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The structural and magnetic properties of magnetite nanopowder obtained
with polyol synthesis and its cytotoxicity at interaction with the cell culture
are studied in a given work. As shown by x-ray diffraction method, the syn-
thesized powder has spinel structure with the lattice parameter of 0.8393
nm. High dispersion of powder with the particle sizes of 10 nm and rather low
aggregation are revealed in TEM studies. As found, there is 100% preserva-
tion of cell viability during 2 hours incubation for all the studied concentra-
tions of magnetite. A reverse dependence of the cell viability rate on used
concentration of nanoparticles with increasing the exposure time up to 24
hours is revealed; moreover, the decrease in cell viability by 50% is revealed
at the concentration of the particles of 0.6 mg/ml Fe;0.

B pob6ori mocrmimkeHo CTPYKTYpPHI Ta MarHeTHi BJIACTHUBOCTI MarHETUTOBOTO
HAHOMIOPOIIIKY, OJePKAaHOTO IIJIAXOM HOJIiOJbHOI CHHTe3!, a TAKO0MK HOTO0 IH-
TOTOKCHUYHOCTH IIPU B3aEMO/iI 3 KIITUHHOIO KYJIbTypPo0. MeToI010 peHTT'eHOC-
TPYKTYPHOI aHAJIi3W ITOKA3aHO, IO CMHTE30BAHUU ITOPOIIOK MAa€ CTPYKTYPY
mimizesi 3 mapamerpom rpatauii y 0,8393 um. Hocaimxenuam meroxoio IIEM
BUSABJIEHO BUCOKY JAMCIIEPCHICTH MOPOIIKY 3 po3MipoM dacTuHOK y 10 HM Ta
ioro moBoJii cinabke arperyBanHHsa. Buspiaeno 100% KuTTe3maTHICTh KJIITUH
IpH iX ABOTOAMHHIN BUTPUMIIi Y BCiX MOCIiAKEHUX KOHIEHTPAI[iAX MarHeTHu-
Ty. 3HalIeH0 00epHeHY 3a/IeKHiCTh KoedilieHTa JKUTTE3MaTHOCTY KJIiTUH Bifg
BUKOPUCTOBYBAHOI KOHIIEHTpAaIlil HAHOUYACTUHOK IIPU 3POCTaHHI Yacy BUTPU-
MKH 10 24 rOAWH; KPiM TOro, BUSIBJIEHO 3MEHIIIeHHS KUTTE3TaTHOCTH KJIiTHUH
Ha 50% mnpu KoHUeHTpaIii yacTuaok Fe;0, y 0,6 mr/mi.

B paboTe uccienoBaHbl CTPYKTYPHBIE I MATHUTHBIE CBOMCTBA MarHETUTOBOTO
HaHOIIOPOIIKA, IIOJYUYeHHOI'0 IIyTEM IIOJNOJILHOTO CUHTE3a, a TaKKe ero IIUTOo-
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TOKCHUYHOCTh IIPY B3aMMOJEMCTBUU C KJIETOUHON KyJabTypoii. MeTomoM peHT-
TeHOCTPYKTYPHOTO aHa/N3a MOKa3aHO, UYTO CUHTE3UPOBAHHBIIN ITOPOIIOK MMe-
eT CTPYKTYPY IIOUHeNU ¢ mapameTpoM peurétku B 0,8393 um. MccaenoBanuem
meTogom IIOM ycTaHOBJ/IeHA BHICOKAA AUCIEPCHOCTE IOPOIIKA C PA3MEPOM Ya-
cruir B 10 HM ¥ ero moBoJibHO cJiaboe arperupoBamme. O0mapysxema 100%
JKM3HECIIOCOOHOCTD KJIETOK IPU MX JBYXYAaCOBOM BBIJEPKMBAHUU BO BCEX HC-
CcJIeJOBaHHBIX KOHIIEHTpaIlMAX MaruHeruTta. HaiimeHa oOpaTHAs 3aBHCHMOCTD
K09 GUIINUEHTA KU3HECIIOCOOHOCTH KJIETOK OT MCIIOJb3yeMOM KOHIIEHTPAIlUN
HAHOYACTHII IIPY BO3PACTAHUYN BPEMEHU BBLIJEPKMBAHUA IO 24 4acoB; KpoMe
TOT0, OOHAPYKEHO YMEHbIIIeHNe }KU3HEeCIIOCOOHOCTH KJIeToK Ha 50% mpu KoH-
nerTpanuu yactun Fe;0, B 0,6 mr/m.
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1. INTRODUCTION

Currently, one of the top-priority tasks in the field of nanotechnology
is the fabrication of biofunctional nanomaterials for target drug deliv-
ery[1, 2].

To solve such a problem, it is necessary that the powder particles
should have possessed a complex of properties[1, 3].

First, nanoscale materials should have a high dispersivity for pre-
cise control of the targeting ligand density on their surfaces, and
moreover, they should have the size of 5—20 nm providing slight pene-
tration of nanoparticles into the cell to overcome biological barriers
but not too rapid their elimination from tissues.

Second, the surface of nanoparticles should have certain coating to
form a stable complex nanoparticle-drug, which will allow deliver of
therapeutic agent to biotargets by means of the magnetic transport
systems.

In addition, to improve targeted delivery of therapeutic agent by
means of magnetic systems it is necessary that the nanoparticles
should show necessary physical and chemical properties: sufficient
specific magnetization, low coercivity, high dispersion, corrosion re-
sistance, bactericidal action.

The magnetite particles show these properties and polyol method is
used to synthesise nanopowder of magnetite.

However, in spite of the above-mentioned prospects of the polyol
nanotechnology, the obtained relevant materials cause alarm regard-
ing to their biocompatibility and possible adverse effects of the inter-
action with living organisms.

The structural and magnetic properties of nanopowder of magnetite
obtained with polyol synthesis as well as their cytotoxicity at interac-
tion with the cell culture are studied in a given work.
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2. MATERIALS AND METHODS

Powder of magnetite Fe;O, was obtained with polyol-synthesis as de-
scribed in [9]. X-ray studies were carried out using x-ray diffractome-
ter DRON-3.0 in CoK, radiation. Magnetic characteristics of the syn-
thesized powder were measured using a ballistic magnetometer.

Microstructure of powder was studied by means of transmission
electron microscopy (TEM). On the grid-substrate coated with a thin
formvar film, a drop of nanoparticles was applied. After drying, the
samples with nanoparticles were investigated with the electron micro-
scope TOM-125K under an accelerating voltage of 75 kV, equipped
with a system of image analysis SAI-01A (‘SELMI’, Sumy, Ukraine),
including the CCD camera DX-2 and software package of ‘KAPPA’
company, Germany.

The object of this study was the alveolar macrophage (AM) culture
obtained from the lungs of guinea pigs [8]. All manipulations with an-
imals were carried out in accordance with the regulations of the ‘Euro-
pean Convention for the Protection of Vertebrate Animals Used in Ex-
perimental and Other Scientific Purpose’ (Strasbourg, 1985) and were
approved by the Committee on Bioethics IPCiC NAN of the Ukraine
[6]. The cells concentration in culture was 10° for 1 ml. Macrophages
were separated from other alveolar cells by sedimentation on the plas-
tic surface of the dish when placed in an incubator (37°C) in the 5%
CO,.

To determine the content of nanoparticles in cells of the culture,
method of cytochemical staining of iron into blue colour using specific
dye Prussian blue was used [6, 8]. Nanoparticles were added to cell cul-
ture in a concentration range from 0.06 to 1.8 mg/ml. The incubation
time of AM culture with nanoparticles was 2 and 24 hours. After expo-
sure, cells were washed from nanoparticles by medium 199 and fixed
with methanol, for staining they were placed into equal amounts of 2%
solution of Prussian blue and 2% solution of 0.1 n-HCI at the tempera-
ture of 50—-560°C.

To quantify the number of interaction of cells with nanoparticles,
the principle of Astaldi based on identifying variations of specific
staining degrees intensity was used [8]. The investigated cells were di-
vided into three groups: non-coloured, partially coloured and fully col-
oured. To quantify the results, 100 cells in 5 different fields were
counted, differentiating them by the above principle. The experi-
mental results are presented as a percentage (% ) in relation to samples
in which all cells were completely stained.

Cytotoxicity of a nanomaterial was determined using MTT-test [12]
based on the ability of living cells mitochondrial dehydrogenases to
convert soluble 3-(4.5-dimetiltiazol-2-yl)-2.5-diphenyl-2H-tetrazolium
bromide (MTT) to formazan, which crystallizes within viable cells. Af-
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ter incubation of AM with nanoparticles, supernatant was removed, to
the cells in each Petri dish, MTT (0.5 mg / ml) was added and incubated
them for 4 h at 37°C in presence of 5% CQ,; the resulting crystals of
formazan were dissolved by dimethyl sulfoxide (DMSO). Optical densi-
ty was measured at a wavelength of 540 nm using photocolorimeter
CPK-2-UHL-4.2. The experimental results are presented as a percent-
age (%) to control. Cell viability (Cv) was calculated using the formula:
C,=(0OPn/OPk)-100% , where OPn is optical density of cells incubated
with nanoparticles; OPk—average optical density of control cells incu-
bated without nanoparticles. The colour intensity is proportional to
the number of viable cells in suspension.

Investigation of lysosomal function was monitored by neutral red
dye, which can be accumulated in the lysosomes of viable cells. After
exposure of the cells with nanoparticles, to the AM culture, 2 ml of
medium 199 containing 100 ug/ml neural red was added and incubated
for 3 h at 37°C with presence of 5% CO,. Then, the cells were washed
with physiological solution and placed into 1 ml of the solution (1%
acetic acid in 50% ethanol) for 10 minutes to complete cell lysis. Con-
centration of neutral red in cells was photocolorimetrically determined
at a wavelength of 540 nm and presented as a percentage (%) relative
to cells incubated without nanoparticles. The colour intensity is pro-
portional to the number of viable cells in suspension.

Lactate dehydrogenase (LDH) activity determination was carried
out in the extracellular medium by the kinetic method using standard
test set LDH ‘CPF’ Pyruvate [9]. The principle of the method based on
the ability of this enzyme to recover lactate in a pyruvate, transform-
ing the NAD" into HADH/H". LDH activity was measured by spectro-
photometric method on an CF-4 at a wavelength of 343 nm and pre-
sented as a percentage (%) relative to the LDH activity at 100% cells
lysis treated with 0.1% Triton X-100.

Statistical analysis was performed using Student’s t test (T test).

3. RESULTS AND DISCUSSION

As shown by x-ray diffraction method, synthesized powder has spinel
structure with the lattice parameter of 0.8393 nm, which is consistent
with the tabular data for magnetite. The average particle size was de-
termined by the broadening of the diffraction lines using the formula
of Selyakov—Scherrer approach [10], and in our case, this size was = 6
nm. This was in agreement with the analysis of microstructure (Fig. 1,
b). A high degree of dispersion and low enough aggregation ability was
revealed analysing the powder microstructure. The following magnetic
characteristics of the synthesized powder were obtained: the coercivity
H_=70e, the residual magnetization B,=46 G, and the saturation
magnetization 6, = 43 G-cm?/g.
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Fig. 1. Diffraction pattern (a) and microstructure (b) of polyol synthesised
nanoparticles Fe;0,.
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Fig. 2. Effect of incubation duration of 2 or 24 hours and concentration on
uptake of nanoparticles into cells.

Pointed above finding of the nanoparticle dimension, the relatively
low coercivity force, high values of the saturation magnetization and
residual induction and resistance to aggregation are evidences for the
nanopowder to be used in biology and medicine for magnetically con-
trolled transport of drugs|[1, 2, 3].

Allegedly, one of the possible ‘transporters’ of medical nanosystems
are immunocompetent blood cells (leukocytes, monocytes, dendritic
cells) and tissues (Kupffer in the liver, macrophages in the lungs, etc.)
that can interact with nanoparticles and migrate to different sites of
inflammation [11]. Analysis of the nanoparticles interactions (Fig. 2)
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Fig. 3. Effect of incubation duration of 2, 24 hours and concentration of na-
noparticles on cell endocytosis by the dye neutral red (curves 1, 2), MTT test
(curves 3, 4) and LDH leakage into the culture medium (curves 5, 6).

with different concentrations (0.06—1.8 mg/ml in the incubation me-
dium) with the culture AM have found that the ‘full saturation’ of cells
with nanoparticles had detected from the concentration of 0.6 mg/ml
Fe;0, and practically had shown low dependence on incubation time.

According to the literature [13, 14], under the interaction with bio-
logical objects, nanoparticles can cause toxic effects such as oxidative
stress inducing and free radical formation, oxidative DNA damage,
mutagenesis and activation of inflammatory processes.

In our experiments, the cytotoxic effect of the nanopowder was as-
sessed by changes in the following cellular functions: the total activity
of mitochondrial enzymes (MTT test), reduction of endocytosis of the
dye neutral red, and lactate dehydrogenase (LDH) leakage into the cul-
ture medium, indicating damage to the plasma membrane of cells (see
Fig. 3).

As follows from Figure 3, there is complete preservation of the ana-
lysed parameters of cell viability (curves 1, 3, 5) in all range of concen-
trations of magnetite Fe;0, at 2-hour incubation. Whereas with an in-
crease of the exposure time to 24 hours, an inverse relationship of cell
viability level of the value used by the concentration of nanoparticles is
registered (Fig. 3, curves 2, 4, 6). In this case, suppression of 50% of
studied cellular functions (IC;,—suppression of activity of the studied
enzyme to 50%) is observed at the concentration of 0.6 mg/ml of
Fe,0,. Comparing these data with the data presented in Fig. 2, it
should be noted that the output on the plateau of ‘saturation’ of cells
by nanoparticles occurs at a concentration of 0.6 mg/ml Fe;0, (Fig. 2).
These experimental data clearly indicate that about 50% of cells were
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damaged at the full ‘saturation’ AM with magnetite nanoparticles
Fe O, after 24 hours incubation, whereas at lower concentrations of
studied Fe;0, (from 0.06 to 0.15 mg/ml) higher viability of AM (Fig. 3)
was observed.

It is obviously related with the fact that lower nanoparticles’ con-
centration correlates with their lower cells uptake, which is confirmed
by cytochemical analysis [14].

As shown above, the suppression of cellular functions by 50% is ob-
served only in those cells, in which uptake of magnetite Fe;O, was ob-
served (Fig 2, 3).

Our experiments demonstrated (Fig. 3) that mitochondrions are the
most sensitive structural component of cells to the damaging effect of
magnetite Fe;O, nanoparticles, since the tendency for decline in mito-
chondrial dehydrogenases activity with increasing of nanoparticles
concentration is stronger than the decrease in lysosomal function and
increased permeability membrane of the cell. This is probably due to
the fact that the inhibition of mitochondrial respiration is an early
stage of the toxic effect of high nanoparticles concentrations leading
to cell death [9]. It should be noted that the complete preservation of all
investigated cellular functions of AM after two hours exposure with
nanoparticles in the studied concentration range, on one hand, and a
more expressed suppression of mitochondrial function after 24-hours
incubation, on another, is indirect evidence of uptake of nanoparticles
into the cells and their interactions with intracellular components.

Thus, the experimental data presented above allows concluding that
usage of high-dispersed nanoparticles obtained by polyol-synthesis
demonstrates the efficiency of their interaction with cells as well as the
determined range of the concentrations and the time parameters can be
used in the further biomedical researches.

4. CONCLUSIONS

1. Polyol synthesized nanoparticles of magnetite Fe;O, have a high de-
gree of dispersion, small size of about 10 nm and show the relevant lev-
el of magnetic properties (specific saturation magnetization and coer-
civity) suitable for use in biology and medicine for target drug deliv-
ery.

2. Uptake of Fe;O, nanoparticles by AM cells depended on their concen-
tration and did not depend on incubation duration 2 and 24 hours.
Complete ‘saturation’ of the cells by nanoparticles occurred at the con-
centration of 0.6 mg/ml Fe;0,.

3. Cytotoxicity of Fe;O, nanoparticles was observed after 24-hours ex-
posure within the magnetite concentration range from 1.1 mg/ml to
1.8 mg/ml. As shown, the decrease in 50% of cells viability was regis-
tered at the concentration of 0.6 mg/ml in the incubation medium.
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