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ENDOTHELIAL DYSFUNCTION AND ITS MANAGEMENT IN PATIENTS
WITH ACUTE MYOCARDIAL INFARCTION COMBINED WITH METABOLIC
SYNDROME

1.0. Yastremska
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Oxidative stress, endothelial dysfunction, dyslipidemia and low-grade inflammation induce
the disorders of energy metabolism and ischemic damage to cardiomyocytes. It is an essential issue in pathogenesis
of acute coronary syndrome/myocardial infarction (ACS/MI).

Objective. The aim of the study was to improve the existing pharmacological therapy in patients with ACS/
MI combined with metabolic syndrome (MS).

Methods. The study enrolled 95 patients with acute myocardial infarction. The patients were divided into
2 groups depending on concomitant metabolic syndrome. All groups were divided to subgroups, where patients
received typical standard treatment according to the Ukrainian unified and modified treatment regimen with
addition of L-arginine and L-carnitine.

Results. In 79.2% of patients with ACS/MI + MS the course of underlying disease was associated with various
complications: pericarditis epistenocardica was diagnosed in 39.8% of patients; arrhythmias were present in
35.5% of patients of the main group; left ventricular aneurysm was present in 15.9% of patients. At the same
time, significant changes in the indicators of vascular endothelial function in patients with ACS (MI) were revealed
(the level of endothelin-1 in the blood plasma was in 2.1 times higher than the reference norm) that was the

justification for inclusion of L-arginine and L-carnitine in the complex therapy of comorbid patients.
Conclusions. The multi-modality treatment with inclusion of L-arginine and L-carnitine facilitated restoration
of energy supply of myocardial contractility, endothelial function of blood vessels, and antioxidant protection of
the body and ultimately resulted in a more favorable course of this comorbid problem.
KEYWORDS: myocardial infarction; metabolic syndrome; endothelial dysfunction; L-arginine;

L-carnitine.

Introduction

The rupture of the atheromatous plaque
and formation of coronary clot, which causes
progressive stenosis, is considered the main
cause of acute myocardial infarction (MI).
However, the recently discussed pathogenetic
factors include peroxide stress and endothelial
dysfunction, dyslipidemia and low-intensity
systemic inflammation underlying the disorders
of energy metabolism and ischemic damage to
cardiomyocytes. The aforementioned patho-
genetic mechanism behind the development
of acute coronary syndrome/myocardial infarc-
tion (ACS/MI) provides a possibility of ma-
nagement of these pathogenetic processes
with metabolic and cytoprotective pharma-
cological therapy. In addition to that, the main
risk factors for coronary heart disease and
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myocardial infarction as its life-threatening
manifestation are obesity, hypertension,
dyslipidemia, insulin resistance and diabetes,
which as a whole can be components of
metabolic syndrome (MS), the latter diagnosed
in 28-35% patients with myocardial infarction
[1, 4, 13]. The causes of MS, including insulin
resistance, hyperinsulinemia and chronic in-
flammation simultaneously trigger and main-
tain high levels of atherogenesis, endothelial
dysfunction and evoke coronary plaque insta-
bility as well as processes of thrombogenesis
[6, 7, 8]. That is why a differentiated approach
to treatment of patients with ACS/MI (with due
consideration for comorbidities) is a priority at
present stage. Both L-carnitine and L-arginine
have been proved to be very promising me-
tabolic drug products, which occur naturally in
human body. They manifest their effects as
active regulators of intermediary metabolism
and energy-supplying processes [7, 12, 14].
However, their main physiological role includes
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regulation of functional state of blood vessels
and maintaining adequate microcirculation in
the organs and tissues of the body [9, 11]. The
above facts have become a rationale for studies
of clinical efficacy and possibilities for correction
of metabolic and endothelial disorders in
patients with ACS/ML.

The aim of the study was to improve the
existing therapeutic programs for ACS/MI com-
bined with metabolic syndrome (MS).

Methods

The study enrolled 95 patients with acute
myocardial infarction. The patients were divi-
ded into 2 groups depending on whether they
had metabolic syndrome. The main study group
involved 53 patients with ACS/MI+MS. The cont-
rol group included 42 patients with ACS/MI, who
were not diagnosed with MS; 32 patients in the
main group and 22 patients in the control group
received standard treatment for myocardial
infarction according to the Unified Protocols of
the Ministry of Health of Ukraine [5]. Other
21 patients in the main group and 20 patients
in the control group received a modified treat-
ment regimen with addition of L-arginine 4.2 g
and L-carnitine 2.0 g supplied as solution for
infusions 100 mL administered intravenously
once a day as a 5-day course. Most of study
participants were males (87.5%) of productive
age, 57.54+8.02 years old on average.

The diagnosis of acute MI was verified
according to the 2017 ESC Guidelines [2] in the
presence of a typical anginal attack, MI-specific
ECG changes with time (reciprocal ST displa-
cement) and the signs of resorption-necrosis
syndrome. The diagnosis was confirmed by
means of laboratory tests, ECG and imaging
tests. Quantitative determination of troponin T
was performed using an electro chemilu-
minescent biochemical analyzer Elecsys 2010
by Roche/Hitachi (Switzerland). Troponin test
results above the reference value of 14.0 ng/mL
were assessed as positive.

Patient assessments included general cli-
nical examination, laboratory tests (hematology,
MB fraction of creatine phosphokinase (CPK-
MB), troponin T, oxygen saturation of arterial
blood (Sp02), ECGin 12 standard leads, etc. and
B-mode cardiac ultrasound imaging on Aloka
SSD - 2000 unit (USA) with determination of
linear and volumetric parameters of the left
ventricle, as well as global (assessed by ejection
fraction, EF) and local myocardial contractility
using the Simpson’s biplane method. The dias-
tolic function of the left ventricle was assessed

by the isovolumic relaxation time (IVRT) of the
left ventricle, delay time for early left ventricular
filling (DT), maximal early filling velocity (E) and
maximal atrial systole filling velocity of the left
ventricle (A). Plasma level of endothelin-1 (ET-1)
was evaluated by the ELISA kits by Amersham
Pharmacia Biotech; the stable NO metabolites
content was determined by the Griess reagent
reaction [2]. The number of nitrites was mea-
sured using a calibration graph. The above-
mentioned tests were repeated on day 14 and
day 28 and tracked as they changed with time.
Statistical data analysis was performed using
the STATISTICA statistical package (by StatSoft,
USA, v 6.0).

Results

Uncomplicated course of myocardial in-
farction was established in 17 patients (40%) of
the control groups. In 42 patients with MI+MS
(79.2%), the course of their underlying disease
was accompanied by various complications.
Thus, the patients of the test group were
substantially more likely to develop pericarditis
epistenocardica (21 (39.8%) patients) than
those in the control group (8 (19%) patients).
Conduction disorders or arrhythmias manifes-
ted as paroxysmal tachyarrhythmia, transient
atrioventricular block and bundle branch
blocks; extrasystole arrhythmia were also more
frequent in the patients of the main group
(78.5%) and significantly less frequent in the
patients with MI without MS (52%). These
results are presented in Fig. 1.

Acute left ventricular failure accompanied
the course of Ml in all patients of both groups;
however, Killip I and Killip IT acute heart failure
(according to the Killip-Kimball Classification,
1972) was substantially more frequent in the
patients of the control group. Impaired systolic
and diastolic functions of the left ventricle were
simultaneously observed in the patients of the
main group and the control group. That s, there
was a significantly more significant reduction
in myocardial contractility (EF=42.12+1.13%)
compared tothe control group (EF=48.23+1.16%).
These changes were closely related to the more
pronounced processes of left ventricular re-
modeling during the acute period of myocardial
infarction in the patients of the main group. In
particular, the increase in left ventricular in-
ternal diastolic dimension (the left ventricular
end-diastolic diameter, LVEDD) was 5.62+0.21 cm
in the main group and 4.71+0.24 cm in the
control group (p<0.05). The developing diastolic
dysfunction was suggested by changes in the
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Fig 1. Frequency of arrhythmias and conduction disorders in the patients with acute coronary syndrome

(myocardial infarction).

isovolumic relaxation times (IVRT) in the main
group (63.23+0.41 msec) and the control group
(68.12+0.36 msec), as well as by delay time of
early diastolic transmitral flow (DT) in the
compared groups (178.11+0.54 msec and
182.43+0.37 mseg, respectively).

After completion of a standard MI treatment,
the patients of the control group experienced
significant improvement of hemodynamic
parameters. Relatively, there was anincreasein
left ventricular ejection fraction, a reduction in
LVEDD and improvement in left ventricular
diastolic function parameters, i.e. IVRT and DT,
compared to the MI+MS patients (p<0.05).
However, the patients with myocardial infarction
combined with MS experienced more frequent
complications in a setting of standard treatment.
This is because of special characteristics of
carbohydrate metabolism in the patients with
MS, which are manifested by insulin resistance
and compensatory hyperinsulinemia (which
activates the sympathoadrenal system), as well
as by a combination of this pathogenetic me-
chanism with other pathogenetic factors of
ischemia (an increase in lipid peroxidation and
endothelial dysfunction) that is accompanied
by a more prolonged activation of oxidative
processes and inhibited activity of enzymes in
the antioxidant protection system. The abnor-
mal processes in the heart enhanced causing a
significant reduction of myocardial contractility
and substantial changes in electrolyte stability
of the heart that contributed to life-threatening

disorders of rhythm and conductivity against
the backdrop of unstable hemodynamics [9, 11].

As a consequence, L-arginine and L-carnitine
are promising treatments. In addition to their
pronounced metabolic and energy-producing
activity, these substances restore endothelial
function of blood vessels, exert antioxidant
effects and prevent irreversible ischemic and
reperfusion damage, limit the zone of myo-
cardial necrosis, improve cellular adjustment
to functioning under hypoxia and inhibit ab-
normal cardiac remodeling. One of the me-
chanisms behind such therapeutic effect is the
ability of L-arginine and L-carnitine to inhibit
the formation of radicals during breakdown of
fatty acids thereby reduce the damaging effects
of peroxidation byproducts on the functional
status of ion channels in the cells [1, 3, 17].

Thus, the results of this study have demon-
strated that a multi-modality therapeutic prog-
ram with inclusion of L-arginine and L-carnitine
in the patients of the main group had a sub-
stantial effect on restoration of systolic-diastolic
function of the heart: the parameters of systolic
and diastolic function of the heart returned to
normal already within 28 days of treatment.
That s, the linear dimensions of cardiac cavities
changed insignificantly; thus, we may assume
that the positive changes in EF, LVEDD, IVRT
and DT compared to their respective baseline
levels were driven by remodeling and restoration
of functional status in zones of myocardial
ischemia and hibernation [10].
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The changesinthe parameters of endothelial
function of blood vessels were also assessed in
the patients with ACS/MI as part of the study.
The baseline levels of these parameters did not
differ in between. However, they were signi-
ficantly changed compared to the reference
values. Thus, plasma levels of endothelin-1 in
the patients with ACS/MI at hospitalization
were in 2.1 times above the reference value
(0.96+0.04 ng/mL and 0.46+0.03 ng/mL, res-
pectively). There were no significant changes
in endothelin-1 (ET-1) activity immediately after
emergency angioplasty of the coronary vessel
and its stenting. That is, the levels of endothelin
were substantially reduced in the control group
patients who received per-protocol pharma-
cological treatment. However, by the end of the
in-patient treatment period, the levels of
endothelin have not reached those of healthy
individuals (0.66+0.06; p>0.05).

In contrast, the patients of the test group,
whose multi-modality treatment included the
course of therapy with L-arginine and L-carnitine
during the next 10 days of the in-patient
treatment period, had a 33.3% reduction in ET-1
activity (p<0.05), and after one month of treat-
ment its plasma levels significantly decreased
by additional 43% and reached the level of
healthy individuals (0.52+0.05 ng/mL; p>0.05).
Hence, the use of combination drug therapy
with inclusion of L-arginine and L-carnitine in
patients with ACS/MI provided for a rapid (over
10 days) reduction and complete restoration
(over 28 days) of plasma endothelin-1 levels in
these patients. Along with changes in endo-
thelin-1 activity in patients with ACS/MI during
exacerbation of the disease, there was an
abrupt reduction in metabolites of nitric oxide
(NO€=17.75+0.42 pmol/L, the normal level of
36.92+0.37 pmol/L), which could suggest
pronounced microcirculatory disorders in these
patients.

Thus, there was an almost two-fold baseline
decrease in plasma levels of nitrates and nitrites
in the patients of both groups, i. e. their total
plasma levels were reduced by 45.0%. However,
conventional per-protocol treatment did not
lead to complete restoration of endothelial
function of blood vessels in this group of
patients with ACS/MI; the total plasma level of
metabolites of nitric oxide in these patients was
by 19% below the reference value (p<0.05). At
the same time, the use of combination drug
therapy with inclusion of L-arginine and
L-carnitine had a substantial effect on plasma
levels of nitrites and nitrates in the patients of

the test group. The levels of these substances
were significantly increased already before
10 days of treatment; after completion of the
in-patient phase of combination drug therapy
they reached the reference level.

Discussion

Therefore, since patients with ACS/MI + MS
were diagnosed with pronounced baseline
changes of morphological and functional
parameters of the heart, post-infarction
remodeling with compromised systolic and
diastolic functions of the heart, as well as
development of heart failure and endothelial
dysfunction (which were retained immediately
after emergency percutaneous procedures),
these findings provided a rationale for inclusion
of parenteral L-arginine and L-carnitine to the
per-protocol therapeutic program. Standard
therapy was established to lack sufficient
hemodynamic efficacy in this patient cohort.
Only enhancing standard therapy by adding
L-arginine and L-carnitine caused significant EF
and DT increases, LVEDD reduction and E/A
ratio reduction and improved post-infarction
cardiac remodeling, ultimately evident as a
significant improvement of EF, myocardial
contractility and diastolic dysfunction. In our
opinion, the positive effect of the suggested
treatment for inotropic heart function and a
significant reduction in incidence and severity
of reperfusion arrhythmias were achieved
precisely by means of the cardiometabolic
effect of L-carnitine, which, as reported by many
researchers, is significant in energy metabolism
in the myocardium by transferring free fatty
acids from the cytosol inside the mitochondria
thereby ensuring bio-availability of the high-
energy substrate for oxidative metabolism in
the cardiomyocyte [8, 16]. In addition, by
facilitating oxidation of long-chain fatty acids
and by modulating the CoA/CoA-SH ratio, this
compound is taking part in binding of acyl
residues in peroxisomes and mitochondria and
has a positive effect on amino acid metabolism
by assimilating the pool of free radical com-
pounds. This ensures stabilization of organelles
and cellular membranes and prevents accu-
mulation of fatty acid esters in the cytoplasm
of cardiomyocytes, which may lead to fatal
ventricular arrhythmias [15]. During the study
it was also established that patients of the test
group, whose multi-modality treatment inclu-
ded additional L-arginine and L-carnitine, had
significantly lower ET-1 activity, while plasma
levels of nitric oxide metabolites increased rea-
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ching the levels of healthy individuals (p>0.05).
In other words, such multi-modality treatment
in patients with ACS/MI contributed to a rapid
and complete recovery of the study parameters
of endothelial function of blood vessels. The
treatment outcomes are associated with the
use of L-arginine as a principal substrate for
the synthesis of nitric oxide. The fundamental
physiological role of nitric oxide is to regulate
the functional status of blood vessels and to
provide an adequate level of microcirculation
in organs and tissues of the body [9, 11, 14].
Thus, the conclusion may be drawn that the
presence of a concomitant metabolic syndrome
has a substantial impact on the course of acute
myocardial infarction and is accompanied by a
significantly higher complication rate. These
patients have more severe disorders in the lipid
peroxidation system and a reduced activity of
antioxidant defense, which disrupts endothelial
functions of blood vessels and causes dete-
rioration of microcirculation. At the same time,
significant reductions in systolic and diastolic
functions of the myocardium have been obser-
ved in patients with MI+MS as a result of
impaired remodeling of cardiac chambers and
changes in their linear and geometric para-
meters. The combination treatment of MI+MS
patients with inclusion of L-arginine and L-car-
nitine facilitates restoration of energy supply
of myocardial contractility, endothelial function

of blood vessels and antioxidant defense of the
body, which results in a more favorable course
of this comorbid problem.

Conclusions

The patients with myocardial infarction
combined with metabolic syndrome were likely
to develop disorders of central and peripheral
hemodynamics and endothelial function of
blood vessels. These circumstances significantly
exaggerate the clinical course of the underlying
morbidity, additionally enhance the disorders
of systolic and diastolic cardiac function and
cause more frequent complications of ACS/ML.
A comprehensive therapeutic program for
patients with ACS/MI+MS enhanced by inclusion
of L-arginine and L-carnitine facilitates resto-
ration of endothelial function of blood vessels
and antioxidant defense of the body and
increases the energy supply of cardiomyocytes,
which is accompanied by improved myocardial
contractility.
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EH/IOTEJIIAJIBHA TAC®YHKIIS TA IUISIXHU I KOPEKIII V XBOPHX
HA I'OCTPUM IH®APKT MIOKAP/IA B IIOEAHAHHI 3 METABOJITYHHUM

CHH/IPOMOM.

AcTtpemcbka I1.0.

TEPHOIMI/IbChbKUI HAUIOHA/IbHNV MEANYHNIA YHIBEPCUTET IMEHI LS. TOPBAYEBCHKOIO,

TEPHOIL/Ib, YKPAIHA

Bctyn. OkucaroeansHuli cmpec, Ouc@yHkyis eHoomenito, ducainioemis ma HU3bKOiIHMeHCU8He 3aNaeHHS
CNPUYUHSAIOMb NOPYWEeHHS eHepaemuyYHOo20 06MiHy ma iweMiyHe ypaxceHHs KapdioMioyumis, U0 € 8aHU/IUBOH
JIGHKOIO Y NaMog2eHe3i 20CMpo20 KOPOHAPHO20 CUHOpOMY / iHpapkmy miokapda (FTKC / IM).

MeTa gocnig>keHHs - y0oCKoHaAuMu icHyroui nikyeanesHi npo2pamu FKC(IM) y noEOHaHHI 3 MemaboaiyHUM

cuHOpomom (MC).

MeToawn. Y docnidxeHHi 83aau y4acmes 95 nayieHmie 3 2cocmpum iHpapkmom miokapda. lMayieHmis
p03n00inuau Ha 2 2pynu 3a1exHo 8i0 HaABHOCMI CynymHb020 Mema6oaiyHo20 CUHOPOMY. Yci epynu 6yau
p0o30ineHi Ha nidzpynu, e nayieHMu ompumMyeanu CMaHOapPMHe NPOMOKObHE NiKy8AHHS 32i0HO YHigikosaH020
npomokoay MO3 YkpaiHu ma MoOu@ikosaHa cxemu AiKy8aHHS 3 000a8AHHAM L-ap2iHiHy ma L-kapHimuHy.

PesynbTatn gocnigykeHHs. Y xeopux Ha IM i3 cynymHim MC ocHo8He 3aX80pH8aHHSA nepebieaso 3 pisHUMU
YCKAAOHeHHAMU y 79,2 %: enicmeHokapoumu4Huli nepukapdum 6ye y 39,8 %, nopyweHHs pummy a6o
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nposioHocmi HasA8Hi y 35,5 %, aHespu3ma n1igo20 wayHo4ka - y 15,9 % xeopux. OOHOYACHO 8UABMEHO CymmeEsi
3MIHU ¥ NOKA3HUKaxX eHOomenianeHoi GyHKYii cyouH y xeopux Ha [KC(IM), ujo cmano o6rpyHmMy8aHHAM 045
8K/I0YEHHS 8 KOMN/IEKCHY mepanito KOMOP6iOHUX X80pUX Kypcy L-ap2iHiHy ma L-KapHImuHy.

BucHoBKW. KomnaekcHe niky8aHHA x8opux HA IM 8 noedHaHHI 3 MC i3 ekno4yeHAM L-apeiHiHy ma
L-kKapHIiMuHy cnpusao 8i0HO8/MEHHIO eHep203abe3neyeHHs CKopomaueocmi miokapoa, eHoomeniansHoi QyHKYii
CYOUH, GHMUOKCUOOHMHO20 30XUCMY 0p2aHi3My, U0 8 pe3yanbmami 3a6e3neyysano binew cnpuamausuil nepebiz

0aHoi KoMopbidHOI hamosoaii.

K/MHOYOBI C/IOBA: iH$papKT miokapaa; MeTaboniyHUA CMHAPOM; eHApoTeNianbHa ANCHYHKLLINA;

L-apriHiH; L-KapHiTUH.
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