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PE3IOME

Axkrtyanasnicth. IlporunyxmmHHa akTHBHICTE HaHOKOMIUIEKkciB  (HK),
o0 MiICTATh HAHOYACTWHKHA OpPTOBAaHANATIB piOKICHO3EMEIbHUX METalliB
(GdYEuVO4) Ta xonectepun 6yna 0oBeieHa paHilre. IX 3acTocyBaHHs y CITiB-
BimHOmeHH] — kimiTiHEA | HK — 9:1, Moke BBakaTHCS YMOBHO-TEPANIEBTHIHOIO
n03010. ToMy akTyalbHUM € MOCIiKEHHS MOTEHIIIHHNX pu3nKiB BBy HK
010 GyHKIIOHAIEHO aKTHBHOCTI TEMOMTOETHYHUX KITITHH-TIOTIEPEIHUKIB.
Mera poGoTH — BH3HAYCHHS TOKCHYHOTO BIUTMBY HAHOKOMIUICKCIB Ha
(YHKIIOHATBHY aKTHBHICTh TeMOTIOSTHYHUX KIITHH KiCTKOBOTO MO3Ky (KM).
Marepiann Ta Merogu. JlocmimkeHHs OynM BHKOHaHI Ha KIITHHAX
KM wmmmeit minii CBA/H. Hanokommnekcn Oymn cuHTe30BaHI B [HCTHTYTI
crumHTIIANIRENX MatepianiB HAH Vkpaiam. IakyOamito xmitua KM 3 HK
mpoBomiy y croiBBigHOmeHHs X — 9KM:1HK; 1KM:1HK; 1KM:9HK, micns
OFOTO BW3HAYANW KiTBKICTh amONTOTHYHUX/HEKPOTHYHHX KmiTHH y KM 3a
noromoroto FITC Annexin V Apoptosis Detection Kit I (BD, CIIA) Ha
mpotounomy mmrodiyopumerpi «FACS Calibur»y («BDy», CIIIA). ®ynKIio-
HaJBHY OIIIHKY TeMOIMOETHYHUX KIITHH-TionepenankiB KM mpoBommmm
in vivo IUIIXOM BH3HAYEHHS BMICTY KOJIOHIEYTBOPIOIOYNX OIMHHIL CEIe3iHKH
(KYOc) i KipKOCTI Mi€JIOKaPiOIHTIB y JIETATHHO OIPOMIHEHHUX PEIHITIEHTIB Ha
8-My moOy micnsa BBenmeHHs iM KiniTmH KM, momepemnro inkyboBannx 3 HK.
OO0 iK BIDKUBAHOCTI OTIPOMiHEHHX MUTICH-PEIMITIEHTIB Micis BBeaeHHS iMm KM
3IiHCHIOBAIH TIPOTSTOM 12 1i0.

Pe3yabTaTu Ta ix 00roBopeHHs. BctaHoBIeHO 10303aeKHAN eQeKT iHTi0ImiT
(YHKIIOHATTFHOTO TOTEHIIiATy TEMOIIOSTHYHHX KIITHH-TIonepenHukiB KM mig
BmmmBoM HK. O6po6Oka in vitro xmituH KM yMOBHO-TEpaneBTUYHOIO 03010
HK (9KM:1HK) nepen BBeIeHHSAM OIPOMiHEHIM TBapHHAM X04a 1 BUKJIMKAaJa
mepeOyIoBy MeMOpaH KIITHH Ta CIpHsUIa alONTOTHYHHM IIPOsSBaM, aie He
MPU3BOAMIIA 1O 3HAYYNIMX 3MiH iX KOJOHIE€YyTBOPIOIOUOTO TOTEHIIANy 1 He
3MEHIIIyBaJa KiTbKicTh KiTiTiH KM y cTerHi B onpoMiHEHNX TBapHH Y TIOPiBHAHHI
3 BBegeHHAM KimitThH KM 6e3 06pookxm HK. IlimBumenns xonmenTparii HK
B 51 10 pa3iB 3HAYHO 3HIKYBAJO KOJIOHIEYTBOPIOIOYHIA IOTeHIIad KIIiTHH KM,
BUKIHKaNO rinormrazito KM 1 cyTTeBe 3HIDKCHHS  BWKHBAHOCTI TBapHH-
PELHITi€HTIB, IO CBITIUTH PO MOMKIIMBAN TOKCHYHHUN BIUTUB i€l CTIONYKH IPH
BBEJICHHI Y BUCOKHMX KOHIICHTPAITisX.
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BucnoBku. Toxcnuna gist HK BUSIBISIETBCS TUTBKM TIPU 3aCTOCYBaHHI MEBHUX
iX KOHIEHTpAliif, SKi 3HaYHO IIEPEBHUILYIOTH YMOBHO-TEpPANEBTUYHY 03Y,
BH3HA4YEHY paHillle MpH JIIKYBaHHI eKCIIepIMEHTaIbHUX OHKO3aXBOPIOBaHHb.

ABSTRACT

Background. Previously, the antitumor activity of nanocomplexes (NCs)
containing nanoparticles of rare earth metal orthovanadates GAYEuVO4 and
cholesterol has been approved when applied in 9:1 ratio (the cells-to-NCs),
which can be considered as a conditionally therapeutic dose. Therefore,
studying the potential risks of NCs exposure in terms of functional activity
of hematopoietic progenitor cells is relevant.

Purpose — determining a toxic effect of NCs on functional activity of
hematopoietic cells of bone marrow (BM).

Materials and Methods. The study was performed in BM cells of CBA/H
mice. Nanocomplexes were synthesized at Institute for Scintillation Materials
of the National Academy of Sciences of Ukraine. BM cells with NCs were
incubated in the ratios as follows: 9BM:INCs; 1BM:INCs; 1BM:9NCs,
followed by assessing the number of apoptotic/necrotic cells in BM using FITC
Annexin V Apoptosis Detection Kit I (BD, USA) by means of “FACS Calibur”
flow cytometer (“BD”, USA). Hematopoietic progenitor cells of BM were
functionally evaluated in vivo by determining the content of colony-forming
units of the spleen (CFUs) and the number of myelokaryocytes in lethally
irradiated recipients on day 8 after administering BM cells, pre-incubated
with NCs. Survival of irradiated recipient mice after BM administration was
recorded 12 days long.

Results and discussion. The dose-dependent effect of functional potential in-
hibition for BM hematopoietic progenitor cells under NCs influence has been
established. Although, in vitro processing the BM cells with a conditionally
therapeutic dose of NCs (9BM:1NCs) before administration to irradiated animal
caused remodeling of cell membranes and contributed to apoptotic manifes-
tations, but it did not lead to strong changes in their colony-forming potential
and did not reduce the number of BM cells in animals if compared with the
introduced BM cells without NCs treatment. Increasing the NCs concentration
five- and tenfold significantly reduced the colony-forming potential of BM
cells, caused BM hypoplasia and a crucial reduction in the survival of recipient
animals, indicating possible toxic effects of this compound when administered
at high concentrations.

Conclusions. The toxic effect of NCs is detected only when certain concen-
trations, significantly exceeding the conditionally therapeutic dose previously
determined when treating the experimental oncology diseases, are used.
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BCTYII

TapretHa Teparist OHKO3aXBOPIOBAHb i3 3aCTOCYBAaHHSIM
PI3HOMAaHITHUX HaHOMAarepialiB € OJHUM i3 Cy4YacHHX
3ac00iB KOMIUIEKCHOT Teparii 3705 KICHUX HOBOYTBOPEHb.
CucreMHe 3aCTOCYBaHHs JIKAPCHKHUX IMPOTUIYXJIMHHHX
3ac00iB MOXKE CYITPOBOKYBATHCh BUHHUKHEHHSIM PI3HUX
32 MPOSBOM 1 CTYNEHEM TSDKKOCTI TOOIYHMX peakiii
BiTHOCHO IHIIMX KIIITHH 1 TKAaHWH. TOMY OJHI€IO 3 BHMOT
JI0 TaKWX TepareBTUYHUX 3aco0iB € ONTHMallbHE CIIiB-
BIJJHOILICHHS MK IXHBOIO MPOTHITYXJIMHHOIO e(eKTHB-
HICTIO Ta BIJICYTHICTIO TOKCHYHOTO BIUIMBY Ha HOPMaJbHI
KJIITHHY Ta TKAaHWHH.

B excnepuMmeHTanbHUX YMOBax in Vvivo Ha MOJENi
aneHokapiuHomu Eprnixa (AKE) panime nHamm Oyna
00OIpyHTOBaHa MOMKJIMBICTh BUKOPUCTAHHS HAHOKOMILIEK-
ciB (HK), mo mictsate Hanouactuaku (HY) oproBananaris
pinkicnozemenbuux Metanie  (GdYEuVO,) Ta xome-
CTEpHH, I 1eHTU(IKaLil 1 TPUTHIYEHHS POCTY PaKOBHX
kimitue [1, 2]. Yac imkyOamii 3 roguuHu OyB paHiIie
BU3HAUEGHUM K onTUManbHUN Juist npoHukHeHHs HK y
ITyXJIMHHI KIITHHY, IO OYJI0 MiATBEP/XKEHO 3a JOTIOMOTOI0
KoH(okanpHOi Mikpockomnii [3]. Byno BcraHoBieHo, mo
yCIlilllHA peattizalis MpoTUHyXiauHHOT 3maTHOocTi HK
nependadae nopymeHHs QYHKIIT MITOXOH/PIH 13 MoAaIb-
LIOI0 IHAYKINEIO aroNTOTHYHUX 1 HEKPOTUYHHMX 3MiH
TpaHcopmoBanux kimituH [3]. Ile 3abesmeuyBano 70%
inrioinito pocty AKE B ymoBax in vivo [2, 3], mo no3Bossie
posmisaaty criBBinHomeHHs — kmithHu @ HK (9:1) sk
YMOBHO-TEpaneBTH4Hy Jn03y. OmHak Ipu LbOMY HeE
BUKJIIOYEHA MOJIMBICTH HerarmBHoro BmmBy HK Ha
(YHKIIIF0 HOPMAJILHUX KIIITHH OpraHi3My.

Bimomo, 110 OMHUM i3 MeXaHI3MIB peaizaiii MpoTH-
nyxauaHoro edekry HK wmoxe Oytu  QopmyBanHs
aKTHBHUX (OpM KHCHIO i3 TIOJAJIBIIUM HOPYIIEHHSIM
cucremu pemapanii JJHK [4]. 3okpema Bigomo, mio
KOMIUIEKCH METaJliB 3[aTHi JisATH SK IITY4YHI HyKJIea3u
i poswermtoBatn JIHK akTnBHO nporidepyrounx KiiTHH,
o0 TMepemkomkae ix perutikaii [S5]. 3 ommsay Ha 1ie
aKTyaJbHUM € BU3HAYECHHS CTYTICHS YIIKO/DKSHHSI HAHOLTb 1T
AKTHBHO MPOJTI(EepYIOUNX KIITHH 3JOPOBOTO OPraHi3My,
a caMme KJIITHUH KicTkoBoro Mo3ky (KM), no mymy skux
BIJTHOCSITBCSI TEMOIIOETHYHI KIIITHHU-TIONIEPETHUKH, SIKI €
KIIIOYOBUMH  KIIITHHAMH IMYyHOIOE3y, 1 3/iHCHIOIOTH
KOHTPOJb Ta MiATPUMKY HPOTHUITYXJIUHHOT aKTHBHOCTI
opranismy. Tomy 30epexeHHs (DYHKIIOHAIBHOTO CTaHy
kiiTuH-nonepenHukiB. KM OHKOXBOpHX micis 3acTocy-
BanHs HK e omniero i3 ymoB ycmimHoi peamizamii ix
MIPOTUITYXJIMHHOT JIii.

ExcriepuMeHTaNbHI 10 CITIIPKEHHS 010 BIUTUBY CIIOIYK
BaHaJit0 Ha (YHKIIOHAJIbHY aKTHBHICTh Mi€JIOKapiOIMTIB
JOCUTH HewHciaeHHI 1 cynepewnuBi. Tak, Gonzalez-
Villalva A. Ta cmiBaBT. BCTQHOBHWJIM 30UIbIICHHS DPIBHS
TPOMOOIIMTIB y KPOBi, METaKapioNUTIB y cene3inii Ta KM
TiCJIs BMUXaHHS BaHaiio [6]. JloBeneHo, o0 OpToBaHaIaT
HaTpilo0 € MOTY)KHUM PaioNpOTEKTOPOM, SIKMH 3amodirae
YPaKEHHIO CHCTEMU KPOBOTBOPEHHS y MHMIIEH Micisl iX

of the National Academy of Sciences of Ukraine, MD,
Professor, A.M. Goltsev).

INTRODUCTION

Targeted therapy of cancer using various nanomaterials
is one of the modern means of combined therapy of
malignant neoplasms. Systemic administration of anti-
cancer drugs may be accompanied by different manifes-
tations and severity of adverse responses to other cells
and tissues. Therefore, one of the requirements for such
therapeutic agents is the optimal ratio between their
antitumor efficiency and absence of toxic effects on normal
cells and tissues.

In experimental in vivo models of Ehrlich carcinoma
(EC), we have previously substantiated the possibility of
using nanocomplexes (NCs) containing nanoparticles (NPs)
of rare earth metal orthovanadates (GdYEuVO,) and
cholesterol to identify and inhibit the cancer cell growth.
The incubation time of 3 hours was previously determined
as optimal for the penetration of NCs into tumor cells,
evidenced by confocal microscopy [3]. It was found that
the successful implementation of the antitumor ability of
NCs involved mitochondrial dysfunction with subsequent
induction of apoptotic and necrotic changes in transformed
cells [3]. This provided 70% inhibition of EC growth
in vivo [2, 3], which enabled assuming the 9:1 ratio
(the cells-to-NCs) as a conditionally therapeutic dose.
However, the possibility of a negative effect of NCs
on the function of normal cells is not excluded.

It is known that one of the mechanisms of implemen-
tation of the NCs antitumor effect may be the formation
of reactive oxygen species with subsequent disruption
of the DNA repair [4]. In particular, metal complexes
are known to be able to act as artificial nucleases and break
down the DNA of actively proliferating cells, preventing
their replication [5]. In view of this, it is important to
determine the degree of damage to the most actively
proliferating cells of a healthy body, namely bone marrow
(BM) cells, the pool of which comprises the hematopoietic
progenitor cells, which are key immunopoiesis cells,
controlling and maintaining an antitumor activity.
Therefore, the preservation of the functional state of
BM progenitor cells in cancer patients after the use of
NCs is one of the conditions for successful implementation
of their antitumor effect.

Experimental studies on the effect of vanadium
compounds on the functional activity of myelokaryocytes
are quite few and contradictory. Thus, Gonzalez-
Villalva A. et al. found a rise in the level of platelets
in blood, megakaryocytes in the spleen and BM after
inhalation of vanadium [6]. Sodium orthovanadate has
been shown to be a potent radioprotector, preventing
the damage to the hematopoietic system in mice after
irradiation [7]. In contrast, Altamirano-Lozano M. et al. [8]
report that vanadium pentoxide can cause DNA damage
in various organs and tissues, in particular in BM cells.
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orpominenHst [7]. HaBmakm, Altamirano-Lozano M. Ta
CrmiBaBT. [8] MOBIIOMIISIOTH, IO TEHTAOKCHJ BaHAIIO
31areH BUKIMKaTH omkopkeHHs JIHK y pisHux opranax i
TKaHWHAaX, 30Kkpema y kimituaax KM.

MeTta podOTH — BH3HAYEHHS TOKCHYHOTO BILUIUBY
HaHOKOMIUIEKCIB Ha (DyHKIIOHAJIbHY AaKTHUBHICTb TI'€MO-
MOETHYHHX KIITHH KiCTKOBOTO MO3KY.

MATEPIAJIM TA METOAU JOCIIAXKEHHSA

Hocnimkenns Oymu nposeneHi Ha mumax Jinii CBA/H
Macorwo 20-22 1, BikOM 8 MiCsAIliB, IO YTPUMYBAIUCH Y
cranmaptHux ymosax BiBapito IIIKiK HAH Vkpainu.
VYei MaHInynAmii 3 TBApUHAME TPOBOIMIIMCS BiJIIIOBITHO
JI0 periaMeHTy, 3aTBepikeHoMy Komiterom 3 0ioeTHKH
IMIKiK HAH VYkpainu, sixkuii OyB po3poOieHuil Bimmo-
BifHO a0 3akoHy VYkpaiuu «IIpo 3axuct TBapuH BiX
JKOPCTOKOTO NoBo/KeHHs» (3447-1V Bix 21.02.2006 p.)
1 Y3rOJDKY€EThCS 3 TIOJIOKEHHSIMHU «EBPOIEHChKOi KOHBEH-
i PO 3aXHUCT XpeOETHUX TBAPHUH, 1[0 BAKOPHCTOBYIOTHCS
JUISl eKCTIEPUMEHTAIIBHUX Ta IHIIMX HAayKOBHX IICi»
(Ctpacoypr, 1986).
OTpuMaHHA cycneH3ii KicTKOBOro MO3Ky

KicTkoBHiA MO30K BUMHBAIIH 13 CTETHOBUX KICTOK CEPEIIO-
pumieMm 199 i3 nomaBanasM 10% eMOpiOHATBHOI TENSTYOT
cupoBarku («Biowest», ®panuis) i 3% nurpary Harpiro
(«WeifangEnsign», Kuraii) (poboue cepenosuiie). CycrneH-
3110 kiiTiH KM oTpruMyBaii IUISIXOM MPOITyCKaHHS yepe3
ronku pizHoro nmiamerpa (0,9-0,4 MM) Ta KanmpoHOBHH
¢inerp. KinpkicTh KIITHH Yy cycreH3il mipaxoByBalH
B Kamepi [opsieBa.
OTpuMaHHSI HAHOKOMILIEKCIB

HanokoMmruiekcu Oynu CHHTE30BaHI B [HCTUTYTI CIIMH-
Twisnidaux marepianie HAH VYkpaiam (Xapkis) [9].
HaHokoMIulekcH € BOIHOIO JIUCIIEPCIEI0  XOJECTEPUHY
(0,55 /1) («Acrosorganicsy, Belgium) 3 BUKOpUCTaHHSAM
B SKOCTI pedoBHHH-cTaOinmizaropa HY oproBananariB
pinkicnozemenbHux Metanis (GAdYEuVO),) y konuenTpanii
1,30 r/n [9]. Heratupno 3apsmkeni HU crabinizyrors HK 3a
PpaxyHOK JioKasi3auii o nepudepii 4aCTHHOK X0JIECTEPUHY
BHaciIok Ban-nep-BaanscoBux Ta riapodoOHUX B3aEMO-
niit. Posmipu curtezoBannx HK He nepeuriyots 100 HM.

[uky6ariro xiitne KM 3 HK nmpoBonuiu B cuiTiKoHi-
30BaHKMX Mpobipkax y kouueHtpamii KM 2x107 win/mi
y piznux cniBinHomeHHsax 3 HK (9KM:1HK; 1KM:1HK;
1IKM:9HK) mnpu kimMHaTHiii Temmeparypi IpOTSTOM
TpboxX rofauH. [licns iHKkyOauii KIiTHHE Oynu OIHOPa30BO
BIJIMHTI 3a JIOIIOMOTOIO IIEHTpU(YTyBaHHS 13 Qizionoriu-
HuM po3unHOM (AT «Tlammucdapm», YkpaiHa) mpotsirom
10 xBunuH npu 300g .

KiabkicTh anmonToTHYHMX | HEKPOTHYHMX KJIITHH
y KM micas ix inky6anii 3 HK Bu3Havanm 3a gomoMororo
nabopy FITC Annexin V Apoptosis Detection Kit I
(BD, CHIA, Cat. 556547) Ha mpoTOYHOMY IUTO(IYOPH-
Mmetpi «FACS Calibur» («Becton Dickinsony) BiamnoBigHo
JI0 MpoToKoNy (ipMu-BUpOoOHWKA. Bu3Hayamu BiICOTOK
*uBUX KIITHH (AnnexinV7/PI"), kiiTuH y craHi paHHBO-
ro amomntody (AnnexinV*/PI), mi3HpOro amonTosy
(AnnexinV*/PI") i Hekpo3y (AnnexinV~/PI*).

OnpomiHeHHs1 MUIIel 3IIMCHIOBaIM Ha yCTaHOBII
«PYM-17» («Mocpentren», Pocis) B 1031 8 I'p y Y «luc-

Purpose — determining a toxic effect of NCs on
functional activity of hematopoietic cells of bone marrow.

MATERIALS AND METHODS OF RESEARCH

The study involved the CBA/H mice weighing
20-22 g, aged 8 months, kept under standard vivarium
conditions at the [IPC&C of NAS of Ukraine. All manipu-
lations with animals were performed in accordance with
the regulations approved by the Committee in Bioethics
of the IPC&C of NAS of Ukraine, developed following
the Law of Ukraine “On Protection of Animals Against
Cruelty” (3447-1V of 21.02.2006), consistent with the
provisions of the “European Convention on the Protection
of Vertebrates Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986).

Obtaining a suspension of bone marrow

The bone marrow was washed from a thigh with medium
199 adding 10% fetal bovine serum (Biowest, France)
and 3% sodium citrate (WeifangEnsign, China) (handling
medium). A suspension of BM cells was obtained by
passing through needles of various diameters (0.9-0.4 mm)
and a nylon filter. The number of cells in the suspension
was counted in Goryaev’s chamber.

Obtaining nanocomplexes

Nanocomplexes (NCs) were synthesized at Institute for
Scintillation Materials of the NAS of Ukraine (Kharkiv) [9].
Nanocomplexes represent an aqueous dispersion of
cholesterol (0.55 g/1) (“Acrosorganics”, Belgium) using
as a stabilizer of NPs of orthovanadate rare earth metals
GdYEuVO, at a concentration of 1.30 g/l [9]. Negatively
charged NPs stabilize NCs owing to the localization of
cholesterol particles on the periphery due to Van der Waals
forces and hydrophobic interactions. The dimensions of
the synthesized NCs do not exceed 100 nm.

BM cells were incubated with NCs in siliconized tubes
at a concentration of BM 2x107 cells/ml in various ratios
with NCs (9BM:INCs; 1BM:INCs; 1BM:9NCs) at room
temperature for 3 hours. After incubation, the cells were
washed with saline (JSC “Halychpharm”, Ukraine) once
by centrifugation for 10 minutes, 300 g.

The number of apoptotic and necrotic cells in BM
after incubation with NCs was determined using
Annexin V FITC Apoptosis Detection Kit I (BD, USA,
Cat. 556547) with “FACS Calibur” flow cytometer
(“Becton Dickinson™) according to the manufacturer
protocol. The percentage of living cells (Annexin V~PI),
cells in early apoptosis (Annexin V*/PI'), Ilate
apoptosis (Annexin V*/PI") and necrosis (Annexin V/PI")
was determined.

Mice were irradiated using “RUM-17" device
(“Mosrentgen”, Russia) at a dose of 8 Gy at SO “Grigoriev

OpuriHanbHI JOCTiHKCHHS

Original research



VYkpalHCbKH pagionoriyHuid Ta oHKomorigHu )xypHai. 2021. T. 29. Ne 2. C. 9-21
Ukrainian journal of radiology and oncology. 2021;29(2):9-21

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

TUTYT MeIU4HOi papiosorii ta onkosorii im. C.II. I'pu-
rop’eBa HAMH Vkpainu». YMOBH ONpOMIHEHHS: IMO-
TYXHICTB 103U — 38,6 P/xB, Hanpyra Ha Tpy61i — 220 kB,
cuna ctpymy — 10 MA, ¢inetpu — 1 mm Cu + 1mm Al
(dokycHo-op3anbHa Bigctanb — 50 cm. TBapuH ompo-
MIHIOBAIM B KOpOOILi 3 Oprckia 3 iHIUBIIyaJTbHUMU
koMipkamu. Yepe3 1 rox micis OMPOMIHEHHS MHUIIIAM
(rpyma 1 — 5) y xBocTtoBy BeHy BBOAMIM KiiTHHH KM B
1031 1x10° ki1 / munry B 0,2 M1 i310J0TIHHOTO PO3YHHY.

JocnimkeHHs: Oyno MpOBEAEHO JIBOMA CEpisiMU EKCIe-
PUMEHTIB i3 BUKOPHCTaHHSIM 6 €KCIIEpUMEHTAJIBHUX TPYII
110 6 OIIPOMIHEHUX TBAPHH Y KOXKHIH.
ExcnepuMeHTaNBHI rpynu:

I'pyma 1 — BBemeHHA cycrneH3ii CBIXKOI30JIbOBaHUX
kit KM (Kontpons 1)

I'pyma 2 — BBemenHs cycnensii kiaitun KM micns
iHKyOaIlii MPOTATOM TPHOX TOAMH Y pOOOYOMY CEpPEIOBHIII

(Kontpoms 2)

I'pynma 3 — BBemenns 900 Mkn cycreHsii KITHH
KM + 100 mxn HK (9KM:1HK)

I'pynma 4 — BBemenns 500 Mkn cycreHsii KITHH
KM + 500 mxn HK (1KM:1HK)

I'pynma 5 — BBemenns 100 Mkn cycreHsii KITHH
KM + 900 mxn HK (1KM:9HK)

Ipynma 6 — ompoMiHeHi TBapuHHM 0e€3 BBEICHHS

Oynb-yoro (KoHTposb onpoMiHEHHs).

Busznavyenns kinbkocti kiaitun KM B onpomineHnx
Muier npooauin Ha 8-my no6y (I'pyna 1, n=5; I'pyna 2,
n=5; I'pyna 3, n=5; I'pyna 4, n=4; ['pyna 5, n=3). Y mumei
BWJTy4YaJId CTETHOBI KiCTKH, BUMHBaNU 3 HUX KM B 1 M
pobouoro cepenoBuUINaA i MiAPAXOBYBaJIH KUIBKICTh KIIITHH
y Kamepi [opsieBa Ta nepepaxoByBaiiH iX BMICT Y CTETHi.

Ouinka GpyHKIIOHATBHOIO CTATYCY FeMONOeTUYHHUX
kiaiTun-nonepennukie KM micns ix monepeanboi o6-
pobku in vitro piznuMu koHueHTpauismu HK Oyna npose-
nena in vivo 3a meronoM J.E. Till u E.A. McCulloch [10]
LIJISIXOM BU3HAUEHHS BMICTY KOJIOHI€y TBOPIOIOYHX OIMHHIIB
cenezinku (KYOc) y neranbHO ONMPOMIHEHHX TBapHH
Ha 8-My noOy micist BBenenHst kiitnH KM (rpyma 1-5).
VY rpymi 6 (n=4) Bu3HaueHHsS KUTBKOCTI KmitThH KM Ta
KVYOc 3niiicHroBanu Ha 5-Ty 100y Micisl OIPOMiHEHHS.

Kpim nworo, mpotsrom 12 ni6 micns BBemeHHs KM
3IMCHIOBAIM OOJIIK KUTBKOCT] TBAPHH, IO BHDKHIIH.

CrarncrtuyHa o0podka JaHMX MPOBOAUIIACS 3 BHKO-
pPHCTaHHSM eNeKTpOHHMX Tadnuip Microsoft Excel 2010
inporpamu Statistica 10.0 («StatSofty, CIIIA). ITopiBHsIHHS
JIEKUTBKOX HE3aJIe)KHUX BHOIPOK MPOBOAMIIOCS METOIOM
Kpackena—Yosurica. BigMiHHOCTI BBayKaJld JOCTOBIPHUMH
npu p <0,05. TlonmapHe MOpiBHSAHHS TPYN 3AiHCHIOBAIHN 3
BUKOPUCTaHHSM HENapaMeTpUYHOro Tecty MaHHa—YiTHi,
3 BunpasieHHsIM bordeppoHi.

PE3YJBTATH TA iX OBTOBOPEHHS

3 METO 3’SCyBaHHS MOXKJIHBOTO TOKCHYHOTO BILTHUBY
HK wHa cTpykTypHO-QYHKIIOHATBHY TOBHOI[IHHICTh
kiitTiH KM Oynmu BH3HAYEHI TOKA3HUKU JKUTTE3ATHOCTI
MIEJIOKapiONMUTIB Ta THI TXHBOI 3arubeni 3a yMOB OJIHO-
YacHOTO 3a0apBIIIOBaHHS aHEKCHMHOM-V (An) 1 mpomiaii
rogumom (PI). Ile € BayKJIMBUM MOKA3HUKOM MPH aTeCTAIlii

Institute for Medical Radiology and Oncology of the
National Academy of Medical Sciences of Ukraine”.
Irradiation conditions were as follows: 38.6 R/min dose rate,
220 kV tube voltage, 10 mA current, I mm Cu+ 1 mm Al
filters, 50 cm focal length. The animals were irradiated
in an acrylic box with individual cells. One hour after
irradiation, the mice (groups 1-5) were injected into the
tail vein with BM cells at a dose of 1 x 103 cells/mouse
in 0.2 ml saline.

The study was performed in two series of experiments
with 6 experimental groups of 6 irradiated animals in each.

Experimental groups were as follows:

Group 1 — introduction of a suspension of freshly
isolated BM cells (Control 1)

Group 2 — introduction of a suspension of BM cells after
incubation for 3 hours in a handling medium (Control 2)

Group 3 — introduction of 900 pl of a suspension of
BM cells + 100 pul NCs (9BM: 1NCs)

Group 4 — introduction of 500 pl of a suspension of
BM cells + 500 pl of NCs (1BM: 1NCs)

Group 5 — introduction of 100 ul of a suspension of
BM cells + 900 pl of NCs (1BM: 9NCs)

Group 6 - irradiated animals without anything
(Irradiation control).

The number of BM cells in irradiated mice was
examined on day 8 (Group 1, n = 5; Group 2, n = 5;
Group 3, n =5; Group 4, n = 4; Group 5, n = 3). In mice,
the thigh was removed, BM was washed from them
in 1 ml of handling medium and the number of cells
in Goryaev’s chamber was counted and their content in
a thigh was counted.

The functional status of hematopoietic progenitor
cells of BM after their pre-treatment in vitro with various
concentrations of NCs was evaluated in vivo with J.E. Till
and E.A. McCulloch method [10] by determining the
content of colony-forming units of the spleen (CFUs)
in lethally irradiated animals on day 8 after administration
of BM cells (groups 1-5). In Group 6 (n = 4), the
number of BM and CFU cells was determined on day 5
after irradiation.

In addition, for 12 days after the BM introduction the
number of survived animals was counted.

Data were statistically processed using Microsoft
Excel 2010 spreadsheets and Statistics 10.0 (“StatSoft”,
USA). Several independent samples were compared by
the Kruskal-Wallis test. Differences were considered
significant at p <0.05. The groups were pairwise com-
pared using the nonparametric Mann—Whitney test, with
Bonferroni correction.

RESULTS AND DISCUSSION

In order to determine the possible toxic effect of NCs on
structural and functional integrity of BM cells, the indices
of myelokaryocyte viability and type of their death during
simultaneous staining with Annexin-V (An) and propidium
iodide (PI) were determined. This is an important index in
attesting the functional activity of BM cells after treatment
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¢yHkiionansHOi akTHBHOCTI KiliTHH KM micnst oOpoOxu
ix HK, ockinbkn Bizomo, 1o pizHi ¢popmu 3arubeni Kiii-
THH, a came, HeKpo3 abo aronTo3, IHAYKYIOTh Pi3HI THIIN
IMyHHOT BIANOBIZI OpraHizMy, 0 MOXe OOYMOBIIOBATH
pi3Hy eeKTHBHICTh NPOTHITYXJIMHHOTO 3axucTy [11].

Ilepmr 3a Bce, BCTAHOBJICHO, IIO y CBIXKOi130JbOBAHUX
kiitnHax KM (rpyna 1) KinbKicTs kuBHX KIiTHH (An/PI7)
cranoBmwia 93,42+0,96%, y cramii paHHBOTO aroNTO3y
(An'*/PI") — 3,48+0,67%, mi3Hporo anonrody (An‘/PI*) —
3,08+0,53% Tta wHekposy (An/PI') — 0,02+0,01%
(puc. 1, puc. 2). Y kinituaax KM, siki Oynu mpoinkyOoBaHi
y poboyoMy cepemoBHII INpH KIMHATHIH Temmeparypi
MIPOTATOM TPHOX TOAMH (Ipyna 2) He BCTAHOBJICHO CTaTHC-
TUYHO 3HAYYIIMX BIIMIHHOCTEH IIOMO KITBKOCTI >KUBUX
kit (87,00+1,73%) Big rpymu 1 (93,42+0,96%), ane
BifOyBasiocs Maiike IBOKparHe (y MOpiBHSIHHI 3 Tpy1oro 1)
30UIBIIEHHS KIIITHH Y CTaJil paHHbOTO Ta Mi3HBOTO arlol-
To3y (6,70+1,42% Ta 6,30+0,84% BiamoBinHO). [HKyOaIis
kiitud KM 3 HK y pi3Hnx cniBBigHOmEHHSX (rpyna 3,
4 Tta 5) mpu3BOmMJIa O IIOCTYNOBOTO JI0303aJIE)KHOTO
3HW)KEHHSI 4acTKH KuBHX KmiTHH (An7/PI), ska ckiana
53,39+2,21%; 10,23+1,71% Ta 9,11£1,03% BigmoBigHO.
[pu 1poMy BiJ3HAYEHO, IO MTEPEBAYKHUM THUIIOM 3aru0erti
kiitaa KM min sruiuBoM HK e amonro3. Taky6artist KiaiTuH
KM 3 HK y cniBBignomenni 9KM:1HK Buximkana 30116-
LIEHHs KUTBKOCTI KIIITHH Y paHHbOMY anonto3i (An‘/PI7)
3 3,48+0,67% (rpyma 1) mo 25,85+1,72% (p <0,05),
[0 CBIMYUTH TPO TEpeOyTOBY KOMIIO3UIIIHOTO CKIaTy
MeMOpanu min niero takoi koHueHtpauii HK i mowartox
peamizamii MexaHi3My iX 3aru0erni NUITXOM aromTo3y.
Kpim Toro, B wiit rpyni Oyiio BiI3HAYEHO 1 CTATHCTHYHO
3Hauylie 30UIbIICHHS KUIBKOCTI KJIITHH Yy Mi3HBOMY
arronito3i (An‘/PI") B mopiBHsHHI 3 Tpynoo 1 i rpymoro 2
(puc. 1 -2).

of their NCs, because it is known that different forms of
cell death, namely necrosis or apoptosis induce different
types of immune response, that may stipulate different
efficiency of antitumor protection [11].

It was first of all found that in the cells of freshly
isolated BM (Group 1) the number of living cells (An7/PI")
was 93.42 + 0.96%, at the stage of ecarly apoptosis
(An*/PI") it made 3.48 + 0.67%, 3.08 + 0.53% for late
apoptosis (An"/PI*) and 0.02 £ 0.01% for necrosis (An/PI")
(Figs. 1 and 2). In the BM cells, which were incubated
in the handling medium at room temperature for 3 hours
(group 2), there were no significant differences in the
number of living cells (87.00 = 1.73%) from Group 1
(93.42 £ 0.96%), but there was almost a twofold (compared
to Group 1) increase in cells at the stage of early and late
apoptosis (6.70 £ 1.42% and 6.30 + 0.84%, respectively).
Incubation of BM cells with NCs in different ratios (groups 3,
4 and 5) led to a gradual dose-dependent decrease in the
proportion of living cells (An/PI"), which amounted to
5339 £ 2.21%; 1023 + 1.71% and 9.11 + 1.03%,
respectively. It was noted that the predominant type
of death of BM cells under the influence of NCs was
apoptosis. Incubation of BM cells with NCs in the ratio
of 9BM: INCs caused a rise in the number of cells in early
apoptosis (An‘/PI") from 3.48 £ 0.67% (Group 1) to
25.85 %+ 1.72% (p <0.05), which indicated the restructuring
of the membrane composition under the action of such
a concentration of NCs and the beginning of the
mechanism of their death by apoptosis. In addition,
in this group there was a significant increase in the
number of cells in late apoptosis (An"/PI*) in comparison
with Group 1 and Group 2 (Figs.1 and 2).

100%
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- o 70% —
EB 60%
E4g 50% —
58 40% e
g *g‘ 30% -
o 20% -
10% -
0% v v v
I'pynal I'pyma 2 I'pyna3 I'pyna 4 I'pyna s
Group 1 Group 2 Group 3 Group 4 Group 5
HAn+/Pl- O An+Pl+ BAnp-Pl+ B An-/Pl-

Puc. 1. CriBBiTHOIIICHHS alTONTOTUYHUX/HEKPOTUYHUX KIITHH KM, BUSBIICHHUX UISIXOM 3a0apBiieHHS aHEKCUHOM-V/PI
Fig. 1. Ratio of apoptotic/necrotic BM cells detected by staining with Annexin-V/PI

Mpumitkn: An/PI" — xwuBi; An’/PI” — pannboanontormyni; An'/PI" — misHpoamonTornuni Ta An™ /PI" — HekpoTHYHI KITHHH.
I'pynal — cBixoizomboBani kaitnan KM; I'pyna 2 — xmituan KM micnst inky6artii B poO04oMy cepefoBHILi MPOTITOM TPHOX TOAWH
6e3 06podkn HK; I'pynma 3 — kmituan KM micns inky0anii 3 HK npotsarom tpeox roanu y cmiBigHomenni 9KM:1HK; I'pyna 4 —
xiitnan KM micns inky6aunii 3 HK npotsirom Tprox roxus y cniBigomenni 1KM:1HK; I'pyna 5 — xmituan KM micns iHkyGarii
3 HK nporsirom Tppox roauH y criBBigHomeHHi 1KM:9HK

Notes: An/PI" — living cells; An*/PI" — early apoptotic; An*/PI" — late apoptotic and An/PI" — necrotic cells. Notes: Group 1 — freshly
isolated BM cells; Group 2 — BM cells after incubation in handling medium for 3 hours without NCs treatment; Group 3 — BM cells
after incubation with NCs for 3 hours in a ratio of 9BM:1NCs; Group 4 — BM cells after incubation with NCs for 3 hours in a ratio
of 1BM:1NCs; Group 5 — BM cells after incubation with NCs for 3 hours in a ratio of 1BM:9NCs
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Puc. 2. PeripesenratuBHi faHi TUTO(GIIOOPUMETPUIHOTO aHATI3Y KIIBKOCTI aTONTOTHYHUX/HEKPOTHIHHX KiIiTHH KM
Fig. 2. Representative data of cytofluorimetric analysis of the number of apoptotic/necrotic BM cells

Mpumirkn: An7/PI” — xuBi; An"/PI” — panaboanontoruuni; An'/PI” — misupoanonroruuni Ta An/PI" — HekpoTHUHI KIIITHHI

Notes: An/PI" — living cells; An*/PI" — early apoptotic; An"/PI* — late apoptotic and An/PI" — necrotic cells
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Binein Bucoki kourentpanii HK (rpymna 4 ta rpyma 5)
J10303aJIE3KHO 301ITBIIYBaJIM 3arajibHy KIIbKICTh allONTOTHY-
HUX KITiTHH. Tak, BAKOPUCTaHHS HAHO1IBIIIOT KOHIIEHTpaIlii
HK (y cniBBigaomenni 1KM:9HK) B 5 rpymi Bukimkano
MaKCHMaJIbHY 3aru0elib KIIITHH IUISIXOM aIloITo3y: B CTail
pannboro amomnto3y (An*/PI) — 59,67+0,56%, mizHboro
amonTo3y (An*/PI*) — 31,09+0,39%, mo y ABaiusars Ta y
JIeCATh pa3iB BIJNOBIIHO MNEPEBHIIYBAJIO aHAJIOTTYHHUN
MOKa3HUK y HeoOpobmenux kmituH (rpyma 1). Kinbkicts
KITHH y cTanii Hekpo3y (An/PI") B ycix mocmimHux
rpynax He nepesuirysana 0,15+0,01%.

TakuM 9rHOM, BCTaHOBJICHO, 1110 HK Bke Ha eTami iHKy-
Oartii in vitro 3MaTHI HETATUBHO BIUIMBATH Ha KIITHHUH KM,
JI0303aJIEKHO  30UIBIIYIOYM KUIBKICTh MIi€JIOKAaPIOIMTIB
y crani amonro3y. Panime Oyno BcranomieHo, mo HK
BUKJIMKAIOTh 3arvu0eib MyXJIMHHUX KIITHH aJeHOKapIy-
HoMu Eprixa mepeBakHO mmisxoMm Hekposy [3]. IlonmiOna
0COOJIMBICTH BIUIMBY CIIOJIYK BaHa (110 HA HOpMaJIbHi 0CTEO-
6mactu ninii MC3T3E] 1 kiniTuHM ocTeocapkoMH JIiHIiT
UMR106 6yna Binznauena Molinuevo M.S. Ta criBasr. [12].
ABTOpH BCTaHOBWJIM, IO CTYIiHb TOKCHYHOTO BIUIUBY
CHONYK BaHAAiII0 OyB CHJIBHIIIAM IIOAO OCTEOOIaCTHHX
myximHHEX KaitaH miHii UMR106, HiX mI0m0 HeTpaHC-
¢dopmoBannx MC3T3EL. binbim Toro, aBTopu 3a3Hadaim,
IO CHOJYKH BaHAJII0 Yy KOMIUIEKCI 3 IVIFOKO3010 Oyin
3[aTHI 1HIYKyBaTH HEKPOTHYHY 3aru0eib JIMIIE KITHH
MyXJIWHA 1 HE BHSABIUIM TAaKOTO MEXaHi3My [ii IoJo
HEeTpaHC(HOPMOBAHUX KIITHH.

BcranoBneHi HAMH OCOONMHMBOCTI il Pi3HUX KOHIICHT-
pauiii HK mono tumny 3aru6erni Mieaokapiouuris in vitro
00YMOBJTIOIOTh HEOOXiTHICTh BU3HAYCHHS MOXKITUBUX 3MiH
(YHKIIOHAJIBHOTO CTaHy I'€éMOIOETHYHOI CUCTEMH Opra-
Hi3My. Bizomo, o npu paniamiifHoMy ypaxeHHi OpraHizmy
TBapWH crocrepiramacs amiasis KM 1 BigHOBIEHHS
KPOBOTBOPEHHS B ONPOMIHEHHX MHUIICH-PEIUIIIEHTIB
MOXIIHMBO HUIsIXOM BBeneHHs KM. BcraHoBiaeHO, IO IIif
BIUIMBOM OINPOMIHEHHSI Y TBapHH rpynu 6 Ha 5-Ty m00y
Oys0 BusiBieHO 40-pa3oBe 3MEHIICHHS KUTBKOCTI KIIITHH
y KM (2,3 [3,0; 3,0] x10%crerno, mani He HaBeieHi),
a Ha 6-Ty nmoOy croctepiramacs 3arudenb YCiX TBapHH.
Benenns cBikoizonpoBaHux KiiTHH KM (rpyma 1) He
TIPU3BOIMIIO JI0 TOBHOTO BiJTHOBJICHHS MELYJIIPHOTO KPOBO-
TBOPEHHSI, TIPO 1110 CBIIYHMTH 3HWKEHHS I[OTO MOKa3HHUKa
npuOIM3HO y 7,7 pa3u B NMOPIBHSHHI 3 KUIBKICTIO KJIITHUH
Ha CTErHo 310poBoi HeomnpomineHoi mwurm JiHii CBA/H
BIKOM 8 MICHIIIB, SIKa Y CEpeIHFOMY CTAHOBUTH MIPHUOIN3HO
1x107 kriThH (1aHi HE HABOAATHCS).

O0poOKa Mi€TOKapIONUTIB MEpe] BBEICHHIM JICTATEHO
OIIPOMIHEHNUM PpELHMITIEHTaM J10303aJIS)KHO 3MEHIITyBajia
X 3[aTHICTH J0 BiJHOBJICHHS KOCTKOBOMO3KOBOIO KPOBO-
TBOPEHHS, CyIsS4H 3 KinmbkocTi KiIiTHH KM Ha crerso y
TBapuH rpym 3-5 (tabdmn. 1). [Tpu mpoMy Tpeda 3ayBaknuTH,
10 00poOka mienmokapionutie HK B yMoBHO-TepaneBTHIHI i
no3i (ciBBiguomenHs 9KM: 1 HK) npakrudano He 3MeHIIy-
BaNa iX (YHKIIOHAJIBHOTO TOTEHIialy B TOPIBHSHHI 3
KOHTpOJNIbHUMHU rpynamu 1 i 2. HaiiHMK4i MOKa3HUKH
kinpkocri kititTiH KM Ha cterso Oyiu BigzHa4deHi B rpymi 5
(mepemobpoodka y ciieBigaomenHi 1KM:9HK).

[NopymenHs y cucteMi KpOBOTBOPEHHS BHACTIIOK BITIIH-
By HK MOXyTh 00yMOBITIOBaTH 3MiHY 3[JaTHOCTI FeMOIIOe-
TUYHHUX KIITHH-TIONEPEHUKIB HAICKHUM YHHOM MiATPH-

Higher concentrations of NCs (Group 4 and Group 5)
dose-dependently increased the total number of apoptotic
cells. Thus, the use of the highest concentration of NCs
(in the ratio 1BM:9NCs) in Group 5 caused the maximum
cell death by apoptosis, i.e. at the stage of early apoptosis
(An*/PI") it made 59.67 + 0.56%, in late apoptosis (An*/PI")
this made 31.09 + 0.39%, which was twenty and ten times
higher, respectively, than in untreated cells (Group 1).
The number of cells at the necrosis stage (An/PI") in all
experimental groups did not exceed 0.15 £ 0.01%.

Thus, it was found that NCs already at the stage of
incubation in vitro were able to adversely affect the BM
cells, increasing in a dose-dependent manner the number
of myelokaryocytes in the state of apoptosis. It has
previously been found that NCs cause the death of Ehrlich
carcinoma tumor cells mainly by necrosis [3]. A similar
feature of the effect of vanadium compounds on normal
osteoblast cell line, MC3T3E]1 and osteosarcoma cell line,
UMRI106 was noted by Molinuevo M.S. et al. [12].
They found that the degree of toxicity of vanadium
compounds was stronger against osteoblastic tumor cells
of the UMRI106 line than untransformed MC3T3El.
Moreover, the authors revealed that vanadium compounds
in combination with glucose were able to induce necrotic
death of only tumor cells and did not show such a mecha-
nism of action against untransformed cells.

The peculiarities of the action of different concentra-
tions of NCs in relation to the type of myelokaryocyte
death in vitro determine the need to reveal possible
changes in the functional state of hematopoietic system
of the organism. It is known that in case of radiation
damage to the body of animals there is BM aplasia along
with restoration of hematopoiesis in irradiated recipient
mice being possible if BM is introduced. It was found
that under the influence of irradiation in the animals of
Group 6 on day 5 there was a 40-fold decrease in the
number of cells in the BM (2.3 [3.0; 3.0] x105 / thigh,
no data provided), and on day 6 we observed a death of
all animals. The introduction of freshly isolated BM cells
(Group 1) did not lead to complete recovery of medullar
hematopoiesis, as evidenced by a decrease of approxi-
mately 7.7 times compared to the number of cells per
a thigh of a healthy non-irradiated CBA / H mouse
aged 8 months averaging approximately 1x107 cells
(no data provided).

Treatment of myelokaryocytes before administration
to lethally irradiated recipients in dose-dependent manner
reduced their ability to restore bone marrow hematopoiesis,
judging by the number of BM cells per a high in the
animals of groups 3—5 (Table 1). It should be noted that
the treatment of myelokaryocytes with NCs in the condi-
tionally therapeutic dose (ratio 9BM:INCs) did not
decrease their functional potential in comparison with
the control groups 1 and 2. The lowest rates of BM cells
per a thigh were observed in Group 5 (pre-treatment in
1BM: 9NCs ratio).

Disturbances in the hematopoietic system resulting
from NCs may alter the ability of hematopoietic proge-
nitor cells to properly maintain hematopoiesis, which
can be estimated by the number of colony-forming units
in spleen (CFUs) of lethally irradiated recipients in vivo.
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MyBaTH TEMOIIOE3, 1[0 MOXKE OyTH OIIHEHO 3a KUIBKICTIO
KOJIOHIEY TBOPIOIOUMX OUHUIb Y cenesinii (KYOc) serains-
HO ONPOMIHEHHMX PEIUIIEHTIB in vivo. JIICHO, BCTaHOB-
JIeHOo, mo 00pobka xmitThH KM pi3sHIMHU KOHIIEHTPAITiSIMHI
HK (rpymna 3-5) mepen BBeIcHHSIM OTIPOMiHEHUM TBApUHAM
BHKITKAJIA J0303AJIeXkKHE 3HIKeHHSA KibkocTi KYOc y cene-
3iHIIi B TOPIBHSHHI 3 KOHTPOJIGHUMH rpynamu 1 12 (Tabm. 1).

Indeed, it was found that the treatment of BM cells with
different concentrations of NCs (groups 3-5) before
administration to irradiated animals caused a dose-
dependent decrease in the number of CFUs in the spleen
compared with control groups 1 and 2 (Table 1).

Taonauus 1. Kinekicts xaitua KM Ha crerso Ta KYOc B onpoMiHEeHHX MHIIEH
Ha BOCEMY 100y micist BBegeHHs KiitnH KM, monepenapo inkyooBarnx 3 HK y pi3HUX CHiBBiZHOIIEHHIX
Table 1. The number of BM cells per a thigh and CFUs in irradiated mice on day 8
after administration of BM cells pre-incubated with NCs in different ratios

Tovia/Gro Kiaskicts kiaitun KM/cterno, x10° Kinbkicts KYOc, a6c. oxn.
Py up Number of BM cells / thigh, 10° Number of CFUs, abs. units
) 13,0 15,0
[13,0; 14,0] [14,5; 15,5]
5 12,0 14,0
[11,5; 12,5] [14,0; 14,1]
3 11,0 13,5
[9.8; 11,5] [13,0; 14,0]
4 7,0 11,0
[6,0; 7,0] [10,0; 12,5]
s 4,0 6,0
[3,6; 4,3]* [5,5; 6,5]*

Ipumitkn: rpyna 1 (koHTpoJb 1) — BBECHHS ONPOMiHEHUM PELMIi€HTaM CBKOi301b0BaHMX KiTiTHH KM (n=5); rpymna 2 (koHTpoib 2) —
BBEJICHHS ONpoMiHeHUM peruiienTaM KM micns inkyOanii B po6ouoMy cepefoBHILi POTAroM Tpbox roguH 6e3 o6podkn HK (n=5);
rpyna 3 — cmiBBigHomeHHss 9KM:1HK (n=5); rpyna 4 — cniBBinnomenss 1KM:1HK (n=4); rpyna 5 — cniBiguomenns 1KM:9HK
(n=3); * — pi3HMII CTATUCTUYHO 3HAUYIIA y MOPiBHIHHI 3 rpymoo 1 (p <0.01)

Notes: Group 1 (Control 1) — maintenance of irradiated recipients of freshly isolated BM cells (n=5); Group 2 (Control 2) — introduction
to irradiated recipients of BM after incubation in handling medium for 3 hours non-treated with NCs (n=5); Group 3 — ratio
of ONM:INCs (n=5); Group 4 — ratio of IBM:1NCs (n=4); Group 5 — ratio of IBM:9NCs (n=3); * — difference is significant in

comparison with Group 1 (p <0.01)

CytreBo, mo obpobka KM HK y cmiBBigHOMmEHHI
9KM:1HK (rpyna 3) Bukmmkana numie 10% 3HMKSHHS
KYOc y nopiBHsIHHI 3 aHAJIOTIYHUMH [TOKa3HUKaMHU TBAPHH
rpyn 1 i 2 (tabn. 1). BBeneHHs jneTalbHO ONPOMiHEHHM
mumaM kiaituH KM, nonepeanso oOpoOneHHX B CIIiB-
BigHomenHsx 1KM:1HK (rpymna 4) i 1KM:9HK (rpyna 5)
TIPU3BEJIO 0 CTATUCTHYHO 3HAYYIIIOTO0 3MEHIIEHHS KilTbKOC-
Ti KYOc 5K y mopiBHSHHI 3 KOHTPOJIBHAMH TTOKa3HUKAMHA
rpyn 112, Tax i 3 rpynoro 3. [Ipy 1boMy BCTaHOBIIEHO, IO
inkyOarist kiaiTiH KM i3 HaitOinbmor koHIeHTpamiero HK
(rpyna 5) cnpuuuHIIa MAKCUMAJIbHY 1HTIOIMi0 (QYHKIIIO-
HanbHOTO noreHuiany KYOc cepen ycix A0CHiIHUX IpyI.
Taxum umHOM, 3acTocyBanHs HK nmme B Haitmenmriil i3
JOCTIDKCHUX KOHIIEHTPAIil — B YMOBHO-TEPANeBTUIHIN
no3i (cmiBBimHOmEeHHs 9KM:1HK) cTaructuyno 3HavyIie
He 3MiHOBaJo KiTbKicTh KYOc y KM.

OyHKI[IOHATBHAN TOTEHIA)l KJIITHH-TTONIEPEIHHKIB,
SIKi 371aTHI BiJJTHOBIIOBATH KpoBOTBOpeHHs y KM neransHo
OTIPOMIHEHHX PpeIUITE€HTIB Ticmsi TpaHcruranTamii KM,
BH3HA4Ya€ BWDKMBAHICTh ONPOMIHEHHX TBapHWH. ToTanbHa
3aruOenb TBapuH, IKUM He BBomin KM (rpyma 6) crocte-
piranacs Ha 6-Ty 100y (puc. 3) Ha T amasii KM. Buku-
BaHICTh TBapuH rpynu 3 i3 BBeneHHsM KM, oO6pobieHoro
Haitmentoro 103010 HK (9KM: 1HK), Ha 12 106y cyTTeBO HE
BiZIPi3HsIACH Bifl I[HOTO MTOKAa3HUKA KOHTPOJIBHOI IPyIH 2.
Bonnouac 06pooxa KM HK y criBBimHOmernHsx 1KM:1HK

It is crucial that the treatment of BM with NCs in
the ratio of 9 BM:1NCs (Group 3) caused only a 10%
decrease in CFU compared to similar indices of animals
of Groups 1 and 2 (Table 1). The introduction of
lethally irradiated mice BM cells, pre-treated in the ratio
of 1BM: NCs (Group 4) and 1BM:9NCs (group 5) led
to a significant decrease in the number of CFUs in
comparison with control indices of Groups 1 and 2 as well
as Group 3. The incubation of BM cells with the highest
concentration of NCs (Group 5) was found to cause
maximum inhibition of the functional potential of CFUs
among all experimental groups. Thus, the use of NCs only
in the lowest of the studied concentrations, i.e. in
conditionally therapeutic dose (ratio 9BM: INCs) did not
significantly change the amount of CFUs in BM.

The functional potential of progenitor cells that are able
to restore hematopoiesis in BM of lethally irradiated
recipients after BM transplantation determines the surviv-
al of irradiated animals. Total death of animals not admi-
nistered with BM (Group 6) was observed on day 6
(Fig. 3) on the background of the BM aplasia. Survival of
animals of Group 3 with the introduction of BM treated
with the lowest dose of NCs (9BM:1NCs) for 12 days did
not differ significantly from this index of Control group 2.
At the same time, treatment of BM with NCs in the ratios
IBM:1NCs (Group 4) and 1BM:9NCs (Group 5) before
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(rpyna 4) Ta IKM:9HK (rpyna 5) nepex BBeIeHHSM OIpoO-
MiHeHI/IM TBapruHaM BUKJIMKaJIa CyTTEBC 3HUKCHHSA 1X BUXKH-
BaHOCTI B OPIBHSHHI SIK 3 KOHTPOJIBHUMH Ipyramu | i 2,
TaK i3 rpymoro 3 3 00pobkoro HaitmeHmoro 103010 HK.

administration to irradiated animals caused a significant
reduction in their survival compared to both Control
groups 1 and 2 as well as Group 3 with the lowest dose
of NCs treatment.

120
E-.%’ 100—':'—‘\\ \ Group 1 == =~-Tpynal
g E 8 " \ Group 2 =I1"pyna 2
E E &0 Group 3 T'pyma 3
= © Group 4 Tpyma 4
é § 40 Group 5 = = =Ipyma 5
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Puc. 3. BixuBazicTs TBapHH Hicis BeezeHHs KM 3 monepenuporo 06poOkoro pisHuME KoHIeHTpaismu HK
Fig. 3. Survival of animals after introduction of BM pre-treated with different concentrations of NCs

OTtpumani pe3yiasTard cBigdars npo Te, mo HK He €
iHAM(EepEHTHIMH CTIOTyKaMH IIIOAO KOJIOHIE€YTBOPIOIOUOTO
norenuiany (KYOc) xiitua KM, 30kpemMa reMornoeTHaHux
KIiTHH-TIonepeannKiB. OqHak TokcuuHa mist HK Busis-
€THCS TUTBKY P 3aCTOCYBaHHI X Y IEBHUX KOHIIEHTpAIIisIX,
SKi 3HaYHO IIEPEBHUIIYIOTh YMOBHO-TEPANEBTUYHY 03y
(9KM:1HK), edexTuBHICTH 3aCTOCYBaHHS $KOi paHiIIe
Oy1a [OBeAcHAa TPU JIKyBaHHI eKCIEPUMEHTAIBHOI
onkoraronorii [3]. BctanoBieHo, mo 00pooka kiitaa KM
Haiimenmor no3or0 HK (9KM:1HK) mepen BBemeHHSIM
OMPOMIHCHHUM TBapUHAM BHKJIMKaJa 301IbIICHHS KIIBKOCTI
KJIITHH Y CTaHi paHHbOro arnonrto3y (An‘/PI7), mo cBiqunTh
mpo mepeOyoBy MeMOpaH KIITHH, 30KpeMa IOSBY Ha
MMOBEpXHI KIITHHH (PocaTHIUICepUHy, SKHA 3a3BHYaid
JIOKAJIi30BaHWH Ha BHYTPINIHHOMY OOIi IUIa3MaTHYHOT
MeMOpaHH. AJle 1€ CBIIYMTH JIMIIE NP0 MOXIHUBICTH
PO3BUTKY allONTO3Y, OCKIJIBKH Ha PaHHIX CTaisX alonTo3y
LUTICHICTh KJIITHHHOI MeMOpaHu 30epiraeThcst i BTpara
acuMetpii MemOpanHHX (ocdomimaiB € 000pOTHOIO.
Ockinpku B 1ill Tpymi He OyII0 BiI3HAYEHO CTaTUCTHIHO
3HAYYIIUX 3MiH BMICTY i KiTBKOCTI KiIiTiH KM Ha cTerHo
B ONPOMIHEHHX TBapuWH Y MOPIBHSHHI 3 KOHTPOJILHOIO
rpynoto 2 (BBeaeHHs kiiTiH KM 6e3 006podku HK), moxna
BBa)KaTH, 1110 Mi€JIOKAPIOIMTH HE BTPATHIIH CBOET QYHKIIIO-
HajabHOI ToBHOMLIHHOCTI mixg BrmumBoM HK. Haromicts
migsumeHas koHeHTparnii HK B 5 i 10 pasis mpu3seno 1o
3HAYHOTO 30UTBIICHHS KIITHH Y CTaHi Mi3HBOTO allonTo3y
(An'PI"), mo cBigUUTH BXE MPO MOPYLIEHHS LLTICHOCTI
KIIITHHHOT MeMOpaHu, IPOHUKHEHHS Ipomiaii ionury (P1)
Kpi3b Hel Ta iHTepkaysiliio 3 aedparmenroBaHoro JJHK.
Taxi He3BOPOTHI 3MiHK MiemokapionuTiB mix BrumBoM HK
MIPU3BEJIN B IIUX TPyNax A0 3MEHIIEHHS KOJOHIEYTBOPIO-
FOYOTO MTOTEHINaNy KIiTHH-TIonepeaankie KM, mo o6ymo-
BUJIO CyTTEBE 3HIDKEHHSI BIPKHBAHOCTI TBAPUH-PEIIUITI€HTIB.

BUCHOBKHA
1. Pusuk 3actocyBaHHS HAaHOKOMIUIEKCIB, IO MiCTSTh
HaHOYACTHHKH pinkicHozemenbhux meTanis (GAYEuVO,)

The findings indicate that NCs are not indifferent
compounds with respect colony-forming potential (CFUs)
of BM cells, in particular hematopoietic progenitor cells.
However, the toxic effect of NCs is detected only when
certain concentrations are used, significantly exceeding
the conditionally therapeutic dose (9BM:1NCs), the
effectiveness of which has previously been proven when
treating experimental oncopathology [3]. It was found
that treatment of BM cells with the lowest dose of NCs
(9BM:INCs) before administration to irradiated animals
caused an increase in the number of cells in the early
apoptosis (An*/PI"), indicating the rearrangement of cell
membranes, in particular an appearance of phosphatidyl-
serine on the cell surface which is usually localized on the
inner side of plasma membrane. However, this testifies
only to possibility of the apoptosis development, since at
early stages of apoptosis the integrity of cell membrane is
kept and the loss of membrane phospholipids’ asymmetry
is reversible. Because in this group there were no signi-
ficant changes in the content and number of BM cells per
a thigh in irradiated animals compared with Control
group 2 (introduction of BM cells without NCs treatment),
we can assume that myelokaryocytes have not lost their
functional value under the influence of NCs. Instead,
an increase in the concentration of NCs by 5 and 10 times
has led to a significant rise in the cells in late apoptosis
(An+PI+), which indicates a disorder of cell membrane
integrity, penetration of propidium iodide (PI) through
it and intercalation with defragmented DNA. Such irrever-
sible changes in myelokaryocytes under the influence of
NCs led to a decrease in the colony-forming potential
of BM progenitor cells in animals of these groups,
which led to a significant reduction in the survival of
recipient animals.

CONCLUSIONS
1. The risk of using the nanocomplexes containing
rare earth metal orthovanadates nanoparticles (GAdYEuVO,)
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Ta XOJIECTEPHH, Y 103aX, I1]0 3HAYHO ITEPEBHUIYIOTh YMOBHO-
TepaneBTH4Hy, MOke OyTH MNOB’si3aHWil 13 X mpoaromn-
TOTHYHHM BIUIMBOM Ha KIJIITHHH KiCTKOBOTO MO3KY.

2. BeranoBneHno mo3o3anexxHuil edekrt iHTiOimii komo-
HIEyTBOPIOIOYOTO MMOTEHIiaTy I'eMOMOCTHYHUX KIiTHH-
nonepeHukiB (KYOc) mig BIVIMBOM HaHOKOMIUIEKCIB.

3.00poOKka KiIiTHH in Vitro HAHOKOMILIEKCAMH B YMOBHO-
TepareBTH4HIA 1031 (cniBBiaHowmeHHss 9KM:1HK), xoua
1 cipusiia 301TBIICHHIO KUTBKOCTI allONMTOTHYHUX KIITHH
Y 3araJbHOMY ITyJIi Mi€JIOKapiONHXTiB, OHAK IIe HE IPHU3BO-
JJIO 10 3HIDKEHHS 1X KOJIOHIEYTBOPIOKOYOIO MOTEHIaTy
TIPY BBEJCHHI JIETAIEHO ONIPOMIiHEHUM TBapHHAM.

4. Minumenns xonnentpauii HK y 5 1 10 pasis B
MOPIBHSAHHI 3 YMOBHO-TEPAIIEBTHYHOIO 103010 CTaTHCTUY-
HO 3HaYyIIe 3HIKYBaIO0 KinbKicTh KYOc, 1110 cBiAuuTh MO
MOYKJINBUH TOKCHYHIH BIUIHB Ii€1 CIIOTYKH MO0 QYHKIIIO-
HaJlbHOI aKTHBHOCTI KJIITHH-TIONIEPESIHUKIB TeMOIIOE3Yy.
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and cholesterol at doses significantly exceeding the
conditionally therapeutic may be associated with their
proapoptotic effects on bone marrow cells.

2. The dose-dependent effect of inhibition of colony-
forming potential of hematopoietic progenitor cells (CFUs)
under the influence of nanocomplexes has been established.

3. Treatment of cells in vitro with nanocomplexes at
a conditionally therapeutic dose (ratio 9NM:INCs),
although contributed to a rise in the number of apoptotic
cells in total pool of myelokaryocytes, but this did not
reduce their colony-forming potential when administered
to irradiated animals.

4. Increasing the concentration of NCs five- and tenfold
compared with the conditionally therapeutic dose signi-
ficantly reduced the number of CFUs, indicating a possi-
ble toxic effect of this compound on functional activity of
hematopoietic progenitor cells.
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IlepcneKTHBY MONANBIINX AOCTiIKEHD

HoBenena BiacyTHicTh HeratnBHoro BBy HK B
YMOBHO-TEpAIeBTUYHII 7031 1010 (QYHKIIOHAIBHOI aK-
THUBHOCTI T€MOIIOETUYHHUX KIITHH-TIONEPETHUKIB KiCTKO-
BOTO MO3KY EKCIEpHMEHTaJIbHUX TBapuH. Panime Oyio
MOKa3aHo, 110 3acTocyBaHHs Takoi camoi no3u HK mpus-
BOJIUJIO JI0 IPUTHIYEHHS pocTy myxiunu [3]. Le Binkpusae
MEPCIIEKTUBH JJIi CTBOPEHHS TPOTHITYXJMHHUX JIKap-
ChbKMX 3aco0iB Ha ocHoBi HK, ski iHmudepeHTHI M0
BiJJHOILICHHIO JI0 TEMONIOETHYHUX KJIITHH-IIONEPETHHKIB.

KonduaikT inTepecis
ABTOpH 3a5IBIISFOTH PO BiJICYTHICTH KOHQJTIKTY 1HTEPECIB.

Indopmanis npo pinancyBaHHS
PobOora  (iHaHCYyeTbCS  BHIATKAMU
Oro/KeTy YKpaiHu.

Jep:xxaBHOro

Ilonsika

ABTOpH CTaTTi BHCJIOBIIOIOTH HAWIIUPINTY BISTYHICTH
MIPOBITHOMY 1HXXEHepY MOBIPKOBOi J1aboparopii KIiHIYHOT
nosumetpii JIY «lHCTUTYT MeaWyHOI pajmionorii Ta
onkonorii im. C.II. I'purop’eBa HamioHanpHOi akamemii
MenuuHux Hayk Ykpainm» O. KypoBy 3a momomory y
MIPOBEJICHHI EKCIICPUMEHTIB 3 ONpPOMIHEHHS TBapHH Ta
CTapIIOMy HayKOBOMY CITiBPOOITHHKY BiAJILTy HAHOCTPYK-
TYpPHUX MarepiayiB [HCTUTYTY CHMHTHIALIHHUX MaTepia-
niB HarioHanpHOT akajgemii Hayk YKpaiHM KaHIUIATY
xiMiyanx Hayk B. KioukoBy 3a 3fiificHEHHS CHHTE3y
HaHOKOMIUIEKCIB Ha OCHOBI HAaHOYaCTHHOK OPTOBaHaJaTiB
PIAKICHO3EMEITEHUX METAJIIB Ta XOJCCTCPHUHY.

Prospects for further research

No negative effect of NCs in conditionally therapeutic
dose on functional activity of bone marrow hematopoietic
progenitor cells of experimental animals has been proven.
The use of the same dose of NCs has previously been shown
to inhibit the tumor growth [3]. This opens up the prospects
for developing the anticancer drugs based on NCs, which
are indifferent to hematopoietic progenitor cells.
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