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According to modern ideas about the mech-
anisms of acute myocardial infarction (AMI), 
the endothelium of the coronary artery is di-
rectly involved in the cascade of pathological 
changes [1]. 

Rupture of the atherosclerotic plaque is ac-
companied by a violation of the integrity of the 
endothelial monolayer. Metabolic disorders as-
sociated with type 2 diabetes mellitus (DM), 
such as hyperglycemia, insulin resistance, 
dyslipidemia, oxidative stress, only worsen 
a degree of endothelial injury [2, 3]. This leads 
to the release into the general circulation of 
a number of biologically active substances  — 
endothelium-dependent mediators with wide 
range of effects. 

One of the key functions of a healthy en-
dothelium is the regulation of vascular tone, 
which is realized through the synthesis of ni-
tric oxide (NO) from L-arginine under the in-
fluence of a special enzyme — endothelial nitric 
oxide-synthase (NOS) [4]. It was established 
that in AMI there is a decrease in the level  
of endothelial NOS, resulting in impaired  
endothelium-dependent dilatation of blood  
vessels [5].

Plasminogen activator inhibitor-1 (PAI-1)  
plays a crucial role in the pathogenesis of AMI 
preventing dissolution of thrombi. PAI-1 is sec
reted mainly by injured endothelial cells, it 
inhibits the dissolution of fibrin threads and 
promotes thrombosis [6]. In addition to the re
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gulation of fibrinolysis, PAI-1, participating in 
the reception of insulin, enhances the insulin 
resistance [7, 8].

Soluble cluster of differentiation 40 (sCD40),  
expressed on the surface of endothelial cells 
and platelets, takes part in the processes of 
activation of leukocyte-platelet interaction, re-
sulting in initiation of intravascular inflamma-
tion, increased platelet aggregation and throm-

bus formation [9]. It has been recently shown 
that circulating soluble CD40 ligand (sCD40L) 
is closely correlated with the severity of insu-
lin resistance and dyslipidemia in diabetic pa-
tients [10]. 

The aim of study is to evaluate the levels 
of endothelium-dependent mediators — NOS, 
PAI-1 and circulating sCD40L in patients with 
AMI and concomitant type 2 DM. 

MATERIALS AND METHODS
255 patients with AMI who underwent in-

patient treatment at the myocardial infarction 
department of Kharkiv City Clinical Hospital 
№  27 were enrolled in the study. They were 
referred in 2 groups depending on the presence 
of concomitant type 2 DM: 1 group — 143 pa-
tients with concomitant type 2 DM; 2 group — 
112 patients without concomitant disturbances 
of carbohydrate metabolism. 

AMI was diagnosed according to the cri-
teria of the European Society of Cardiology, 
2017 [11]. Type 2 DM was diagnosed accord-
ing to the criteria of the American Diabetes 
Association (ADA), 2020 [12].

Blood samples were obtained on the 1st and 
10th days of AMI under the basal conditions, 
NOS blood serum level was determined with 
commercial enzyme linked immunosorbent as-
say ELISA kit (Bender Medsystem, Austria), 
PAI-1 blood serum level was determined with 
commercial enzyme linked immunosorbent as-
say ELISA kit (Technoclone GmbH, Austria), 
sCD40L blood serum level was determined with 

commercial enzyme linked immunosorbent as-
say ELISA kit (YH Biosearch Laboratory, Chi- 
na), according to the manufacturer's instruc-
tion, and all these were performed with Auto
mated EIA Analyzer «LabLine-90» (Austria).  
The data were processed statistically with IBM 
SPSS Statistics software: quantitative vari-
ables were described by the following parame-
ters: median (Me), 25th and 75th percentiles (Q1; 
Q3), the Mann–Whitney U-test was used for 
the assessment of the differences between two 
independent samples, р-statistical significance 
(p < 0,05 is considered statistically significant).

Before the study, patients were informed 
about the essence of the study, its purpose and 
possible results. All participants signed up the 
informed agreement. This study was approved 
by the local ethics committee in accordance to 
the recommendations of the ethical committees 
for biomedical research, Ukrainian legislation 
for health protection, the 7th Revised Helsinki 
Declaration for medical research involving hu-
man subjects [13].

RESULTS AND DISCUSSION
Analyzing the levels of NOS on the first day 

of AMI (table 1), we found that in the group of 
patients with concomitant type 2 DM the me-
dian endothelial NOS was 2,6 ng/ml, while in 
the group of patients without concomitant car-

bohydrate metabolism disorders — 4,2 ng/ml  
(р  <  0,01), that indicates much more signifi-
cant violation of vasodilatory function of the 
endothelium in the cohort of patients with type 
2 DM. Over the next 10 days, NOS levels un-

Table 1 
Levels of NOS measured on the 1st and 10th days, in patients  

with AMI depending on the presence of concomitant type 2 DM, (Me [Q1; Q3])

Parameter Patients with AMI + DM
(n = 73)

Patients with AMI
(n = 57) p

NOS, ng/ml, 1st day 2,6 [2,21; 4,15] 4,2 [3,6; 4,8] < 0,01
NOS, ng/ml, 10th day 4,4 [3,85; 5,5] 5,63 [5,63; 13,96] < 0,01

Note:
р < 0,05 is statistically significant.
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der the influence of the treatment, indicating 
a gradual restoration of endothelial protective 
properties. However, the median NOS in the co-
hort of AMI patients with type 2 DM remained 
lower than in the cohort of AMI patients with-
out concomitant carbohydrate metabolism dis-
orders — 4,4 ng/ml and 5,63 ng/ml respectively 
(р < 0,01).

When assessing PAI-1 levels (table 2), sig-
nificantly higher median PAI-1 was found in 
patients with AMI with concomitant type 2 DM 
compared with patients with AMI without car-
bohydrate metabolism disorders (68,85 ng/ml  
and 53,1 ng/ml respectively, p < 0,01), which 
indicated a more pronounced inhibition of fibri-
nolysis in a cohort of patients with concomitant 
disorders of carbohydrate metabolism, due, ap-
parently, to the presence of diabetes-induced 
endothelial dysfunction. A similar negative 
trend occurred in the re-determination of PAI-1 
levels on the 10th day of AMI — 63,24 ng/ml 
and 42,2 ng/ml respectively (р < 0,01).

Analyzing the levels of the marker of in-
travascular inflammation sCD40L in patients 
with acute coronary artery occlusion (table 3), 
we found that in the group of patients with 
type 2 DM sCD40L was also significantly high-
er than in the comparison group — 3,78 ng/ml 
and 3,35 ng/ml respectively (р < 0,01). A simi-
lar pattern was observed on the 10th day of ill-
ness, amounting to 3,07 ng/ml and 2,45 ng/ml  

respectively (p < 0,01), which indicates a sig-
nificantly greater severity of the inflammatory 
reaction in the endothelial monolayer vascular 
wall in conditions of concomitant diabetes.

Our analysis of endothelium-dependent me-
diators showed a statistically significant reduc-
tion of endothelial NOS, increase in PAI-1 and 
sCD40L levels in patients with AMI and con-
comitant type 2 DM compared with patients 
without carbohydrate metabolism disorders. 
The results of our study are closely correlated 
with the results of other scientific works, dedi-
cated to the estimation of these endothelium-
dependent mediators.

Thus, Huang Y. and co-authors also found 
a significant increase in sCD40L levels in pa-
tients with AMI and type 2 DM. Moreover, the 
prognostic value of this indicator in the diag-
nosis of painless forms of AMI in diabetics was 
demonstrated [14]. Seijkens T. and co-authors 
also emphasized the presence of predictor prop-
erties of sCD40L in relation to the development 
of major cardiovascular events in patients with 
type 2 DM [15].

Along with sCD40L elevation some resear
chers also detected increased levels of PAI-1  
in diabetic patients with AMI, that remained 
elevated in the dynamics of treatment [16]. 
Taking into account its prognostic value as 
a  marker for major adverse cardiovascular 
events especially in diabetic patients [17], it 

Table 2 
Levels of PAI-1 measured on the 1st and 10th days, in patients  

with AMI depending on the presence of concomitant type 2 DM, (Me [Q1; Q3])

Parameter Patients with AMI + DM
(n = 73)

Patients with AMI
(n = 57) p

PAI-1, ng/ml, 1st day 68,85 [60,95; 71,1] 53,1 [43,38; 59,6] < 0,01
PAI-1, ng/ml, 10th day 63,24 [59,41; 69,88] 42,4 [38,7; 48,9] < 0,01

Note:
р < 0,05 is statistically significant.

Table 3 
Levels of sCD40L measured on the 1st and 10th days in patients  

with AMI depending on the presence of concomitant type 2 DM, (Me [Q1; Q3])

Parameter Patients with AMI + DM
(n = 70)

Patients with AMI
(n = 55) p

sCD40L, ng/ml, 1st day 3,78 [3,67; 3,9] 3,35 [2,88; 3,63] < 0,01
sCD40L, ng/ml, 10th day 3,07 [2,88; 3,35] 2,45 [2,12; 2,81] < 0,01

Note:
р < 0,05 is statistically significant.
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should be recommended to measure it in a rou-
tine practice in order to prevent such unfavor-
able complications. 

Our results related to NOS levels in dia-
betic patients with acute coronary occlusion 
were supported in the scientific research of 
Minukhina D. and co-authors, which showed 
considerable reduction of NOS levels in pa-
tients with AMI and concomitant type 2 DM. 
Performing of percutaneous coronary interven
tion did not contribute to the statistically sig-
nificant increasing of NOS [18] compared to 

non-invasive therapy in diabetic patients. This 
trend is apparently due to the additional nega-
tive impact of metabolic disorders associated 
with type 2 DM on the endothelium of the co
ronary arteries, accompanied by increased re-
lease of sCD40L and PAI-1, which cause the 
development of intravascular inflammation in 
the arterial wall, inhibition of fibrinolysis of 
the formed thrombus, as well as reducing the 
synthesis of endothelial NOS, which is respon-
sible for the regulation of vascular tone. 

CONCLUSION
1.	Taking all the arguments, mentioned above, 

into account, we can conclude that presence 
of type 2 diabetes mellitus contributes to the 
worsening of the endothelial function, asses
sed by the levels of endothelial NOS, PAI-1,  
sCD40L in patients with acute myocardial 
infarction compared to non-diabetic patients. 

2.	Despite performed treatment, this tendency 
remains unchanged even up to 10th day af-
ter acute atherothrombosis. This partially 
defines poor prognosis due to the mainte-
nance of intravascular inflammation, delay 
in thrombus dissolution and impaired vascu-
lar dilation. 
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The aim of study is to evaluate the levels of endothelium-dependent mediators: endothelial nitric-oxide 

synthase (NOS), plasminogen activator inhibitor-1 (PAI-1) and circulating soluble CD40 ligand (sCD40L) in 
patients with acute myocardial infarction (AMI) and concomitant type 2 diabetes mellitus (DM). The study 
included 255 patients with AMI, who were divided into two groups depending on the presence of concomitant 
type 2 DM: 1 group — 143 patients with concomitant type 2 DM; 2 group — 112 patients without concomitant 
disturbances of carbohydrate metabolism. Studied endothelial-dependent indicators were investigated using 
enzyme-linked immunosorbent assay. Statistical data were processed using the Mann–Whitney U-test, quan-
titative variables were described by the following parameters: median (Me), 25th and 75th percentiles (Q1; Q3). 
Analyzing the studied indicators on admission of patients to the hospital, a statistically significant decrease in 
NOS levels (p < 0,01), as well as an increase in PAI-1 (p < 0,01) and sCD40L (p < 0,01) in the cohort of patients 
with AMI and concomitant type 2 DM compared with patients without disturbances of carbohydrate metabo-
lism. This indicates a more significant violation of endothelium-dependent vasodilation, thrombin fibrinolysis 
and activation of intravascular inflammation caused by comorbidity. Over the next 10 days, an increase in NOS 
levels, a decrease in PAI-1 and sCD40L levels were observed in patients of both groups, indicating a gradual im-
provement of the endothelial function. However, in patients with AMI and concomitant type 2 DM, the levels of 
the studied endothelium-dependent mediators continued to differ statistically even on the 10th day after acute 
occlusion of the coronary artery. In our opinion, this tendency is caused by the negative impact of metabolic 
disorders associated with type 2 DM on the endothelium of the coronary arteries in patients with insulin resi
stance and, apparently, may increase the risk of complications of AMI.

K ey  wor d s :  acute myocardial infarction, diabetes mellitus type 2, NOS, PAI-1, sCD40L.
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Мета дослідження — оцінити рівні ендотелій-залежних медіаторів, а саме ендотеліальної син-

тази оксиду азоту (NOS), інгібітору активатора плазміногену-1 (PAI-1) і циркулюючого розчинного 
ліганду CD40 (sCD40L) у пацієнтів з гострим інфарктом міокарда (ГІМ) і супутнім цукровим діабетом  
2-го типу (ЦД). У дослідження були включені 255 пацієнтів з ГІМ, які були розділені на дві групи 
в залежності від наявності супутнього ЦД 2-го типу: 1 група — 143 пацієнта з супутнім ЦД 2-го типу; 
2 група — 112 пацієнтів без порушень вуглеводного обміну. Досліджувані показники визначали імуно-
ферментним методом. Статистичні дані обробляли за допомогою U-критерію Манна – Уітні, кількісні 
змінні описувались такими параметрами: медіана (Me), 25-й та 75-й процентилі (Q1; Q3). Аналізуючи 
досліджувані показники при надходженні пацієнтів до стаціонару, було встановлено статистично зна-
чуще зниження рівня NOS (р < 0,01), а також підвищення рівнів PAI-1 (р < 0,01) та sCD40L (р < 0,01) 
у когорті хворих з ГІМ та супутнім ЦД 2-го типу порівняно з хворими без інсулінорезистентності.  
Це свідчить про наявність більш значного порушення ендотелій-залежної вазодилятації, проце-
сів фібринолізу тромбу та активації внутрішньосудинного запалення, спричинених коморбідністю. 
Впродовж наступних 10 днів було виявлено збільшення рівнів NOS, зниження рівнів PAI-1 та sCD40L 
у пацієнтів обох досліджуваних груп, що свідчить про поступове покращення стану ендотелію. Утім, 
не дивлячись на це, у пацієнтів на ГІМ та супутнім ЦД 2-го типу, рівні досліджуваних ендотелій-за-
лежних медіаторів продовжували статистично відрізнятися від рівнів NOS, PAI-1, sCD40L у пацієнтів 
без порушень вуглеводного обміну навіть на 10-й день після гострої оклюзії вінцевої артерії. На нашу 
думку, подібна картина пов’язана з негативним впливом метаболічних порушень, асоційованих з ЦД 
2-го типу на ендотелій коронарних артерій, який зберігається у пацієнтів  з інсулінорезистентністю 
та, вочевидь, може зумовлювати підвищений ризик розвитку ускладнень гострого періоду інфарктy 
міокарда.

К л ю ч о в і  с л о в а :  гострий інфаркт міокарда, цукровий діабет 2-го типу, sCD40L, PAI-1, NOS.


