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There were carried out biochemical testing methods in 20 invalids (13 men and 7 women) with the conse-
quences of cerebral stroke in early recovery period. Analyses of blood antioxidant system of the patients in early 
stroke recovery period showed high level of accumulation of metabolites of lipid peroxidation in blood and reduc-
tion of activity of antioxidant system. The evidence confi rms the need to add antioxidants into stroke complex 
rehabilitation therapy. 
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Brain vascular diseases are the major causes 
of disability and mortality of the patients due to 
their high rates worldwide that are increasing 
because of the growth and aging of the popu-
lation. Stroke is an acute and most dangerous 
form of cerebrovascular diseases that creates 
a serious medical and socioeconomic prob-
lem. Its signifi cance especially grows in the 
patients, who have previously suffered from 
cerebral stroke (Balunov, 1994; Vereshchagin 
et al., 1999) [1, 5]. 

In recent years, no biochemical agents have 
been studied as intensively as system of lipid 
peroxidation (LP). Burlakova E.B. (1997), 
Ibragimov U.K. et al. (1998) considered that 
LP is one of the important regulatory systems 
involved in maintaining homeostasis, adapta-
tion to adverse effects, and the regulation of 
metabolic cell processes. According to the au-
thors, the most intensive and continuous free 
radical oxidation in the lipid layer of biologi-
cal membranes is enhanced by brain hypoxia 
due to cerebrovascular accidents [3, 4]. As a 
result of LP and enhanced consumption of an-
tioxidants increases the content of intermedi-
ate and fi nal products of LP in blood, which 
signifi cantly impairs the functioning of nerve 
cells (Burlakova E.B. et al., 1995) [2]. 

Despite advances in recent years in stud-
ies on physical rehabilitation of post-stroke pa-
tients, issues of antioxidant protection of brain 
during early stroke recovery period are gener-
ally not well studied.

The aim of the study was to investigate 
LP of blood at the consequences of stroke in 
early recovery period at the stages of complex 
rehabilitation.

Material and methods
There were studied 20 invalids of working-able age 

with the consequences of stroke in early recovery period: 
13 (65 %) male and 7 (35 %) female. In 9 (45 %) patients 
an ischemic lesion was located in the left hemisphere of 
brain, and in 11 (55 %) patients – in the right one. Ac-
cording to the degree of disability, patients were divided 
into the following disability groups: I group – 1 (5 %) pa-

tient with severe neurological status, II group – 15 (75 %) 
patients with moderate defi ciency of neurological symp-
toms, and III group – 4 (20 %) patients with mild degree 
of neurological disorder. 5 patients with diseases of pe-
ripheral nervous system, with the similar gender and age 
formed the control group. 

Common clinical, neurological, and such as para-
clinical methods of investigation as Doppler ultrasound 
of brachycephalic arteries, transcranial dopplerography, 
electroencephalography (EEG) were used. For the study 
LP state, laboratory-biochemical blood investigations were 
performed. The blood samples were received from cubital 
vein in the morning on admission to the hospital and in 
20 days after discharge (in mean of 30 days), and blood se-
rum by centrifugation of whole blood, carefully preserved 
from hemolysis. The content of malon dialdehyde (МDА) 
in blood was determined by the method of I.D. Stalnaya, 
G.G. Garishvili (1977). Results were recalculated the 
amount of total protein by O.H. Lowry (1951). The level 
of hydroperoxides (HP) was determined by the method of 
V.V. Gavrilov et al. (1983) and counted in optical units of 
the number blood serum lipids. Catalase activity was deter-
mined by permanganametric method of S.M. Zubkova and 
A.N. Bach (1976), superoxide dismutase activity in blood – 
by the method of P.H. Mirsa and S. Fridrich (1972) [2].

Results and discussion
Biochemical methods were aimed to de-

termine blood antioxidant system (AOS) pa-
rameters, particularly the state of free radi-
cal oxidation of lipids and activity of AOS 
enzymes. Studies of AOS in 20 patients with 
early stroke recovery period showed reduc-
tion of activity of AOS enzymes. Activity 
of catalase and superoxide dismutase in pa-
tients on admission day was lower in 1,43 
and 1,4 times than in the control group, re-
spectively. Studies of AOS parameters in this 
group of patients showed activation of free 
radical oxidation of lipids in several times 
to the control and reached 1,51 ± 0,14 nmol/
mg protein per min. Also, the induced system 
has detected a similar pattern of enzyme-in-
dependent activation and enzyme-dependent 
inducible peroxidation to 6,77 ± 0,37 and 
9,61 ± 0,32 nmol/mg, respectively. Along with 
this, there was showed an increased amount of 
HP to 5,94 ± 0,46 U/mg lipids. 
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Thus, as a result of the carried out inves-
tigation, there were revealed changes in AOS 
of patients with early stroke recovery period, 
which correlated to a certain extent with the 
clinic of cerebrovascular disease. In this con-
nection, we suppose that the inclusion of anti-
oxidants into complex drug therapy for stroke 
is proved and justifi ed as they infl uence on 
links of pathogenesis of cerebrovascular pa-
thology. Therefore, patients were divided into 
2 subgroups of 10 patients for the comparative 
assessment of the effectiveness of antioxidant 
therapy. The fi rst subgroup was subjected to 
complex rehabilitation without antioxidant 
therapy (traditional treatment), while the sec-
ond subgroup additionally to the complex 
rehabilitation received tocopherol acetate in 
dosage 50 mg, one capsule 2 times daily for 
2 months. 

As noted above, the study of intensity 
of free radical oxidation in blood of patients 
and invalids in early stroke recovery period 

showed a high level of accumulation of thio-
barbituric acid (TBA) active products in the 
spontaneous condition in 2,5 times higher the 
level of control, respectively. In dynamics of 
traditional treatment, intensity of spontane-
ous peroxidation in blood of patients in these 
groups decreased slightly, i.e. not statisti-
cally signifi cant (Р > 0,05). At the same time, 
the accumulation of TBA-active products in 
enzyme-independent and enzyme-dependent 
inducible systems of LP in blood was similar, 
being higher the parameters of control in 2,3 
and 1,6 times, respectively. As a result of tra-
ditional therapy, the intensity of induced sys-
tems of LP decreased for ascorbate-dependent 
lipid peroxidation (ADLP) and nicotine amide 
adenine diphosphate-dependent lipid peroxida-
tion (NDLP) 1,19 and 1,14 times, respectively. 
Also, there was noted reduction in the contents 
of HP in blood in 1.1 times in the patients and 
invalids due to traditional treatment in compar-
ison with the initial levels (table 1). 

Table 1
The level of lipid peroxidation in blood of patients in early rehabilitation period 

of stroke after traditional therapy

Group of patients
Parameters

HP 
(U/mg lipids)Spontaneous ADLP NDLP

(nmol/mg protein*min)
Control (n = 5) 0,61 ± 0,11 2,9 ± 0,2 6,2 ± 0,2 1,46 ± 0,30
Before rehabilitation measures (n = 10) 1,51 ± 0,14 6,77 ± 0,37 9,61 ± 0,32 5,94 ± 0,46
After rehabilitation measures (n = 10) 1,41 ± 0,16 5,65 ± 0,29 8,43 ± 0,29 5,37 ± 0,29

Table 2 
State of antioxidant system of blood in patients in early stroke recovery 

period after traditional therapy

Group of patients Catalase, mmol 
Н2О2/109 erythr. min/

Superoxide dismutase, nmol 
adrenalin / mg protein min

Control n = 5 42,6 ± 0,7 4,4 ± 0,4
Before rehabilitation measures (n = 10) 29,8 ± 0,62 3,22 ± 0,31
After rehabilitation measures (n = 10) 31,2 ± 0,71 3,28 ± 0,24

Table 1 shows that in blood of patients in 
early stroke recovery period, who had received 
traditional therapy, marked LP activation on 
a background of accumulation of TBA-active 
products in spontaneous and induced systems, 
as well as the HP contents. The traditional ther-

apy has decreased the contents of LP products 
in blood insignifi cantly, that suggest the neces-
sity to include corrective antioxidant therapy. 
Status of the AOS was assessed also by activity 
of protective enzymes catalase and superoxide 
dismutase in blood (table 2). 

As a result of traditional therapy, the ac-
tivity of catalase and superoxide dismutase 

remained virtually unchanged (differences 
are insignifi cant, Р > 0,05). 
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Thus, the increase of LP intensity in blood 
of patients in early stroke recovery period was 
observed on a background of decreased activ-
ity of the enzymes of AOS. Traditional therapy 
had no positive effect on intensity of LP in 
blood and AOS status. We observed LP acti-
vation associated with decreased AOS capac-
ity that indicates the long-term disintegrating 
effect of peroxidation metabolites on protein 
components of cells and tissues. 

In blood of patients in the second sub-
group in early stroke recovery period, there 

was also revealed the increase of accumula-
tion of TBA-active products and reduction of 
enzymatic activity of AOS. Based on these 
data, it was recommended the inclusion of an-
tioxidants into complex therapy of stroke. As 
a result of complex rehabilitation of the pa-
tients and invalids in early stroke recovery pe-
riod with the inclusion of antioxidants, there 
was noted reduction of HP contents in blood 
by 1,43 times, compared with the initial level 
(table 3). 

As can be seen from table 3, the level of 
accumulation of TBA-active products in the 
spontaneous condition was 2,6 times higher 
than in control. After rehabilitation treatment 
with the inclusion of antioxidants the intensity 
of spontaneous LP in blood of this subgroup 
of patients decreased by 1,7 times, compared 
with the initial parameters. Along with this, 
the accumulation of TBA-active products in 
the enzyme-independent and enzyme-depen-

dent inducible systems of LP was higher than 
control in 2,4 and 1,6 times, accordingly. As 
a result of antioxidant therapy during com-
plex rehabilitation the intensity of inducible 
systems of LP decreased for ADLP and NDLP 
1,53 and 1,5 times, respectively. 

The state of AOS was also evaluated 
on the activity of protective enzymes cata-
lase and superoxide dismutase in blood 
(table 4). 

Table 3
The level of lipid peroxidation in blood of patients in early stroke recovery 

period during complex rehabilitation with the inclusion of antioxidants

Group of patients

Parameters

HP (U/mg lipids)Spontaneous ADLP NDLP

(nmol/mg protein*min)
Control (n = 5) 0,61 ± 0,11 2,9 ± 0,2 6,2 ± 0,2 1,46+0,30
Before rehabilitation 
measures (n = 10) 1,56 ± 0,23 7,01 ± 0,24 9,76 ± 0,39 5,95 ± 0,54

After rehabilitation 
measures (n = 10) 0,91 ± 0,04*** 4,59 ± 0,05*** 6,45 ± 0,38*** 4,17 ± 0,44**

N o t e :  * – indicates signifi cant differences Р < 0,05; ** Р < 0,01; *** Р < 0,001

Table 4 
State of antioxidant system of blood in patients in early stroke recovery period during complex 

rehabilitation with the inclusion of antioxidants

Group of patients Catalase, mmol 
Н2О2/109 erythr. min 

Superoxide dismutase, nmol adrenalin/
mg protein min

Control (n = 5) 42,6 ± 0,7 4,4 ± 0,4
Before rehabilitation measures (n = 10) 28,8 ± 0,73 2,91 ± 0,31
After rehabilitation measures (n = 10) 38,9 ± 0,66** 3,85 ± 0,34**

N o t e :  * – indicates signifi cant differences Р < 0,05; **Р < 0,01
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Hence, rehabilitation with antioxidant cor-
rection resulted in increase of the activity of 
catalase in 1,5 times, and superoxide dismutase 
in blood in 1,32 times, in comparison with the 
initial levels. 

Conclusion
Thus, the analysis of indicators of anti-

oxidant protection in blood of patients and 
invalids in early stroke recovery period dur-
ing complex rehabilitation with the inclusion 
of antioxidants showed signifi cant reduction 
in the level of accumulation of metabolites 
of LP and increased intensity of AOS. As a 
result, patients and invalids achieved posi-
tive changes in laboratory parameters, as well 
as positive results in partial and complete 
rehabilitation. The data certainly confi rm 
the necessity to include antioxidant therapy 

at the stages of complex rehabilitation for 
stroke.
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