International Journal of Medicine and Medical Research
2020, Volume 6, Issue 1, p. 26-34
copyright © 2020, TNMU, All Rights Reserved

DOI 10.11603/I]J]MMR.2413-6077.2020.1.11268

SYSTEMIC OXIDATIVE STRESS AS A SURROGATE OF CORONARY
ATHEROSCLEROTIC PLAQUE INSTABILITY AND RUPTURE PREDICTOR
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Background. Oxidative stress is crucial in developing broad spectrum of diseases, including atherosclerosis
and related life-threatening conditions, such as acute coronary syndrome (ACS) mainly caused by atherosclerotic
plaque vulnerability.

Objective. To clarify the relation between oxidative stress and plaque instability we decided to compare
oxidative profiles of patients with acute coronary syndrome (ACS) and with chronic coronary syndrome (CCS),
evaluated at admission to the coronary care unit (CCU) of LTD Clinic-LJ (Kutaisi, Georgia) in April 2018 - June 2019,
who underwent successful primary percutaneous coronary intervention (PCI).

Methods. 797 patients were enrolled (100 patients with ACS in Group 1 and 91 patients with CCS in Group 2)
into the study. Using the CR3000 FORM PLUS (Callegari Srl, Catellani Group, Italy) - Callegari Point of Care
instrument we evaluated free oxygen radical test (FORT), free oxygen radicals defense (FORD), calculated REDOX
Index and the overall Profile of oxidative stress.

Results. The mean/median concentration of Free Oxygen Radicals was significantly higher in the patients
with ACS (404.37+9.83 Fort units/2.36 mmol/| H202 eq. vs 282.34+9.83 Fort units/2.36 mmol/I H202 eq., p<0.0001).
Significant correlation was found between advanced oxidative stress and acute coronary syndrome (OR 14.42
95% CI(7.08-29.4), RR 3.26 95% (I (2.31-4.60) with high diagnostic characteristics (sensitivity of 82% and specificity
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of 92.3%; positive predictive value of 92% and positive likelihood ratio of 11).

Conclusion. Oxidative stress is crucial in life-threatening acute coronary events. Measurement of overall
oxidative stress profile, as a surrogate of plaque instability and rupture predictor, could help the clinicians in risk
stratification and prevention of acute coronary syndrome (ACS).

KEY WORDS: acute coronary syndrome (ACS); chronic coronary syndrome (CCS); oxidative stress;
free oxygen radical test (FORT); free oxygen radicals defense test (FORD); REDOX index; oxidative

stress profile; vulnerable plaque; plaque rupture.

Introduction

Coronary heart disease (CHD) has remained
the leading cause of death globally in the last
two decades. According to the World Health
Organization Global Health Observatory (GHO)
dataIHD is the world’s biggest killer, accounting
for 9.33 million deaths in 2016 [1].

Acute coronary syndrome (ACS) is a clinical
manifestation of CHD with variable consequen-
ces range from unstable angina (UA) to non-ST
elevation myocardial infarction (NSTEMI), ST-
elevation myocardial infarction (STEMI), and
sudden cardiac death. Acute coronary syndrome
(ACS) mainly as a result of plaque disruption in
coronary arteries is responsible for one-third
of total deaths in people older than 35 [2].

The main therapeutic approach to ACS is
focused on interventional techniques designed
to restore blood flow in hemodynamically
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compromised coronary arteries. However, this
reactive strategy has a weak preventive effect
on future coronary events. Although pharma-
cotherapy with antiplatelet agents and statins
does not have a dramatic risk-lowering effect
as well [3,4].

In the last 10 years, a major improvement
has been made in an effort to understand one
of the main mechanisms of ACS: the concept of
vulnerable plaque as a cause of major ischemic
events [5].

The term “vulnerable plaque” was originally
used to define a plaque prone to rupture.
However, apart from rupture the term “vulne-
rability” includes other types of lesion, such as
plague erosion, and plaque calcification [6].

The vulnerable plaque is made of a large
lipid core (foam cells, apoptotic/necrotic cells,
and debris) [7] which is separated from the
lumen by a fibrous cap (mainly comprising col-
lagen, proteoglycans, and smooth muscle cells)
[8, 9]. Weakening of the fibrous cup under
different stressors and a lack of healing results
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in plaque fissuring, thrombus formation and,
therefore, in acute coronary syndrome [10, 11].

Many clinical studies support a crucial role
for oxidative stress in cardiovascular diseases
[12,13]. Oxidative stress (imbalance between
enhanced production of reactive oxygen spe-
cies (ROS) and enzymatic/nonenzymatic anti-
oxidative potential accountable for oxidative
modification of low-density lipoprotein chole-
sterol (LDLc) and cell damage (including endo-
thelial cells of vessels) initiate fatty streak for-
mation, lesion progression, and plaque rupture
[14, 15].

It is very important to identify reliable sur-
rogates of plaque instability and predict the
highest risk of rupture. The present study inten-
ded to determine the oxidative status in pa-
tients with acute coronary syndrome (ACS) and
to compare with oxidative/antioxidative para-
meters in patients with stable ischemic heart
disease (SIHD). These findings could help
assess the risk of stratification and prevent
acute coronary syndrome (ACS).

Materials and methods

Study patients

The study sample consisted of 191 patients
who were divided into two groups: Group 1 -
100 patients with acute coronary syndrome
(ASC) and Group 2 - 91 patients with chronic
coronary syndrome (CCS) admitted to the coro-
nary care unit (CCU) of LTD Clinic-L) (Kutaisi,
Georgia) in April 2018 - June 2019, who under_
went successful primary percutaneous coronary
intervention (PCI). In the patients with chronic
coronary syndrome (CCS) invasive coronary
angiography with revascularization was per-
formed in case of high clinical likelihood of
obstructive coronary artery disease (OCAD) and
severe symptoms refractory to optimal medical
treatment, or typical angina at a low level of
exercise and clinical prediction of high-risk of
events, or left ventricular dysfunction suggestive
of CAD.

Patients with a history of coronary revas-
cularization, or with hemodynamically com-
promised severe myocardial infarction; those
recovering cardiopulmonary arrest, decom-
pensated heart failure; and those with valvular
heart disease, cardiomyopathy, severe sup-
raventricular/ventricular arrhythmias (including
atrial fibrillation) and conductivity disturbances,
end-stage renal disease (ESRD), chronic inflam-
matory conditions, active cancer, type 1 dia-
betes mellitus (DM) or decompensated type 2
diabetes mellitus (DM); pregnancy; those on

hormone replacement therapy (HRT) or oral
contraceptive assumption were excluded from
the study. No corrections or changes had been
made in the ongoing pharmacotherapy of the
patients. All essential laboratory tests and
FORT/FORD assays were performed during the
first hour of admission.

The study was approved by the Ethics Com-
mittee (EC) of Thbilisi State Medical University
(TSMU) and local EC of LTD Clinic-LJ and a
written informed consent was provided by each
study participants.

Assay of oxidative stress

The enrolled patients’ oxidative status was
assessed by measuring ROS damage index
(FORT test) and antioxidant capacity (FORD
test), and REDOX index calculation using the
CR3000 FORM PLUS (Callegarisrl, Catellani
Group, Italy) - Callegari Point of Care instrument
with following technical characteristics:

Parameters measured and specificity: (i)
free oxygen radical test (FORT): overall organic
radicals, e.g. Hydroperoxides, (ROOHs)/reactive
oxygen species (ROS); (ii) free oxygen radicals
defense (FORD): plasmatic antioxidant com-
pounds including vitamin C; proteins (e.g. albu-
min and ceruloplasmin); bilirubin; thiol groups
(e.g. glutathione); polyphenolic compounds
(e.g. flavonoids and tannins); (iii) Oxidative-
reductive balance (REDOX index): overall score
of the oxidation-reduction state. The index was
expressed as a number (from 0 to 100) iden-
tifying 5 specific profiles (A-E).

Assay principle: (i) free oxygen radical test
(FORT): colorimetric method based on the Fen-
ton reaction; (ii) free oxygen radicals defense
(FORD): colorimetric method based on the
qguenching of the color.

Reference range: (i) free oxygen radical test
(FORT): Up to 310 Fort units/2.36 mmol/I H,0,
eq; (ii) free oxygen radicals defense (FORD):
1.07-1.53 mmol/I trolox eq.;

Sample type: whole blood;

Technique: Point of care analysis via ready
to use, wet, disposable reagents;

Wavelength: 505 nm.

The five profiles of oxidative stress were
determined by basal FORT and FORD values
and REDOX index calculation: (i) Profile A (Ideal/
normal values): redox index: 0-25; FORT <300
units/2.36 mmol/IH202 eq.; FORD >1.08 mmol/I
trolox eq; (ii) Profile B (latent oxidative stress):
redox index: 25-50; FORT <300 units/2.36
mmol/IH202 eq; FORD <1.07 mmol/l trolox eq_;
(iii) Profile C (compensated oxidative stress):
redox index: 50-58.3; 300 < FORT <330 units/2.36

INTERNAL MEDICINE

ISSN 2413-6077. JMMR 2020 Vol. 6 Issue 1

Z.Lominadze et al.

N

7



INTERNAL MEDICINE

mmol/IH202 eq; FORD >1.08 mmol/l trolox eq_;
(iv) Profile D (at risk of oxidative stress): redox
index: 58.3-66.6; 300< FORT <330 units/2.36
mmol/IH202 eq; FORD <1.07 mmol/l trolox eq_;
(v) Profile E (oxidative stress in progress): redox
index: 66.6-100; FORT =331 units/2.36 mmol/|
H202 eq; 0.25< FORD <3.00 mmol/I trolox eq.

Statistical analysis

The data were analyzed using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY,
USA). To identify oxidative status differences
between two groups with abnormal distribution
nonparametric tests were used: (i) Mann-
Whitney U test for 2 samples; (ii) Median Test
for K samples to compare medians across the
groups, and (iii) Moses extreme reaction for 2
samples to compare ranges across the groups.
Odds ratio (OR) and relative risk (RR) assessment
was used to quantify the strength of the asso-
ciation between oxidative stress and acute
coronary syndrome (ACS). For assessment of
sensitivity/specificity, positive predictive value
(PPV), negative predictive value (NPV), likelihood
ratio, Youden’s ] statistic, and prevalence cross-
tabulation analysis were used. The 95% con-
fidence interval (CI) was used to estimate the
precision of the OR. The p value of 0.05 was
considered significant.

Results

Study population characteristics

Clinical characteristics of the overall study
population are shown in Table 1.

There was no statistically significant diffe-
rence between the study population characte-
ristics, such as age, male gender, BMI, hyper-

tension, dyslipidemia, ongoing smoking, type
2 DM, and medications, such as beta-blockers,
calcium channel blockers, ACEIs or ARBs, and
statins. Nitrates consumption was much higher
in the patients with chronic coronary syndrome
(p<0.0001).

Admission oxidative stress parameters

Fig. 1 depicts the level of baseline oxidative
stress parameters evaluated in whole blood of
Group 1 of the patients with acute coronary
syndrome (ACS) and Group 2 of the patients
with chronic coronary syndrome (CCS). The
concentration of free oxygen radicals (FORT,
Fort units/2.36 mmol/l H,0, eq) evaluated in
two groups was as follows: in the patients with
ACS, 404.37+9.83 Fort units/2.36 mmol/l H,O,
eq, and in the patients with CCS, 282.34+9.83
Fort units/2.36 mmol/I H,0, eq (p<0.0001). Free
oxygen radicals defense capacity evaluated by
the FORD testin the Group 1 and Group 2 were
1.37+0.035 mmol/I Trolox eq. and 1.5+0.045
mmol/l Trolox eq., respectively (p=0.03). The
distribution analysis of the calculated REDOX
index in the patients with ACS was 69.2+1.47,
and in the patients with CCS was 1.5£0.45
(p<0.0001). A nominal equivalent of stress
profile in both groups distributed as follows:
4.56+0.1 and 1.92%0.13, respectively in the
Group 1 and Group 2 (p<0.0001).

There are reported results of nonparametric
analysis of ROS and antioxidative potential
across the groups of patients with ACS and CCS
(Fig. 2). Th difference between all oxidative
parameters was statistically significant
(p<0.0001), except free oxygen radicals defense
FORD test (p=0.1).

Table 1. Characteristics of study population

Group 1 Group 2
(Patients with ACS) (Patients with CCS) P value
n=100 n=91

Age (years) 51.840.78 49.1£1.02 0.236
Male gender, n (%) 74 (74) 52 (57) 0.874
BMI 27.76£0.35 27.811£0.36 0.924
Hypertension, n (%) 51 (51) 41 (45) 0.413
Dyslipidemia, n (%) 62 (62) 56 (61.5) 0.948
Smoking, n (%) 52 (52) 45 (49.5) 0.726
Type 2 DM, n (%) 44 (44) 38 (41.8) 0.755
BB, n (%) 31(31) 27 (29.7) 0.842
CCB, n (%) 36 (36) 28(30.8) 0.446
ACEIS/ARBs, n (%) 42 (42) 38 (41.8) 0.973
Statins, n (%) 42 (42) 45 (49.5) 0.238
Nitrates, n (%) 22 (22) 42 (46.2) <0.0001*

Notes. * Statistically significant difference; BMI body mass index, BB beta-blockers, CCB calcium channel blockers, ACSEIs an-
giotensin converting enzyme inhibitors, ARBs angiotensin receptor blockers.
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Fig. 1. Distribution of baseline oxidative stress parameters across the groups by the Independent-Samples
Mann-Whitney U test.

Notes. Group 1, the patients with acute coronary syndrome (ASC). Group 2, the patients with chronic coronary syndrome (CCS).
(A) Distribution of FORT, free oxygen radical test results across the groups (Mann-Whitney U=919, Wilcoxon W=5105, Test
statistic=919, Standard error=381.448, Standardized test statistic=-9.519, Asymptotic Sig. (2-sided test) =.000); (B) Distribution
of FORD, free oxygen radicals defense test result across the groups (Mann-Whitney U=5376, Wilcoxon W=9562, Test statis-
tic=5376, Standard error=381.480, Standardized test statistic=2.165, Asymptotic Sig. (2-sided test) =.030); (C) Distribution of
calculated RI, REDOX index across the groups (Mann-Whitney U=751.5, Wilcoxon W=4937.5, Test statistic=751.5, Standard
error=381.173, Standardized test statistic=-9.965, Asymptotic Sig. (2-sided test) =.000); (D) Profile distribution across the groups
(Mann-Whitney U=821, Wilcoxon W=5007, Test statistic=821, Standard error=355.1, Standardized test statistic=-10.501, As-
ymptotic Sig. (2-sided test) =.000).

The evaluation results of association bet-
ween an exposure (oxidative stress) and an
outcome (acute coronary syndrome) are shown
in Table 2.

Fig. 3 depicts the stratification of patients
in the two groups in line with systemic oxidative
stress profile.

A cross-tabulation analysis was performed
to assess the sensitivity and specificity, positive
and negative predictive values (PPV and NPV,
respectively), and positive and negative like-

lihood ratios (LR+ and LR-, respectively) for
systemic oxidative stress in the patients with
acute coronary syndrome (Fig. 4). An informed-
ness of sensitivity and specificity data was
represented by positive Youden'sindex (J). There
were following diagnostic characteristics of
systemic oxidative stress for ACS: sensitivity of
82%, and specificity of 92.3%; positive predictive
value (PPV) of 92% versus negative predictive
value (NPV) of 82%; positive likelihood ratio (LR+)
of 11 versus negative likelihood ratio (LR-) of 0.2.
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Fig. 2. Independent-Samples Median Test of baseline oxidative stress parameters across the groups.
Notes. Group 1, patients with acute coronary syndrome (ASC). Group 2, patients with chronic coronary syndrome (CCS).

(A) FORT, free oxygen radical test results across the groups (Median=325, Test statistic=99.317, Degree of freedom=1, Asymp-
totic Sig. (2-sided test) =.000; Yates’s Continuity correction Chi-Square=96.447, Degree of freedom=1, Asymptotic Sig. (2-sided
test) =.000); (B) FORD, free oxygen radicals defense test result across the groups (Median=1.470, Test statistic=3.198, Degree
of freedom=1, Asymptotic Sig. (2-sided test) =.074; Yates's Continuity correction Chi-Square=2.7, Degree of freedom=1, Asymp-
totic Sig. (2-sided test) =.1); (C) R, REDOX index across the groups (Median=56, Test statistic=104.393, Degree of freedom=1,
Asymptotic Sig. (2-sided test) =.000; Yates's Continuity correction Chi-Square=101.454, Degree of freedom=1, Asymptotic Sig.
(2-sided test) =.000); (D) Profile across the groups (Median=3.0, Test statistic=105.183, Degree of freedom=1, Asymptotic Sig.
(2-sided test) =.000; Yates’s Continuity correction Chi-Square=102.229, Degree of freedom=1, Asymptotic Sig. (2-sided test)
=.000).

Table 2. The strength of association between oxidative stress and acute coronary syndrome

Odds ratio (OR) Relative risk (RR)
14.42 3.26
Standard Error (SR) 0.36 0.18
Lower 95% confidence Interval (CI) 7.08 2.31
Upper 95% confidence Interval (CI) 29.4 4.60
Discussion coronary syndrome (ACS) [16] mainly caused
Oxidative stress is one of the key patho- by atherosclerotic plaque instability [14,15].
genetic factors for various diseases, including Available scientific data extend our under-

life-threatening conditions, such as acute standing of the biology of plaque vulnerability
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Fig. 3. Doughnut chart of systemic oxidative stress profile frequency in the two groups.

Notes. A. Group 1, patients with acute coronary syndrome (ACS);

B. Group 2, patients with chronic coronary syndrome (CCS);

Profile A, (Ideal/normal values): redox index: 0-25; FORT <300 units/2.36 mmol/l H,0, eq; FORD 21.08 mmol/l trolox eq. Profile
B, (latent oxidative stress): redox index: 25-50; FORT <300 units/2.36 mmol/l H,0,eq; FORD <1.07 mmol/l trolox eq.

Profile C, (compensated oxidative stress): redox index: 50-58.3; 300 < FORT <330 units/2.36 mmol/I H,0,eq; FORD >1.08 mmol/I
trolox eq. Profile D, (at risk of oxidative stress): redox index: 58.3-66.6; 300< FORT <330 units/2.36 mmol/l H,0, eq; FORD <1.07
mmol/l trolox eq. Profile E, (oxidative stress in progress): redox index: 66.6-100; FORT =331 units/2.36 mmol/| H,0, eq; 0.25<
FORD <3.00 mmol/I trolox eq. p value <.0001.
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Using the CR3000 FORM PLUS (CallegariSrl,
Catellani Group, Italy) - Callegari Point of Care
instrument we have assessed oxidative stress
profilein 191 patients divided into Group 1 and
Group 2 with 100 patients with acute coronary
syndrome (ACS), and 91 patients with chronic
coronary syndrome (CCS), respectively. The
characteristics of the study population were
well matched between groups (Table 1), except
nitrates consumption - it was much higher in
the Group 2 in a cohort of patients with chronic
coronary syndrome (p<0.0001).

The blood concentration of free oxygen
radicals (FORT) at admission in the coronary
care unit (CCU) of LTD Clinic-LJ (Kutaisi, Georgia)
was much higher in the patients with acute
coronary syndrome in comparison of the
patients with chronic coronary syndrome:
404.37+9.83 Fort units/2.36 mmol/l H202 eq,
and 282.34+9.83 Fort units/2.36 mmol/l H202
eq., respectively (p<0.0001).

The analysis of an antioxidant defense
potential (measured by the FORD test) across
the groups have shown higher concentration
of free oxygen radicals in cases of acute
coronary syndrome (mean value of FORD
1.37£0.035 mmol/l Trolox eq. for ACS versus
1.5+0.045 mmol/I Trolox eq. for CCS).

The calculated REDOX index in the patients
with ACS (Group 1) was significantly higher than
in the patients with CCS (69.2+1.47 vs 1.5+0.45,
p<0.0001).

The analysis of overall oxidative status
(derived from FORT/FORD values and calculated
REDOX index) across groups has indicated to
significant correlation of uncontrolled systemic
oxidative stress (Profile E, oxidative stress in
progress) with acute coronary syndrome
(4.56%0.1 for Group 1 vs 1.92+0.13 for Group 2,
p<0.0001). The incidence of Profile E (oxidative
stress in progress) in the patients with acute
coronary syndrome was 82/100 (82%) versus
7/91 (8%) in the patients with chronic coronary
syndrome.

A cross-tabulation analysis has shown high
diagnostic characteristics of systemic oxidative

stress measurement test in cases of acute coro-
nary syndrome (sensitivity of 82%, and specificity
of 92.3%; positive predictive value (PPV); po-
sitive likelihood ratio (LR+) of 11).

Finally, we have recognized three main
limitations to the presents study. First, this was
case-control design study. Second, this was not
a multi-center study. Third, the sample size was
small. Therefore, we are not able to extrapolate
the findings of the present study to the general
population.

Conclusions

An extremely strong association between
absolute oxidative stress and Acute Coronary
Syndrome (OR 14.42 95% CI(7.08-29.4), RR 3.26
95% CI(2.31-4.60), high sensitivity and specificity
(82% and 92.3%, respectively), and strong
positive prediction and likelihood (positive
predictive value of 92% and positive likelihood
ratio of 11) indicate to pivotal role of oxidative
stress in the development of life-threatening
acute coronary events. It seems to be areliable
surrogate of plaque instability and rupture
predictor.

The findings of our study could help in risk
stratification and prevention of acute coronary
syndrome (ACS) in clinical setting.
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OKCHUJIATHBHUA CTPEC - SIK CYPOI'AT HECTABLJIBHOCTI KOPOHAPHOI
ATEPOCK/IEPOTHYHOI B/IAIIKHA TA IIPEAUKTOP 11 PO3PUBY

Z. Lominadze', K. Chelidze?, L. Chelidze? E. Lominadze?
1 -LTD CLINIC-LJ, KUTAISI, GEORGIA
2 - TBILISI STATE MEDICAL UNIVERSITY, TBILISI, GEORGIA

Bctyn. OkcudamusHuli cmpec gidizpae 8axiusy posb y namozeHesi 6a2amb0ox 30X80pHBAHb, 8 MOMy
yuci amepocknepo3y ma oo yckaadHeHs, AK 20cmpuli KopoHapHUll cuHopom (TKC), ujo nepesaxcHo 3ymoaneHull
HecmabinbHICMI amepockIepoOMUYHOI 6AAWKU.

Merta - 3'acysamu 830€M036'930K CmyneHeM OKCUOAMUBHO20 CmMpecy ma HecmabineHICMIo 6A9WKU WASAXOM
NnopieHAHHA oKcudamueHo20 npodinto nayieHmie 3 TKC ma XpoHiYHUM KOpOHApHUM cuHopomom (XKC).
JocnioxceHHs nposodunu y kapdionoziuHomy eiddineHi LTD KniHiku-LJ (Kymaici, py3is) 8 nepiod 3 keimHs 2018
poky do yepsHs 2019 poky ceped nayieHmis, KOMPUM ycniuIHo 6y/10 NPoeedeHO NeP8UHHI NePKYMAHHI KOPOHAPHI
empy4aHHs ([TKB).

MeToawm. Jo docnidxceHHs byno 3aay4eHo 191 nayieHma (100 nayienmis 3 TKC (Tpyna 1) ma 91 nayieHm
3 XKC (Tpyna 2). ocnioxysanu maki NOKA3HUKU: mecm 041 8U3HQYEHHS iHMeHCUBHOCMI 8i/1bHOPAOUKANbHUX
peakyili (Free Oxygen Radical Test, FORT); mecm 0514 8U3Ha4eHHA AHMUOKcUOaHmMHoi 30amHocmi (Free Oxygen
Radicals Defense Test, FORD); su3Ha4anu REDOX iHOekc ma [1pogine okcudamugHo20 cmpecy 3a 00NoMO20H
CR3000 FORM PLUS (Callegari Srl, Catellani Group, Italy).

PesynbTaTtn. KoHyeHmpayis 8inbHUX padukanie KUCH0 bysna 0ocmosipHo suujoro y nayieHmie 3 MKC
(404,37+9,83 vs 282,34+9,83 Fort 00/2.36 mmoas/n H202 exa., p<0,0001). Mixc iHmeHCcU8HicmMio 0KCudamueHo20
cmpecy ma po38UmKoM 20CMpPo20 KOPOHAPHO20 CUHOPOMY 8CMAHOB/eHO 8ip02ioHi KopenayiliHi 38’a3ku (OR
14,42 95% (I (7.08-29.4), RR 3,26 95% CI (2,31-4,60) 3 sucokumMu 0ia2HOCMUYHUMU XapaKmepucmukamu
(4ymaugicme 82,0% ma cneyugiyHicms 92,3%, no3umusHa nPo2HOCMUYHA poas 92,0% ma noumusHuli
KoegiyieHm sipoz2ioHocmi 11).

BucHoBKW. OkcudamusHuli cmpec gidiepa€e supilanbHy poab Npu 20CMPUX KOPOHAPHUX nodisx, wjo
302poxyroms Xummi. BumiprogaHHA okcudamueHo2o npodinto, AK cypozamy HecmabinbHocmi
amepockaepomu4HoI 6AAWKU ma npedukmopa ii pospusy, Moxce 00NoMo2mu Aikapro y cmpamu@ikayii pusuky
KOPOHApPHUX nodili 015 honepedieHHA 20CMpPo20 KOPOHAPHO20 cuHopomy (TKC).

KMHOYOBI C/TIOBA: FocTpuii KOPOHAPHUIA CUHAPOM; XPOHIYHMNI KOPOHApPHUIA CUHApPOM;
OKCUAATUBHWIA CTpec; TecT AN BUSHAUEHHS iIHTEHCMBHOCTI BilbHOpagnKanbHUX peakuiid (Free
Oxygen Radical Test, FORT); TecT A1 BUSHaueHHS aHTMOKCUAAHTHOI 3aaTHocTi (Free Oxygen Radicals
Defense Test, FORD); REDOX iHAeKC; Npodifib OKCUAATUBHOIO CTpecy; HecTabinbHa 6a1siLLKa; po3puB
6énawkn.
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