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It is known that chronic obstructive pulmonary disease (COPD) and cardiovascular diseases have common patho-
physiological mechanisms that are closely related to oxidative stress. In order to research the peculiarities of the
state of lipid peroxidation (LPO), the antioxidant defense (AOD) system and their seasonal deviations in patients with
compensated chronic cor pulmonale (CCP) of broncho-pulmonary genesis in conditions of comorbidity with stable
coronary heart disease (CHD), a study and analysis of LPO indicators (diene conjugates, malondialdehyde), the AOD
system (erythrocytes peroxide hemolysis test, superoxide dismutase, catalase, ceruloplasmin) in 52 patients with
COPD and compensated CCP, among whom 32 patients had comorbid stable CHD (the main group), were carried
out; 20 patients with isolated pathology (COPD with compensated CCP) formed the comparative group. The re-
search was carried out during summer-autumn and winter-spring seasons. It was established that in patients of the
comparative group the activation of LPO processes is observed, while the intensity of their seasonal fluctuations is
minimal. Patients of the main group are characterized by a higher activity of LPO processes, which is combined with
a decrease in the activity of the enzyme link of the AOD system, and an increase in the intensity of LPO with signs
of depletion of the functional activity of key enzymes of the AOD system is observed during winter-spring period of
the year; this result implies the need to use a differentiated approach in the complex treatment of these patients to

optimize the antioxidant status.
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Connection of the publication with planned re-
search works.

This work is a fragment of the research work of the
Department of Propaedeutics to Internal Medicine of
Poltava State Medical University, “Peculiarities of the
course of cardiovascular pathology in patients of differ-
ent age categories, depending on the presence of com-
ponents of the metabolic syndrome and comorbid con-
ditions, ways of correcting the revealed disorders and
prevention” (state registration number 0119U102864).

Introduction.

Chronic obstructive pulmonary disease (COPD) is a
problem, the relevance of which is rapidly increasing
over the world because the number of patients with
this disease is constantly increasing [1]. According to
the forecasts of the World Health Organization experts,
the current decade will be marked by an increase in the
incidence of this pathology by another 30%, if certain
prevalence measures are not taken [2]. COPD is the most
important cause of the development of chronic cor pul-
monale (CCP), and the presence of CCP is a factor that
determines the development of adverse events, besides
in the future COPD remains the third leading cause of
death in the world by mortality rates [3].

Comorbid pathology and, first of all, cardiovascular
diseases, adversely affect the course of COPD and the
works of recent years also emphasize this fact [4, 5]. Ex-
isting cardiovascular diseases are the cause of more than
half of hospitalization and fatal outcomes in patients
with COPD [6]. A systematic review of the Global Burden
of Disease Study, which was carried out in 2017, found
that the most common cause of early death from COPD
is coronary heart disease (CHD) — more than one million

cases worldwide [7]. The analysis of literature data also
indicates a high frequency of the combination of COPD
and CHD, which varies from 20 to 60% depending on
the age and duration of the disease [8, 9]. The high de-
gree of such comorbidity is explained, first of all, by the
presence of common risk factors and links of the patho-
genesis of diseases, however, a certain number of them
and possible mechanisms of “mutual burden” need to
be clarified [10]. The existing problem, thus, provides for
more detailed study of various mechanisms involved in
the formation of this comorbid pathology, both in cases
with disorders of systemic cardiohemodynamics and
without them.

It is known that COPD and cardiovascular diseases
have common pathophysiological mechanisms that are
closely related to oxidative stress [11]. Activation of the
processes of lipid peroxidation (LPO) is a universal re-
sponse of the body to stress, during which it becomes
possible to have imbalance between the production of
free radicals and the effectiveness of the antioxidant de-
fense (AOD) system. The balance between these com-
ponents keeps the state of peroxidation at a level that
prevents the development of oxidative stress [12, 13],
and its shift plays a significant role in the pathogenesis
of many diseases including both COPD [14, 15] and CHD
[16, 17]. It is reported that in the case of comorbidity of
COPD and cardiovascular diseases, the above imbalance
increases local inflammatory processes, has a systemic
effect, contributes to the development of concomitant
diseases associated with COPD, and worsens the state of
the cardiovascular system [18].

Despite the fact that combination of COPD and CHD
is of great interest to both researchers and practitioners,
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the study of the state of lipid peroxidation and the an-
tioxidant defense system in patients with compensated
chronic cor pulmonale of broncho-pulmonary genesis in
conditions of comorbidity with coronary heart disease,
taking into account seasonality, is not numerous. It be-
came the basis for carrying out this work.

The aim of the study.

To investigate, analyze and determine the peculiar-
ities of the state of lipid peroxidation, the antioxidant
defense system and their seasonal deviations in patients
with compensated CCP of broncho-pulmonary genesis in
conditions of comorbidity with stable CHD.

Object and research methods.

In order to solve the set aim, the study and analysis
of indicators of LPO and the AOD were carried out in 52
patients with COPD [19, 20, 21] and compensated CCP
[22] (females — 22, males — 30, the mean age —54,442,2
years), among whom 32 patients had comorbid CHD (an-
gina pectoris, functional class lI-11l, postinfarction and/or
atherosclerotic cardiosclerosis) [23] (the main group);
20 patients with isolated pathology (COPD with compen-
sated CCP) formed the comparative group. The repre-
sentatives of the both groups were of the same sex, age
and duration of the disease; the carrying out treatment
of both CCP of broncho-pulmonary genesis and CHD met
the requirements of the unified protocols. The study
was conducted in accordance with the principles of the
Helsinki Declaration on the Protection of Human Rights,
the Council of Europe Convention on Human Rights and
Biomedicine, and the provisions of the relevant laws of
Ukraine. The study protocol was approved by the Local
Ethics Committee for all participants. Written informed
consent was obtained from all patients who participated
in the study.

The state of LPO was determined by the content of
malondialdehyde (MDA) and diene conjugates (DC) in
the blood serum [24], activity of AOD system — by eryth-
rocytes peroxide hemolysis test (EPHT), as a marker of
tocopherol content [25], the level of ceruloplasmin (CP)
[26], the activity of superoxide dismutase (SOD) and
catalase (CAT) enzymes in the blood [27]; research was
carried out during summer-autumn and winter-spring
seasons. The obtained research results were compared
between groups of patients and also with the indices of

practically healthy individuals (n=10) who were of the
same sex and age.

Statistical analysis of the results was carried out
by parametric statistics. Student’s t-test was used to
estimate the significance of differences. The difference
of indices was significant in case of p<0.05.

Research results and their discussion.

The results of the study, carried out during the sum-
mer-autumn season, revealed (figure 1) that in patients
with compensated CCP of broncho-pulmonary genesis
the EPHT was 4.2+0.4%; it was 1,8 times (p<0.02) as
large as among control group (2.3+0.4%). An increase
in the content of CP in the blood was observed — up to
96.0+1.6 mg/I (in the group of practically healthy individ-
uals —84.5+1.2 mg/l; p<0.001). The level of intermediate
products of lipid peroxidation (DC) in these patients was
46.811.2 umol/l, it was 1.1 times (p<0.05) as large as in-
dicator of the control group (42.4+1.0 umol/I), while the
content of the final product (MDA) was 4.4+0.3 umol/I
(in practically healthy individuals —4.3+0.6 umol/l); the
activity of enzymes of the AOD system (SOD and CAT)
in patients with compensated CCP was also within the
control values.

Changes of the LPO indicators and enzymes of AOD
system in patients with comorbid pathology were more
significant — EPHT increased to 5.8+0.5%, and CP content
to 128.5+1.3 mg/l, which exceeded control indicators,
respectively, by 2.5 (p<0.01) and 1.4 times (p<0.05). A
significant (compared to the group of practically healthy
individuals) increase of the DC content — up to 55.6+2.1
umol/I (by 1.3 times, p<0.01) and a significant decrease
of SOD activity — up to 0.6+£0.002 UA/ml (it was lower
than the indicator of the control group (1.0+0.2 UA/ml)
by 40%, p<0.01) were observed, while trends of de-
creasing CAT activity and increasing (by 1.3 times) MDA
content were observed (up to 5.9+0.8 umol/I). It should
be emphasized that in patients with comorbid patholo-
gy, compared to patients with compensated CCP, EPHT
was 1.4 times higher (p<0.05), the level of CP was 1.3
times higher (p<0.001), the content of DC — by 1.2 times
(p<0.05), MDA — by 1.3 times, while the activity of SOD,
compared to patients with compensated CCP (0.9+0.003
UA/ml), was reduced by a third (p<0.001), and there was
also a tendency to decrease the activity of CAT.

It should be emphasized that the pathogenesis of
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COPD and its most common
accompanied cardiovascular
diseases, among which CHD has
a «rightful» place, is associated
with common genetic factors,
environmental risk  factors,
lifestyle, as well as numerous
pathophysiological processes,
including systemic inflamma-
tion, endothelial dysfunction
and accelerated aging [18, 28].
It is noted that they have a
close connection with oxidative
stress, while, on the one hand,
its activation occurs under the
influence of exogenous and
endogenous oxidative radicals,
and on the other, conditions

are formed for further oxida-

Figure 1 — Indices of lipid peroxidation and antioxidant protection in patients with compensated

CCP and in conditions of comorbidity with CHD during summer-autumn season.

tive stress, which induces the
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production of reactive oxygen
species and weakens antioxi-
dant defense mechanisms [18].
The data we obtained, which
indicated the activation of LPO
in patients with compensated
CCP of broncho-pulmonary
genesis, also indicated that in
the conditions of combination
CCP with CHD there was a
significant increase in the
activity of LPO processes with
signs of functional depletion of
the enzymatic link of the AOD
system, which could be a re-
flection of the existing “mutual
burden” of combined pathology
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[29].

The study of the state of
LPO and AOD system during the
winter-spring season revealed
(figure 2) that in patients with compensated CCP of bron-
cho-pulmonary genesis, in comparison with practically
healthy individuals, there were changes, the direction of
which was similar to those during the summer-autumn
period. Thus, compared to the control, the EPHT indica-
tor (by 1.8 times) (4.6£0.3% vs. 2.6+0.4%; p<0.01), the
level of CP (98.4+1.2 mg/ml vs. 90.2+1.3 mg/l; p<0.002),
DC blood content (54.6+1.2 umol/I vs. 50.2+1.1 umol/I;
p<0.05) were significantly increased, while the content
of the final product of LPO and the activity of enzymes of
the AOD system didn’t have reliability of the difference
with the indicators of the control group. The changes in
indicators of LPO and AOD system in patients with com-
pensated CCP with comorbid CHD turned out to be quite
interesting, and not only in comparison with practically
healthy individuals, but also with patients with compen-
sated CCP. So, the EPHT indicator was 6.3+0.6%, which
was higher than this indicator of the control group and
patients with CCP, respectively, by 2.4 (p<0.01) and 1.4
(p<0.05) times; the MDA content was 8.0+£0.7 umol/I
and exceeded this indicator of the control group (4.5+0.7
umol/l) by 1.8 times (p<0.02) and by 1.7 times — of the
patients with CCP(4.8%0.8 umol/l; p<0.01). The con-
tent of CP also increased significantly — up to 129.8+1.4
mg/l, which was 1,4 times (p<0.001) as large as among
practically healthy individuals and 1.3 times as large as
among patients with CCP (p<0.001), which could also
be a reflection of a more significant intensification of
inflammatory processes in conditions of comorbidity
[30]. A 1.5-fold decrease in CAT activity and a 1.8-fold
decrease in SOD activity (0.5+0.002 UA/ml) compared to
practically healthy, as well as patients with compensat-
ed CCP (p<0.001 in both cases) were the peculiarities of
changes in the activity of key enzymes of the AOD sys-
tem in patients with compensated CCP in combination
with stable CHD.

Figure 2 — Indices of lipid peroxidation and antioxidant protection in patients with compensated
CCP and in conditions of comorbidity with CHD during winter-spring season.

The analysis of seasonal changes in the activity
of LPO and the AOD system indicators revealed that
their dynamics were minimal in patients with CCP, and
the most significant seasonal changes during the win-
ter-spring season were observed in patients with comor-
bid pathology — a reduction of SOD (by 1.2 times) and
CAT (by 1.5 times) and an increase of the final product
of peroxidation (by 1,4 times) were noted. This results
to some extent are compatible with the data of other
studies [31] and should be considered as a prerequisite
for the active use of therapeutic opportunities to restore
the oxidative balance [32, 33].

Conclusions.

In patients with compensated CCP of broncho-pul-
monary genesis the activation of lipoperoxidation pro-
cesses is observed, while the intensity of their seasonal
fluctuations is minimal.

Patients with compensated CCP of broncho-pulmo-
nary genesis in combination with stable CHD are char-
acterized by a higher activity of LPO processes, which is
combined with a decrease in the activity of the enzyme
link of the AOD system, and an increase in the intensity
of LPO with signs of depletion of the functional activity
of key enzymes of the AOD system is observed during
winter-spring period of the year.

The seasonality of the revealed changes in the activi-
ty of LPO processes and the AOD system in patients with
CCP of broncho-pulmonary genesis with comorbid sta-
ble CHD and the presence of seasonal deviation implies
the need to use a differentiated approach in the complex
treatment of patients of this category with the use of
therapeutic measures to optimize the antioxidant status.

Prospects for further research.

Taking into account the data obtained in the study,
in the future it is appropriate to study the peculiarities
of changes in LPO and AOD indicators in patients with
decompensated CCP of bronchopulmonary genesis and
comorbid CAD.
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DEAKI OCOB/INBOCTI CE30HHUX AEBIALIA NOKA3HUKIB NEPEKUCHOIO OKWUC/IEHHA MIMIAIB TA AHTU-
OKCUOAHTHOIO 3AXUCTY Y XBOPUX HA KOMNEHCOBAHE XPOHIYHE NNETEHEBE CEPLLE BPOHXO-/IETEHEBOIO
FEHE3Y TA B YMOBAX MO0 KOMOPBIAHOCTI 31 CTABI/IbHOIO ILLEMIYHOIO XBOPOBOIO CEPLIA

MNetpos €. €., bypmak H0. I, IBaHuubKa T. A., Tpubpar T. A., CaBuyk T. A.

Pe3stome. AHani3 faHUX NiTepaTypu CBiZAYUTL MPO BUCOKY YACTOTY MOELHAHHA XPOHIYHOrO OBCTPYKTMBHOIO 3a-
XBOpPIOBaHHA nereHb (XO3/1) Ta iwemiyHoi xBopobu cepuga (IXC). Biaomo, wo XO3/1 Ta cepLeBO-CyaNHHI 3aXBOpto-
BaHHA MatoTb CNisibHI NaTodizioNoriuyHi mexaHi3amu, saKi WinbHO NOB’A3aHi 3 OKUCHMM CTpecom. AKTUBALLiA NpoLEeciB
nepekncHoro okucaeHHa ninigis (MOJ1) € yHiBepcaibHOK peaKLielo opraHiamy Ha CTPec-BMnanB, BNPOAOBXK AKOI €
MOK/IMUBUM HAABHICTb NOpYLLEeHb 6anaHCy MidK NPOAYKLIED BiIbHUX PaAUKa/IiB Ta AIECIPOMONXKHICTIO CUCTEMU aHTU-
oKcuaaHTHoro 3axucty (AO3). 3 meToto aocnigxeHHa ocobansoctel ctany MO/, cuctemm AO3 Ta iX Ce30HHMX AeBia-
i y XBOPWX Ha KOMMNEHCOBaHe XpOoHiyHe nereHese cepLe (X/1C) 6poHXo-NereHeBoro reHesy B ymoBax KomopbigHo-
cTi 3i cTabinbHoto IXC NnpoBeeHO BUBYEHHA Ta aHani3 nokasHuKiB MO/ (gieHoBi KOH'toraTv, MasIOHOBUIA Aianbaeria)
Ta cuctemm AO3 (NepekUcHUn remonis epuTPoLUTIB, CynepoKCUaancmyTasa, KaTanasa, Lepysnonnasmid) y 52 xso-
pux Ha XO3/1 i3 kKomneHcoBaHUM XJIC, cepes, AKMX 32 XBOPUX Maau KomopbigHy ctabinbHy IXC (cTeHOKapais Ha-
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npyru, dyHKuioHanbHUi Knac II-I1l, nichaiHdapKTHUI Ta/abo aTepoCKNepOTUYHKIN Kapaiocknepos) (ocHOBHa rpyna
aocnigxkeHux); 20 xBopux 3 i30/1boBaHo natonorieto (XO3/1 i3 komneHcoBaHUM XJ1C) cknanum rpyny 3icTaBaeHHs.
LocnigeHHA NPpOBOANAM B NiTHbO-OCIHHIO Ta 3MMOBO-BECHAHY NOPU POKY. OTpMMaHI pe3ynbTaTi NOPiBHIOBANUCH
MiXK FPynamm XBOPUX Ta 3 MOKA3HMKAMM NPAKTUYHO 340POBMX OCib, SIKi Man iLeHTUYHY 0BCTEXKEHUM XBOPUM CTaTe-
BO-BiKOBY CTPYKTYpY. BcTaHOBAEHO, LLO Y XBOPUX HA KomneHcoBaHe XJ/1C 6pOHX0-/1ereHeBoro reHesy CNocTepiraeTb-
CA aKTMBALiA NPOLECiB NinonepoKkcnaaLii, Npu LLbOMy iHTEHCUBHICTb iX CE30HHUX KOJIMBAHb € MiHIMa/IbHO. XBO-
pUM Ha KomneHcoBaHe XJ/1C 6poHX0-1ereHeBoro reHesy y NnoegHaHHi 3i ctabinbHoto IXC nputamaHHa 6inbl BUCOKa
aKTUBHIcTb npouecis MOJ1, Wo NOEAHYETLCA 3i 3HUKEHHAM aKTUBHOCTI pepMeHTHOI nNaHKn cuctemum AO3, a nigsu-
LLEeHHA iHTeHcmBHOCTI MOJT i3 03HaKaMK BUCHAXKEHHAM PYHKLIOHAaNbHOT aKTUBHOCTI KNHOYOBUX PepMEHTIB cucteMm
AO3 cnocTepiraeTbeca y 3MMOBO-BECHAHWUI nepios, poKy. Ce30HHICTb BUABAEHMX 3MiH akTMBHOCTI npouecis MO/ Ta
cuctemn AO3 y xBopux Ha XJ1C BpoHX0-nereHeBoro reHesy i3 KomopbiaHot cTabinbHOW IXC Ta HasiBHICTb CE30HHOT
Aesiaujii nepeabayae HeobXiAHICTb BUKOPUCTAHHSA AndepeHLiioBaHOro nigxoay y KOMMNIEKCHOMY NiKyBaHHI XBOPUX
BKa3aHOI KaTeropii i3 BUKOPMUCTAaHHAM TepaneBTUYHMX 3aX0AiB 3 ONTUMI3aLLii aHTMOKCUAAHTHOTO CTaTyCy.

Knto4yoBi cnoBa: nepeknMcHe OKUCNEHHS NiNiAiB, aHTMOKCUAAHTHUI 3aXMCT, XPOHIYHE SiereHeBe ceplie, CTabinbHa
ilwemiyHa xBopoba cepusn

SOME PECULIARITIES OF SEASONAL DEVIATIONS IN INDICATORS OF LIPID PEROXIDATION AND ANTIOXIDANT
PROTECTION IN PATIENTS WITH COMPENSATED CHRONIC COR PULMONALE OF BRONCHO-PULMONARY GENESIS
AND IN THE CONDITIONS OF ITS COMORBIDITY WITH STABLE CORONARY HEART DISEASE

Petrov Ye. Ye., Burmak Yu. H., lvanytska T. A., Trybrat T. A., Savchuk T. A.

Abstract. The analysis of literature data indicates a high frequency of the combination of chronic obstructive pul-
monary disease (COPD) and coronary heart disease (CHD). It is known that COPD and cardiovascular diseases have
common pathophysiological mechanisms that are closely related to oxidative stress. Activation of the processes of
lipid peroxidation (LPO) is a universal response of the body to stress, during which it becomes possible to have im-
balance between the production of free radicals and the effectiveness of the antioxidant defense (AOD) system. In
order to research the peculiarities of the state of LPO, the AOD system and their seasonal deviations in patients with
compensated chronic cor pulmonale (CCP) of broncho-pulmonary genesis in conditions of comorbidity with stable
CHD, a study and analysis of LPO indicators (diene conjugates, malondialdehyde), the AOD system (erythrocytes per-
oxide hemolysis test, superoxide dismutase, catalase, ceruloplasmin) in 52 patients with COPD and compensated
CCP, among whom 32 patients had comorbid stable CHD (angina pectoris, functional class II-Ill, postinfarction and/
or atherosclerotic cardiosclerosis) (the main group) were carried out; 20 patients with isolated pathology (COPD
with compensated CCP) formed the comparative group. The research was carried out during summer-autumn and
winter-spring seasons. The obtained research results were compared between groups of patients and also with the
indices of practically healthy individuals who were of the same sex and age. It was established that patients with
compensated CCP of broncho-pulmonary genesis the activation of lipoperoxidation processes is observed, while the
intensity of their seasonal fluctuations is minimal. Patients with compensated CCP of broncho-pulmonary genesis
in combination with stable CHD are characterized by a higher activity of LPO processes, which is combined with a
decrease in the activity of the enzyme link of the AOD system, and an increase in the intensity of LPO with signs of
depletion of the functional activity of key enzymes of the AOD system is observed during winter-spring period of the
year. The seasonality of the revealed changes in the activity of LPO processes and the AOD system in patients with
CCP of broncho-pulmonary genesis with comorbid stable CHD and the presence of seasonal deviation implies the
need to use a differentiated approach in the complex treatment of patients of this category with the use of thera-
peutic measures to optimize the antioxidant status.

Key words: lipid peroxidation, antioxidant defense, chronic cor pulmonale, stable coronary heart disease.
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