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Cell damage under the influence of oxidative stress
plays an important role in the pathogeneses of neuro�
degenerative diseases, including Alzheimer’s and Par�
kinson’s diseases [1, 2]. Reactive oxygen species (in
particular, hydrogen peroxide) belong to the numer�
ous factors that change and disturb the functioning of
human brain cells, which results in cell death via the
mechanism of apoptosis [3]. Accumulation of hydro�
gen peroxide in the central nervous system (CNS) and
the nerve cell death induced by hydroxide radicals are
observed in patients with brain hypoxia/ischemia and
in those with neurodegenerative diseases [4, 5]. High
concentrations of hydrogen peroxide were also found
in the brain after ischemia–reperfusion [6]. The neu�
ronal apoptosis caused by hydrogen peroxide is cur�
rently known to occur via different pathways of intra�
cellular signaling [7].

Actovegin (a deproteinized hemodialysate from
calf blood), which contains the components less than
5 kDa in molecular weight, has been earlier demon�
strated to inhibit the formation of reactive oxygen spe�
cies (ROS) and neuronal apoptosis caused by the amy�
loid peptide Aβ�(25�35) [8]. We have found that
actovegin reduces the level of hydrogen peroxide�
induced cell death of the SK�N�SH human neurobla�
soma cell line [9]. However, the intracellular signaling
pathways underlying the protective effect of actovegin
remain unclear.

The purpose of this study was to clarify the role of
various intracellular signaling pathways of the hydro�
gen peroxide�induced apoptosis in the protective
influence of actovegin on SK�N�SH cells. The effect
of actovegin on apoptosis was studied using selective
inhibitors of the intracellular signaling pathways,
including mitogen�activating protein kinases
(p38MAPK), extracellular regulatory kinases (ERK),

phosphatidyl�inositol�3�kinases (PI�3K), and c�Jun�
N�terminal kinases (JNK). It has been demonstrated
that p38MAPK and PI�3K play the major role in the
mechanism of the protective effect of actovegin on the
peroxide�induced apoptosis of SK�N�SH cells.

MATERIAL AND METHODS

The following reagents (Sigma, United States)
were used in this study: RPMI 1640 culture medium,
fetal calf serum (FCS), propidium iodide, Hoechst
33342, HEPES, Hanks solution (HBSS), DMSO,
nitroblue tetrazolium (NBT), penicillin, streptomy�
cin, phosphate buffer solution (PBS), SB203580
(p38MAPK inhibitor), PD98059 (ERK inhibitor),
Wortmannin (PI3K inhibitor), and SP600125 (JNK
inhibitor).

The SK�N�SH cells were grown at 37°C and 5% of
CO2 in RPMI 1640 containing 10% FCS, 2 mM L�
glutamine, 1% streptomycin, and 100 U of penicillin.

Forty�eight hours before addition of actovegin, the
cells were harvested by centrifugation, counted to
determine their concentration, and placed into 24�
well plates (200 000 cells per well in a volume of 1 ml).
Twenty�four hours before addition of actovegin, the
culture medium was replaced with a fresh medium free
of FCS. The experimental samples were incubated for
24 h; afterwards, actovegin was added. After subse�
quent incubation for 1 h, 100 μM H2O2 was added to
the samples, and they were incubated for 24 h in a
CO2�incubator at 37°C. The inhibitors were added to
the cells 30 min before the addition of actovegin.

Cell apoptosis was measured by the method of flu�
orescent microscopy using Hoechst 33342. Propidium
iodide was used to determine cell necrosis. After cell
cultivation, they were stained with Hoechst 33342
(10 μg/mL) for 30 min in the dark at 37°C [7]; after�
wards, propidium iodide was added to a concentration
of 30 μg/mL, and apoptotic cells were examined using
a Keyence BZ8100 inverted fluorescence microscope
(Japan). The results are presented as percentage, i.e.,
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the proportion of the total number of cells, which was
taken to be 100%.

ROS formation in SK�N�SH cells was measured
using NBT. This reagent (0.1%) was added to cells at
the end of cultivation. Subsequent cell incubation
continued for 2 h at 37°C and 5% CO2. Afterwards,
the cells were washed twice with PBS, fixed in metha�
nol, and dried. Intracellular NBT was diluted in a vol�
ume of 240 μL 2 M KOH and 280 μL of DMSO per
well. The optical density of this solution was measured
at 620 nm using a Uniplan plate reader [10].

RESULTS AND DISCUSSION

We have earlier demonstrated that actovegin
reduces the number of oxygen radicals in whole
human blood samples and inhibits necrosis in the neu�
ronal SK�N�SH line [9]. ROS production increased in
the neuroblastoma cells as compared to the control in
response to addition of hydrogen peroxide. This
agreed with the data of other authors [11].

In our experiments, actovegin added to the cells
(before hydrogen peroxide) reduced ROS formation
to the control level as measured using NBT (Fig. 1).

Subsequent experiments demonstrated the effect of
actovegin on the H2O2�induced apoptosis of SK�N�
SH cells. Within a range of concentrations from 25 to
100 μM, hydrogen peroxide caused a dose�dependent
increase in the proportion of apoptotic SK�N�SH
cells. In the presence of 100 μM of hydrogen peroxide,
cell apoptosis reached 43% (Fig. 2), while cell necrosis
was below 5–10%. Cell incubation with actovegin
(before addition of hydrogen peroxide) reduced apop�
tosis from 43 to 17% of cells compared to apoptosis in
the presence of hydrogen peroxide alone (Fig. 2). A
significant protective effect of actovegin was observed
even at a concentration of 1 mg/mL; the maximum
protective effect, at concentrations of 5 and 10 mg/mL
(Fig. 2).

It has been earlier demonstrated that different
intracellular signaling pathways (p38MAPK, PI�3K,
JNK, ERK) are involved in neuronal apoptosis in differ�
ent brain regions and in cells of neuroblastoma [12, 13].

Note that addition of actovegin alone or actovegin
together with the corresponding protein kinase failed
to change the proportion of the apoptotic cells as com�
pared to the control cells (Fig. 3, bars a and b). At the
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Fig. 1. Effect of actovegin on ROS formation in SK�N�SH
cells treated with hydrogen peroxide. 1, control (without
actovegin and hydrogen peroxide); 2, 100 µM hydrogen
peroxide; 3, cell incubation with 5 mg/mL actovegin for 1 h
followed by addition of 100 µM of hydrogen peroxide and
cultivation for 24 h. OD, optical density; M ± SD, n = 6.
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Fig. 2. Effect of actovegin on the hydrogen peroxide�induced cell apoptosis in human neuroblastoma SK�N�SH. CM, culture
medium. Actovegin was added 60 min before H2O2 addition at concentrations from 1 to 10 mg/mL. The effects of H2O2 on the
untreated cells and on the cells pretreated with actovegin were compared (n = 6), M ± SD.
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same time, addition of hydrogen peroxide led to a
sharp increase in the proportion of the apoptotic cells
(Fig. 3, CM, bar c). If kinase inhibitors were added
against the background of the actovegin effect and
before addition of hydrogen peroxide to the cells, the
level of apoptosis did not differ significantly from the
control level (Fig. 3, bars a and b), irrespective of
whether actovegin alone or the combination of actove�
gin with a kinase inhibitor were added before hydrogen
peroxide (Fig. 3, bars a and b).

All of the inhibitors used in this study were capable
of reducing cell apoptosis activated by hydrogen per�
oxide alone, which suggests that different kinases par�
ticipate in the signaling pathways (Fig. 3). At the same
time, the protective effect of actovegin was completely
eliminated when the inhibitors of two protein kinases,
p38MAP and PI�3, were used. Other kinase inhibitors
reduced the protective effect of actovegin to a certain
extent, but never completely. We suggested, therefore,
that SB203580 and Wortmannin (inhibitors of
p38MAPK and PI�3K activities, respectively) neutral�
ized completely the protective effect of actovegin,
while PD98059 and SP600125 (ERK and JNK inhib�
itors, respectively) caused only partial abrogation of
the actovegin effect. Thus, all of the protein kinases
used in our experiments proved to participate in sig�
naling of cell apoptosis induced by hydrogen peroxide.
However, only the p38MAPK and PI�3K inhibitors
blocked completely the protective effect of actovegin.

Alzheimer’s disease and other neurodegenerative
disorders are characterized by cognitive failure and
neuronal death. Oxidative stress is currently known to
play the key role in the pathogenesis of Alzheimer’s

disease [14]. This is the earliest process among the
neurological and pathological changes in the central
nervous system. The effect of beta�amyloid increases
ROS formation in neurons and cells of microglia, and
this event plays an important role in the pathogeneses
of neurodegenerative diseases [1, 2]. Along with prein�
flammatory cytokines, these cells produce hydrogen
peroxide, which is one of the strongest inducers of the
neuronal apoptosis [4, 5].

Thus, considering that, among central nervous sys�
tem disorders, neurodegenerative diseases are the
main causes of disability, the approaches to neuronal
protection in these patients are of both theoretical and
practical importance. The use of actovegin is one of
these approaches. This agent has been used for many
years in therapeutic practice and is known to have no
serious side effects.
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Fig. 3. Effects of actovegin (5 mg/mL), hydrogen peroxide
(100 µM), and various inhibitors on cell apoptosis in
human neuroblastoma SN�N�SH. CM, culture medium.
SB, 30 µM SB203580 (p38MAPK inhibitor); PD, 50 µM
PD98059 (ERK inhibitor); Wort, 100 nM Wortmannin
(PI�3K inhibitor); SP, 10 µM SP600125 (JNK inhibitor);
a, cells treated with neither H2O2 nor actovegin; b, cells
untreated with H2O2 but treated with 5 mg/mL actovegin;
c, cells treated with 100 µM H2O2 but not with actovegin;
d, cells treated with 5 mg/mL actovegin and 100 µM
H2O2; M ± SD, n = 6.


