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BIIJIUB HAHOPO3MIPHUX MATHITOYYTVIIMBUX KOMIIO3UTIB,
1O MICTATD TANOJIHIN-157, HA MOP®O®PYHKIIIOHAJIBHI
BJIACTUBOCTI KJIITUH IN VITRO

Meta poboTu — focniguTM BNANB HETPOHO3aXBaTHWUX areHTiB (MarHiTOKepoBaHUX HAHOKOMMO3MUTIB, WO MiCTATh ra-
BONiHiN-157) Ha MOpdodYHKLIOHaNbHI BNACTUBOCTI KNiTUH.
Marepianu i metogu. Po60Ta BUKOHAHA Ha nepeLenitoBaHii KynbTypi KNiTUH NiHii Loag. JlOCNiAXKYBANUCb HAHOKOM-
MO3WUTW Ha OCHOBi MarHeTuTy, MoAMdiKoBaHOrO YHKLIOHANBHUMK aMiHOTPyNaMu, XiMiYHO 3aKPiNNIeHUMU AieTUNEHT-
puamiHneHTaouToBoto kucnototo i ragoniviem (Fes04/y-ANC/OTNK-Gd) (peareHT 1), Me30-2,3-aMMepKanTOCYKLNHO-
Boto kucnototo (Fes04/QMCK-Gd), sika 3B'A3yeTbCA 3 FiAPOKCUNBHOK FPYNOI0 NOBEPXHi MarHeTUTy (peareHT 2); ra-
BONiHii apcopOyBanu 3 po3unHy cynbdaty rafoniHito. PeareHtom 3 ciyryBana marHiTHa pedoBuHa Fes04 3 oneatom
HaTpito. MopdodyHKLiOHaNbHI XapaKTePUCTUKM KYNbTYPU KNiTUH OLiHIOBANN Y Pi3Hi TEPMiHWM KyNbTUBYBAHHA 3a 3a-
rafbHOMNPUIHATUMU NOKA3HUKAMMW KUTTE3LATHOCTI: NpoNicdepaTuBHa i MiTOTUYHA AKTUBHICTb, KiNbKIiCTb MraHTCbKMUX
GaratosfepHuUX KNiTUH, anonTos.
Pe3ynbTaTv i BACHOBKM. 33 pe3ynbTatamMu eKcrnepuMeHTaNbHOro AOCTiAXKEHHS BCTAaHOBNEHO BUCOKY 6I0CYMicHiCTb O
KNiTUH MarHiTOKEpOBaHMX HAHOKOMMO3MUTIB 3 rafoniHieM, MOLMGIKOBAHUX LieTUNEHTPUAMIHNEHTAOLTOBO KNCNOTO
Ta M€30-2,3-AMMepPKanTOCyKLMHOBOK KUCIOTOW: NPU iHKy6aLii KNiTUH 3 TAKUMKU HENTPOHO3aXBAaTHUMMK areHTaMm He
cnocTepirany NposiBiB TOKCUYHOCTI, OKPiM MAKCUManbHUX KOHLEHTpaLili, BOAHOYAC BigMivann 3MeHIWEHHs afre3uns-
HUX BNACTUBOCTEN KIITUH Ta 3MEHWEHHA TX MITOTUYHOT aKTUBHOCTI Ha TNi KOHTPOJIBHOT WiNbHOCTI nonynauii KnituH.
BusiBneHo, o crabinizoBaHuit oneatom Hatpito hepuT BUKNUKAB AECTPYKTUBHI 3MiHU B KNiTUHAX TiNIbKM 33 KOHLIEHT-
pauii 500 MKr/mn, i NpU3BOAMB [0 3MEHIIEHH: X MITOTUYHOT aKTUBHOCTI y 3—5 pa3iB y BCbOMY [iana3oHi KOHLEHT-
pauiii. lTokasaHo, Wo MarHiToKepoBaHi HAHOKOMNO3UTK HAYKYBAIM ANONTO3 Y KYALTYPi KNiTUH B 3a1€XHOCTI Bif KOH-
LeHTpauii peareHTa.
Knio4oBi cnoBa: HelfTpoHO3axBaTHa Tepanis, MarHiTokepoBaHi HAHOKOMNO3MTH, Nponidepallis, anonTos.

Mpo6nemu padiayiiHoi meduyuru ma padiobionozii. 2014. Bun. 19. C. 419-430.

[«d NMaBpenuyk Tanmna MocumnisHa, e-mail: h120071956@ukr.net

419 ‘&



EKCINMEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2014. Bun. 19.

H. Y. Lavrenchuk!t=d, Y. B. Shevchenko?, A. L. Petranovska®, V. S. Asmolkova?, V. M. Oksamytnyi!',
1. V. Kozlovska'!, O. H. Yavorska'

IState Institution “National Research Center for Radiation Medicine of the National Academy of Medical
Sciences of Ukraine”, Melnykov str., 53, Kyiv, 04050, Ukraine

2Institute of Nuclear Research of Ukraine NAS of Ukraine, Prospect Nauki, 47, Kyiv, 03680, Ukraine
JInstytute of Surface Chemistry. AA Chuiko NAS of Ukraine, str. General Naumov, 17, Kyiv, 03164,
Ukraine

“Palladin Institute of Biochemistry NAS of Ukraine, str. Leontovycha, 9, Kyiv, 01601, Ukraine

Impact of gadolinium-157 containing nanoscale magnetosensitive composites
on morfofunctional properties of cells in vitro

Objective - to investigate the morphofunctional cells properties under the action of magneticallybased nanocom-
posites containing gadolinium-157.

Materials and methods. Experimental studies are performed in cell culture line L929 Nanocomposites based on
magnetite modified by functional amino groups chemically fixed by diethylenetriaminepentaacetic acid (DTPA) and
gadolinium - (Fes04/y-APS/DTPA-Gd) were studied (1), also by meso-2,3-dimercaptosuccinic acid (DMSA) -
(Fe304/DMSA-Gd), which binds to the hydroxyl group of magnetite surface (2); gadolinium was adsorbed from a solu-
tion of gadolinium sulfate. Reagent 3 — magnetic substance Fe;04 with sodium oleate. Morphofunctional character-
istics of cell culture were evaluated in various terms by standard indicators of sustainability: proliferative and mitot-
ic activity and the number of giant multinuclear cells, apoptosis.

Results and conclusions. We established that magnetdriven nanocomposites with gadolinium modified by DTPA
and DMSA, were more biocompatibile to cells: incubation of cells with neutron capture agents (NCA) in the studied
range of concentrations showed no toxicity, except maximum concentration, while decreasing cells adhesive prop-
erties. For all nanocomposites we observed decrease in mitotic activity in the background of the control cell popu-
lation density, which may indicate synchronization of cell division. We found that the stabilized by sodium oleate
ferrite caused destructive changes in cell culture only at concentrations of 500 pg / ml, but reduced mitotic activ-
ity in cell culture in 3-5 times in the whole range of concentrations. It is shown that magnetdriven nanocomposites

induce different levels of apoptosis in cultured cells depending on the concentration of the reactants.
Key words: neutron capture therapy, magnetdriven nanocomposites, proliferation, apoptosis.
Problems of radiation medicine and radiobiology. 2014;19:419-430.

BCTYII

MarHitHi OJHOJZOMEHHI YaCTMHKM, 30KpeMa, HaHOo4ac-
TUHKM MarHeTUTY, IIMPOKO 3aCTOCOBYIOTh B SIKOCTi pEeHT-
TEHOKOHTPACTHUX, COPOLIIAHUX i TPAHCITOPTHUX 3aCO0iB,
a TaKOX JUISI MarHiTHOI rineptepmii. OcobIMBO aKTyalb-
HUMMU € POOOTHU B 00J1aCTi TiarHOCTUKM i Teparlii OHKO3aX-
BoproBaHb. Dikcallig Ta TeMOHYBaHHS HOCIIB JTiKapChKIX
npernapaTiB MarHiTHUM TOJIEM B IiISTHLI MyXJauHU [1—5]
JIa€ MOXKJIMBICTh 3HAYHO 3MEHIIINTH iX 3arajibHy TeparieB-
TUYHY 103y, @ BAKOPUCTAHHSI JIOKAJIbHOI rinepTepMil 103-
BOJISIE TIPOBOIUTHU Tepallil0o OHKO3aXBOPIOBaHb 0e3 3aCTOo-
CyBaHHS XiMIYHMX MperapariB. MarHeTuTr XapakTepu-
3YETHCSI HU3bKOIO TOKCUYHICTIO, BUCOKMM PiBHEM MyTa-
TeHHOI Oe3MeKM, BiACYTHICTIO HEraTMBHUX peakliii op-
raHiamy npy BHYTPilIHbOBEHHUX, BHYTPilIHbOAPTEPiaib-
HUX Ta BHYTPIIlTHbOM’ SI30BMX BBEJIEHHSIX MarHiTOUyT/Iv-
Boro kosoiny [6]. Okpim Toro, Ha OCHOBI HAaHOIMCITEPC-
HOTO MarHeTUTY MOXYTb OyTU CUHTE30BaHi MarHIiTOKEPO-
BaHi KOMITO3UTHi TeparieBTUYHI areHTU 1JIsl HEUTPOHO3aX-

INTRODUCTION

Single-domain magnetic particles, in particular
nanoparticles of magnetite are widely used as an
opaque, sorption and transport vehicles as well
as for magnetic hyperthermia. Particularly rele-
vant is the work in cancer diagnostics and treat-
ment field. Fixing and deposition of drugs carri-
ers by magnetic field in the tumor [1—5] makes
it possible to reduce significantly their overall
therapeutic dose. Usage of local hyperthermia in
cancer therapy allows to avoid chemicals usage.
Magnetite is characterized by low toxicity, high
mutagenic security, lack of adverse reactions
after intravenous, intraarterial and intramuscu-
lar administration of magnetosensitive colloid
[6]. In addition, magnetdriven composite thera-
peutic agents for neutron capture therapy
(NCT) based on nanodispersed magnetite can
be synthesized [7, 8]. The presence of gadolini-

(1) 420
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BatHoi Tepamii (H3T) [7, 8]. IlpucyTHIiCTh ramoJiHii0
("’Gd) B npemnapaTax 103BOJISE MOEIHYBATH HENTPOHO-
3axBaTHy Tepamnito myxjauH i MPT-ngiarHocTuky. Tomy oT-
puMaHHa HeTpoHo3axBaTHUX areHTiB (H3A) — “'Gd-
BMICHMX HAHOKOMIIO3UTIB Ha OCHOBI HAaHOPO3MipHOIO
MAarHeTUTY SIK IEPCIIEKTUBHOTO 3ac00y 1J1s1 KOMOiHOBAaHOL
giarHocTuky B MPT i cenektuBHOrO HakornmueHHs V’Gd
Ha TKAHMHHOMY PiBHi JJIs1 BAKOPUCTAHHS B HEMTPOHO3aX~
BaTHil Tepartii — € BaXJIMBUM i aKTyaTbHUM.

META POBOTU

JocniguTi BIUTMB HEHTPOHO3aXBaTHUX areHTiB (MarHiTo-
KepOBaHMX HAHOKOMITO3UTIB, 1110 MiCTITb ragoiHiii-157)
Ha MopdodyHKITiIOHAIbHI BIACTUBOCTI KJIiTUH.

MATEPIAJIA 1 METOAN JOCJITI2KEHHS
ExcriepuMeHTaIbHI JOC/IMKEHHSI BUKOHAHI Ha KYJIBTYpi
K1iTHH JiiHii Loyg (NCTC-clone 929, Clone of strain L) [9],
gKa MopdooriyHo € didbpodmacromnoniono. Kymsrypa
BUKOPUCTOBYETHCSI B OCHOBHOMY [UISl iMYHOJIOTIYHUX,
panio0ioa0riYHUX, TOKCUKOJIOTIUHUX AOCTiIKeHb. OTXe,
KITUHU Loyg Oy 0OpaHi Wil JOCTiIKEHHS Yepe3 CBOIO
3aTHICTh JO MEPMaHEHTHOTIO MOLTY, 3 METOK CTBOPEHHS
Mozeni TpoJiihepaTUBHOI TKaHWUHU in vitro. KiitmHu
KyJITUBYBaJI B IIOBHOMY IIOXKMBHOMY CEpEIOBUIILII
RPMI-1640, 110 mictuino 4 mmoinb/a L-timoraminy, 10 %
€MOPiOHATIBLHOI CUPOBATKY TeISTH, 40 MKT/MJI TeHTaMIII1 -
HY 3TiIHO 3i CTaHJAapTHUMU METOAaMU pOOOTH 3 KJIITUH-
HuMHU 1raMami [10]. KitiTuHM BUpoOIiyBad MpU MOCTilA-
Hilt Temnepatypi 37 °C Ha NOKPUBHMX CKEJIBLISIX pO3Mipa-
MU (16 x 8) MM, sIKi 3HAXOIMIMCS Ha JHI CKIISTHUX TLIsIILIE-
YOK, 10 KOH(IJIYeHTHOTO cTaHy MoHol1uapy (1—6 1i0).
HocnigxyBanu BIJIUB HAHOKOMIIO3UTIB Ha OCHOBI
MarHeTUuTy, MOAM(iKOBaHOTO (hYHKIIOHAJTbHUMMU aMi-
HOrpynamu, XiMiuHO 3aKpilJ€eHUMU Ai€TUICHTPU-
aminneHTaouToBolo kKuciaoroio (ATIIK) i ragoniniem
(Fe3O4/y-AIIC/ATIIK-Gd) (pearent 1). ¥ peareHta 2
npoBeJieHO MoaurdiKallilo TTOBEPXHi Me30-2,3-1uMepKari-
TocykirHoBow Kuciororo (JIMCK) (Fe;0s/IMCK-Gd),
10 3B’A3YEThCS 3 TiAPOKCHIBLHOIO TPYIIOI0 TTOBEPXHi
MAarHeTUTy; TaloJiHill ancopOyBaiv 3 PO3UUHY CyJbda-
Ty rafoJiiHiio. PeareHToM 3 cilyryBajia MarHiTHa pe4oBU-
Ha Fe;O4 3 onmearom Hartpito. MeTogamMu peHTIeHOCT-
PYKTYPHOTO aHaJi3y, peHTreHiBCbKO1 (DOTOETEKTPOHHOIL
CIIEKTPOCKOIii, eIEKTPOHHOI MiKPOCKOITii KOJIOIIU OXa-
pakTepu30BaHi SIK MOJiAMCIEPCHi, 110 CKJIaIaloThCs 3
YAaCTMHOK po3MipaMu Bif 2 10 22 HM (IIpy MaKCHUMaJlb-
HoMYy BMicTi ¢dpakiii B 7,5 uM). Bci H3A nomaBanu B
KyJbTypajbHe cepeloBuIlie yepe3 24 roj Mmicis mocaaku
KJIiTVH (11100 BOHUW HE BILUIMBAJIN Ha aAre3ito Ta po3riac-
TaHHS KJIITUH Ha CKJISTHIN MiAI0XK11i) B KiIHIEBUX KOHIIE-

um in the drug can allows to combine neutron
capture therapy of tumors and MRI diagnostics.
So getting neutroncapture agents (NCA) —
157Gd-containing nanocomposites based on
nanodimension magnetite is a promising tool for
combined diagnostics by MRI and selective
accumulation of '’Gd at the tissue level for
usage in neutron capture therapy is important
and relevant.

OBJECTIVE

To investigate the morphological and functional
properties of cells under the action of magnetite
containing gadolinium-157.

MATERIALS AND METHODS
Experimental studies are performed in cell culture
line Loy (NCTC-clone 929, Clone of strain L)
being morphologically the fibriblast-like one [9].
This culture is mainly used for immunological,
radiobiological and toxicological studies. So, Lo
cells were selected for study because of the ability to
permanent division to create a model of prolifera-
tive tissue in vitro. Cells culturing was carried out in
a full nutrient medium composition: RPMI-1640,
that contained 4 mmol/l L-glutamine, 10 % —
fetal bovine serum, 40 pug/ml gentamicine accord-
ing to standard methods of work with cell strains
[10]. Cells were grown to confluent monolayer
state at a constant temperature of 37 °C on coat-
ing glass slides size 8 x 16 (mm) placed at the bot-
tom of the glass bottles (1—6 days).
Nanocomposites based on magnetite modified
by functional aminogroups (gamma-amino-
propyltriethoxysilane, y-APS) chemically fixed
by diethylenetriaminepentaacetic acid (DTPA)
and gadolinium (Fe;04/y-APS/DTPA-Gd) were
studied — reagent 1. Reagent 2 held surface mod-
ification by meso-2,3-dimercaptosuccinic acid
(DMSA) (Fe;04/DMSA-Gd), which binds to the
hydroxyl group of magnetite surface; gadolinium
was adsorbed from a solution of gadolinium sulfate.
Reagent 3 — magnetic substance Fe;O4 with sodi-
um oleate. By X-ray analysis, X-ray photoelectron
spectroscopy, electron microscopy of colloids were
described as polidyspersities consisting of particles
ranging in size from 2 to 22 nm (with a maximum
content of fractions ~ 7.5 nm). All NCA were
added to the culture medium 24 h after planting
cells (so they do not affect the adhesion and
spreading cells on a glass substrate) at final concen-
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HTpauiax 0,005; 0,05; 0,5; 5; 50 ta 500 Mmxr/mi. KynsTtu-
BYBAHHS KJIiTUH B mpucyTHocTi H3A 3miiicHIoOBaIM yIi-
ponoBXK 5 1i6. MopdodyHKITiOHAIbHI XapaKTePUCTUKHI
KyJIBTYPH KJIITAH OLIiHIOBAIN Y Pi3Hi TEpMiHU KYJIBETUBY-
BaHHS KJITUH 3a 3araJbHONPUMHITAMU ITOKAa3HUKAMU
KUTTE3MATHOCTI: MmpoJiipepaTuBHA i MIiTOTMYHA aK-
TUBHICTh Ta KiJAbKiCThb TiraHTCbKUX OaraTosiiepHUX
kiituH. [IponidepaTuBHY aKTUBHICTb KJIiTUH OLIiHIOBA-
JI1 3a KiHeTukoro pocty. Ilix onTUYHUM MiKpOCKONOM
“Axioscop” (West Germany) mnpu 36inbmeHHi y 1000
paziB y MexXax CITKU IiIpaxOByBaJlu 3arajibHy KiJIbKiCThb
KJIITUH, KUJIBKICTh MIiTO3iB 1 KiIbKICTh TiIraHTCHKUX Oara-
TossmepHux (2 i Oinplre saep) KITUH. MIiTOTHYHUIA
iHIEKC Ta iHAEKC MOJiKapioLUTiB po3paxoByBalUCs Ha
1000 xiiTuH (%o0). ®oTo oTprMaHi 3a JOIIOMOTOIO LK (-
poBoi kamepu DIGITAL CAMERA for Microscope
ScienceLab DCM320 (USB 2.0), Resolution 3.5
Mpixels. ¥ Tux xe KyJbTypax KJIiTUH, B SKUX JOCTiIXKY-
BaJIM TIpoJripepaTUBHY Ta MITOTUYHY aKTHUBHICTh, BU3-
HavaJu KiJbKiCTh almoNTOTMYHUX KJIHTUH. J1s1 1boro
KJIITMHU, SIKi 3aJIUIIAJIMCh Ha AHI (hJlaKoHa ITicjs Bigdo-
py MOKPMBHOTO CKJa, NPOMHUBaIM 3a0ypepeHuM
(diziosoriunum pozunHoM (3PP), 10 XxB BUTpUMYBaIU y
po3unHi BepceHy mis BiIKpiniaeHHs iX Bim ckia, MoTiM
samimyBanu iioro 3®P i pecycnienoyBaym. 1 M cyc-
neHsii ximitnH ueHTpudyrysanmu y 3PP (1500 o06/xB
npotrsaroM 5 xB). CynepHaTtaHT 3nuBanu. Ilpouexypy
BiZIMUBaHHS ToBTOpIoBanu 3 pas3u. IloTiMm mo ocany y
npoOipKy aodaBaav 1| MJI PO3UMHY MPOIiIil0 Hoaumy
(5 mr PI, 0,1 % uutpary Na ta 0,1 % Triton X-100) ta
iHKyOyBasmm mipotsiroM 1 rom mpu Temmeparypi 4 °C.
AHaJi3 armonTo3y MPOBOAWIN Ha ITPOTOKOBOMY LIUTO(-
moopumetpi FACStar Plus ¢ipmu “Becton Dickinson”
(CILOA) [11].

ExcnepuMeHTalbHiI gaHi oOpOOJIsIA 3arajJbHOIIPUIA-
HATUMHU METOJaMM 3 BUKOPUCTAHHSM t-Kputepito CThb-
JOJIEHTA Ta 3a JOITOMOTOIO ITAKEeTiB IMPUKIATHUX ITPOrpaM
Microsoft Excel Ta Biostat.

IIpu BUKOHaHHI eKcniepuMeHTaIbHUX J0CHiIKeHb Oy-
JIO IpoaHaiizoBaHo 425 npenapariB KyJbTyp KJTiTHH.

PE3VYJIBTATU TA IX OBTOBOPEHHS

s BUBYeHHS e(DeKTiB Y KIIiTMHaX 0e3 BIJINBIB HEMPO-
€HIOKPUHHOI CUCTEMU OPTraHi3My BUKOPUCTATIA MOJETb
KYJIBTYpU TIepelleTUTIOBAaHUX KIIITUH JdiHii Loy. B KOHT-
podi (puc. 1, A) KIiTUHU YTBOPIOBAIMU IIITbHUIA MOHO-
map 3 THITOBUX (hiOpoOIACTOTIOAIOHNX KIIITUH BEpeTe-
HomoJi0HOi abo mosiroHaabHOI (dopmu. BimburicTh
KJIITUH Maju aBa BiapocTkW. [luTomna3mi mux KJIiTUH
npUTaMaHHI CBIiTJIi BaKyoJi Ta MaJIeHbKi IrpaHyau. Anpa
KJIITUH BiTHOCHO BeJIMKi, 3yCTpidyajucs OKpeMi IBOSI-

trations of 0.005, 0.05, 0.5, 5, 50 and 500 pg/ml.
Culturing cells in the presence of NCA was carried
out for 5 days. Morphofunctional characteristics of
cell culture were evaluated in various terms by stan-
dard indicators of sustainability: proliferative and
mitotic activity and the number of giant multinu-
clear cells. Proliferative activity of the cells was
assessed by growth kinetics. Under the optical
microscope “Axioscop” (West Germany) within
the grid with an increase in 1000 the total number
of cells, the number of mitoses and the number of
giant multi (2 or more nuclei) cells were counted.
Mitotic index and the index of polykaryocytes were
calculated on 1000 cells (%o). Photo images were
taken at the DIGITAL CAMERA for Microscope
ScienceLab DCM320 (USB 2.0), Resolution 3.5
Mpixels. The number of apoptotic cells was assayed
in the same cell cultures, which were tested for pro-
liferative and mitotic activity. In this regard the cells
remaining at the bottom of the bottle after selection
of cover glass were washed with buffered saline and
kept for 10 minutes in a Versen solution to detach
them from the glass. Then it wasreplaced with
buffered saline and cells were resuspended. 1 ml of
cell suspension in buffered saline was centrifuged
(1500 RPM for 5 min). The supernatant was
poured. Procedure was repeated 3 times. Then the
sediment was added 1 ml of propidium iodide (PI 5
mg, 0.1% Na citrate and 0,1% Triton X-100) in a
test tube and incubated for 1 h at 4 °C. In the same
cell cultures, which were examined for proliferative
and mitotic activity, we determined the number of
apoptotic cells in ductal cytometer FACStar Plus
(“Becton Dickinson”, USA) [11].

The experimental data was treated with conven-
tional statistical methods using Student t-test and
using software packages Microsoft Excel and
Biostat.

In carrying out experimental studies we have
analyzed 425 cell culture preparations.

RESULTS AND DISCUSSION

The model of inoculated culture cell line Loy was
used to study the effects in cells without affecting
the body's neuroendocrine system. In control (Fig.
1, A) cells formed a dense monolayer of typical
fibroblastlike cells with fusiform or polygonal
shape. Most cells had two processes. The cyto-
plasm of these cells is characterized by light vac-
uoles and small granules. Cells nuclei relatively
large, some dual and hyperchromic cells can be
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JIEPHi, a TAKOX TiMepXpOMHi KJIITUHU. Y MOJIi 30py CITOC-
Tepiraau 2—>5 KJIiTAH Ha cTail moaimy.

JocnigkeHHs! KIHETUKUA POCTY KOHTPOJIbHUX KYJIBTYP
kiaituH (puc. 1, B) mokasaso, 110 A9 HUX XapaKTepHe
30UTbIIEHHST TIpoTihepaTUBHOI aKTUBHOCTI IMPOTSTOM
1—4 ni6 xyneTUBYBaHH ((a3za Jorapu@mMiuyHOro pocTy)
3 MIOCTYITIOBMM BMXOJOM Ha IU1aTo Ha 5—6-Ty 100y (da3a
CTallioOHApHOTO POCTY). Y 1ii TePMiHU LIITBHICTH MOHO-
1apy KJiTMH AOCUTb BHUCOKA. MaKCUMyM MiTOTUYHOIL
aKTHUBHOCTI cIiocTepiraBcst Ha 3-Tio 100y KyJBTUBYBaH-
Hsl. Y TIoJaiblIOMYy MiTOTUYHU iHIEKC 3MEHIIYBaBCs 3a
pPaxXyHOK KOHTaKTHOTO iHTiOyBaHHS MiTO3y Ta KOH(JTye-
HTHOTO CTaHy KYJIbTYpPW KJITUH. [HAEKC TiraHTChbKMX
MOJIiKAPiOLUTIB B KOHTPOJIi cTaHOBUB 8—17 %o.

TakuM YMHOM, aCUHXPOHHA IIepelleIIIoBaHa KYJIbTy-
pa KJiTUH JiHii Loy 3aBASIKM TOCTYIHOCTI, JIETKOCTI Y
KyJIETUBYBaHHI Ta BiATBOPIOBAHOCTI PE3YJbTATiB MOXKE
OyTH aJieKBAaTHOIO MOJEJIIIO JUIS €KCTIEPUMEHTATBHUX
JMOCJIII>KEHb MOKA3HMKIB 1i BMOKMBAHHS Ta KUTTE3MAT-
HOCTI IpH Aii Ha Hel YMHHUKIB Pi3HOI TPUPOIN.

ITpu inKyOalii KJIITUH 3 raaoiHiiBMiCHUM HAaHOKOM-
TMO3UTOM, CHHTE30BAaHUM Ha OCHOBi (hepuTy Ta MO-
nudikoBanum y-AllC ta ITIIK — pearentom 1 He BU-

met. In the sight of watching usually 2—5 cells are
met in a cell division phase.

Control cell cultures growth kinetics study (Fig.
1, B) showed that they are characterized by
increased proliferative activity within 1—4 days of
cultivation (logarithmic growth phase) with a
gradual release of the plateau at 5-6th day (station-
ary growth phase). In these terms cell density in
monolayer is high enough. The maximum of
mitotic activity was observed on the 3rd day of
cultivation. Subsequently, mitotic index decreased
by mitosis contact inhibition and confluent condi-
tion of cell culture. Index of giant polykaryocytes
in control was 8—17%eo.

Thus, asynchronous inoculated culture cell
line Loy due to affordability, ease of cultivation
and reproducible results can be an adequate mo-
del for experimental studies of survival and sus-
tainability under the action of factors of different
nature.

When incubating cells with gadolinium contain-
ing nanocomposites synthesized on the base of fer-
rite and modified y-APS and DTPA — reagent 1 no
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—e——  MitoTnyHuin ingexc / mitotic index

PucyHok 1. Kynbtypa TpaHcdopmoBanux hi6pobnactiB niHii Lozg Ha 5-Ty A06Y KyNbTUBYBaHHA B KOHTpoi (A).
KniTuHu nepesaxHo noniroHanbHoi Ta BepeTeHonofibHoi hopmu. Liutonnasma kniTWH WinbHa, B AeAKUX KNiTUHaX — cnabosakyonizoBaHa. An-
pa KNiTUH OKpPYIN0-0BaNbHi, MAlOTh LLEHTPAIbHE MONIOXKEHHSA 3 YiTKO BUPAXKEHUMU AfepuamMu. Y noni 30py 3HaUHa KiNbKiCTb MITOTUYHUX KNIiTUH,
AKi no3HayeHi 6inumu ctpinkamn. ®apbyBaHHs reMaToKCUNiHOM-e031HOM, 36inbleHHs x1000.

b — KiHeTka nokasHMKiB xuTTe3paTHoOCTI (nponichepaTuBHA, MiTOTMYHA aKTUBHICTb Ta KiNIbKIiCTb FMraHTCbKUX
6araroafepHMX KNiTUH) THTAKTHOT (KOHTPONbHOT) KYyNbTYPU KNITUH NiHiT Lozo.

Figure 1. Control culture of transformed fibroblasts Loz, line on the 5™ day of cultivation (A).

Mostly polygonal and fusiform cells. Dense cells cytoplasm, lightly vacuolated in some. Cells nuclei is rounded-oval, with a central position
and distinct nucleoli. Of A large number of mitotic cells in the view, marked with white arrows. Hematoxylin-eosin coloring, increase x1000.

B - kinetics parameters of cells viability (proliferation, mitotic activity and the number of giant polynuclear
cells) of intact (control) culture cell line Lozg.
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SIBJIGHO CTAaTUCTUYHO JOCTOBIPHMX 3MiH IIiIJIBHOCTI MO-
OyJsIUii KJTUH JiHil Loy (puc. 2, A — E). MopdoJioriuHo
CTPYKTypa KJITUHHOI KYJbTypu Oyja MnoaioHa A0 KOHT-
pOJIIO: BEepEeTEHOIONiOHI Ta TMOJIroHaJbHi KIITUHU 3
LeHTpadbHO poO3MillleHUMU sgapamu. ILluTomnasma
KJITUH Maja CiT4acTy CTPYKTypy. B MiXKIiTMHHOMY
OpOCTOPi i B LIUTOILIA3Mi ASSIKUX KJIITUH MOMITHO 6arato
JIpiOHUX YacTOK, sIKi, MMOBIpHO, € HAaHOYACTMHKAMMU.
MiToTuyHMI1 iHOAEKC MaB TEHEHIIil0 1O 3HMXXKEHHS 3a
koHueHtpaiit 0,05; 0,5 ta 50 MKr/J1 Ta OYB CTATUCTUIHO
IOCTOBIpHO 3HMKEHMI 3a KOHIIEHTpaliit 5 Ta 500 MKT/J1.
3a HaliMeHIII01 KOHIIEHTpallii CIToCTepiraau MmigBUILEeHY Y
1,5 pa3a KiJIbKiCTh MOJIiKapionTiB. 3ycTpiyajach 3HaYHA
KUTBKIiCTb alTONTOTUYHUX KJTITUH.

KynsruByBaHHS KJTITMH B TIPUCYTHOCTI peareHTa 2 (Ta-
JomiHiBMicHui ¢deput, Mogudikosanuit JIMCK) tex
HE BUKJIMKAJIO iCTOTHUX AECTPYKTUBHUX 3MiH B KYJIBTYpi
(puc. 3, A—E). Cnocrepiraay ILIiJIbHUIA PiBHOMipHUMA
MOHOLIAP KJIITUH Ta JOCUTHb OaraTo KJITMH Ha Pi3HUX
cramisx noxiny. Ciig BiAMITUTH, 11O MOJIKapiOLIUTHA Ma-
u 4—6 i GinbIne simep, MpoTh 2—3 — y KOHTPOJIi. 3a BCix
JOCiIXKYBaHUX KOHLIEHTpALiii BiIMITUIM NesKe MiaBU-
LLIEHHS KiJILKOCTI KJIITUH Ha IUIOLII IIperapaTa 3a paxy-
HOK OCJIa0JIEHHSI aAre3MBHUX BJIACTUBOCTEH KJIITHH, 110
Mpu3BeJ0 10 iX HamapyBaHHs. BomHouac iHKyOaiis
xinituH 3 H3A B moszax 0,5 ta 5 MKr/MJI Ipu3Bena 10
OiIBUILIEHHSI KiJIbKOCTI TiraHTChbKMX OaraTosiaepHUX
KJIiTUH, 1110 BUgHO Ha puc. 3, bra I.

IcToTHIII TTOpyIIeHHST B KJIiITUHAX in vitro BUKJIMKaja
MarHiTHa pe4yoBMHa, MoAU(iKOBaHA 0J€aTOM HaTpilo —
pearent 3 (puc. 4, A—E), ocobauBo 3a koHueHTpaii 500
MKr/mia. Tlpu iHKyOauii KJIiTUH 3 peareHTOM 3 CIToC-
TepirayiM nerpajauilo KJIITHHHOTO MOHOIIApY, BiACYyT-
HICTh MiTO3iB Ta MOJiKapioUUTiB. 3a MEHIINX KOHLICHT-
paiiii croctepiranm 3MiHy (OpMU KIITWH: 3’SIBUJINCH
OKPYTIJIi Ta OBaIbHI KJIITUHU, 3MiHUJIOCH SIAEPHO-1IUTOII-
JIa3MaTUYHE CITiBBiIHOILEHHS, 3MEHIIUBCSI 00’€M ILIU-
toruiazmMu. Hapasi ciig BigMiTUTH, 11O 3MEHILEHHS Mi-
TOTUYHOI aKTUBHOCTI y 2—5 pa3iB criocTepirajm 3a KOH-
ueHtpauiit 0,05—50 Mxr/mi. OueBUIHO, 1110 MOIaJaHHSI
HAHOKOMITO3UTY B KJIITUHY iHTiOYBaJIO MO KJIITUH Ta,
MMOBIpHO, iHAYKYBaJIO arnorTo3.

Takum unHOM, aHaIi3 MOPPODYHKITIOHATLHUX XapaK-
TEPUCTUK KIITUH B KYJBTYpi, IKy 00OpaJiu B IKOCTi MO-
JieJli MyXJUHHOTO POCTY, 32 YMOB BILJIMBY MarHiTOKepo-
BaHMX HAHOKOMIIO3UTIB 3 Pi3HOIO CTPYKTYpPOIO (peareH-
™ 1—3) B IIMpOKOMY Jiarna30Hi KOHIIEHTpalliil TOKa3aB,
IO BCi AOCHiIKyBaHi cyOCTaHIIii, TOTparisilouu B
KJIITUHY, 3MIHIOBAJIM TI€BHI XapaKTePUCTUKU KYJIbTYpU
KJIITMH: BUKJIMKaIU iHTepda3Hy Yu penpoayKTUBHY 3a-
rubeb, MpUrHidyBaaud ado migBUILyBaJu MiTOTUUHY aK-

statistically significant changes in proliferative and
mitotic activity in cell culture line L9y were shown
(Fig. 2, A-F). Morphological structure of the cell
culture was similar to control: spindlelike and
polygonal cells with centrally placed nuclei.
Cytoplasm had networklike structure. In the inter-
cellular space and cytoplasm of some cells many
small particles can be noticed, probably nanopar-
ticles. Mitotic index was tended to decrease in
concentrations of 0.05, 0.5 and 50 ug/l and was
significantly decreased at concentrations of 5 and
500 pg/l. Also we observed 1.5 times increase of
polykaryocytes number under the lowest concen-
tration. There were apoptotic cells.

Culturing cells in the presence of reagent 2
(gadolinium containing ferrite modified by
DMSA) also did not cause significant destructive
changes in culture (Fig. 3, A—E). There were a
dense uniform monolayer of cells and a lot of cells
in various stages of division. Note that polykary-
ocytes had 4—6 and more nuclei against 2—3 — in
control. For all investigated concentrations we
noted a slight increase in the number of cells in the
area of observation as a result of decreased adhe-
sive properties of cells. However, cells incubation
with NCA at doses of 0.5 and 5 ug/ml led to an
giant multinuclear cells number increase, as seen
in Fig. 3, B and G.

Much more essential abnormalities in cells in
vitro caused a magnetic substance, modified by
sodium oleate — reagent 3 (Fig. 4, A—F), especial-
ly at a concentration of 500 pug /ml: we observed
cell monolayer degradation, the absence of mitosis
and polykaryocytes. At the lower concentrations
we observed cell shape changes: round and oval
cells appeared, the nuclear-cytoplasmic ratios had
changed: amount of cytoplasm decreased. It
should be noted that the decrease in mitotic acti-
vity in 2—5 times was observed in concentrations of
0.05—50 pg/ml. It is obvious that nanocomposite
in cell inhibits cell division and probably induces
apoptosis.

Thus, analysis of the morphological characteris-
tics of cells in culture chosen as tumor growth
under the influence of magnetdriven nanocom-
posites with different structures (reagents 1—3)
over a wide concentration range showed that all
the investigated substance that reached the cell
more or less change certain characteristics of cell
culture: cause reproductive or interphase cell
death, inhibit or enhance mitotic activity, induce
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PucyHoK 2. MopdodyHKUioHaNbHI XapaKTePUCTUKN KyAbTYPU KNiTUH NiHiT Lg29 Ha 5-Ty ao6y npu iHKy6auii
3 H3A (pearenT 1) B KoHUueHTpauiax 0,05 mkr/mn (A), 0,5 mkr/mn (B), 5 mkr/mn (B) 50 mkr/mn (I) Ta
500 mkr/mn ([).

binumun cTpinkamm no3HayeHi anonToTUYHI KNiTUHY, YOPHUMM — YacTUHKK H3A. PapOyBaHHA reMaToKCUNiH-e031HOM. 36inblweHHs x1000.
3anexHicTb NOKa3sHUKIB XUTTE3AATHOCTI KNiTUH NiHii Lo29 BiA KoHueHTpauii pearenTa 1 (E).

Mpumitka. * — BigMiHHOCTI JOCTOBIpHi y NOPiBHAHHI 3 KOHTpONeM, p < 0,05.

Figure 2. Morphofunctional characteristics of culture cell line Lo29 on the 5" day of incubation with NCA
(reagent 1) at concentrations of 0.05 pg/ml (A), 0.5 pg/ml (B), 5 pg/ml (C) 50 pg/ml (D) and 500 pg/ml (E).
White arrows indicate apoptotic cells, black — the NCA particles. Hematoxylin-eosin coloring. Magnification x1000.

Dependence of indicators of Lg2g cell viability from reagent 1 concentration (F).
Note. * — significant difference vs. control, p<0.05.
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—a—— |Hgekc nonikapiouuTis / index of polykaryocytes
—eo——  MitoTnynunin ingexc / mitotic index

PucyHoK 3. MopdodyHKUiOHaNbHI XapaKTePUCTUKN KYNbTYPU KNiTUH NiHiT Lo2g Ha 5-Ty fo6y npu iHKy6auii
3 H3A (peareHT 2) B KOHueHTpauiax 0,05 mkr/mn (A), 0,5 mkr/mn (B), 5 mkr/mn (B), 50 mkr/mn (T) Ta
500 mkr/mn (B).

binumu cTpinkamm nosHaueHi nonikapioyuT, YOPHMMU — HaLAPYBAHHA KNITUH 3 MEHLLOI0 afire3UBHOI 3faTHicTI0. PapOyBaHHA reMaToKCUNiH-
e031HOM. 36inbleHHs x1000.

3anexHicTb NOKa3sHUKIB XUTTE3AATHOCTI KNiTUH NiHii Lo29 BiA KoHueHTpauii pearenTa 2 (E).

Mpumitka. * — BiAMiHHOCTI JOCTOBIpHi y NOPiBHAHHI 3 KOHTpONeM, p < 0,05.

Figure 3. Morphofunctional characteristic of Lo29 culture cell line on the 5% day of incubation with NCA
(reagent 2) at concentrations of 0.05 pg/ml (A), 0.5 pg/ml (B), 5 pg/ml (C) 50 pg/ml (D) and 500 pg/ml (E).
White arrows mark polykaryocytes, black — layers of cells with less adhesive ability. Hematoxylin-eosin coloring. Magnification x1000.
Concentration dependence of the morphological characteristics of Lo2g cell culture line on the 5% day in the
control (C) and during the incubation with NCA (reagent 2) (F).

Note. * — significant difference vs. control, p<0.05.
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PucyHoK 4. MopdodyHKUioOHaNbHI XapaKTePUCTUKKU KYNbTYPU KNiTUH NiHii Lo29 Ha 5-Ty Aoby npum iHKy6auii 3
peareHToM 3 B KOHUeHTpauiax 0,05 mkr/mn (A), 0,5 mkr/mn (B), 5 mkr/mn (B), 50 mkr/mn (I') Ta 500 mkr/mn ().
binumn cTpinkamm nokasaHo po3milyeHHs cybCTaHUii B KNiTMHAX, YOPHUMM - AnoONTOTUYHI KNiTUHU. PapbyBaHHA reMaToOKCUNiH-€03MHOM.
36inblweHHs x1000.

3anexHicTb NOKa3sHUKIB XUTTE3RATHOCTI KNiTUH NiHii Lo29 Bip KoHUeHTpauii peareHTa 3 (E).

Mpumitka. * — BiAMiHHOCTI JOCTOBIpHi y NOPiBHAHHI 3 KOHTpONeM, p < 0,05.

Figure 4. Morphofunctional characteristic of Lo29 culture cell line on the 5% day during the incubation with the
reagent 3 at concentrations of 0.05 pg/ml (A), 0.5 pg/ml (B), 5 pg/ml (C) 50 pg/ml (D) and 500 pg/ml (E).
White arrow shows a substance in cells, black - apoptotic cells. Hematoxylin-eosin coloring. Magnification x1000.

Concentration dependence of (F) morphological characteristics of Lo2g cell culture lines on the 5t day in the
control (C) and during the incubation with the reagent 3.

Note. * — significant difference vs. control, p<0.05.
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KinbKicTb aHeynnoigHUX KNiTuH, %
Apoptosis, %

0 0,05 0,5
KoHueHTpauig peareHta, Mkr/mn // concentration, pg/mL

5 50 500

I «ouTponb / control peareHT 1/ reagent 1

[ peareHT 2 / reagent 2

I pearenT 3/ reagent 3

PucyHoK 5. Anonto3 y KynbTypi KNiTUH NiHii Lo29 Ha 5-Ty 06y KyNbTMBYBaHHA 3 peareHTamn 1-3 B pisHux

KOHLeHTpaLisax.

Mpumitka. * — BiAMiHHOCTI JOCTOBIpHi y NOPiBHAHHI 3 KOHTpONeM, p < 0,05.

Figure 5. Apoptosis in Lo29g cell culture line on the 5% day of cultivation with reagents 1-3 at various

concentrations.
Note. * — significant difference vs. control, p<0.05.

TUBHICTb, iHIYKYBaJM YTBOPEHHSI aTUIIOBUX KJIITHH,
nocyabroBaan aare3uBHi BAACTUBOCTI KJIITHH.

Bimomo, 1110 anonTo3 BigOyBa€eThCs 3a (hi3ioJOTiYHUX
YMOB, 1I€ — KOHTPOJbOBAHUU MPOILIEC, CHPIMOBAHUMN Ha
MiATPUMaHHS TOMEOCTa3y TKaHWH. AIMOITO3 iHIlliI0EThb-
¢Sl TIPU Jii eKCTpeMaTbHUX (haKTOpPiB, TAKUX 30KpeMa, SIK
ioHi3ylouoia pafialiisl, a TAKOX MiJ BIUIMBOM TaKMX CITO-
JIYK, SIK OKCHUJAHTU Ta padiOMiMETMKM aHTUKaHLIEPO-
re”Hoi aii [12, 13]. ¥ upoMy BUIIagKy poJib arorTo3y y
MiATpUMaHHI TOMeOoCcTa3y TKAaHWH € MEHIII BUPaXXeHOIO,
OJTHAK TIPUMYCKAETHCS, 10 MEePIIOYEPTOBOTO 3HAYEHHS
HaOyBa€ CeJIeKTMBHE BUIAJICHHS KJITWH, BUKMBaHHS
SIKMX 3arpO3JIMBE JJIsI LiJIOTO OpTraHi3My.

B HaykoBiii jgiTepaTypi He BHUSBJIEHO NaHUX IIOJO0
iHAyKIil anonTo3y gociimkyBaHumu H3A. Pesynsratu
eKCIIEpUMEHTAIbHUX OOCIIIKeHb IIOoKa3ajau, IO
MarHiTokepoBaHi HAHOKOMIIO3UTHU, 110 MiCTUJIN HEWT-
pOHO3aXBaTHUM areHT (ragofiHiii-157), iHIyKyBaau
aforiTo3 y KyJbTypi KJITUH (puc. 5) B 3aJIeXKHOCTI Bif
KOHLIEHTpallil peareHTa: MHiIBUILEHHS KOHLEHTpalil
H3A Buxinkano 30iIblIeHHS KiJIbKOCTI allONTOTUYHUX
KJIITAH B KYJIBTYPi KJTITUH Y MOPiBHSHHI 3 KOHTPOJIEM.

Mg peareHta 1 cnocrtepiraid HaiOiIbIIy KidbKiCTb
aloNTOTUYHUX KJITHUH: 3a KOHIeHTpauii 50 MKr/mi
Oinbl, HixK y 2 pa3u MOPIiBHIHO 3 KOHTPOJIEM, MTPOTE 3a
HalBUINOI KOHUEHTpallii peareHTa 1 iX KiJIbKiCTh Pi3KO
3MeHIlyBaiach. [HKyOallisl KJIITUH 3 peareHToM 2 Mpu3-
BeJIa IO TIOCTYITOBOTO ITiABUIIEHHS aronTo3y B 1,2—1.5

the formation of abnormal cells decreasing cells
adhesive properties.

It is known that apoptosis occurs under physio-
logical conditions as a controlled process of main-
taining tissues homeostasis. Apoptosis is triggered
when exposed to extreme factors such as ionizing
radiation and the effects of such compounds as
oxidants, action of anti-cancer radiomimetics [11,
12]. In this case, the role of apoptosis in tissue
homeostasis is less significant, but it is assumed
that its primary importance is selective removal of
cells, survival of which is threatening to the whole
organism.

Information about studied NCA induced apop-
tosis was not found. The results of experimental
studies have shown that magnetodriven nanocom-
posites that contained neutronocaptured agent
(gadolinium-157), more or less induced apoptosis
in cultured cells (Fig. 5), depending on the reagent
concentration: NCA concentration increase
caused an increase in the number of apoptotic cells
compared to control.

We observed the highest number of apoptotic
cells with the reagent 1: under the concentration of
50ug/ml almost 2 times more compared to control;
while at highest concentration — the level of apop-
tosis in culture decreased. Cells incubation at the
presence of reagent 2 caused apoptosis decrease at
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pasa npu 30ibIIeHH]I KOHILIEHTpallii peareHTa. Ciin ok-
peMo 3BEpHYTHU yBary Ha piBeHb alloNTO3y NpU iHKyOa1lii
KJIITUH 3 MarHiTHOIO pedyoBMHOIO (peareHT 3), dKa B
CTPYKTYpi He MaJja TajoJliHilo 4u Oopy: B HAMHMXKYii
KOHLEHTpalii KiJIbKiCTb aloNTOTUYHUX KJITUH He
Bipi3HsIACh Bil KOHTPOJbHUX IMTOKA3HUKIB, ajie 32 KOH-
neHTtpauiit B Mmexax 0,5—500 MKT/MII iX KiIbKIiCTb HinBU-
1lIeHa Y MOPiBHSIHHI 3 KOHTPOJIEM.

BUCHOBKU

1. B excriepuMeHTaTbLHOMY IOCIIIKEHHI MOIM]IKyIO-
YOro BILIMBY MarHiTOKepOBaHUX HAHOKOMIIO3UTIB, 11O
MICTUJIA TagodiHiii-157, y TecT-cucTeMi KyJabTypu KJTi-
TUH JiiHii Loy BCTAHOBJIEHI XapaKTep Ta OCOOJIMBOCTI
3MiHM MOP(POPYHKITIOHATEHUX XapaKTepPUCTUK KITITHH.
2. MarniTokepoBaHi TagoJliHiliiBMiCHi HAHOKOMITO3UTH,
moaudikosani JATIIK ta AMCK, nokaszaiu BHUCOKY
OiocyMicHICTb 10 KJiTUH. I1pu iHKyOallii KJAiTUH 3 TaKu-
mu H3A He crocrepiraay mposiBiB TOKCUYHOCTI, OKPiM
MakKCUMaJbHUX KOHLEHTpallili, BogHOYac Bigmidaau
3MEHIIEHHS aAre3uBHUX BIACTUBOCTEM KJIITUH Ta 3MEH-
ILIEHHS IX MiITOTUYHO1 aKTUBHOCTI Ha TJIi BUCOKOIT LIiJIb-
HOCTI MOITYJsIil KJiTUH.

3. Ilpwu inkyOauii KIiTUH 3 MarHiTHOIO PiIVMHOIO IECT-
PYKTHBHiI 3MiHM B KJIiTMHaX CHOCTepiraad TUIbKM 3a
KoHneHTpauii 500 MKr/miI, IpoTe MiTOTHMYHA aK-
TUBHICTD B KyJIBTYPi KJIITUH 3MEHIITyBajlach y 3—5 pasiB
Yy BCbOMY Jiana30Hi KOHILEHTpAaIlili.

4. i MardiTokepoBaHWX HAHOKOMITO3UTiB MiIBUIILyBa-
JIa aronTo3 y KyJAbTypi KJIITUH B 3aJI€XKHOCTI BiJ KOHILIE-
HTpallil peareHra.

5. HaiiGinpl nepcreKTUBHUM JJIs1 TMOJANIbIINX PO3PO-
0OK Ta TeCTyBaHHSI HAHOKOMITO3UTHUX MpernapaTiB IJist
noTped HeUTPOHO3aXBaTHOI Tepallil € HAHOKOMITO3UT Ha
OCHOBi MarHeTuTy, MOAU(piKOBaHOTO (PYHKIIOHATHLHU-
MU aMiHOTpymnaMu, XiMidHO 3aKpillJIeHUMU Hi€TUJIEHT-
puaminneHTaouroBow kuciaotoro (I TIIK) i ragoniHiem
(Fes04/y-ATIC/ATIIK-Gd) — peareHr 1.
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1.2—1.5 times under the reagent concentration
decrease. We should pay attention to the apoptosis
level in cells that were incubated with a magnetic
substance (reagent 3) with no gadolinium or boron
in structure: at lowest concentration — the number
of apoptotic cells did not differ from control num-
bers, but at concentrations within 0.5—50 pg/ml
apoptotic level was increased compared to control.

CONCLUSIONS

1. The nature and features of cellular morphology
changes under the modifying influence of magnet-
driven nanocomposites, containing gadolinium-
157, were studied in the culture cell line Loy test
system.

2. Magnetically driven nanocomposites with
gadolinium, modified by DTPA and DMSA
showed high biocompatibility to cells: incubation
of cells with such NCA showed no toxicity, except
maximum concentrations, the same time reducing
adhesive properties of cells. All nanocomposites
were shown to decrease mitotic activity compared
to control cell population density.

3. Stabilized by sodium oleate ferrite caused
destructive changes in cell culture only at concen-
trations of 500 pug/ml, but reduced mitotic activity
in cell culture in 3—5 times in the whole range of
concentrations.

4. Magnetdriven nanocomposites induced apopto-
sis in cultured cells, depending on the reagent con-
centration.

5. The nanocomposite based on magnetite modi-
fied by functional amino groups chemically fixed
by diethylenetriaminepentaacetic acid and gadoli-
nium (Fe304/y—APS/DTPA-GA) i.e. the reagent 1
is the most promising substance for perspective
research and development of nanocomposite
preparations for the neutron capture therapy.
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