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We studied phagocytic activity of macrophages towards hybrid molecular nanosomal composi-
tions consisting of 150-800-nm nanoliposomes containing oxidized dextrans with a molecular
weight of 35 and 60 kDa obtained by chemical (“permanganate”) and radiochemical oxidation
of dextran conjugated with isonicotinic acid hydrazide (dextrazides, intracellular prolonged
antituberculous drugs). Phagocytic activity of macrophages towards hybrid molecular nano-
somal compositions containing dextrazides obtained by chemical oxidation of dextrans is
higher than activity towards hybrid molecular nanosomal compositions containing dextrazides
prepared by radiochemical oxidation and depends on the size of hybrid molecular nanosomal
compositions and molecular weight of oxidized dextrans.
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Endocytosis can provide an efficient strategy for deliv-
ery of compositions with predetermined pharmacoki-
netic properties into cells by using various types of
vehicles (from molecular to nano- and microcarriers)
[4,6]. This will enhance specificity and efficacy of
bioactive substances (BAS) delivered to target cells
and therefore will reduce their concentration in the or-
ganism and the risk of posttoxic complications. It was
previously demonstrated that conjugates of isonico-
tinic acid hydrazide (INAH) with oxidized dextran are
lysosomotropic [3,6], while hybrid molecular nano-
somal compositions (HMNC) prepared from dextrans
oxidized by chemical (“permanganate”) technique are
characterized by higher biocompatibility and tropism
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towards macrophages than HMNC prepared from
dextran oxidized using radiochemical technique [7].
The complex of oxidized dextran (OD) with HMNC
demonstrated high antimycobacterial activity under
experimental conditions [3]. OD solutions prepared
using radiochemical technique can contain various
peroxide admixtures [2,8] modulating OD biocompa-
tibility. From a practical perspective, HMNC contai-
ning OD conjugated with BAS (e.g. with INAH, a
basic antituberculosis drug), are of particular inter-
est. In this context, it is important to compare various
HMNC in in vitro tests, including tests characterizing
their tropism to phagocytes, the site of persistence of
tuberculosis mycobacteria.

The aim of the study was to investigate specific
features of phagocytosis of HMNC containing chemi-
cally and radiocmemically oxidized dextrans conju-
gated with INAH by macrophages depending on the
size of nanoliposomes and molecular weight of OD.
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MATERIALS AND METHODS

In vitro experiments were performed on macrophages
isolated from peritoneal transudate of BALB/c mice
(2-month-old males weighing 21-22 g; nursery of In-
stitute of Cytology and Genetics, Siberian Division of
the Russian Academy of Medical Sciences). The ob-
jects of investigation were macrophages and nanolipo-
somal forms of HMNC of different size (150-200 nm,
200-450 nm and 450-800 nm) including the following
dextrazides: dextrazide-ch-35 (chemically oxidized
35 kDa dextran, conjugated with INAH); dextrazide-
ch-60 (chemically oxidized 60 kDa dextran, conju-
gated with INAH); dextrazide-r-35 (radiochemically
oxidized 35 kDa dextran, conjugated with INAH),
and dextrazide-r-60 (radiochemically oxidized 60 kDa
dextran, conjugated with INAH). Methods of dextran
oxidation (their advantages and disadvantages), conju-
gation with INAH, and preparation of nanoliposomal
HMNC forms were described previously [4,5,7]. The
animals were sacrificed by cervical dislocation un-
der ether anesthesia and peritoneal cells were isolated
routinely [1], cultured on coverslips (10° cells per 2
ml medium 199 containing 10% embryonic calf se-
rum) in glass vials at 37°C [3]. Phagocytic activity of
macrophages, components of peritoneal cell culture,
was evaluated 24 h after addition of HMNC to the
culture medium. After incubation with HMNC, the cell
cultures were fixed with 4% formaldehyde (4% aque-
ous solution in phosphate buffer). For HMNC detec-
tion, the cells were stained with lipophylic dye Sudan
black B (0.25% solution in 70% ethanol), washed in
distilled water, and stained with safranin (1% aqueous
solution). Stained specimens were put on slides with
cells “looking downwards”. Phosphate buffer solution
was introduced between the slide and cover glass. The
cells were photographed using an Axiol-mager Z1 mi-
croscope (Zeiss) using AxioCamHr digital camera at
fixed objective magnification 40. The total numbers
of macrophages and macrophages containing stained
HMNC in the cytoplasm were determined in 10 fields
of view at x40. Phagocytosis index was calculated as
the ratio of the number of macrophages with phago-
cytized HMNC to the total number of macrophages
multiplied by 100%.

The arbitrary parameter, number of phagocyted
HMNC was estimated by computer morphometry us-
ing VideoTest-Morpho 3.2 software. Digital images
of cells (x100) were binarized by the color of Sudan
black dye and the sum of squares (pixel®) of all bi-
nary images of HMNC stained with Sudan Black was
used as relative index of total HMNC content per one
macrophage (10 fields of view were analyzed). Sig-
nificance of difference between the compared mean
values of the studied parameters in the experimental
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cultures was estimated using nonparametric White test.
The data are presented as M+m, the differences were
significant at p<0.05. The data were processed using
Statistica 5.0 software.

RESULTS

Accumulation of HMNC in macrophages varied de-
pending on HMNC size, method of dextran oxida-
tion, and their molecular weight. (Figs. 1 and 2). The
percent of macrophages phagocyting HMNC tended to
decrease for HMNC containing radiochemically oxi-
dized 150-450-nm dextrans. For 450-800-nm HMNC,
this parameter was considerably higher for HMNC
containing chemically oxidized dextrans. HMNC cap-
ture by macrophages tended to decrease with increas-
ing the size of nanoliposomes entering the HMNC.

These regularities were most clearly seen during
estimation of arbitrary parameter of HMNC number
captured by one macrophage. For all HMNC size ran-
ges, phagocytosis indices were higher for HMNC con-
taining dextrazides synthesized on the basis of chemi-
cally oxidized dextrans, irrespective of the molecular
weight of OD used for dextrazide preparation. The
number of captured HMNC decreased with increas-
ing their size. Higher values of phagocytosis were
noted for HMNC containing 35 kDa OD compared
to HMNC containing 60 kDa OD, irrespective of the
oxidation method.

Thus, the most efficient capture by macrophages
was observed for 150-200-nm HMNC and 200-450-nm
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Fig. 1. Results of estimation of in vitro phagocytic activity of perito-
neal macrophage towards HMNC depending on HMNC size (nm),
molecular weight (kDa) of chemically (-ch-) and radiochemically
(-r-) oxidized dextrans conjugated with INAH by the percentage
of macrophages phagocytizing MNHC. Each experimental group
consisted of 5 cultures. Here and on Fig. 2: light bars: MNHC-OD-
r-35 kDa, horizontal hatching: MNHC-OD-ch-35 kDa, dark bars:
MNHC-OD-r-60 kDa, vertical hatching: MNHC-OD-ch-60 kDa.
p<0.05 between groups 11 n 12; p<0.01 between groups 1 and 9,
groups 3 and 11, and groups 4 and 12.
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Fig. 2. Results of estimation of in vitro phagocytic activity of
per 3oneal macrophage towards HMNC depending on HMINC size
(nm), molecular weight (kDa) of chemically (-ch-) and radiochemi-
cally (-r-) oxidized dextrans conjugated with INAH by arbitrary pa-
rameter of MNHC number captured by phagocytizing macrophages
(pixel?). p<0.05 between groups 5 and 9, groups 1 and 3, and groups
10 and 12; p<0.01 between groups 1 and 2, groups 3 and 4, groups
5 and 6, groups 7 and 8, groups 9 and 10, groups 11 and 12; groups
1 and 9, groups 2 and 10, groups 6 and 10, groups 3 and 11, groups
4 and 12, groups 5 and 7, and groups 6 and 10.

HMNC containing dextrazides prepared from chemi-
cally oxidized dextrans. Lower values of phagocytosis
by macrophages were observed for HMNC containing
dextrazides derived from radiochemically oxidized
dextrans, which can be explained by changes in la-
bility of macrophage plasmalemma contacting with
liposomal membranes of HMNC containing peroxide
substances on their surface, which are formed during

radiochemical exposure. They probably are respon-
sible for lower stability of HMNC and more rapid
dextrazide leakage from them [2,7,8]. The results of
this study suggest that HMNC containing dextrazides
synthesized from chemically oxidized dextran possess
higher tropism to macrophages compared to HMNC
containing dextrazides containing radiochemically oxi-
dized dextrans and can be considered as a promising
intracellular slow-release preparation for the therapy
of tuberculosis.
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