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Actovegin is a protein�free hemodialysate from calf
blood widely applicable in clinical practice as a medi�
cine which has an insulin�like effect and increases cel�
lular energy methabolism during failures in blood cir�
culation and CNS nutrition (ischemic strokes, brain
injuries), peripheral blood circulation (angiopathies,
shin trophic ulcers), wounds treatment (smoldering
wounds, bedsores), and burns, as well as during radia�
tion injuries [1]. This medicine is characterized by a low
toxicity and absence of side effects. Actovegin includes
low�molecular�weight peptides, nucleic acid deriva�
tives, inositolphosphooligosaccharides, and other com�
ponents with molecular weights less than 5 kDa.

Failure in heart contraction or heart failure (HF)
syndrome appears during different pathologies of the
cardiovascular system, including essential hyperten�
sion, failure in heart blood supply (myocardial infarc�
tion), cardiac defect, myocarditis, toxical impacts,
etc. As a result of HF, hypoxia develops in organs and
tissues, acidosis and failure in metabolism are formed.
Reduction of energy methabolism and ATP formation
is, primarily, observed during HF [2]. Inflammation
determined by injury and cellular necrosis after
hypoxia, oxidative stress, and cardiomyocytes over�
load with Ca2+ ions is one of the marks of HF [3]. It is
expressed in an increase in proinflammatory cytok�
ines, soluble forms of different receptors in blood,
increase in inflammatory cell number and activity,
among which blood phagocytes—neutrophils and
monocytes—are important [4]. However, highly
energy�dependent cells (cells of liver, kidneys, mus�
cles, heart, CNS) are injured not only after ischemia,
but also during recovery of blood flow (the reperfusion
phase) [3]. Reperfused injuries are forming during the

first minutes of blood and oxygen entry into the
ischemic region, which considerably troubles their
prevention by various impacts.

During inflammation, blood phagocytes are mobi�
lized and migrate from blood to tissues. During the
first 1–6 h, macrophages (neutrophils) migrate to
inflammation area; within 12 and more hours, mono�
cytes (precursors of tissue macrophages) also migrate
there. A large number of oxygen radicals formed dur�
ing oxidative stress by NADPH�oxidase system of
neutrophils and monocytes has an important role in
injuries induced by ischemia/reperfusion [5, 6]. It was
shown in experiments that decrease in oxygen radical
formation or suppression of chemotaxis and phagocytes
activity effectively reduced injury of surrounding cells in
the lungs [7], myocardium [8], and CNS [9, 10].

The search for new approaches to regulation of
phagocyte activity in blood and slowdown of oxygen
radicals formation, including pharmacological influ�
ences, is a challenging biomedical task connected with
prevention of injuries in various organs and tissues
after HF and other pathologies. The aim of the study
was to research the influence of Actovegin on oxygen
radical formation by blood phagocytes in patients with
heart failure, as well as on survival of SK�N�SH
human neuroblastoma cells exposed to hydrogen per�
oxide.

MATERIALS AND METHODS

Lucigenin (2�N�methylacridine nitrate), bacterial
tripeptide formyl�methyonyl�leucyl�phenylalanine
(fMLP), dimethyl sulfoxide (Sigma), heparin
(Gedeon Richter) were used. Peripheral blood of
patients suffering from heart failure of II–III func�
tional class according to classification of New York
Heart Association (NYHA) was used in the study.
Blood from cubital vein was collected in plastic tubes
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containing heparin (30 IU/mL). Lucigenin (final con�
centration 30 μM) was added to blood samples
(100 μL). Spontaneous formation of oxygen radicals
and that induced by standard stimulators were
detected with a Biotox�7 chemoluminator. All mea�
surements were conducted at 25°C. Formation of

superoxide anions ( ) was continuously measured
by the number of impulses per second and was esti�
mated by integral values of chemoluminescence (light
sum for 10 min). Each effect was studied in no fewer
than 4–6 separate trials. Average values determined in
4–6 measurements were used for plotting.

Cell culture. The SK�N�SH human neuroblastoma
cell culture was obtained from the collection of the
Institute of Cytology of the Russian Academy of Sci�
ences. Cells were cultured on RPMI 1640 supple�
mented with 10% fetal calf serum (FCS) and 1% L�
glutamine at 37°C. 48 h before Actovegin addition, the
cell suspension was centrifuged, the cell number was
measured, and cells were cultured in 24�well plates at
a concentration of 125 000 cells/mL per well. 24 h
before Actovegin addition, culture medium was
replaced with the medium without FBS. After 24 h of
cultivation, Actovegin was added to cells, and cells
were incubated for 60 min. Then, 100 μM H2O2 was
added to the samples, and cells were cultivated for 24 h
in a CO2 incubator at 37°C. This time of cultivation is
convenient for obtaining results in studies on neuron
death in response to hydrogen peroxide. Primary
necrosis was generally detected in these experiments;
the proportion of secondary necrosis was no less than
5–7%.

Determination of SK�N�SH cell viability. Cell via�
bility was determined by fluorescence microscopy
using 30 μM propidium iodide by means of an inverted
fluorescence microscope (Keyence BZ8100, Japan).

O2
–•

The results of microscopy were analyzed using the Sig�
maPlot software.

RESULTS

Spontaneous formation of oxygen radicals, which
is a result of cell interaction with the cuvette plastic
wall, is characteristic of blood phagocytes in patients
suffering from heart failure (Figs. 1, 2). Blood phago�
cytes in a steady state cannot be in large degree stimu�
lated accompanied by proteolytic enzyme secretion,
high number of oxygen radicals, and release of other
highly biologically active compounds inducing injury
of vessel and blood endothelial cells. The physiological
meaning of such prohibition appears to be determined
by prevention of cytotoxic impact from stimulated
phagocytes to their microenvironment. During
inflammation development in any tissue, blood
phagocytes receive chemical signals that activate
metabolism, promote suppression of their migration
in blood flow and are ended with fixation on the sur�
face of vessel endothelial cells. At this time, there is a
transition of phagocytes from the steady state to the
state of pre�activation, which induces subsequent
response of phagocytes to stimulation agents. These
results allow us to suppose the existence of initially
pre�activated (primed) phagocytes that are morpho�
logically similar to rest cells in blood of patients suffer�
ing from HF. The reason for the pre�activation is obvi�
ously the development of inflammation connected
with injury and death of cells as a result of hypoxia in
different organs and tissues.

As a result of Actovegin impact on blood phago�
cytes that spontaneously form oxygen radicals, the

level of  decreases. The inhibitory effect of
Actovegin depends on its dose. In some patients, it is
observed when the threshold inhibitory dose less than
1 mg/mL is used, in the majority of patients, when
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Fig. 1. Influence of Actovegin on spontaneous formation
of superoxide anions and subsequent response to the bac�
terial tripeptide fMLP: 1, Actovegin (4 mg/mL); 2, fMLP
(3 µM).
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Fig. 2. Influence of fMLP and three sequential additions of
Actovegin on superoxide anion radical level. 1, fMLP
(3 µM); 2, Actovegin (1 mg/mL); 3, Actovegin (4 mg/mL);
4, Actovegin (8 mg/mL).
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higher concentrations are used. Subsequent treatment
of the samples with the standard stimulator, bacterial
tripeptide fMLP (3 μM), against the background of
Actovegin inhibitory effect did not increase the super�
oxide level. Therefore, under these conditions,
Actovegin suppressed the formation and secretion of
oxygen radicals induced by fMLP.

The results of formyl peptide action on pre�acti�
vated blood phagocytes in HF patients are shown in
Fig. 2. It is seen that fMLP (3 μM) increased the rate
of superoxide anions formation, and this effect was
maximal within approximately 2 min. Subsequent
adding of actovegin at three doses (1, 4, and 8 mg/mL)

triggered a decrease in the level of  Therefore,
Actovegin effectively reduced the level of oxygen radi�
cals during maximal response to formyl peptide.

The inhibitory effect of different Actovegin doses
against the background of the fMLP effect (3 μM) is
shown on Fig. 3. Formyl peptide increased the forma�

tion of , on average, by 2051 ± 100 impulses/s.
1 mg/mL of Actovegin decreased the fMLP impact to
1930 ± 141 impulses/s, but this effect was not signifi�
cant, in contrast to higher Actovegin doses (4 mg/mL
of ACT, to 1480 ± 62 impulses/s; 8 mg/mL, to 125 ±
13 impulses/s).

The results indicate that Actovegin reduces sponta�
neous formation of oxygen radicals by blood phago�
cytes; inhibits subsequent response to one of the stron�
gest phagocytes stimulator, formyl peptide, and effec�
tively suppresses response to this peptide at its
maximal level. Based on these results, it can be sup�
posed that Actovegin is able to inhibit the development
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of chronic inflammation determined by heart failure
and systemic hypoxia. Appearance of inflammation is
connected with formation of oxygen radicals, ion
channels activation, and secretion of proinflammatory
cytokines [11]. It is important to note that Actovegin
decreased the formation of oxygen radicals in primary
cultures of rat embryo hippocampus containing neu�
rons and phagocytes, as cells of microglia [12]. In
addition, disturbance of the blood–brain barrier in the
CNS after ischemia and injuries is often accompanied
by entry of neutrophils responsible for irreversible
injuries and neuron death to the damaged area [9, 10].
Therefore, the protective effect of Actovegin on CNS
may be, at least partly, determined by a decrease in
oxidative stress connected with neutrophil activity.

Systemic ischemia in some diseases, including HF,
substantially affects different organs and tissues,
including CNS, inducing neuron death. Inflamma�
tory cytokines and oxidative stress (oxygen radicals
and H2O2) have cytotoxic effects on neurons in differ�
ent brain divisions as a result of necrosis and apoptosis.
In this regard, the impact of Actovegin on the viability
of human neuroblastoma SK�N�SH cells in the pres�
ence of hydrogen peroxide in vitro was studied. Under
the conditions of the experiment, the influence of
hydrogen peroxide (100 μM) triggered a significant
increase in neuron death compared with the non�
treated control (Fig. 4). Preliminary adding of Actove�
gin led to a dose�dependent decrease in neuron death.
A significant protective effect of Actovegin was
observed for a dose of 1 mg/mL, and maximal protec�
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Fig. 3. Inhibitory effects of different doses of Actovegin
against the background of fMLP action. 1, fMLP (3 µM);
2, fMLP (3 µM) + Actovegin (1 mg/mL); 3, fMLP (3 µM) +
Actovegin (4 mg/mL); 4, fMLP (3 µM) + Actovegin
(8 mg/mL). The mean ± standard deviation (n = 4) are
shown. The difference between 1 and 3 is significant (p <
0.01) (according to Student’s t�test). The difference
between 1 and 4 is significant (p < 0.01).
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Fig. 4. Actovegin influence on death of neurons from the
SK�H�SN line induced by H2O2: 1, control cells not
treated with H2O2 or Actovegin; 2, cells treated only with
H2O2 (100 µM) was added to the control. Cell death
induced by H2O2 was taken to be 100%. The indicated
doses of actovegin in mg/mL in the presence of H2O2 were
added to experimental cells (n = 6). It is evident that
Actovegin at doses of 1 mg/mL and higher significantly
decreased the number of dead cells.
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tion was found for doses of 5–10 mg/mL. Based on
these results, it was supposed that the protective effect
of Actovegin may be determined not only by a decrease
in the superoxide anion level, but also by neutraliza�
tion of the effect of highly reactive hydroxyl radicals
(OH•), which are presumably formed in cells from
H2O2 in the presence of iron ions as a result of the Fen�

ton and Haber–Weiss reactions (  + H2O2 → O2 +

2OH•) [13–15].
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