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INTRODUCTION

Drugs created on the base of the blood of animals
and man are widely used in international medical prac-
tice [1, 2]. One such drug is Actovegin. Actovegin is
obtained by means of ultrafiltration from defibrinated
blood of veal calves that has been subjected to hemoly-
sis. Its contains substances that possess molecular
weight up to 5 kDa. These substances include peptides,
amino acids, nucleoside, glycolipids, and oligosaccha-
rides as well as electrolytes and micro-elements.

Actovegin’s principal effect lies in its ability to
affect processes of intra-cellular metabolism. Under the
influence of Actovegin transport of glucose into the cell
and absorption of oxygen in the tissues are improved.
An increase in glucose transport into the cell occurs
because of direct activation of the glucose carrier in the
membrane by the glycolipid fraction contained in
Actovegin [3–8]. The several constituents of this frac-
tion have now been identified as being inositol phos-
phate oligosaccharides, which are compounds structur-
ally similar to mediators of the action of insulin [6, 9].
The simultaneous increase in both indicators, i.e.,
build-up of oxygen and glucose, indicates that absorbed
glucose is consumed by means of oxidation. This effect
leads to an increase in the energy status of the cell,
which then affects its functional metabolism [4].

One of the major problems in modern cellular bio-
logical engineering is to find ways of developing a uni-
versal nutrient medium for growing cells that does not
contain blood serum or has a reduced blood serum con-
tent, since it is known that the use of native blood serum
as a growth factor has a number of drawbacks. Current
recipes for serum-free media or media with low serum
content generally ensures the growth of a limited quan-

tity of cell cultures [10–12]. It is also important to
increase the efficiency with which cell cultures are used
in the area of bioengineering by increasing both the rate
of growth of cells per unit time as well as the physio-
logical activity of cells in vitro.

The influence of Actovegin on processes of cell pro-
liferation has yet to be investigated in detail. Moreover,
our studies represent the first time that Actovegin has
been used in the bioengineering of cell cultures as a
component of the nutrient medium.

MATERIALS AND METHODS

The following cell lines, which were produced from
the Collection of Cell Cultures of the Laboratory of
Bioengineering, Institute of Experimental and Clinical
Veterinary Medicine (National Scientific Center), were
used in the study: RK-15-IEKVM and VNK-21 clone
13/04. The cell line RK-15-IEKVM was adapted to
growth in a mixture of the two nutrient media Igla
DMEM and 199 (1 : 1) with the addition of 10% cattle
blood serum treated with polyethylene glycol with
molecular weight 6000, according to a protocol that
makes it possible to remove any residue of polyethyl-
ene glycol against the background of precipitation of
high-molecular protein fractions [13]. Culturing of
cells of the VNK-21 clone 13/04 line was performed in
a mixture of Igla DMEM and 199 nutrient media (1 : 1)
with the addition of 10% native cattle blood serum. A
mixture of 0.02% Versen solution (90%) and 0.25%
trypsin solution (10%) was used to disperse the cell
layer in passaging.

The effect of Actovegin on the proliferative activity
of cells of the RK-15-IEKVM line was investigated for
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three passages, and that of cells of the VNK-21 clone
13/04 line, on a single passage. Culturing of the cells
was performed in glass vessels with a capacity of
250 cm

 

3

 

. Actovegin was added to the nutrient medium
as the cells were being transferred into new culturing
vessels. Proliferative activity was determined from the
increase in the number of cells; the cells were counted
in a Goryaev chamber on the fourth day of growing the
culture [14].

The mitotic regime was evaluated in specimens of
cells that had been grown in covered glasses. The cells
were fixated in an alcohol-acetic fixator every 24 h of
growth of the culture for three days, after which they
were stained with Karrachi hematoxylin, Mitotic activ-
ity was determined from the number of dividing cells,
relative to the total number scaled on the basis of
1000 cells. The indicator of mitotic activity was
expressed in terms of thousandths of a percent. Patho-
logical mitosis were counted at the same time as the
analysis of mitotic activity. The percentage of patholog-
ical divisions was determined relative to the mean num-
ber of mitoses discovered [14, 15].

RESULTS AND DISCUSSION

The effect of Actovegin on the proliferative activity
of cell cultures was studied by adding the drug to
growth media containing minimal concentrations of
cattle blood serum; the latter served to maintain the
vital activity of the cell lines. For the line RK-15-
IEKVM this concentration of serum amounted to 2% of
the volume of the nutrient medium, while for the line

VNK-21 clone 13/04, 1%. Actovegin was added to the
cell growth medium at a final concentration of 0.14% of
its volume. The selected concentration of the drug
roughly corresponded to the effective dose for animals
in vivo.

A study of the proliferative activity of cells of the
RK-15-IEKVM line demonstrated that a decrease in
the blood serum concentration in the nutrient medium
to 2% leads to a reduction in the growth of cells of this
line in the first passage by 20% and in the third passage
by 43.5%, by comparison with the analogous indicator
when the cells are grown in a medium with 10% blood
serum. Addition of Actovegin stimulated a growth in
the cells in these passages by 21 

 

±

 

 3%. It was noted that
the growth of the cell culture of RK-15-IEKVM in the
first passage in a medium with a reduced concentration
of blood serum and with the addition of Actovegin did
not differ from its growth in a medium with 10% cattle
blood serum (Fig. 1).

In culturing the VNK-21 clone 13/04 line a decrease
in the serum concentration in the nutrient medium to
1% led to a decrease in the growth of cells in the first
passage by 30% by comparison with cell growth in a
medium with 10% blood serum. Addition of Actovegin
stimulated growth by 36 

 

±

 

 3%. Thus, the proliferative
activity of the VNK-21 clone 13/04 line in the first pas-
sage in a medium with a reduced concentration of blood
serum and with the addition of Actovegin also corre-
sponded to the activity in a medium with 10% cattle
blood serum. When the concentration of the drug in the
growth medium was reduced in half, i.e., to 0.07%, no
reliable stimulating effect was discovered (Fig. 2).
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Fig. 1.

 

 Proliferative activity of cells of the line RK-15-
IEKVM on the fourth day (along the vertical, %) with
reduced concentration of cattle blood serum in the medium
and with the addition of Actovegin; along the horizontal: (

 

a

 

)
10% cattle blood serum; (

 

b

 

) 2% cattle blood serum; (

 

c

 

) 2%
cattle blood serum + 0.14% Actovegin.

 

*

*

 

a c a b c

 

10% 1%

160

140

120

100

80

60

40

20

0

 

Fig. 2.

 

 Proliferative activity of cells of the lineVNK-21
clone 13/04 on the fourth day (along the vertical, %) when
grown in media with different concentrations of cattle blood
serum (along the horizontal) and Actovegin; (

 

a

 

) no cattle
blood serum; (

 

b

 

) 0.07% serum; (

 

c

 

) 0.14%.
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It is evident in Figs. 1 and 2 that the increase in pro-
liferative activity with the addition of Actovegin was
not the same in the two lines being studied. To under-
stand the reason for this difference, cells of the
VNK-21clone 13/04 line were cultured with the addi-
tion of Actovegin in a growth medium containing 10%
cattle blood serum. In this variant Actovegin-induced
stimulation of proliferative activity by the same magni-
tude as with a reduced serum concentration in the nutri-
ent medium was noted. Thus, it was established that
differences in Actovegin-induced stimulation of prolif-
erative activity of the two lines lRK-15-IEKVM and
VNK-21 clone 13/04 were not related to the decrease in
blood serum concentration in the growth medium. Nor
was the effect of the different cattle blood sera used for
culturing the RK-15-IEKVM line and the VNK-21
clone 13/04 line responsible for the differences in stim-
ulation of the proliferative activity of the cells. It has
been previously shown [13] that the growth of the cell
line RK-15-IEKVM when cultured in a medium with
serum that had been treated with polyethylene glycol-
6000 did not differ from the growth in a medium con-
taining native serum. Accordingly, it may be suggested
that the reason for the differences in Actovegin-induced
stimulation of proliferative activity in different cell
lines derived from the inherent physiological features
of these lines.

Culturing of the cells in media without blood
serum with the addition of Actovegin at a 0.14% con-
centration and without any Actovegin led to the death
of the culture even on the first passage. On the first day
of growth in a medium with Actovegin the cells
adhered to the glass, unlike the case of cells that had
been cultured in a medium without growth factors,

attesting to Actovegin-induced stimulation of the
adhesive properties of the cells. However, in view of
the absence of growth factors, the cells did not enter
into division, and on the fourth day after they had
become attached to the wall, they sloughed off from
the surface of the culturing vessel.

There are data in the literature pointing to the possi-
bility of culturing of cells of the VNK-21 line in a
medium containing different low-molecular fractions
of cattle blood serum at a 10% concentration. Upon the
addition of a fraction with molecular weight up to
10 kDa some reduction in the proliferative activity of
the cells and of their vital activity was noted. Death of
the culture on the second or third passage was observed
with the addition of a fraction with molecular weight up
to 1 kDa [16].

Summarizing these data, it may be concluded that
the low-molecular substances contained in Actovegin
cannot function as growth factors that would ensure the
vital activity of cells in vitro. However, the addition of
low doses of the drug to a nutrient medium containing
growth-stimulating factors leads to initiation of mecha-
nisms that tend to increase the bioenergetic state of the
cells, apparently due to amplification of the consump-
tion of oxygen and glucose [4, 5], which leads to ampli-
fication of the metabolism of the cells and of their pro-
liferative activity.

We investigated the mitotic activity of cells of a
transplanted RK-15-IEKVM line in order to make a
more detailed study of the action of the drug on the
growth of cell cultures. Culturing of the cells in a
medium with concentration of cattle blood serum
reduced to 2% had the following results, as compared
to a 10% concentration of the serum: on the first day of
growth, an increase in the number of dividing cells; on
the second day, number of cells comparable to the 10%
concentration; and on the third day, a sharp drop in the
number of mitoses. Thus, it was shown that in order to
enter into the stage of cell division the cells require the
threshold value of the concentration of growth factors
in the nutrient medium. Since cattle blood serum pos-
sesses both growth-stimulating and growth-inhibiting
factors, an increased concentration of cattle blood
serum (in this case, 10%) in the nutrient medium, by
comparison with the threshold value (in this case, 2%),
depresses the proliferative properties of RK-15-
IEKVM cells, which was demonstrated on the first day
of their growth.

We also observed stimulation of mitotic activity
with the addition of Actovegin to a growth medium
with 2% blood serum only on the first and second days
of growth of the culture. On the first day it amounted to
36%, while on the second day, 48%, relative to the
mitotic activity of the cells in a medium containing 2%
serum (Fig. 3). A count of the pathological mitoses
demonstrated that if cells are cultured in a medium with
the addition of Actovegin, their number increases on
the second day of growth of the culture from 7 to 13%
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Fig. 3.

 

 Mitotic regime of RK-15-IEKVM line with a reduc-
tion in the concentration of cattle blood serum in the
medium and with the addition of Actovegin (along the ver-
tical, expressed in terms of thousandths of a percent, along
the horizontal, days of growth): (

 

a

 

) 10% cattle blood serum;
(

 

b

 

) 2% cattle blood serum; (

 

c

 

) 2% cattle blood serum + 0.14%
Actovegin.
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of the total number of mitoses.“Micro-nuclei,” K-mito-
sis, and a tripolar mitosis, all of which are the conse-
quence of both chromosome damage and damage to the
division spindle of the cells, predominate among the
pathological mitoses. The fact that the number of
mitotic disturbances increases leads us to suggest the
possibility of adaptive rearrangements of the cells in the
culture in response to a new growth factor in the medium
[15, 17], in the present case, the drug Actovegin.

CONCLUSIONS

In our studies it has been shown that the addition of
Actovegin at a concentration of 0.14% of the total vol-
ume of a growth medium stimulates the proliferative
activity of cell cultures. The effect of Actovegin-
induced stimulation of the proliferative activity was
demonstrated for transplanted RK-15-IEKVM and
VNK-21 clone 13/04 lines with culturing using cattle
blood sera of different compositions and with different
concentrations of these sera in the growth medium. The
application of Actovegin in the field of cellular bioengi-
neering may be useful as a means of increasing the rate
of growth of cultures. An increase in the physiological
activity of the cells in vitro is also possible, though this
hypothesis requires further verification.
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