ISSN 2518-1432 (Online); ISSN 2227-4782 (Print)

https://doi.org/10.21856/;-PEP.2021.3.03

THE ROLE OF BETA-BLOCKERS IN VETIANGINAL THERAPY
IN THE CORRECTION OF VIOLATIONS OF THE AMINO ACID
SPECTRUM IN PATIENTS WITH UNSTABLE ANGINA
WITH CONCOMITANT DIABETES MELLITUS®

Bohdan T. V., Lizogub V. G., Sobol V. O., Bohdan V. V.

Bogomolets National Medical University, Kyiv, Ukraine
taviza@mail.ua

Despite significant achievements in the
diagnosis and treatment of coronary heart
disease (CHD) in recent years, this patholo-
gy remains a leader in the structure of mor-
bidity and mortality among the population
of Ukraine. A special role belongs to acute
forms of coronary heart disease (non-stable
angina (NA) and myocardial infarction) [1].
Atherosclerosis in diabetes mellitus (DM) de-
velops 10-15 years earlier and has a more ag-
gressive course than in the non-diabetic popu-
lation. Mortality from cardiovascular diseases
in patients with diabetes is 2—-3 times high-
er, and life expectancy is reduced by 10-30%
[2—4].

In this regard, the processes of peroxida-
tion, inflammatory activation, vascular dys-
function as potential mechanisms influencing
the increase in cardiovascular risk in the pre-
sence of diabetes continue to study.

Today, various links in the pathogenesis
of atherosclerosis and coronary heart disease
(dyslipidemia, endothelial dysfunction, im-
paired immunological status, exposure to in-
fection, violation of the rheological properties
of blood) have been identified and substantia-
ted. Over the last decade, the study of amino
acid balance (AA) disorders in blood plasma, as
another possible pathogenetic link in the de-
velopment of coronary heart disease, has at-
tracted the attention of scientists and clinicians
[5-17].

AA are key nutrients needed for cell growth
and function. They act as «bricks» not only for
protein synthesis but also for many other com-
ponents of the body and are a source of nitro-
gen and carbon [8].

Some cardioprotective properties of AA in
cardiovascular pathology are described today.
However, the mechanisms the influence of AA
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on energy metabolism processes, as well as
other possible ways of influence, which provide
better adaptation of the heart to hypoxia, re-
main unexplored [9—11].

The B-blockers remain the basic drugs for
the treatment of coronary heart disease. For
many years they have been used to treat stable
angina, NA and myocardial infarction. The
mechanism of antianginal action of these drugs
is associated with a decrease in heart rate,
myocardial contractility and a decrease in sys-
tolic blood pressure [12].

In addition to the already known mecha-
nisms of action of B-blockers, the property of
nebivolol to promote the release of nitric oxi-
de (NO), which is one of the most important

mediators functionally involved in various bio-
logical processes, is noteworthy [13]. Previous
studies have shown that patients with stable
and unstable coronary heart disease develop
an imbalance of ACS in blood plasma [14, 15].
Therefore, it would be appropriate to determine
the place of B -blockers in the composition of an-
tianginal therapy and correction of these dis-
orders in patients with NA with concomitant
diabetes.

The aim of the study: to study the effect
of bisoprolol and nebivolol on the spectrum of
AA in blood plasma in patients with NA with
concomitant type 2 diabetes in order to opti-
mize drug treatment of this pathology.

MATERIAL AND METHODS

It was examined 70 patients (29 men (41.5 %)
and 41 women (58.5%) aged 62—73 years (mean
age — 65.2 years + 6.7 years) NA with concomi-
tant DM type 2. The 42 patients (60%) had
diabetes for 13.30 + 1.32 years, the 28 patients
(40 %) had diabetes for 14.20 + 1.58 years.

Patients had such comorbidities: alimentary
obesity I-II degree in 31 patients (42.3 %), os-
teoarthritis of the knee and hip joints in 48 pa-
tients (68.6 %), non-alcoholic steatohepatitis in
27 patients (38.6 %) and major diabetic compli-
cations: first-degree encephalopathy in 16 pa-
tients (23 %), second-degree encephalopathy in
40 patients (57 %), retinopathy in 46 patients
(66 %), polyneuropathy in 52 patients (74 %),
angiopathy in 57 patients (82%). All patients
were in a state of compensation of carbohyd-
rate metabolism (Hbcl did not exceed 7.0%,
blood glucose after fasting did not exceed
6.5 mmol/]).

All patients were divided into two groups:
Group I (37 patients (14 men (38%) and 23 wo-
men (62 %)) in basic therapy received bisopro-
lol, enalapril, atorvastatin, acetylsalicylic acid,
isosorbide dinitrate, fandoparinux sodium
subcutaneously, group II (33 patients (15 men
(45.5%) and 18 women (54.5%)) received ne-
bivolol, enalapril, rosuvastatin, acetylsalicylic
acid, isosorbide dinitrag, fandoparinux sodium
subcutaneously. All patients received hypogly-
cemic therapy — metformin (34.5%), gliben-
clamide (21 persons (30%), gliclazide (15 per-
sons (21.5%)). The control group (CG) included

18 persons (10 men (55.6%) and 8 women)
(44,4 %)) at the age of 58 - 63 years (mean age -
60.1 years + 2.4 years)), who do not suffer from
diabetes, do not have disorders of the func-
tional state of the thyroid gland, there were
healthy individuals. Examination of patients
was performed at the beginning of treatment
and after 20 days.

Determination of AK plasma of patients
was performed by ion-exchange liquid-column
chromatography on an automatic analyzer AK
T-339 produced by «Microtechna» (Czech Re-
public, Prague) at the Institute of Biochemistry
of Ukraine named after OV Palladin. Identified
essential AK: arginine, valine, histidine, iso-
leucine, leucine, lysine, methionine, threonine,
phenylalanine.

Before all study procedures were performed,
all patients gave written informed consent to
participate in it. The clinical trial followed the
safety measures envisaged in such cases for the
patient's health, protection of human rights,
human dignity and moral and ethical stan-
dards in accordance with the principles of the
Helsinki Declaration of Human Rights (1964),
the Council of Europe Convention on Human
Rights and Biomedicine, laws of Ukraine, per-
mission of the commission on medical ethics of
NMU named after OO Bogomolets.

Statistical processing of the study results
was performed in «MSExelXP» and SPSS-17
for Window. Student's parametric criterion was
used to assess intergroup differences. The dif-
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ference at P < 0.05 was considered significant.
The results are given as M + m. The percentile

method was established to establish standards
for individual biochemical parameters.

RESULTS AND THEIR DISCUSSION

In patients with NA with concomitant DM
type 2 of both groups, the amount of essential
AA in blood plasma decreased significantly
compared with CG by 29.4% and 28.5%, re-
spectively, and with a pre-treatment rate of
19.1% and 21,2%, respectively. The results of
the study are shown in table 1.

In patients of the both study groups under
the influence of basic therapy with the inclu-
sion of bisoprolol and nebivolol in the blood
plasma showed a significant decrease in lysine
content compared to CG, respectively, 22.8%
and 19.5% as well as compared to treatment,
respectively at 37.5% and 32.2%. Lysine is in-
volved in the formation of collagen, strengthen-
ing the vascular wall, in the formation of car-
nitine, promotes the utilization of fatty acids
for the energy potential of cells and the pre-
servation of the body's immune reactivity [5].
Reduction of lysine in blood plasma in condi-
tions of destabilization of coronary circulation
on the background of treatment with B-blockers

can be considered as a compensatory reaction
with increased intracellular metabolism of this
AA.

In patients of group II, whose basic ther-
apy included nebivolol, histidine remained at
normal levels, which ensures the physiological
course of transformations of this AA. Histidine
has a vasodilating effect, normalizes blood lipid
composition, is one of the most important regu-
lators of blood clotting factors (glycoprotein and
C-protein. Histidine is formed from histidine,
which, along with other properties, helps to de-
crease blood pressure by dilatation of blood ves-
sels) [16].

It is noteworthy that the level of methionine
has decreased significantly in blood plasma by
51% and 43 %, respectively, on the background
of bisoprolol and nebivolol treatment in both
groups of patients compared with healthy in-
dividuals. L-carnitine is endogenously synthe-
sized from methionine. Despite the fact that the
synthesis of L-carnitine occurs in the liver and

Table 1

Spectrum of essential AA of blood plasma
in patients with NA with concomitant DM type 2
on the background of treatment with bisoprolol and nebivolol,
p/mol/100 ml, (M + m)

Before treatment After treatment
Indicator CG,n=18 I group, II group, Bisoprolol , Nebivolol,
n =37 n=33 n =37 n=33
Lysine 21,98 + 1,50 27,15 + 1,4* 26,12 + 1,5* 16,97 + 1,02*%# 17,7+ 1,3%#
Histidine 10,561 + 1,28 10,66 = 0,9 11,46 +0,8 7,87 £ 0,70%# 9,96 £ 0,09&
Arginine 8,34 + 0,35 8,89 +0,43 8,78 £ 0,32 9,2+ 0,39 8,562 + 0,08
Threonine 17,4 +£ 1,37 14,27 £ 1,06* 14,57 + 1,08* 13,21 + 1,04* 7,64 £0,63%#&
Valine 29,03 £ 2,42 19,18 + 0,92* 18,58 + 1,02* 18,64 + 1,73* | 24,97 + 1,09*#&
Methionine 3,43+ 0,07 2,15+ 0,05 2,24 + 0,06 1,68 + 0,09* 1,95 + 0,04*
Isoleucine 7,25 + 0,42 4,77 + 0,45* 4,85 + 0,55* 5,07 +0,37* 3,22 +0,07*&
Leucine 14,34 £ 1,26 10,64 + 0,85* 11,75+ 0,76* 8,41 £ 0,57*# 6,54 £ 0,07*#
Phenylalanine 8,46+ 0,35 7,93 £ 0,33 7,47 +£0,41 4,68+ 0,27*# 5,8 £0,06%#
Ammonia 24,8+ 1,35 19,0 +1,02* 18,6 +1,07* 20,58 + 0,87 24,5 + 9,6#&
Sum 120,74 + 7,4 105,64 + 7,13* 109,56 + 7,78* 85,73+ 5,2 86,31 + 4,2%#
Notes.

* gignificant difference in relation to the control group;
# significant difference in terms of indicators for treatment;
& a significant difference between groups of patients.
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kidneys, it is transported to all organs and tis-
sues. 97% of i1t 1s found in skeletal muscle and
myocardium, in tissues that use fatty acids as
the main source of energy. An important func-
tion of L-carnitine is the role of the «shuttle»
in the formation of acetyl-CoA from fatty acids.
B-oxidation of fatty acids and the formation of
ATP in the Krebs cycle occurs in mitochondria.
In addition, Li-carnitine helps to reduce triglyce-
rides, total cholesterol, low-density lipoprotein
cholesterol level in the blood [17].

L-carnitine is effectively used in the treat-
ment of cardiovascular diseases, in particular,
it is prescribed to patients with coronary heart
disease as an antiarrhythmic agent in various
variants of cardiomyopathy. L-carnitine is one
of the components of blood clotting factors [7].

The significant changes in the content of
AA with a branched side chain (BCAAs (valine,
leucine and isoleucine)) were identified on the
background of treatment. In particular, under
the influence of nebivolol, the level of valine in
blood plasma significantly increased compared
to pre-treatment by 34.4%. The level of plas-
ma isoleucine in both study groups of patients
after treatment remained significantly lower
compared with CG. However, it is noteworthy
that against the background of nebivolol treat-
ment, the isoleucine content became signifi-
cantly lower than after bisoprolol treatment by
35.9%. Apparently, this is due to the increased
metabolism of this amino acid in conditions of
destabilization of the coronary circulation.

BCAAs are characterized by a tonic ef-
fect on the heart, which has been proven in
both animals and humans. BCAAs have been
shown to promote mitochondrial biogenesis in
the myocardium and other muscles by prevent-
ing oxidative stress. Amino acids are important
precursors of the components of the tricarbox-
ylic acid cycle.

Infusion of BCAAs stimulates myocardial
resuscitation as much as BCAAs, as well as
ketoacid mixtures in proportion, which results
in the concentration in the circulatory bed.
Myocardial deprivation of BCAAs is often as-
sociated with the type of amino acids, it is sim-
ple to reduce the anabolic infusion of BCAAs
on the myocardial protein. In experiments on
dogs, there were found such regularities in the
change in the concentration of AA in the arte-

rial blood and in the coronary sinus: in the case
of an acute infection, leucine and isoleucine
are reliably found in the myocardium, so that
it is not concentrated in the arterial blood. on
the background of an euglikemichesky insulin
clemp, hyperinsulinemia caused to a decrease
in the concentration of all amino acids, except
for alanine; adjusting the concentration of AA
in blood plasma on the background of the infu-
sion of AA and carrying out the insulin clamp
of the supernatant to increase the appropriate
BCAAs in the myocardium; at a 4—5-fold in-
crease in the concentration of amino acid in the
blood plasma against the background of infu-
sion, the accumulation of BCAAs by the myo-
cardium was significantly increased. Installed,
BCAAs, L-leucine and L-valin sprinkle, fol-
lowed by cardioplegic mixtures [18].

G. William et al. in an experiment on mice
proved that the use of a diet enriched with
leucine, significantly improves the structure
and functional activity of the myocardium af-
ter myocardial infarction, as well as increases
survival. In mice fed a leucine-enriched diet,
3.5 days after myocardial infarction, compen-
satory myocardial hypertrophy increased and
the inflammatory process decreased, myocardi-
al ATP levels increased, and fibrosis and apop-
tosis slowed [19].

BCAAs is characterized by an antiarrhyth-
mic effect. L-leucine reduces the duration of
ventricular fibrillation, L-valine — ventricu-
lar fibrillation and ventricular tachycardia.
L-valine is characterized by an antihyperten-
sive effect [19].

BCAAs inhibit markers of inflammation in
heart failure and improve physical tone in the
elderly with heart failure. Thus, antianginal
therapy enhances the catabolism of BCAAs,
which is a source of ATP in myocardial
ischemia.

After treatment of patients with NA with
concomitant DM type 2 on the background of
nebivolol compared with patients receiving bi-
soprolol, threonine levels decreased significant-
ly compared to treatment by 45.5% and became
significantly lower by 42.2% compared with
patients with with NA with concomitant DM
type 2 receiving bisoprolol.

Threonine improves the condition of the
cardiovascular system and liver. It is also in-
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volved in the synthesis of glycine and serine,
which strengthen ligaments and all muscles,
including the myocardium [20]. Glycine and
serine are synthesized from threonine in the
body. Threonine also regulates the transmis-
sion of nerve impulses by neurotransmitters
in the brain and helps eliminate depression.
Studies have shown that it can reduce wheat
gluten intolerance. Vegetarians usually have
a deficiency of this amino acid. At high loads,
the body feels the need for energy, so in the an-
abolic phase, threonine consumption increas-
es. Its effective use requires an appropriate
amount of vitamins B3, B6 and magnesium [5].

Thus, such dynamics of threonine changes
indicates enhanced intracellular metabolism of
this AA as a substrate of the above-mentioned
AA serine and glycine, which have a cardiopro-
tective effect.

Significantly, in patients with NA with con-
comitant DM type 2 whose antianginal therapy
included nebivolol, the level of ammonia in the

blood plasma was normalized, which contrib-
utes to the normal acid-base balance of the
blood of patients with NA and concomitant DM
type 2.

Thus, the study showed significant chang-
es in the level of individual NSAIDs in the
plasma of patients with NA with concomitant
DM type 2 on the background of antianginal
therapy. It should be noted that treatment with
nebivaol as part of basic therapy contributed to
a significantly better dynamics of the balance
of NSAIDs in blood plasma compared with bi-
soprolol. It’s known, that balance of essential
amino acids in plasma is very important for
the normal functioning of the human body.
Therefore, nebivolol should be preferred to im-
prove the efficacy of treatment of patients with
NA and concomitant DM type 2. This is the
priority of this study. The main problem is the
high cost of studying the amino acid spectrum
of blood and the lack of opportunity to study it
in general practice.

CONCLUSIONS

1. In patients with NA with concomitant DM
type 2 diabetes on the background of anti-
anginal therapy, which included bisoprolol
and nebivolol, there was a significant de-
crease in the amount of essential AA of plas-
ma compared with CG and pre-treatment,
indicating increased intracellular metabo-
lism and essential AA in ischemia.

2. In patients with NA with concomitant DM
type 2 on the background of antianginal
therapy, which included nebivolol, the level of
histidine remained at the physiological level,

compared with pre-treatment significantly
decreased levels of threonine and isoleucine,
significantly increased levels of valine, nor-
malized ammonia.

3. The dynamics of changes in the levels of in-
dividual essential AA of plasma, due to the
mechanisms of their metabolic transforma-
tions, in patients with NA with concomitant
DM type 2 indicates greater effectiveness
of nebivolol and the feasibility of its pre-
scription in complex of a basic antianginal
therapy.
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THE ROLE OF BETA-BLOCKERS IN VETIANGINAL THERAPY
IN THE CORRECTION OF VIOLATIONS OF THE AMINO ACID
SPECTRUM IN PATIENTS WITH UNSTABLE ANGINA
WITH CONCOMITANT DIABETES MELLITUS

Bohdan T. V., Lizogub V. G., Sobol V. O., Bohdan V. V.
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taviza@mail.ua

The purpose of the study: to study the effect of bisoprolol and nebivolol on the spectrum of essential blood
plasma AK in patients with concomitant diabetes mellitus (DM) type 2 in order to optimize drug treatment of
this pathology in the future.

Material and methods. The study involved 70 patients with NA with concomitant DM type 2, which was
divided into two groups: group I (37 patients) as part of basic antianginal therapy received bisoprolol, group II
(33 patients) received nebivolol. The control group (CG) consisted of 18 healthy individuals. All patients were
tested for irreplaceable blood plasma AA by ion exchange liquid chromatography on an automatic analyzer AK
T-339 produced by «Microtechna» (Czech Republic, Prague) at the Institute of Biochemistry named after OV
Palladin NAMS of Ukraine. The following essential AAs were identified: arginine, valine, histidine, isoleucine,
leucine, lysine, methionine, threonine, phenylalanine. Examination of patients was performed at the beginning
of treatment and after 20 days.

Results. It was determined that in patients with NA with concomitant DM type 2 under the influence of
antianginal therapy in both groups significantly decreased the total amount of irreplaceable AA compared with
control group, indicating an increase in intracellular metabolism as a compensatory response in coronary cir-
culation. It should be noted that in patients of group II, in contrast to patients of group I, under the influence of
treatment the level of histidine remained normal. The level of threonine significantly decreased compared to CG
and the rate of patients in group I, the level of valine significantly increased compared to pre-treatment, the le-
vel of isoleucine significantly decreased compared with CG and with the rate of patients of group I. Importantly,
ammonia levels returned to normal under the influence of basic therapy, which included nebivolol.

Conclusion. The dynamics of changes in the levels of individual irreplaceable AA blood plasma, due to
the mechanisms of their metabolic transformations in patients with NA with concomitant DM type 2 indicates
greater effectiveness of nebivolol and the feasibility of its prescription in complex of a basic antianginal therapy.

Key words: non-stable angina, diabetes mellitus, amino acid, bisoprolol, nebivolol.
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MICLLE BETA-AAPEHOBJIOKATOPIB Y CKJIAAI AHTUAHTIHAJIbHOT TEPANIT
B KOPEKL|IT NMOPYLWEHb CNEKTPY HE3AMIHHUX AMIHOKNCNOT
NNA3MU KPOBI Y XBOPUX HA HECTABIJIbHY CTEHOKAPAIIO
3 CYNYTHIM UYKPOBUM AOIABETOM

Bormau T. B., JIuszory6 B. I\, CoGoxas B. O., Bornau B. B.

Hauionanvruti meduurnuii ynisepcumem imeni O. O. Bozomonvusa, m. Kuis, Yipaina
taviza@mail.ua

Mera mociiisxeHHs: BUBYUTH BILJIUB 0icOITpoJiosry Ta HebGiBosony Ha cuektp Hedaminaux AK nmasvu
kposi y xBopux Ha HC 3 cynyrriMm mykposum (I[J]) 2 Tuiry 3 merom ormrumisamii MeIuKaMeHTO3HOTO JIKY-
BAaHHS II1€]l I1aTOJIOr1] B OaJIbIIOMY.

Marepiamn i meromu. V mocimimkenHi 6pasu yuacts 70 marientis Ha HC 3 cynyraim I[J] 2 Tumy, skux
posmomiieno Ha ABl rpymnu: I rpyma (37 xBopux) y ckJaamal 6a3uCHOI aHTHAHTIHAJJIBHOI Tepamii mpuimaiu 0i-
compouio, II rpyma (33 xBopux) nputimaiau HebiBoso. Koarponsry rpymy (KI') ckaamann 18 3moposux ocib.
VYeim xBopuM BusHavaau HedaMinHi AK mrasmu kposl MeToq0M 10HOOOMIHHOT P1IHHHO-KOJIOHKOBOI XpOMAaTO-
rpadii Ha aBromaruunomy anasidaropl AK T-339 supobuuirra «Mikporexua» (Yexis, [Ipara) B IucruryTti
6ioximii im. O. B. ITammagina HAMH Vkpainu. [nentudirysanu macrynsi Hesamiaai AK: apriuin, Basin,
riCTUOWH, 130JIeHIIUH, JICHIIUH, J13WH, MeTIOH1H, TpeoHiH, ¢peHlmananin. O0cTeKeHHA XBOPUX IIPOBOLUIIN
Ha TOYaTRY JIKyBaHHs Ta yepe3d 20 THiB.

PeaynsraTtu nociaigsxkenns. Busunaueno, mo y xBopux Ha HC 3 cynyrrim /[ 2 tuny min miero anTu-
aHriHaJBHOI Teparii B 000X rpylax JIOCTOBIPHO 3MEHINHJIAcCSa 3arajbHa cyma Hedaminuux AK mopisHsHO
3 KT, 110 ¢BigUnTH IIPO MOCHJIEHHS BHY TPIIIHBOKJIITHHHOTIO MeTa00JI13MY, K KOMIIEHCATOPHOI peakIril B yMo-
Bax IOPYIIEHHA KOPOHAPHOTro KpoBoobiry. Ciig BimmituTH, 1m0 y xBopux Il rpynwu, Ha BiAMiHY Bl XBOPUX
I rpynu, mig giefo JikyBaHHS HAa HOPMAJbHOMY PiBHI YTPUMABCS PIBEHbB MCTUAUHY, TOCTOBIPHO 3MEHIIIUBCS
nopiBHaHO 3 KI' 1 mokasHukoM XBopuX | rpynu piBeHb TPEOHIHY, JOCTOBIPHO ITIIBUIUBCA ITOPIBHAHO 3 I10-
Ka3HHUKOM [0 JIIKYBAHHS PIBeHb BAJIIHY, JOCTOBIPHO 3MeHITUBCS MopiBHAHO 3 KI' Ta 3 mOKasHUKOM XBOPHUX
I rpymu piBens i3oseinuny. Baskauso, 1o mig BIiuBoM 0a3MCHOI Teparii, 1o BKJIoYaja HeblB0JIoJI, HopMa-
JI13yBaBCs PIBEHDb aMiaKy.

Bucuosox. Jlunamika 3miH piBHIB oxkpemux HesaMinHux AK mmasmu xpoBi, 3Baskaouym HA MeXaHI3MHA
ix MeTaboIIYHUX ITepeTBopensb, y xgopux Ha HC 3 cynyraim [[J] 2 Ty cBimuyuTh po Giabin eeKTUBHIITA I
BILIUB HeO1BOJIOJLY, 110 OOIrPYHTOBYE OOIIJIBHICTD IPU3HAYEHH [[BOT0 JIIKAPCHKOT0 3aco0y y cKJIaal 6a3ucHOL
AHTUAHTIHAJBHOI Tepalrii 3 MeTOI0 OIITUMI3allil MeJUKaMeHTO3HOI KOPeKILil 11iel maToJorii.

KnwuoBi cimoBa: HecrablibHA CTEHOKAPILA, IIYKPOBUY JiabeT, aMIHOKUCJIOTA, 01COIIPOJIOJI, HEO1BOJIOJL.
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