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ABSTRACT

The aim: To evaluate the levels of plasminogen activator type 1inhibitor, asymmetric dimethylarginine and endothelial nitric oxide synthase on day 10-14 in patients, depending
on the presence or absence of concomitant type 2 diabetes and the type of reperfusion therapy.

Materials and methods: The study involved 130 patients with acute myocardial infarction, divided into 2 groups: Group 1 consisted of patients with acute myocardial infarction
with type 2 diabetes mellitus (n = 73), Group 2 comprised patients with acute type 2 diabetes mellitus (n = 57). The quantitative content of IAP-1 was determined by enzyme-
linked immunosorbent assay using a commercial test system manufactured by Technoclone PAI-1 ELISA Kit (Austria), NOS — Enzyme-Linked Immunosorbent Assay (ELISA) Kit
for Nitric Oxide Synthase Endothelial (NOS) ADMA ELISA Kit (Austria).

Results and conclusions: Percutaneous coronary intervention contributes to a significant reduction in the content of ADMA, which is a marker of endothelial dysfunction and
increase NOS on the 10-14th day of acute myocardial infarction compared with standard therapy. During PCl, the level of IAP-1 did not significantly change in the time course
of treatment due to post-inflammatory and post-traumatic activation of platelets in the vascular wall.
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INTRODUCTION

Coronary heart disease (CHD) is the leading disease in the
circulatory system [1]: in Europe, it accounts for about 38%
of the prevalence rate and 19.5% of overall mortality [2].
Despite some advances in the study of pathogenesis, diag-
nosis and especially treatment, including the widespread
use of various methods of revascularization, disability and
lethality in this disease remains extremely high. Acute myo-
cardial infarction remains the leading cause of disability
leading in mortality worldwide.

It is impossible to underestimate the impact of type 2
diabetes on the incidence of acute myocardial infarction,
which is higher than the average in the population and the
prognosis of life in such patients is much worse than that in
patients without disorders of carbohydrate metabolism [3].

Endothelial dysfunction is a crucial factor among many
pathogenic mechanisms of vascular injury in ischemic
heart disease and type 2 diabetes [4, 5], in which inflam-
mation and endothelial dysfunction play an important role
in the development of MI [6,7,8,9].
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According to current data, in addition to these factors, a
major role in the development of cardiovascular compli-
cations of diabetes belongs to the reduction of fibrinolytic
activity [10,11], which is associated with an increase in
the concentration and activity of plasminogen activator
inhibitor type 1 (IAP-1) [12 ].

Inhibition of fibrinolysis is due to a number of factors
that are able to directly bind plasmin or retard plasmino-
gen activation. One of the main inhibitors of fibrinolysis
is IAP-1 (also called endothelial type of inhibitor), which
is constantly produced and secreted by endothelial cells.

Scientific literature suggests that plasminogen activator
inhibitor type 1 is involved not only in the metabolic pro-
cesses of atherosclerosis, causing thrombosis, but also in the
development of type 2 diabetes [13,14]. However, due to the
fact that there are conflicting data on the concentration of
this marker in the time course of treatment [15], in our study
we analyzed the time course of IAP-1 levels in the presence
of a combined pathology of acute myocardial infarction and
type 2 diabetes, depending on therapeutic approach.
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Endothelial dysfunction is considered a key link in the
pathogenesis of microvascular complications of diabetes.
Disruption of endothelium-dependent vasodilation is one
of the main effects arising from the accumulation of asym-
metric dimethylarginine (ADMA), an endogenous inhibitor
of endothelial nitric oxide synthase - NOS, which is formed
in the process of methylation of the amino acid L-17].

ADMA is currently being studied as a marker of endo-
thelial dysfunction [18].

To date, percutaneous coronary intervention (PCI) has
been widely implemented in the practice of endovascular
ACS treatment, which is a lifesaving procedure and the best
reperfusion method for acute myocardial infarction with
ST segment elevation [19]. Numerous factors contributing
to the development of acute coronary events after stenting
have been extensively discussed in the literature [20, 21].

THE AIM

To assess the time course of levels of plasminogen acti-
vator inhibitor type 1, asymmetric dimethylarginine and
endothelial nitric oxide synthase on day 10-14 in patients,
depending on the presence or absence of concomitant type
2 diabetes mellitus and the selected therapeutic approach,
namely percutaneous coronary intervention (coronary
stenting) or low molecular weight heparin therapy in
combination with dual antiplatelet therapy.

MATERIALS AND METHODS

The study involved 130 patients with acute myocardial in-
farction who were hospitalized in the infarction department
of Kharkiv City Clinical Hospital No. 27, Intensive Care Unit
and Cardiology Department of the municipal non-profit
enterprise of Kharkiv Regional Council “Regional Clinical
Hospital” and the Department of Interventional Cardiology
of V.T. Zaitsev Institute of General and Urgent Surgery of the
Institute of National Academy of Medical Sciences of Ukraine.
All patients were divided into 2 groups: Group 1 included
patients with acute myocardial infarction with type 2 diabetes
mellitus (n =73), Group 2 comprised patients with acute type
2 diabetes mellitus (n = 57). Group 1 included 43 men (41.7%)
and 30 women (58.3%); Group 2 included 43 men (70.9%)
and 14 women (29.1%). The mean age of patients in Group 1
was 62.73 + 1.40 years, and in Group 2 63.98 + 1.47 years. The
control group consisted of 20 practically healthy individuals,
whose average age was 60.85 + 0.17 years.

The quantitative content of IAP-1 was determined by
enzyme-linked immunosorbent assay using a commercial
test system manufactured by Technoclone PAI-1 ELISA
Kit (Austria), NOS by Enzyme-Linked Immunosorbent
Assay (ELISA) Kit for Nitric Oxide Synthase Endothelial
(NOS), Asymmetric Dimethylarginine - Immunodiagnos-
tik ADMA ELISA Kit (Austria).

Four subgroups of patients were formed for comparative
evaluation of the therapeutic effect of combination therapy
in acute myocardial infarction: 1st subgroup of patients with
acute type 2 diabetes mellitus who underwent PCI (coronary
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stenting) (n = 58); 2nd subgroup of patients with AMI with
type 2 diabetes, who underwent standard anticoagulation
therapy with enoxaparin/fondaparinux in combination with
dual antiplatelet therapy (n = 15); 3rd subgroup of patients
with AMI without type 2 diabetes who underwent PCI
(n=40); 4th subgroup (n = 17) comprised patients with AMI
without type 2 diabetes who underwent standard anticoag-
ulation therapy.

Mathematical computer processing of the results was
performed using the software Statistica 6.0 (StaSoft Inc,
USA). We calculated: mean (M), variance, standard devi-
ation, median (m), probability and significance level (p).
For comparative analysis of the samples with normal dis-
tribution, the significance of the differences was confirmed
using the Student’s t test (t) and a standard correlation
analysis program with the calculation of arithmetic mean
values: M + m, o, probability and confidence level (p).
Non-parametric Mann-Whitney test was used for pairwise
comparisons of the means in the groups. Non-parametric
paired Wilcoxon test was used in the analysis of samples
not subject to the Gaussian distribution laws.

RESULTS AND DISCUSSION

Patients with concomitant type 2 diabetes (Table I) on day
1 of acute myocardial infarction with ST segment elevation
were found to have significantly higher levels of IAP-1
compared with patients without concomitant diabetes
mellitus (62.38 + 1.83 ng/ml) and 50.99 + 2.01 ng/ml;
66.72 + 1.63 ng/ml and 51.11 + 3.03 ng/ml, respectively;
p <0.001). These findings suggest that patients on day 1 of
AMI in conditions of acute occlusion of the coronary artery
secondary to insulin resistance have a greater tendency to
thrombosis, compared with patients without disorders of
carbohydrate metabolism.

On day 10-14 of AMI in the group of patients with type
2 diabetes, there was no significant decrease in the level of
IAP-1 compared with the results on day 1, as with stenting
(62.38 £ 1.83 ng/ml and 61.75 + 1.81 ng/ml, respectively;
p>0.05), and when using standard antiplatelet therapy
(66.72 £ 1.63 ng/ml and 60.78 + 0.90 ng/ml, respectively;
p >0.05), which may indicate a prolonged risk of thrombus
formation secondary to insulin resistance.

In patients with type 2 diabetes mellitus on day 10-14
of treatment, there was a significant decrease in serum
IAP-1 in patients both with PCI (50.99 + 2.01 ng/ml and
45.55 + 1.88 ng/ml; p <0.05) and when using 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 II), signifi-
cantly higher levels of ADMA were observed in patients
with concomitant type 2 diabetes mellitus on day 1, regard-
less of treatment tactics (1.031 + 0.038 umol/l and 0.57 +
0.025 pmol/l; 1.063 + 0.06 pmol/l and 0.62 + 0.029 pmol/l,
respectively; p <0.001).

In the study of ADMA on day 10-14 of AMI there was a
significant decrease in the level of ADMA in comparison
with the results on day 1 of AMI, both with stenting and
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Table I. Time course of IAP-1 levels on day 1 and day 10-14 of acute myocardial infarction, depending on the chosen therapeutic approach

Patients with acute myocardial infarction
with concomitant type 2 diabetes, n=73

Patients with acute myocardial
infarction, n=57

IA|:1 /:(:‘\;el, With stenting, Without stenting, With stenting, Without stenting, P
9 n=>58 n=15 n=40 n=17
1 2 3 4
p,,>0.05
. p. >0.05
Day 1 of AMI 62.38+1.83* 66.72+1.63** 50.99+2.01A 51.11+3.03 4

p,,<0.001
p,,<0.001
Day 10-14 p“ig‘gi

of AMI 61.75£1.81* 60.78+0.90** 45.55+£1.88/N 42.63+1.94" Py 2%
p,,<0.001
p, ,<0.001

Note: *, ** — statistical significance of differences p> 0.05; A, “- statistical significance of differences p <0.05.

Table Il. Time course of ADMA level on day 1and 10-14 of acute myocardial infarction depending on the chosen therapeutic approach

Patients with acute myocardial infarction
with concomitant type 2 diabetes, n=73

Patients with acute myocardial
infarction, n=57

ADN:I\OII‘;IV c With stenting, Without stenting, With stenting, Without stenting, P
H n=58 n=15 n=40 n=17
1 2 3 4
p,,>0.05
Day 1 of AMI 1.03+0.04* 1.06+0.06** 0.57+0.03% 0.62+0.02A P;4>0.05
p,;<0.001
p,,<0.001
p,,>0.05
. « x X p,,>0.05
Day 10-14-in of AMI 0.84+0.03 0.87+0.05 0.51+0.03 0.45+0.047 34
p,,<0.001
p,,<0.05

Note:®, **, >, A —statistical significance of differences, p<0.05.

Table Ill. Time course of the level of NOS on day 1 and 10-14 of acute myocardial infarction, depending on the chosen therapeutic approach

Patients with acute myocardial infarction

Patients with acute myocardial infarction,

with concomitant type 2 diabetes, n=73 n=57
NOS level, ng/ml With stenting, Without stenting, With stenting, Without stenting, p
n=58 n=15 n=40 n=17
1 2 3 4
p,,>0.05
. y p. >0.05
Day 1 of AMI 3.10+0.16* 3.22+0.35%* 4.26+0.13 4.15+0.23A 34
p,,<0.001
p,,<0.05
p,,>0.05
* %% x p,,>0.05
Day 10-14 of AMI 4.81+0.15 4.61+£0.19 7.42+0.57 9.14+1.04A 34
p,,<0.001
p,,<0.001

Note:®, ** * A — Statistical significance of differences, p<0.05.

without stenting of coronary arteries in groups of patients
with type 2 diabetes (1.03 + 0.04 and 0.84 + 0.03 pmol/l;
1.06 +0.06 and 0.87 + 0.05 pmol/l), and without (0.57 + 0.03
and 0.51 + 0.03 umol/l; 0.62 + 0.02 and 0.45 + 0.04 pmol/l,
respectively; p <0.05), while in patients with type 2 diabetes,
ADMA levels remained significantly higher than in patients
without type 2 diabetes regardless of therapeutic approach

(0.84+0.03 umol /1;0.87 £ 0.05 pmol /1;0.51 £ 0.03 umol/1; 0.45 +
0.04 pmol/I respectively; p1-2,3-4> 0.05, p1-3 <0.001, p2-4 <0.05).

The data obtained indicate a positive effect of CA stenting
and standard therapy on the time course of asymmetric
dimethylarginine in these categories of patients, which is
confirmed by a significant decrease in ADMA in the time
course of AMI within 10-14 days after treatment.
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The value of endothelial oxidative stress in the progres-
sion of ischemic coronary artery disease in acute myocar-
dial infarction cannot be underestimated, so we analyzed
the levels of endothelial nitric oxide synthase in this cohort
of patients.

Our study showed (Table IIT) that patients on day 1 of
AMI with concomitant type 2 diabetes had significantly
lower NOS levels compared with patients without type 2 di-
abetes, as in subgroups with CA stenting (3.10 + 0.16 ng/ml
and 4.26 £ 0.13 ng/ml, respectively; p<0.001) and during
standard anticoagulant and dual antiplatelet therapy (3.22
+0.35 ng/ml and 4.15+0.23 ng/ml, respectively; p<0.05),
which indicates the suppression of the anti-ischemic bar-
rier of the endothelium secondary to insulin resistance
observed in the majority of patients with type 2 diabetes.

On day10-14 of acute myocardial infarction there was a
significant increase in the level of NOS, regardless of the
therapeutic approach, both in patients with concomitant
type 2 diabetes and without diabetes, but in patients with
type 2 diabetes less intense (4.82 + 0.31 and 4.61 + 0.42
ng/ml; 7.42 + 0.57 ng/ml; 9.14 + 1.04 ng/ml, respectively;
p1-2>0.05, p3-4 > 0.05, p1-3.2-4 <0.001).

This indicates a gradual recovery of endothelial function
secondary to the positive effects of treatment, especially in
patients without disorders of carbohydrate metabolism.

The restoration of endothelial function in the early
post-infarction period in patients with type 2 diabetes and
without it is evidenced by a statistically significant decrease
in the marker of endothelial dysfunction of ADMA and
an increase in the concentration of endothelial nitric oxide
synthase by the 10-14th day of AMTI in all the examined pa-
tients both with CA stenting, as well as following standard
therapy and the presence of concomitant pathology in the
form of type 2 diabetes. In patients with type 2 diabetes
mellitus ADMA levels remained significantly higher than
in patients without type 2 diabetes mellitus, irrespective of
therapeutic approach indicating a decrease, but a signifi-
cant excess of the normative values of endothelial dysfunc-
tion processes, compared with patients with AMI without
type 2 diabetes mellitus in early post-infarction period.

Regarding the level of the thrombus formation marker
IAP-1, in patients with AMI with ST segment elevation, an
increase in the concentration of IAP-1 in both groups of
patients was detected, and the presence of type 2 diabetes
defined higher values of this indicator during the first day
after ST elevation. At the same time, in the early recovery
period of AMI with ST segment elevation in patients
without disorders of carbohydrate metabolism, there was
a significant decrease in the level of IAP-1, indicating a
decrease in the inhibitory effect of IAP-1 and improved
fibrinolytic activity of the blood secondary to treatment.
Patients with type 2 diabetes in the early recovery period
after AMI (10-14 days after treatment) had persistently
(p <0.001) higher level of IAP-1. The obtained data also
suggest that patients with acute myocardial infarction with
ST segment elevation within 10-14 days after PCI have a
prolonged nature of increased serum IAP-1 concentration
due to the inflammatory consequences of post-procedural
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activation of platelets and decreased function of endogenic
thrombolytic system.

CONCLUSIONS

1. In patients with acute myocardial infarction with type 2
diabetes, percutaneous coronary intervention contrib-
utes to a significant decrease in asymmetric dimethy-
larginine content and an increase in NOS on the 10-14th
day of acute myocardial infarction, indicating a positive
effect of the performed revascularization.

2. Percutaneous coronary intervention in patients with AMI
with ST-segment elevation and type 2 diabetes was not
accompanied by a significant decrease in IAP-1 level by
day 10-14 of AMI, which suggests a prolonged nature of
increased serum IAP-1 concentration due to inflammato-
ry consequences of post-procedural platelet activation and
decreased endogenous thrombolytic system functioning.
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