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We studied the in vitro effect of hybrid molecular-nanosomal biocompatible composi-
tions on cultured peritoneal cells. The compositions consisted of oxidized dextrans with
a mean molecular weight of 35 and 60 kDa, which were obtained by chemical and
radiochemical oxidation of dextran. Hybrid nanoliposomal compositions of chemically
oxidized dextran (permanganate method) had greater biocompatibility and tropic activity
to macrophages compared to nanoliposomes of radiochemically oxidized dextran.
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Polysaccharides are biocompatible compounds mo-
dulating the state of cells in the mononuclear pha-
gocyte system, which mediates organism’s respon-
se to external influences [5]. Hence, they hold much
promise as a biodegradable matrix for directed trans-
port of drugs into the cell. Incorporation of these
compounds into nanoliposomes (NL) can provide
greater specificity of targeted transport to cells of
the mononuclear phagocyte system. In vitro study
should be performed to compare some properties
(e.g., biocompatibility) of NL with dextrans oxi-
dized by various methods.

The biocompatibility of NL was in vitro studied
on cultured peritoneal cells (PC). They consisted of
oxidized dextrans (OD) with the mean molecular
weights of 35 and 60 kDa, which were obtained by
radiochemical (ODr) and chemical oxidation (per-
manganate method, ODc).

MATERIALS AND METHODS

Aqueous solutions (10%) of dextran (mean mole-
cular weights 35 and 60 kDa, Fluka) were heated
on a boiling water bath at 100oC. Aqueous solution
of acetic acid (33%, 2 vol % of dextran solution)
was added to the solutions of dextran and agitated.
Aqueous solution of potassium permanganate (2%,
4 vol % of dextran solution) was added. The mix-
ture was heated at 100oC until precipitation. The
solution was filtered through a paper filter (Ende-
rol filter No. 3, Binzer). Oxidized dextrans were
designated according to the mean molecular
weight (D-ch-35 and D-ch-60). They were pre-
cipitated from the solution by adding a 2-fold vo-
lume of 95% ethanol under heating of the mixture
to 60oC.

Aqueous solutions (10%) of dextrans with the
mean molecular weights of 35 and 60 kDa (Fluka)
were irradiated with an accelerated electron flow.
The total absorbed dose was 30 kGy. They were
designated according to the mean molecular weight
(D-r-35 and D-r-60) [4].

Bulletin of Experimental Biology and Medicine, Vol. 146, No. 6, 2008 CYTOLOGY



872

To obtain NL with OD, 200 mg phosphatidyl-
choline (Sigma) were added to 20 ml solution of
D-ch-35, D-ch-60, D-r-35, and D-r-60 (2.5% solu-
tions in 0.01 M Tris-phosphate buffer, pH 7.3). The
process of swelling was conducted at 4-6oC for 24
h. These solutions were thoroughly agitated until
the formation of a homogenous lipid suspension.
The suspension was subsequently passed through
acetate-cellulose filters with pore diameters of 0.8,
0.45, and 0.2 µ (Sartorius) to separate nanosomal
liposomes. This treatment allowed us to obtain NL
of 150-200, 200-450, and 450-800 nm.

The biocompatibility of OD-containing NL was
assayed on peritoneal transudate cells of male BALB/c
mice aging 2 months, weighing 21-22 g, and ob-
tained from the nursery of the Institute of Cytology
and Genetics (Siberian Division of the Russian Aca-
demy of Sciences, Novosibirsk). PC were obtained
from the animals killed by cervical dislocation
under ether anesthesia [2]. The biocompatibility of
OD-containing NL was evaluated from their effect
on adhesion activity and viability of PC (no pheno-

typic differentiation) [1]. Biotropic activity of OD-
containing NL was estimated from phagocytosis by
peritoneal macrophages. OD-containing NL were
added to cultured cells by the 2nd hour of culturing.
The test samples were diluted with a buffer (pH 7.3,
1:100). Cultured cells were assayed 24 h after ad-
dition of OD-containing NL to the culture medium.
PC were cultured on coverslips (106 cells per 2 ml
medium 199 with 10% fetal bovine serum) in glass
flasks at 37oC. Adhesion activity of PC was esti-
mated from the number of adherent cells, which
remained after washing of cultured cells with the
culture medium. The mean number of adherent
cells was calculated per field of view (×200). Cell
viability (ratio of living PC) in cultures was eva-
luated by vital staining with trypan blue [2].

By the end culturing, cultured cells were fixed
with 4% formaldehyde in phosphate-buffered sa-
line (pH 7.4, 10 min) and stained with Sudan black
B (0.25% solution in 70% aqueous ethanol, 10 min)
to detect NL in cells. They were washed with distil-
led water and subjected to safranin staining (1%

Fig. 1. Effect of NL with D-r-35 (light bars) and D-ch-35 (dark
bars) on adhesion activity (a), viability (b), and phagocytic activity
of PC (c). Here and in Fig. 2: *p<0.05 and **p<0.01 compared to
the control.
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aqueous solution, 10 min). Cytomorphological ana-
lysis of cultured cells was performed under an Axio-
Imager Z1 microscope (Zeiss, ×100). We calculated
the ratio of macrophages which phagocytized OD-
containing NL (5 fields of view in each sample for
test parameters; 5 cell cultures from 5 mice for each
parameter).

Intact cultures of PC served as the control. The
significance of differences between the mean va-
lues was estimated by nonparametric White test.

RESULTS

The majority of D-ch-35-containing NL of all sizes
added to cultured cells reduced adhesion activity of
PC (density of the cell monolayer; Fig. 1, a). This
parameter did not decrease under the influence of
450-800-nm NL with D-ch-60 (Figs. 1 and 2).

When studying the effect of OD-containing NL
on PC viability in the culture, we found that addi-
tion of D-ch-35- and D-r-35-containing NL of all
sizes to the culture medium was followed by a de-

Fig. 2. Effect of NL with D-r-60 (light bars) and D-ch-60 (dark
bars) on adhesion activity (a), viability (b), and phagocytic activity
of PC (c).

crease in cell viability. It was most pronounced
during culturing with D-r-35-containing NL of all
sizes (Fig. 1). Similar changes were observed after
addition of D-ch-60- and D-r-60-containing NL of
200-450 nm to the culture medium (Fig. 2).

Our results indicate that the biocompatibility of
ODr-containing NL is slightly lower than that of
ODc-containing NL. ODr probably contains cyto-
toxic microadmixtures of peroxide compounds that
are formed during radiolysis of aqueous dextran
solutions [3].

The most pronounced differences in the bio-
compatibility of NL with ODc and ODr were re-
cealed during studying of phagocytic activity of
macrophages relative to NL samples (Figs. 1 and
2). Phagocytic activity of macrophages to ODr-con-
taining NL was lower compared to that observed in
experiments with D-ch-35- and D-ch-60-containing
NL (Figs. 1 and 2). The observed differences prob-
ably result from changes in lability of the macro-
phage plasma membrane due to contact with the
NL membrane, which carries peroxide compounds
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after addition of D-r-35- and D-r-60-containing NL.
The number of phagocytic macrophages was mini-
mum after treatment with D-r-60-containing NL of
450-800 nm. It was probably associated with lower
stability of these NL and rapid elimination of D-r-
60 (Fig. 2). The cytotoxic effect of ODr-containing
NL did not depend on the molecular weight of
dextran.

We conclude that the biocompatibility of ODc-
containing NL is higher than that of ODr-containing
NL. They hold much promise as a biocompatible
container for targeted transport of bioactive sub-
stances and drugs into the target cells and tissues.

This work was supported by the Federal Target
Program “Research and Development in Priority
Fields of Scientific and Technological Complex of

Russia for 2007-2012” and State Contract No. 02.
513.11.3183 (April 23, 2007).

REFERENCES

1. S. A. Arkhipov, Byull. Sib. Otd. Ros. Akad. Med. Nauk, Nos.
3-4, 123-127 (2000).

2. E. D. Gol’dberg, A. M. Dygai, and V. P. Shakhov, Tissue
Culture Methods in Hematology [in Russian], Tomsk (1992).

3. V. A. Sharpatyi, Radiats. Biol. Radioekol., 39, No. 1, 156-161
(1999).

4. V. A. Shkurupiy, Yu. N. Kurunov, O. V. Grishin, et al., Me-
thod to Obtain Prolonged-Action Isoniazid [in Russian], Patent
RU No. 2143900 of 10.01.2000.

5. V. A. Shkurupiy, Yu. N. Kurunov, and N. N. Yakovchenko,
Lysosomotropism. Problems of Cellular Physiology and Medi-
cine [in Russian], Novosibirsk (1999).

Bulletin of Experimental Biology and Medicine, Vol. 146, No. 6, 2008 CYTOLOGY




