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ABSTRACT
Aim: To research the comparative effectiveness of a protocol-based drug complex for angina pectoris and combination therapy 
using ω-3 polyunsaturated fatty acids and magnetotherapy on the lipid peroxidation and antioxidant system activity dynamics.
Materials and Methods: The clinical examination included 97 patients who were randomized into three group of observation 
depending the variants of treatment. 50 practically healthy persons were involved into the control group. Lipid peroxidation end-
products and antioxidant enzymes activities were determined in blood of the examined patients. 
Results: Our results revealed the expressed efficacy of the original method of patients with stable exertional angina pectoris physiotherapeutic 
treatment. The scheme, which we prove to be effective for patients with stable exertional angina pectoris includes, combined used 
of ω-3 PUFAs and magnetotherapy. Our data allowed to indicate that the therapeutic benefits of our original physiotherapy complex 
developed faster and were expressed in more effective lipid peroxidation prevention and inhibition of the blood antioxidant system 
activity compared to those parameters in case of other used therapeutic complexes.
Conclusions: We determined an antioxidant efficacy of ω-3 PUFAs and magnetotherapy combined use patients with stable 
exertional angina pectoris. Continuing a series of similar courses of physiotherapy treatment in these patients with the expressed 
antioxidant effect, we are confident in its effectiveness, safety, and the absence of side effects, which justifies the expediency of its 
widespread use in physiotherapy clinics.
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INTRODUCTION
The pathogenetic importance of lipid peroxidation (LP) 

intensification in the atherosclerotic process, which is the 
basis of coronary heart disease (CHD) and, in particular, 
exertional angina, is generally recognized [1]. The well-
known is the relationship between the intensity of oxidative 
processes and both cardiac hypertrophy development 
and remodeling of the heart [2, 3].

The concept about the pathogenetic importance of LP 
in patients with CHD is unequivocal and boils down to 
peroxidative processes enhancement [4-6]. The ideas about 
the antioxidant system (AOS) are contradictory: some authors 
report a compensatory increase in AOS enzymes [7, 8], and 
some report a weakening of antioxidant protection [9].

Concerning the angina pectoris protocol therapy impact 
on LP and AOS, the issue has been studied insufficiently, and 
there are even isolated opinions about the negative influence, 
expressed in antioxidants level decrease and low density 
lipopolysaccharides resistance to oxidation decrease [10]. In 
this regard, the search for dosage forms that can effectively 
influence this link of CHD pathogenesis is relevant. Attention 
is drawn to ω-3 polyunsaturated fatty acids (ω-3 PUFAs), since 

their competitive ability to partially replace ω-6 PUFAs in cell 
membranes, which are prooxidants, theoretically contributes 
to positive changes in LP and AOS functional activities.

It should be taken into account that patients with CHD, 
according to protocol therapy, have more than a sufficient 
set of drugs, which increases not only the cost of treatment, 
but also the possibility of side effects development. We 
believe that physiotherapy is especially relevant for this 
contingent of patients, especially magnetotherapy (MT), 
known for its positive effects on the cardiovascular system 
(analgesic, hypotensive, hypocoagulant) [11].

AIM
The aim of the present work was to research the comparative 

effectiveness of a protocol-based drug complex for angina 
pectoris and combination therapy using ω-3 PUFAs and 
magnetotherapy on the lipid peroxidation and antioxidant 
system activity dynamics.

MATERIALS AND METHODS
The clinical examination included 97 patients (52 men 

and 45 women) aged from 41 till 80 years (the average 
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age 63.39±0.88 years). 50 practically healthy persons were 
involved into the control group for LP and AOS system 
indexes verification. The examined patients were hospitalized 
at the cardiology clinic of the Military Medical Clinical 
Center of the Southern Region (Odesa).

We used the following criteria of patients’ inclusion into 
the clinical investigation: the patient’s informed agree to the 
study and the presence of the exertional angina pectoris 
of the I-III functional classes. Exclusion criteria were the 
following: unstable angina pectoris, myocardial infarction 
during the last month, cardiac arrhythmias, heart failure 
stage of the IIB-III stages and severe somatic pathology 
(tumors, sepsis, etc.).

All patients were randomized into 3 groups. Group 1 
consisted of 32 patients. The following protocol treatment 
was prescribed to patients with angina pectoris: nitrates, 
β-blockers, ACE inhibitors, antiplatelet drugs, statins 
(atorvastatin at a daily dose of 20 mg).

Group 2 consisted of 32 patients. Additionally to the protocol 
treatment these patients were prescribed with Vitrum Cardio 
Omega-3 (daily dosage of 2000 mg), divided into 2 doses. 
The daily dose of atorvastatin was reduced to 10 mg.

Group 3 consisted of 33 patients. Vitrum Cardio Omega-3 
and a course of MT were added to the protocol treatment 
(atorvastatin 10 mg/day) according to the following method: 
two inductors were simultaneously placed on the heart 
area (alternating magnetic field, 14 mT) and the liver area 
(sinusoidal magnetic field, 20 mT). The course of treatment 
consisted of 10 daily procedures with 20 min exposure 
starting from 5-7 days from the drug therapy beginning. 
This MT technique was chosen due to fact that these two 
types of magnetic fields revealed number of cardiotropic 
properties, and their simultaneous use could provide a 
greater effect with less inductance [12].

The period of observation was 61.7±2.0 days. The LP and 
AOS indicators level - malonic dialdehyde (MDA, µmol/l), 
diene conjugates (DC), activities of glutathione reductase 
(GTR), superoxide dismutase (SOD), SH- & SS-groups and 
thiol-disulfide ratio (TDR) - were determined in all patients’ 
blood before and after the treatment. 

The results are presented as M±m, where M is the 
arithmetic mean, m is the error of the mean. Assuming 
tthat the obtained distribution was normal, further statistical 
calculation was performed using One Way Analysis of 
Variance (ANOVA-test). The minimum statistical probability 
was determined at p<0.05.

RESULTS
The results of patients’ treatment under the influence of 

the used medical complexes are summarized in Table 1.
The LP intensification was registered in patients with 

stable angina pectoris, which was expressed in peroxidation 
products of MDA and DC significant increase in by 4 and 
3 times, respectively (p<0.001), while the AOS activity 
was suppressed in the form of a tendency of SOD activity 
to be decreased (p>0.05) and a significant decrease in 
GTR activity (p<0.05). The LP enhancement against the 
background of AOS depletion was also evidenced by the 

starting indicators of the thioldisulfide system, which was 
expressed in a significant decrease in SH-gropus (p<0.05) 
and a significant increase in SS-groups (p<0.05) which 
led to a TDR decrease and showed the shift of the redox 
potential towards oxidation. The absence of a compensatory 
increase in AOS parameters and the resulting decrease 
in the activity of its enzymatic and non-enzymatic link is 
due, in our opinion, to the duration of angina pectoris in 
patients of the studied groups (on average, about 10 years).

After the treatment using the protocol complex, none 
of the studied LP and AOS indexes underwent changes, 
although the overall trend was positive (р>0.05). 

The greatest antioxidant effect was demonstrated by 
the complex with the use of ώ-3 PUFAs and a course of MT 
simultaneously additionally to the protocol therapy. Thus, 
after treatment, the LP end-products underwent positive 
changes (MDA, p<0.01 and DC p<0.01), while in the group 
using only ώ-3 PUFAs, these indexes changed less (p<0.05 
in both cases), and in the group with the protocol complex 
of therapy, they did not change at all (p>0.05).

This indicates an intrinsic antioxidant effect of both 
ώ-3 PUFA and MT, but it should be emphasized that the 
effect of ώ-3 PUFA on the concentration of radicals was 
somewhat greater than that of MT, which is confirmed by 
the presence of an intergroup difference in MD and DC at 
the level of approximation to reliability and a pronounced 
trend (p1-2=0.06 and p1-2=0.15, respectively) against the 
background of the absence of such a significant difference 
in groups 2-3 (p=0.41 and p=0.25, respectively).

A significant intergroup difference between the 3rd group 
and the 1st group (MDA p1-3=0.02 and DC p1-3=0.03) led 
to the conclusion about its maximum antioxidant effect, 
which is confirmed by a decrease in the group with “omega” 
of the levels of MDA by 26.3% and DC - by 25.6%, and with 
the addition of MT - by 34.4% and 40.5%, respectively. 

The level of LP end-products still did not reach their 
reference values, then the AOS indexes practically returned 
to normal. So, despite the absence of intergroup difference 
in the parameters of the enzymatic link after treatment 
(with the exception of GTR in the group using combination 
therapy, where p1-3=0.12 is a level approaching a pronounced 
trend), the concentrations of “depleted” SOD and GTR 
in the 1st group did not change after treatment, in the 
2nd group there was a tendency to increase (p=0.55 and 
p=0.29, respectively), and with the addition of MT they 
normalized, and the difference before and after therapy 
was in SOD in  the form of a noticeable trend (p=0.15), 
and according to GTR it was significant (p<0.05).

DISCUSSION
The data obtained showed that the expressed efficacy 

of the original method of patients with stable exertional 
angina pectoris physiotherapeutic treatment. The scheme 
which we prove to be effective for patients with stable 
exertional angina pectoris includes combined used of 
ω-3 PUFAs and magnetotherapy. 

It should be noted that the therapeutic benefits of our original 
physiotherapy complex developed faster and were expressed 
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in more effective lipid peroxidation prevention and inhibition 
of the blood antioxidant system activity compared to those 
parameters in case of other used therapeutic complexes.

Our data indicate the absence of a positive effect on the 
processes of peroxidation of the standard drug complex 
with the inclusion of atorvastatin at a dose of 20 mg/day.

Analyzing the data obtained it should be mentioned that 
the effect on the enzymatic unit of AOS was somewhat 
greater for MT than for ώ-3 PUFAs. The effect of combination 
therapy on the dynamics of indicators of the non-enzymatic 
link of AOS was also optimal, in which normalization of 
reduced SH-groups was noted even slightly more than 
normal against the background of slightly increased oxidized 
SS-groups (p=0.04 and p=0.04), while in the 1st group after 
treatment, their significant changes were not observed.

The absence of an intergroup difference in groups 2-3 and 
its significant difference between groups 1-3 also testifies to 
their own influence on the glutathione-dependent link of 
both MT and ώ-3 PUFA. Considering that the thiol disulfide 
system is the most sensitive and quickly reacting AOS link, 
the presented evidence indicates that after treatment, 
not only its balance initially disturbed towards oxidation 
is restored, but also some compensatory reactions of the 
AOS are outlined, aimed at significantly reduced, but still 
persisting, processes intensification of LPO. This is also 
evidenced by normalization and even a slight increase in 
comparison with the TDO norm (2.96 ± 0.20 at a rate of 
2.61), initially reduced in these patients by almost 1.5 times.

From the point of view of data analysis, the effective 
use of magnetic therapy in patients with exertional 

angina is interesting and promising. On the one hand, 
our initial premise was the shown cardiotropic effects of 
magnetotherapy. But it should be noted that its effect 
on lipid peroxidation, according to researchers, is also 
not unequivocal. In the literature, there are data both 
on the corrective effect of MT on LP, in particular, on an 
increase in the levels of antioxidant enzymes [13], and on 
the stimulation of free radical oxidation processes [14, 15].

Therefore, the data obtained indicate an expressed 
antioxidant effect of the presented combination therapy, 
while there is a slightly greater effect of ώ-3PUFA on the 
normalization of peroxidation processes, and MT on the 
restoration of inhibited AOS processes, as well as their 
equivalent effect on the normalization of the disturbed 
balance of the non-enzymatic link of the antioxidant 
protection. Continuing a series of similar courses of 
physiotherapy treatment in these patients, we are confident 
in its effectiveness, safety, and the absence of side effects, 
which justifies the expediency of its widespread use in 
physiotherapy clinics.

CONCLUSIONS
We revealed the expressed efficacy of the original 

method of patients with stable exertional angina pectoris 
physiotherapeutic treatment.

The scheme, which we prove to be effective for patients 
with stable exertional angina pectoris includes, combined 
used of ω-3 PUFAs and magnetotherapy.

The therapeutic benefits of our original physiotherapy 
complex developed faster and were expressed in more 

Table 1. The comparative dynamic of lipid peroxidation and antioxidant system indexes in the investigated patients

INDEXES Control Group 1 Group 2 Group 3 P, vs groups

MDA, µmole/l
Before 1.26±0.10 5.26±0.39*** 5.39±0.40* 5.32±0.39* P1-2=0.06

P2-3=0.41
P1-3=0.02After - 5.05±0.37 3.97±0.53# 3.49±0.27##

DC, µmole/l
Before 0.25±0.01 0.79±0.06*** 0.78±0.07* 0.79±0.06* P1-2=0.15

P2-3=0.25
P1-3=0.03After - 0.72±0.08# 0.58±0.07# 0.47±0.05##

SOD, rel. units
Before 0.18±0.04 0.16±0.01 0.15±0.01 0.16±0.01 P1-2=0.51

P2-3=0.45
P1-3=0.34After - 0.16±0.01 0.17±0.01 0.18±0.01

GTR, nmole/s•ml
Before 84.22±2.98 71.22±3.19* 72.22±3.79* 72.53±3.24* P1-2=0.34

P2-3=0.30
P1-3=0.12After - 71.06±3.08 75.75±3.87# 80.94±3.47#

SH-groups, µmole/l
Before 9.23±0.03 7.54±0.57* 7.37±0.58* 7.27±0.62* P1-2=0.06

P2-3=0.40
P1-3=0.02After - 8.09±0.35# 9.09±0.38## 9.53±0.41##

SS-groups, µmole/l
Before 3.54±0.08 5.42±0.57* 5.87±0.67* 5.78±0.55* P1-2=0.09

P2-3=0.54
P1-3=0.054After - 4.95±0.51 4.00±0.35## 3.66±0.27##

TDR
Before 2.61 1.94±0.28 1.94±0.27 1.69±0.24 P1-2=0.19

P2-3=0.14
P1-3=0.02After - 2.17± 0.23# 2.54±0.16# 2.96±0.20##

Notes: * – p<0.05 and *** – p<0.001 – significant differences in the studied parameters compared to those in the control observations
# – p<0.05 and ## – p<0.01 – significant differences in the studied parameters compared to those before the treatment (ANOVA + Newman-Keuls test used in all calculations)
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effective lipid peroxidation prevention and inhibition of 
the blood antioxidant system activity compared to those 
parameters in case of other used therapeutic complexes.

The effective use of magnetic therapy in patients with 
exertional angina is interesting and promising. 

Continuing a series of similar courses of physiotherapy 
treatment in these patients with the expressed antioxidant 
effect, we are confident in its effectiveness, safety, and the 
absence of side effects, which justifies the expediency of 
its widespread use in physiotherapy clinics.
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