anti-
ischemic barriers in the intima after revascularization in
the studied patients.

Table 3
Dynamics of NOS levels on the 1st and 10-14th day of acute myocardial infarction depending on the chosen
treatment strategy
Patients with acute myocardial infarction and | Patients with acute myocardial
concomitant type 2 diabetes mellitus, n=73 infarction, n=57
Level of patients with . . patients with . .
NOS, ng/ml stenting, w1th0ut_ stenting, stenting, w1th0ut_ stenting, P
n=15 n=17
n= 58 n= 40
1 2 3 4
p,,>0,05
Ist day of R p.,>0,05
AMI 3,10+0,16* 3,2210,35%* 4,26+0,13* 4,15%+0,23 pi:<0,001
p,., <0,05
p,,>0,05
10-14th day o o " A p,,>0,05
of AMI 4,81+0,15 4,61£0,19 7,42+0,57 9,14+1,04 p::<0,001
p,,<0,001

Note: *, ** 7 * * —gignificance of differences p < 0.05

DISCUSSION
Our study revealed signs of endothelial dysfunction

improvement in patients with type 2 diabetes (T2D) and
without T2D, as evidenced by a significant decrease in
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ADMA and an increase in nitric oxide synthase (NOS)
concentration on days 10-14 after acute myocardial
infarction (AMI) in all examined patients, regardless of
the treatment strategy. In patients with T2D, ADMA levels
remained significantly higher than in those without T2D,
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irrespective of whether it was interventional stenting or
dual antiplatelet therapy, indicating the dominance of
pathophysiological processes of endothelial dysfunction
compared to patients with AMI without T2D in the early
post-infarction period.

Regarding the thrombosis marker, PAI-1, in
patients with AMI with ST-segment elevation, an
increase in PAI-1 concentration was observed in both
patient groups. The presence of T2D determined higher
values of this marker during the first day after AMI with
ST-segment elevation. However, in the early recovery
period after AMI, patients without glucose metabolism
disorders showed a significant decrease in PAI-1 levels,
indicating a reduction in the inhibitory effect of PAI-1
and improvement in blood fibrinolytic activity during
treatment. In contrast, patients with T2D maintained
significantly higher (p < 0.001) PAI-1 levels in the early
recovery period after AMI. The results also suggest that
patients with AMI with ST-segment elevation may
experience a prolonged elevation of PAI-1 concentration
in the blood serum for 10-14 days after PCI, leading to
disturbances in the coagulation system and inhibition of
the natural thrombolytic system.

CONCLUSIONS

1. Coronary artery stenting in patients with type
2 diabetes mellitus (T2D) contributes to a significant
decrease in asymmetric dimethylarginine (ADMA)
content and an increase in nitric oxide synthase (NOS)

on days 10-14 after acute myocardial infarction (AMI),
suggesting a positive impact of interventional treatment
methods on endothelial dysfunction markers.

2. Coronary artery stenting in patients with type2
diabetes mellitus did not lead to a significant reduction in
plasminogen activator inhibitor-1 (PAI-1) levels on days
10-14 after AMI. This suggests the existence of delayed
reduction in the concentration of this atherothrombotic
marker due to inflammatory consequences of post-
procedural platelet activation and reduced functioning of
the endogenous thrombolytic system, which may influence
the occurrence of adverse cardiovascular events in this
category of patients.

Perspectives for further research. Determination of
correlation relationships between markers of endothelial
dysfunction in patients with acute myocardial infarction
depending on the presence of type 2 diabetes mellitus.
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OWUHAMIKA PIBHIB ACUMETPUYHOIO AIMETUIAPTIHIHY TA IHFIBITOPA AKTUBATOPA NIASMIHOTEHY 1 TUNY
Y XBOPUX HA FOCTPUI IH®APKT MIOKAPJA 3 EJIEBALIIEIO CETMEHTA ST TA LIYKPOBWUM JAIABETOM 2 TUNY
B 3AJIEXXHOCTI BI, TAKTUKMN PENEP®Y3IAHOI TEPAMIT

Diana B. Minyxina', Maeno . Kpasuy', OMutpo B. Minyxin', flenuc 0. €BTywenko', Bacunb B. Kpiuak?,
Bonogumup B.TkaueHko?

1 — XapkiBCbkWiA HALOHAIbHWIA MELNYHNIA YHIBEPCUTET, M. Xapkis, YkpaiHa
2 — HaByanbHO-HayKOBUIA MEAVYHWIA iIHCTUTYT HauiOHANbHWIA TEXHIHHWIA YHIBEPCUTET «XapKiBCbKWI MONITEXHIYHWN IHCTUTYT»,
M. Xapkis, YkpaiHa

Beryn. Hespaxkaroun Ha cepiio3Hi YCIIiX1, AOCATHYTI Y AiKyBaHHi rocTpux xopoHapHux cuHapomis (I'KC), ro-
crpuii indapkT Miokapaa (M) 3aAMIIa€THCS OCHOBHOIO IPUYMHOIO CMEPTHOCTI IIpalle3AaTHOro HaceAeHH:
Yxpaian. 3acobu AiKyBaHHS iHTepPBEeHITITHOI KapAIOAOTi AO3BOASIIOTh (PaKTUYHO 3HU3UTU CMEPTHICTH XBOPYIX
3 I'KC, moxpammmry mepebir rocTporo mepioAy 3aXBOPIOBAHHS Ta 3abe3IeunTyi MeHIIle 3HVDKEHHs (PyHKIIio-
HaABHVIX MOXXAUBOCTe cepLis B MaiioyTHbOMY. Cepea 6araTboX IIaTOreHeTYHIIX MeXaHi3MiB 3allaAeHHS CyAUH
Ipy imeMivHili XBOpOobi cepIis Ta IyKPOBOMY AiabeTi 2 TMITy BM3HaYaAbBHNM € €HAOTeAIaAbHA AVICPYHKITIS.
Merta. Oniantn piBHi iHri6iTopa akTiBaTopa IAasMiHoreHy 1 THIly, acMMETPUYHOTO AiMeTiAapriHMHY Ta eH-
AOTeAiaABHOI CMHTa3M OKCMAY a30Ty Ha 10-14-71 AeHb y XBOPMX B 3aA€KHOCTI BiA HasIBHOCTI ab0 BiACYTHOCTI
CYILyTHBOTO IIyKPOBOTO AlabeTy 2 THUILYy Ta BUAY pellep ¢ys3iiiHoI Tepariii.

Marepiaau Ta MeToan. Obcrexxero 130 xBopux Ha TocTpuii iHdapKT MiokapAa, SKUX 6YAO PO3IIOAIAEHO Ha
2 rpymu: 1 rpymy ckaaAu XBopi Ha rocTpuii iHdapKT Miokapaa 3 CyIyTHIM IyKpOBUM AiabeToMm 2 Tumy (n=73),
2 rpy1y — XBopi Ha rocTpwmii iHdapKkT Miokapaa 6e3 1yKposoro aiabery 2 tumy (n=57). KiabkicHmit BmicT iH-
ribitopa akrusaTopa narasminoreny 1 tumy (IAIT-1) BusHaYaAu iMyHO(EpPMEHTHMM METOAOM 3 BUKOPMCTaH-
HSIM KOMepIIiliHOI TecT-crictemu BupobumITsa dipmu Technoclone PAI-1 ELISA Kit (ABcTpist), eHAOTHAIAABHOT
cyHTasu okcuay asory (NOS) — Enzyme-Linked Imunosorbent Assay (ELISA) Kit For Nitric Oxide Synthase
Endothelial, acnmeTrpuasoro aimetirapriamay (AAMA) — Immunodiagnostik ADMA ELISA Kit (Ascrpis).
PesyapTaTu. ITpoBepeHHS YepesHIKipHOrO KOPOHAPHOTO BTPYYaHHs CIpPYSIE GIABII 3HAYHOMY 3HVDKEHHIO
BMIiCTy MapKepy eHAOTeAiaAbHOI ArcdyHKIIT — AAMA Ta miasmierHio NOS Ha 10-14-it AeHb rocTporo indap-
KTa Miokapaa y IOpiBHsIHHI 3i craHaapTHOIO Tepamnieto. [Tpnu nposeaenni YKB pisens IAIT-1 aocTosipHO He
3MiHIOBaBCs y AMHaMIIIi AiKyBaHHS 3a paXyHOK IIOCT3allaAbHOI Ta IIOCTTpaBMaTHMYHOI aKTHBaIlil TPOMOOIINTIB
y CYAVHHI CTiHIIi.

BucHoBku. Y XBOpMX Ha rocTpuii iHdapKT MiokapAa 3 IIyKpOBUM AlabeToM 2 TUITY IIPOBEAEHHS YepesIIKip-
HOTO KOPOHAPHOTI'O BTPYYaHH: CIIPUSIE AOCTOBIpHOMY 3HVKEHHIO BMICTy aCMMETPUYIHOIO AiMeTiAapTiHMHY Ta
miasyiieHHio NOS Ha 10-14-i1 AeHb rocTporo iHdapKTy MioKapAa, are He CyIPOBOAXYBAAOCh AOCTOBIPHUM
3HVDKeHHsIM piBHIO IATT-1, 1110 B 11iAOMY CBIAYMTb ITPO ITO3UTUBHMIA BIIAMB IIPOBEAEHOI peBacKyAspisallii mio-
Kapaa.

Katouoei cnosa: roctpuit iHdapkT MiokapAa, HyKpoBuil Aiaber 2 Tumy, eHAOTeAlaAbHa AMCQYHKINS,
acMMeTPUYIHMII AiMeTiAapriHiH, iHri6iTop akTMBaTOpa MAasMiHoreny 1 Tumy, YepesmkipHe KOpOHapHe
BTPy4aHHS
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