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Cryopreserved Cord Blood Products
Mitigate Fluorouracil Myelodepression in Mice

PedepaTt: Mnenogenpeccusa sBnsetca O4HWM U3 OCHOBHbIX NaTONOrMYecknx CUHAPOMOB, BO3HMKAWOLWMX B pesynbraTe
OEeNCTBUSA LMTOTOKCUKAHTOB Ha OpraHu3M 4enoBeka W XMBOTHbIX. Ha mMoaenu uuMtoctaTMyeckon muenogenpeccuu, Bbl3BaHHOW
npuMmeHeHnem 5-propypaumna (5-®Y) B MakcumanbHO nepeHocumown aose (228 mr/kr), nsyyanu BrvsiHue KPUOKOHCEPBMPOBAHHOIO
KneTovHoro npenaparta kopgosow kpoBu (KK) Ha AuHamMuKky BOCCTaHOBMEHWUSI KOCTHOMO3rOBOrO KPOBETBOPEHUS Y MbIWENn AUHUK
CBA. lokasaHo, 4TO BBeAeHue 5-®Y nNpuBOAUNO K BbIpaXXEHHON MUenodenpeccuy M TOPMOXEHUIO NPOLLEeCCOB penapauumn
KPOBETBOPHOWN TKaHM U ee OTAenbHbIX pocTkoB. Hanbonee 4yBCTBUTENbHBIMU K AeUCTBUIO 5-OY okasanucb KneTkM MUENnouaHoro
N 3PUTPOMAHOIO POCTKOB KPOBETBOPEHWS, MeHee YyBCTBUTENbHbI — KNeTkn numdonaHoro pocTtka. BHyTpuBeHHOe BBeaeHue
npenapaTta KK cnoco6cTBoBano BOCCTAaHOBMEHUIO KOCTHOMO3IOBOIr0 KPOBETBOPEHUS K 12-M CyTkam U MOJIHOMY KYMMPOBaHUIO
TOKCMYECKOW NEeNKOMEeHUN Ha 9-e CYTKM 3KCMepuMeHTa.

KnioyeBble crnoBa: LMTOTOKCUKaHTbI, pTOopypaunsn, Muenogenpeccusi, KpoBeTBOpeHne, KopAoBas KpoBb, KPUOKOHCEPBUPO-
BaHHble SApocoAepXallne KneTku.

Pechepat: Mienogenpecis € ogHMM i3 OCHOBHMX MaTOMOMYHUX CUHOPOMIB, SIKUA BUHWKAE B pesynbraTi Ail LMTOTOKCUKAHTIB Ha
opraHiam noguHu i TBapuH. Ha mogeni uutoctatuyHOI Mienogenpecii, BUKNMKAHOI 3acTocyBaHHAM 5-cpTopypauunny (5-9Y) B
MakcumarnbHO nepeHocumin Jo3i (228 mr/kr), BMB4Yanu BNSMB KPIOKOHCEPBOBAHOrO KMiTMHHOMO npenapaty kopaosoi kposi (KK) Ha
OVHaMiKy BiAHOBIEHHS KiCTKOBOMO3KOBOIO KpOBOTBOPEHHSA y muwen niHii CBA. lMoka3saHo, wo BBeAeHHs 5-OY npussBoguno Ao
BUpaXeHoi Mienogenpecii 1 ranbMyBaHHsi NpoueciB penapauii KpOBOTBIPHOI TKaHWHWU Ta Ti okpeMux pocTkiB. Hanbinbl yyTnvemMmu
no aii 5-dY BusBunucA KniTMHW MIENOIAHONo Ta €pUTPOIAHOIO POCTKIB KPOBOTBOPEHHS, MEHLI YyTAMBUMU — KIITUHW AiMdOigHOro
pocTka. BHyTpiwHboBEeHHe BBeaeHHs npenapaTy KK cnpuano BigHOBMEHHIO KiCTKOBOMO3KOBOIO KPOBOTBOPEHHS A0 12-i gobu
i NOBHOMY KynipyBaHHIO TOKCUYHOI reinkoneHii Ha 9-y noby ekcnepumeHTy.

KnioyoBi cnoBa: UMTOTOKCUMKaHTW, TOpypauun, Mienogenpecis, KPOBOTBOPEHHS, KOPAOBa KPOB, KPiIOKOHCEPBOBaHi SAPOBMICHI
KNiTUHW.

Abstract: Myelodepression is one of the major pathological syndromes resulting from cytotoxicant action on humans and ani-
mals. Effect of cryopreserved cord blood cell preparation (CB) on recovery dynamics of bone marrow hematopoiesis in CBA mice
was studied with the model of cytostatic myelodepression caused by the use of 5-fluorouracil (5-FU) in maximum tolerated dose (228
mg/kg). It was shown that 5-FU introduction caused an expressed myelodepression and slowered reparation of hemopoietic tissue
and its individual lineages. The most sensitive to 5-FU effect were cells of myeloid and erythroid lineages, and less sensitive appeared
to be the lymphoid cells. Intravenous administration of CB preparation contributed to bone-marrow hematopoietic regeneration to the
12t day and complete reduction of toxic leukopenia to the 9" day of the experiment.

Key words: cytotoxicants, fluorouracil, myelodepression, hemopoiesis, cord blood, cryopreserved nucleated cells.

KpoBerBopHas cucteMa SBISETCS OCHOBHBIM
WHAMKATOpPOM TOMeocTa3a OpraHuzMa u obecreyu-
BaeT KOMITEHCATOPHO-TIPHUCIIOCOONTENbHBIE PEAKIINU
MIPH BO3ACHCTBUU KaKOTO-JIMOO pazapaxkutens [5, 9,
15]. OnHrMH U3 TIIaBHBIX MOBPEKAAIOIIUX KPOBETBOP-
HYIO CHCTEMY areHTOB SIBJISIOTCSl ITATOTOKCUKAHTEI,
MPECTABISIIONINE OOIBIIYIO TPYIITY BEICOKOTOKCHY-
HBIX BEIIECTB. DTa I'pylIa BKIOYAET, TOMHMO
JIeKapCTBEHHBIX Mpenaparos (Huknodocdan, S-gprop-
ypauui, a3aTHONPUH, TPOMETaMUH/KETOPOIIaK), boe-
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Hematopoietic system is the main indicator of
homeostasis and provides compensatory-adaptive
responses when exposed to any stimuli [9, 19, 29].
Cytotoxicants belong to the main damaging agents of
hematopoietic system and represent a large group of
highly toxic substances. Besides the drugs (cyclophos-
phamide, 5-fluorouracil, azathioprine, tromethamine/
ketorolac), these include combat chemical agents
(mustard gas, lewisite efc.) and some industrial agents
(benzene, ethylene oxide, and trinitrotoluene ezc.). Injury
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BBIE OTPABIISAIONIUE BEIIECTBA (MIIPUT, JIIOU3HT U JIp.)
Y HEKOTOPBIE MPOMBINUICHHBIE areHThI (OEH30I, ITH-
JIEHOKCUJ, TPHHUTPOTOIYOII U Ap.). [TopaskeHue 3tumu
BEIIeCTBAMH BO3MOXXHO B X07ie OOEBBIX ACHCTBHIA, IPU
XMMHYECKHX aBapusAX M KaTacTpodax, TMBEPCUOHHBIX
Y TEPPOPUCTHUECKHX aKTax [26]. I3BecTHO, UTO IIUTO-
TOKCHUKAHTBHI OKa3bIBAIOT MOBPEXKIAIOIIEe JeHCTBHE
Ha 3/I0pOBbIE, aKTHBHO OOHOBJISIONINECS TKAHU Opra-
HU3Ma, B YaCTHOCTH Ha KPOBETBOPHYIO CUCTEMY, TEM
caMbIM (POPMUPYIOT ITUTOMCHUYECKUN CHHIPOM H
MOJABIAIOT UMMYHHYIO CUCTEMY, IPUBOIS K pa3BU-
THIO BTOPUYHBIX UMMYHOIC(UIIUTHBIX COCTOSTHUH [9,
21]. OgHaxo XMMHOTEpanHus ¢ IPUMEHEHUEM JIEKapCT-
BEHHBIX [IMTOTOKCUKAHTOB (IIUTOCTATUKOB) IO CHX ITOP
3aHUMAaET BeIyllee MECTO B CXEMax JICUCHHUsI 37I0Ka-
YeCTBEHHBIX HOBOOOpazoBaHMid. OJJHUM U3 OCHOBHBIX
MaTOJIOTUIECKUX CHHAPOMOB, BO3HUKAIOIIUX B yCIIO-
BHSIX ITUTOCTATHUECKOU TEPAITHH, SBJISIETCS MUACIIOCTI-
peccus, KoTopasi B 3HaUNTEIbHOM CTEeTIEHN OTpaHnYH-
BaeT MPOJOIKUTENTFHOCTD MPIMEHEHHS OOJIBITHHCTBA
M3BECTHBIX IIUTOCTATHKOB [8, 9, 21]. K mannoii rpymme
npenapaToB OTHOCUTCS M HCHOJIb3YEeMbIM B Hallei
paboTe MPOTUBOOMYXOJIEBBIH (PTOPITHUPUMHUIUHOBBIN
AHTUMETA0O0JNYECKUN MUTOCTATUK S-PTOpyparui
(5-®Y), xoTOpHIii BEI3BIBaET 0OJICE ITyOOKYIO H MPO-
JOJDKUTENBHYIO HHTHOUIIHIO KOCTHOMO3TOBOTO KpPOBe-
TBOPEHHS y MBIIIEH, YeM UKIOPOChaH — ATKUITUPYFO-
IIUH IIUTOCTATHYECKUN TTpenapart, OMU3KUM 110 XHMH-
YECKOMY COCTaBY K a30THBIM aHaJIoraM urmpura [5, 15].

Pa3paboTka HOBBIX CPEJCTB M METO/OB JICUEHUS
MTOPKECHHUH IMTUTOTOKCUICCKUMH SITITaMH, B TOM YHCTIE
U ITUTOCTATHYECKUMU JIEKAPCTBEHHBIMH ITpeTIapaTaMH,
ABIISIETCS] OTHOM M3 aKTyaJbHBIX MTPOOIIEM COBPEMEH-
HOM TOKCUKOJIOTHH ¥ OHKONOTUH. C LIETIbI0 KOPPEKIIUU
TUIIO- U aIlJIACTUYECKUX COCTOSIHUM KPOBETBOPEHUS B
Mpoliecce XUMUOTEPAUH IPUMEHSIIOT IPOU3BOIHEBIC
HYKJICMHOBBIX KUCIIOT, BATAMUHBI, TOPMOHBI, MOHOHYK-
JIEOTUBI, TYPUHOBBIE OCHOBAHUSI, UMMYHOMOYJISA-
TOPBI, COJIH JIUTHSL, TPETIapaThl IPUPOAHOTO MIPOUCXOXK-
nenus [24, 28]. OmHako yka3aHHBIC JEKapCTBEHHBIE
cpencTBa (3MM03aH, BUTaMUHBI Tpynnsl B, aneyrepo-
KOKK U JIp.) He 00IaafoT crienuuaeckoil TeMoImo33-
CTUMYJIUPYIOIIEH aKTUBHOCTHIO ¥ MalI03( () eKTHBHBI
MIPH TUTIOTIIACTUIECKIX COCTOSTHUAX KOCTHOTO MO3Ta.
B Hacrosiiiee BpeMsi B KITMHUYECKOH OHKOJIOTHYECKOI
MPaKTUKE AJIs1 CTUMYJISLIUH 3PUTPON033a IPUMEHSIOT
PEKOMOMHAHTHBIE SPUTPOIIOATHHEI («Dmpekcy, «Pe-
KOPMOH), UL CTUMYJISINY JICHKOI033a — (haKTOPBhI
pocra («Jleiikomakcy, «Heitmoren») [20, 28, 29]. OnHa-
KO y3Kasi HalpaBJIE€HHOCTh KOPPEKTOPOB LIUTOTOKCHY-
HOCTH, HaJIMYHE OOOYHBIX 3(P(PEKTOB WM BHICOKAs
CTOMMOCTD OTPAaHUIMBAIOT UX TIPUMEHEHHE [8].

B nutepartype npuBeneHb JTaHHBIE O TPUMEHEHUU
OHMOJIOTHYECKY aKTUBHBIX BEIECTB U3 TKaHEH KUBOT-
HOTO (OYHINEHHBIA DKCTPAKT U3 CEJIE3EHKH TeNT,
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with these substances is possible during hostilities, in
chemical accidents and disasters, sabotage and terrorist
acts [3]. The cytotoxicants have been known to extre-
mely affect healthy, actively renewing tissues of a body,
particularly hematopoietic system, and to form thereby
cytopenic syndrome and to suppress the immune sy-
stem, leading to the development of secondary immuno-
deficiency [28, 29]. However, chemotherapy with me-
dical cytotoxicants (cytostatic agents) has still occupied
a leading place in treatment of malignant tumors. Mye-
lodepression, greatly limiting the duration of the most
known cytostatics application is one of the main patho-
logical syndromes resulting from cytostatic therapy [28,
29, 33]. Antitumor fluoropyrimidine antimetabolite
cytostatic 5-fluorouracil (5-FU) used in our research
refers to this group of drugs. It causes more profound
and long-lasting inhibition of bone marrow hemato-
poiesis in mice than cyclophosphan, alkylating cyto-
static drug, similar in chemical composition to the
nitrogen analogs of mustard gas [9, 19].

The development of new products and methods to
treat cytotoxic poison lesions, including the cytotoxic
drugs, is one of the actual problems of current toxicolo-
gy and oncology. To correct hypo- and aplastic states
of hematopoiesis during chemotherapy one uses nucleic
acid derivatives, vitamins, hormones, mononucleotides,
purine bases, immunomodulators, lithium salts, prepara-
tions of natural origin [6, 31]. However, the mentioned
drugs (in particular, zymosan, vitamin B complex, eleu-
terococcus efc.) do not have a specific hematopoiesis-
stimulating activity and are ineffective in treating hypo-
plastic states of bone marrow. Nowadays clinical onco-
logists in their practice use recombinant erythropoietins
(Eprex, Recormon) to stimulate erythropoiesis and the
growth factors (Leukomax, Neupogen) to stimulate
the leucopoiesis [6, 7, 25]. However, a narrow targeting
of cytotoxicity correctors, the presence of side effects
or high expenditures limit their use [33].

There are the reports about the application of
biologically active substances from animal tissues
(purified extract from calf spleen, Myelopidum from
bone marrow, Vilosenum and Thymogen derived from
animal thymus, pig splenopeptides) and of plant origin
which possess hematopoiesis-stimulating activity [4,
14]. However, these products are also not universal
and their application has not an expected therapeutic
effect. In this regard, the creation and study of new
hemocorrecting agents is of great importance for
medicine and biology.

To develop new highly effective correctors of
myelodepression being the result of lesions of a body
with cytotoxic poisons the mechanisms of cytotoxicant
action on hematopoiesis should be profoundly under-
stood. Over several years, these studies have been
carried-out at the laboratory of Pathological Physiology
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MUEJIONUA U3 KOCTHOTO MO3Tra, BUI03€H U TUMOTEH U3
THUMYCa )KUBOTHBIX, CIUIEHOTIENITU B! CBUHEW) U PacTu-
TEJILHOTO MPOUCXOKICHUS, 00JIaAaI0NINX [€MOII0d3-
ctumynupyromum aeicteueM [3, 10]. OnHako 3T
JIEKapCTBEHHBIE CPEACTBA TAK)Ke HE SBIIAIOTCA YHH-
BEpCAIbHBIMH, a UX PUMEHEHHE HE UMEJIO0 OXKUae-
MOTO TeparneBTuIeckoro dddexra. B 3T0ii cBsI3H c03-
JaHWe ¥ M3y4YeHHe HOBBIX T€MOKOPPEKTOPOB MMEET
00 bIII0€ 3HAYEHUE JITSI MEAULIUHBI M OHMOJIOTHH.

C uenbio pa3paboTKK HOBBIX BEICOKOA(P(PEKTUBHBIX
CPEICTB KOPPEKIUU MUETOJETPECCUBHBIX COCTOSHUMN
B pe3yJbTaTe MOPAKEHUM OpraHu3Ma [UTOTOKCHYEC-
KHUMH siIaMd He0OXOIMMO TITyOOKOe TOHUMaHKE MeXa-
HU3MOB JEHCTBUS [IUTOTOKCUKAHTOB Ha NMPOLECCHI KPO-
BETBOpeHMs. Takue Hccaea0BaHys Ha IPOTSHKEHUH psiia
JeT MPOBOJATCA B J1aDOPAaTOPUH MATONOTHYECKOH
(usnonorny u 3KcHiepuMeHTaNbHO# Tepanuu HUU
(hapmakonmornu Tomckoro HayuHoro 1ieHTpa Cnbup-
cKkoro otaelieHus Poccuiickoil akageMHuu MEIHITMH-
ckux Hayk [5]. Ha mpumepe BBeneHus IIUTOCTaTHYEC-
KUX IpEernapaToB, OTIUYAONINXCSA MEXaHU3MOM
NEeHCTBUS, COTpyIHUKAMHU Jab0opaTopuy Ha pas3ind-
HBIX MOJIENIAX MUEJIOCYTIPECCUI TOKA3aHO, YTO PA3BH-
THE TUIOIUIa3UK KPOBETBOPHON TKAaHU U JTHHAMHKA
BOCCTaHOBJICHUSI T€MOII033a HapsAAy C MPSMBIM Cy-
peccUpyromuM 3G PEeKToM TOKCHIECKUX areHTOB Ha
KpOBETBOPHBIE KJIETKH BO MHOT'OM ONPEAEIAIOTCS Xa-
paKTepOM JU3PETYIALNYN KpOBETBOpEHUs. Penaparus-
HBIE ITPOLIECCHI B KPOBETBOPHOM TKAHU B 3HAYUTEIBHON
Mepe 00ecIeunBaroTCs CTBOJIOBBIMU KPOBETBOPHBIMU
KJIETKaM{ ¥ KJIIETOYHBIMH 3JIEMEHTaMH, COCTABIISIO-
IIFIMHA TEMOTIOA3WHAYIMPYIOIEe MUKPOOKPYKEHHE.

JloCTyTHBIM HCTOYHUKOM CTBOJIOBBIX T€MOIO3TH-
yeckux kietok (I'CK) aensercs kopaosas (IynoBuH-
Has1) kpoBb (KK), cogepxaiiiast CTBOIOBBIE M KOMMH-
THUPOBAHHBIE KPOBETBOPHEBIE KiIeTku [1, 2, 4, 6,7, 25,
27]. B KK, kpome I'CK, obmamaromux BbICOKOU
[JJACTUYHOCTBIO U IIIIOPUIIOTEHTHOCTBIO, BBISIBIEHO
HaJN4Me MYJIBTUIIOTEHTHBIX ME3EHXUMAJIbHBIX CTBO-
JIOBBIX KIIETOK, dHAOTEIHUAIBHBIX MPOTEHUTOPHBIX
KJIETOK, KOTOPBIE MOTYT pacCMaTpUBAThCA B Ka4eCT-
B€ AIIEMEHTOB FeMOTIOA3MH Y TUPYIOIIETO MUKPOOKPY-
skerns [16, 17]. Takum o6pazom, B KK mokazano co-
JeprKaHue Pa3TNIHBIX KIIETOYHBIX TOMYIISINA, KayKaast
13 KOTOPBIX TI0 OTAETHFHOCTH HITH BMECTE MOXKET BHO-
CHUTbH BKJIaJ B TepamneBTUUECKUl 3PQeKT, oKa3bIBac-
MbIi npenapatamu KK. B 3101 cBsi3u annorenHsie n
aytonoruuneie BeeneHus ['CK KK sBnstorcs o6ie-
MIPUHSATHEIM METO/IOM JIEUEHUSI MHOTHUX OHKOJIOTHYEC-
KHX U HE3JIOKauYeCTBEHHBIX 3200JICBAaHUI CHCTEMBI
KposH [4, 16, 19], koppekMy1 UMMYHO- U TeMOJIETIPEC-
CHBHBIX COCTOSIHHI pasidaHoro renesa [7, 11,23, 25,31].

B coctas npenapara KK, ncnoias3yemMoro B Halmx
WICCIIEIOBAHUAX,, BXOAUT CYCIIEH3HSI KPHOKOHCEPBUPO-
BaHHBIX sapocoaepxkamux (CD45%) kierok (kSCK),
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and Experimental Therapy of Research Institute of
Pharmacology and Regenerative Medicine of Tomsk
Scientific Center of the Siberian Branch of the Russian
Academy of Medical Sciences (Tomsk, Russia) [9].
The scholars introduced cytotoxic drugs with different
mechanism of action and revealed in various models
of myelodepression that the developed hypoplasia of
hematopoietic tissue and hematopoietic recovery is
largely determined by the hematopoiesis disregulation
nature, besides a direct suppressive effect of toxic
agents on hemopoietic cells. Reparation of hemato-
poietic tissues is largely provided by hemopoietic stem
cells and the ones of hemopoiesis-inducing microenvi-
ronment.

Umbilical cord blood (CB), containing stem and
committed hemopoietic cells is available source of
hematopoietic stem cells (HSCs) [1, 2, 5, 11, 12, 30,
32]. Besides HSCs possessing a high plasticity and
pluripotency, the CB contains multipotent mesenchy-
mal stem cells, endothelial progenitor cells, which could
be considered as the elements of hemopoiesis-inducing
microenvironment [20, 22]. In other words, CB con-
tains different cell populations, every one of which
either alone and/or together may contribute to the
therapeutic effect of CB products. Therefore, alloge-
neic and autologous introductions of CB HSCs are
considered as a common treatment for many cancer
and nonmalignant diseases of the blood system [20,
24, 32], correction of immuno- and hemodepressive
states of various origin [10, 12, 15, 27, 30].

CB preparation used in our studies includes the
suspension of cryopreserved nucleated (CD45%) cells
(cNCs) suspended in autologous plasma [1, 2, 16].
Nucleated cells (NCs) of CB are presented with cell
populations of different composition and differentiation
degree, including the HSCs (CD34%) and cell popula-
tions comprising hemopoiesis-inducing microenviron-
ments. The above mentioned facts enable to consider
the cryopreserved cell suspension of CB as a complex
medical product of polyvalent spectrum. It should be
noted that the plasma of CB (as a unique biologically
active substance), which contains NCs of CB cryopre-
served preparation, is of specific interest to the scho-
lars. It contains more than 60 specific placental
proteins, being the cytokines, interleukins, enzymes,
adaptogens, growth factors, immunoregulatory agents.
In addition, CB plasma contains a variety of peptides,
hormones, vitamins, microelements [11, 12].

All of the above mentioned properties of suspension
of CB NCs suspended in autologous plasma allow to
assume a high clinical efficiency of cryopreserved cell
preparations based on cord blood in terms of hemato-
poiesis recovery under extreme cytotoxicant effects
and reduction of their damaging effect on healthy
proliferating cells in bone marrow.
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B3BEIlICHHAas B ayTojoruuyHou muaasme [1, 2, 12].
Anpocoaepxamue kierku (ICK) KK npencraBnens
Pa3IMYHBIMU 110 COCTaBY M CTENEeHH MU depeHINPOBKH
KJIETOUHBIMU MOMYSLIUAMHU, CPEIU KOTOPBIX OIpeie-
nenbl ['CK (CD34%) u momy sy KJIETOK, BXOASIIIAX
B COCTaB TeMOIT03UHIYIHPYIONET0 MUKPOOKPYIKE-
Hus. BeleykasaHHbie GakThl JalOT IPaBO CYUTATH,
YTO KPUOKOHCEPBUPOBaHHAas KiieTouHas cycnensus KK
MOXET MPUMEHATHCS KaK KOMIUICKCHBIN mpemnapar
TIOJTMBAJICHTHOTO CTEKTpa AecTBUsA. Cleayer oTMe-
TUTh, 4TO Tu1a3Ma KK (kak yHuKanbHas OHOIOTHYeCKH
aKTHBHasA cyOcTaHLus), B KoTopoii B3BeuieHsl SICK
KpuokoHcepBupoBanHoro npemnapata KK, npeacras-
JeT 0COOBI MHTEpecC Jig uccienoBareneit. OHa
contepkuT 6osee 60 cienMPUUSCKUX TUIAIEHTAPHBIX
0EJIKOB, KOTOPBIC UTPAIOT POJIb IITATOKWHOB, HHTEPIICH-
KUHOB, ()€PMEHTOB, QIalITOTCHOB, ()aKTOPOB POCTA,
AMMYHOPETYIISTOPHBIX areHToB. Kpome 3Toro, B rmiasz-
me KK conepxutcs nenblid psii NENTUI0B, TOPMOHOB,
BUTAMHHOB, MUKPOJJIEMEHTOB [6, 7].

Bce BblENIEpEeUnCIIEHHBIE CBOMCTBA CYCIEH3UU
SCK KK, B3BemEeHHOH B ayTOJOTHYHON IIazMe,
MO3BOJISIIOT CAENaTh MPEANOJI0KEHHE O BBICOKOH
KIIMHUYECKOH 3()(heKTUBHOCTH KPUOKOHCEPBUPOBAH-
HBIX KJIETOYHBIX IpenapaToB Ha OCHOBE KOpPJOBOM
KpPOBH JUIsI HOPMATU3aLUU KPOBETBOPEHHUS IIPH SKCTPE-
MaJIbHBIX YCJIOBHSIX BO3ICUCTBUS LIUTOTOKCUKAHTOB
Y CHKEHUS UX OBPEXKAAIOIIET0 IEUCTBUS Ha 310PO-
BBIC PO EPHUPYIOTIHEC KISTKH KOCTHOTO MO3Ta.

enbro qaHHOM paOOTHI SIBISETCS H3yUCHUE BITHS-
HUS KPHOKOHCEPBUPOBAHHOTO KJIETOYHOTO Ipemnapara
KOPZIOBOW KPOBHM Ha MPOIECCHl KOCTHOMO3TOBOTO
KpPOBETBOPEHUS MTPH PTOPYPAITAIOBON MUETOCTIPEC-
CHUU.

MatepuaJbl M1 MeTOAbI

DKCHEepUMEHTHl OBLTH BHITIOTHEHBI B OCCHHE-
3UMHUH niepuoj Ha Meimax guaud CBA maccoit 18—
20 r. )KuBOTHBIE COJEPKANUCh B CTAHAAPTHBIX
ycnosusix BuBapus UTTIKuK HAH Ykpanms: (XapbkoB)
MIPH €CTECTBEHHOM CBETOBOM PEXKHMME Ha CTaHIAPT-
HOH ameTe, CBOOOTHOM JOCTyIIe K Bojie U mwie. Mc-
CJICIOBaHUSI IPOBOIMIIA B COOTBETCTBUH ¢ «OOTIIHMHI
MIPUHIMITAMA YKCIIEPUMEHTOB Ha KHUBOTHBIX», 0/100-
peHHbpIME V HanmoHaIEHBEIM KOHTPECCOM 110 OMOATHKE
(Kues, 2013) u coracoBaHHBIMHU C MOJOXCHUSIMU
«EBporelickoil KOHBEHIIMU O 3aIUTE MO3BOHOYHBIX
YKUBOTHBIX, UCITOJIB3YEMBIX IS SKCIIEPUMEHTAIbHBIX
U IpyTUX Hay4HbIX menei» (CtpacOypr, 1985).

DKCHEepUMEHTAIBHOE MOJICTUPOBAHNE MUEIIOICTI-
peccuu y MblIlled MPOBOAMIIN C TOMOIIIbIO OAHOKPAT-
HOTO BHYTPHOPIOITMHHOTO BBEIICHIS Ipernapara 5-OY
(<KEBEWEp», ABcTpHsi) B MAKCUMAJIEHO TIEPEHOCUMOMA
no3e 228 Mr/kr [S]. @TOopypanmit OTHOCHTCS K TPYIIIE
AHTUMETa0OUTOB, SBISIETCS aHAJIOTOM MTUPUMHUINHO-
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The research aim was to study the effect of cryo-
preserved cord blood cell preparation on bone marrow
hematopoiesis at fluorouracil myelodepression.

Materials and methods

The experiments were performed within autumn-
winter period in CBA mice of 18-20 g. The animals
were kept in the vivarium of IPC&C of the National
Academy of Sciences of Ukraine under standard
conditions of natural light and standard diet with water
and food ad libitum. The experiments in animals were
performed in compliance with the ‘General Principles
of Experiments in Animals’ approved by the 5"
National Congress in Bioethics (Kiev, 2013) and agreed
with the statements of the ‘European Convention for
the Protection of Vertebrate Animals Used for Expe-
rimental and Other Scientific Purposes’ (Strasbourg,
1985).

Experimental myelodepression in mice was si-
mulated using a single intraperitoneal injection of
5-FU (EBEWE, Austria) in maximum tolerated dose
of 228 mg/kg [9]. Fluorouracil is referred to the
group of antimetabolites, is an analogue of pyrimidine
components of nucleic acids and has a strong toxic
effect. The drug is prescribed to treat the patients with
malignant tumors, it is widely applied in protocols of
multiagent chemotherapy for various forms of cancers.
Parameters of toxicity of fluorouracil are almost
identical at different ways of administration. He-
matopoiesis inhibition and digestion disorders are the
limiting toxicity [28].

The animals were divided into the following groups
(6 mice each): control (C), experimental (E), and intact
(background). Control group of animals was treated
only with 5-FU. Mice of the experimental group were
treated with a single injection of 5-FU and after 3—
4 hrs were intravenously injected with 0.2 ml cNCs of
human CB (HCB) (Interdepartmental Scientific Center
of Cryobiology and Cryomedicine of the National Aca-
demy of Sciences of Ukraine, Academy of Medical
Sciences and Ministry of Health Care of Ukraine,
Kharkov) in a dose of 5x108 viable cNCs/kg [1, 2, 11,
27, 32]. NCs were sedimented from the whole CB in
a solution of dextran with 60,000 + 10,000 molecular
weight, cryopreserved by the program developed at
the Institute for Problems of Cryobiology and Cryo-
medicine of the National Academy of Sciences of
Ukraine and stored in a low temperature bank of the
Institute at —196°C [1, 2]. CB ¢cNCs were thawed in a
water bath (37°C) for 40 seconds. Intact mice were
injected only with physiological solution in an equivalent
volume (0.2 ml). All the studied indices in the group of
intact animals were not significantly changed through
whole experimental term, therefore the data were
averaged over the observation time for the material
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BBIX KOMIIOHEHTOB HYKJIEMHOBBIX KHCIIOT U 00Ja1aet
CHJIBHBIM TOKCHYHBIM 3¢ dexrom. Ilpenapar 5-OY
Ha3HaA4yaloT IS JeueHUs OONbHBIX 3710KAYeCTBEH-
HBIMU OIYXOJISIMH, €T0 IIUPOKO BKIIIOYAIOT B CXEMBI
MOJINXUMHUOTEPANTUN PA3TUIHBIX (OPM OITyXOJEH.
[Tokazarenay TOKCHIHOCTH IIPH PAa3HBIX My TSIX BBEE-
HUS PTOpypanmia MPaKTHIeCKu OMUHAKOBEL. JInMuTH-
pyIoIIel TOKCHYHOCTBIO SIBIAIOTCS YTHETEHUE TeMO-
110332 ¥ HApYIICHHS CO CTOPOHBI MTuIIeBapeHus [21].

’KuBOTHBIX pa3aenviin Ha CIIeAYIOLIHe TPYIITHI 10
6 B K&KAOH: KOHTPOJBHYIO, OTIBITHYIO M HHTAKTHYIO
(¢on). I'pymniie KOHTPOIBHBIX KUBOTHBIX BBOJUIH
TonbKO 5-DY. MeI1aM oneITHOM Tpymmel yepe3 3—4 u
[IOCJIE OHOKPATHOW MHBEKIUHU 5-DY BHYTPHUBEHHO
Beogwn 0,2 mn kACK xopaoBoii kpoBH uenoBeka
(KKY) ('l «MHII KuK HAH, AMH u MO3
Vikpauus, XapsKoB) B 103¢ 5% 10® jkn3HeCIOCOOHBIX
kKACK/kr[1,2, 4, 6,23]. KiteTku BbIACISIIN U3 HEIbHON
KK meTonoMm ceiuMeHTalMu B pacTBOpE JEKCTpaHa
¢ M. M. 60000 = 10000, KprOKOHCEPBUPOBAIH T10 pa3-
paborannoii B MIIKuK HAH Ykpauns! mporpamme u
XpaHWIN B HU3KOTEMIIEpaTypHOM OaHKE WHCTHUTYTa
npu temneparype —196°C [1, 2]. Pasmopaxkusanu
kSACK KKUY na Bonsnoit 6ane (37°C) B Teuenue 40 c.
WntakTHBIM MBIIIaM ((OH) BBOAUIN TOJIBKO PU3HOIIO-
TMYECKUI pacTBOP B 3KBUBAJIEHTHOM 00beme (0,2 ).
Bce uccnenyembie nmokasareiau B Tpymie HHTAaKTHBIX
KHUBOTHBIX 3HAYMMO HE U3MEHSJINCh B 3aBUCHMOCTH
OT BPEMEHH MPOBENICHUS dKCIIEPUMEHTA U OBLIH yC-
PEIHEHBI 10 BCeMY CPOKY HaOIIOACHHUS TS TPOCTOTHI
BOCIIpUATHA MaTepuayia. JKHBOTHBIX BBIBOIWIHA U3
JKcmepuMeHTa Ha 2, 5, 9, 12 u 16-e¢ cyTku myTem
JeKanuTalyy.

Uccnenosanus SACK (CD45") koproBo# KpoBH, B
TOM 4Hciie ¥ reMonodTndeckux (CD34%), no u mocie
KPHOKOHCEPBUPOBAHMs ObUIM MPOBEICHBI METOIOM
MIPOTOYHOH HUTO(DITyOPUMETPHUH HA TPOTOYHOM LIUTO-
metpe «FACS Calibur» («Becton Dickinsony», CIITA)
¢ Hcnojb30BaHueM peareHToB «Becton Dickinsony mo
MexayHapogHomy npotokony ISHAGE (International
Society for Hematotherapy and Graft Engineering) [2].
Hns onenku xu3Hecnocobnoctn SICK mo m mocne
KPHUOKOHCEPBHUPOBAHUS MTPUMEHSITH (ITyOpECHIEHTHBINA
JHK-xpacurens 7AAD («Becton Dickinson») [1, 2,
23]. Bce ucnonp3yemsie B paboTe KPUOKOHCEPBUPO-
BanHble npenapatel KK conepxamn (7,5-8,0)x10%
ACK (CD45%), u3 koropsix (0,18-0,26)% cocrapmnsiia
¢pakuaus CD34*-k1eToK ¢ KU3HECIIOCOOHOCTHIO
(78,4-87,1)%.

KocTtHbIif MO3T BEIMBIBaNN 13 O€APEHHBIX KOCTEH
cpenoit 199 obmenpuHsaTHIM criocobom. O0IIee Kou-
YECTBO MHEJOKapUOIMTOB B KOCTHOM Mo3re (KM) u
neikonuToB B nepudepuueckoi kposu (I1K) xuBor-
HBIX Ompeiessii B kamepe [opsieBa o0IenpruHsITHIM
METOJIOM, MCIOJIB3YSI 00BEKTHUB X40 u oKymsap X7.
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perception simplicity. The animals were sacrificed by
decapitation to the 2", 5t", 9% 12" and 16" days.

Studies of NCs (CD45%) of cord blood, including
hematopoietic cells (CD34%), prior to and after cryopre-
servation were performed by flow cytometry with flow
cytometer FACS Calibur (Becton Dickinson, USA)
using Becton Dickinson reagents according to the
protocols of ISHAGE (International Society for Hema-
totherapy and Graft Engineering) [1]. In order to assess
the viability of NCs prior to and after cryopreservation
the fluorescent DNA dye 7AAD (Becton Dickinson)
was used [1, 2, 27]. All the used CB cryopreserved
preparations contained (7.5-8.0)x10® of NCs (CD45"),
among those CD34" cells fraction made 0.18-0.26%
and had 78.4-87.1% viability.

Bone marrow was washed-out of femurs with
medium 199 by a standard method. Total number of
myelokaryocytes in bone marrow (BM) and leukocytes
in peripheral blood (PB) of animals was counted in a
Goryaev's chamber, using %40 objective and X7 ocular.
Myelogramms and hemograms were analysed in
smears stained with azure II-eosin. The smears were
microscoped with immersion lens. Calculating the cells
included only neutrophilic granulocytes, lymphoid and
erythroid cells. Monocytes, megalokaryocytes and
other cells made not more than 5%, and therefore had
not been presented in the results.

The data were statistically processed by ANOVA
using Excel software (Microsoft, USA). The data were
presented as M + m. Differences between the groups
were considered as statistically significant at p <0.05.

Results and discussion

Blood system plays a decisive role in formation of
non-specific and specific responses of a body, determi-
nes its resistance and reactivity, including extreme con-
ditions such as poisonous influence of cytotoxicants on
human and animal [9]. Myelodepression and hypoplasia
of hematopoietic tissue are the main pathologic syndro-
mes occurring under conditions of cytotoxicant effect.

A single administration of 5-FU in maximum tole-
rated dose resulted in significant dyshematopoiesis and
inhibition of hematopoietic lineages in experimental
mice, as evidenced by the analysis of the BM smears,
which clearly revealed aplasia of hematopoietic tissue
preserving only single islets of hematopoiesis. Myeloid
and erythroid lineage cells were the most sensitive to
5-FU and lymphoid lineage cells were less sensitive
(Table 1). Introduction of fluoropyrimidine anti-
metabolite led to a statistically significant reduction in
the number of neutrophilic granulocytes (NGs) and
erythrokaryocytes (EKs) to the 1-12%" days of the
experiment, and to the 2—5™ days there was revealed
the lowest content of all the studied forms of myelo-
karyocytes, until the complete disappearance of EKs
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AHalu3 MUEJIOTPaMM M TeMOTpaMM H3ydald Ha
Ma3Kax, OKpameHHbIX a3zyp-l1I-so3uHoM. Ilpuroros-
JICHHBIE YKa3aHHBIM CIIOCOOOM Ma3KH MHUKPOCKOIH-
POBaK ¢ UMMEPCHOHHBIM 00beKTHBOM. [Ipu moxcue-
T€ KJIETOK YUYUTBIBAIUCH TOJIBKO HEUTPOQUILHBIC
TPaHyJAOIUTHL, TUM(POUTHBIC U SPUTPOUIHBIE KIIETKH.
MOHONIUTHI, METaKaAPUOLHUTHI U JPYTUe KIETKH
COCTaBJIsUH HE Ooitee 5% 1 m03TOMY HE OBUTH TIpe-
CTaBJIEHBI B TaOHIlE.

g cratructideckoit 00pabOTKH TaHHBIX UCTIONb-
30Bajid OAHO(AKTOPHBIM AMCIIEPCUOHHBIA aHAIU3
(ANOVA) na xommnbioTepHoii mporpamme «Excel»
(«Microsofty, CIIIA). [laHHBIE TPEACTABISLIIH Kak
M £ m. PacxoxaeHuss MeXAy TpyNIaMH CUHUTAIU
CTaTHCTUYECKHU 3HAUMMBIMHU Iipu p < 0,05.

Pe3yabTarhl U 00Cy:KIeHHE

Cucreme KpOBH MPUHAIICIKUT PEIIAIONIas poJib B
(hopMupoBaHuH HecTIETN(DUICCKIX U CICTIH(PIISCKUX
peakIii opraHu3Ma, B OTIPEICIICHIH €T0 PE3UCTEHT-
HOCTH M PEaKTHBHOCTH, B TOM YHCJIC M B YCIOBHUSIX
SKCTPEMaJIbHBIX BO3JIEMCTBUM, K KOTOPBIM MOXKHO
OTHECTHU U TYOUTEIhHOE JIJIS OPraHu3Ma YejoBeKa U
’KUBOTHBIX BIUSHUE UTOTOKCUKAHTOB [5]. OCHOBHBI-
MU MaTOJIOTMYECKUMU CUHIPOMAaMU, BOZHUKAIOIIUMHU
B YCJIOBUSIX ACHCTBUS HUTOTOKCUKAHTOB, SIBISIOTCS
MUEIOACTIPECCUS U TUIOILIA3HsI KPOBETBOPHOU TKAHHU.

OnuokparHoe BBeneHue 5-OY B MakCUMaiabHO
TIEPEHOCHMO}A JT03€ TIPUBOIIIO K 3HAYUTEIIEHBIM HAPY-
MIEHUSM KPOBETBOPCHHUSI M YTHETEHUIO BCEX POCTKOB
KPOBETBOPEHUS Y IKCTIEPUMECHTAIBHBIX MBIIICH, O 4eM
CBUJIETEJILCTBOBAJI aHAIU3 Ma3koB KM, Ha KOTOpBIX
OTUCTIIMBO BEISBIISJIACH AIUIa3Usl TEMOIIOITHYIECKOM
TKaHU C COXPAHEHHUEM JIUIb AUHUYHBIX OCTPOBKOB
KpoBeTBOpeHus1. Hanbosee 4yBCTBUTENBHBI K ISHCTBUIO
5-®Y oka3zanuch KIETKH MUEJIOUIHOTO U SPUTPOUA-
HOTO POCTKOB, MEHEE UyBCTBUTEIHHBI — TUM(OUTHOTO
poctka (tabxa.1). BBenenue GpTopnupuMHINHOBOTO
AHTUMETa0O0INTa IPUBOMIIO K CTATUCTUICCKH 3HAYH-
MOMY YMEHBIICHUIO KOJUYECTBa HEHTPOPMIHHBIX
rpanrynonuToB (HI') u aputpokapuonuros (OK) Ha 1—
12-e CYyTKHM SKCIEpHMEHTa, IPUIEeM Ha 2—5-¢ CyTKH
OTMEYAJIOCh HAUMEHBIIIEE COJICPHKAHUE BCEX U3ydae-
MBIX (hOPM MHEIOKaPHUOLKTOB, BILUIOTH /IO TTOJHOTO
MCYE3HOBEHMS Ha Tpernaparax KocTHoro mo3ra OK u
HI'. Benen 3a mepuomom aenpeccuy HaOIIOAanoch
nocreneHHoe ypenundenue konndecrtsa HI' u OK 8 KM
*KuBOTHBIX. Ha 9-¢ cyTku B KM Hamu oTMedeHbI
MepBbIC MPU3HAKU BOCCTAHOBUTEIBHBIX MPOILIECCOB
reMOI073a; HE3HAUYUTEILHOE MTOBBIIICHUE 00IIETO KO-
JTUYecTBa MUENIOKapuonuToB, nossienne HI' u OK,
XOTS KX KOJTMYECTBO OBLIO B cpemaeM B 10 pa3 MeHbB-
II1€ TI0 CPAaBHEHUIO C HHTAKTHBIMY KUBOTHBIMH ((POH).
Perenepannonnsie nporeccsl B KM KOHTpOJIBHBIX
JKUBOTHBIX 00JIe€ HHTEHCHBHO MPOTEKATH ¢ 12-X CyTOK

364

and NGs in bone marrow smears. Depression period
was followed by a gradual increase in the number of
NGs and EKs in animal bone marrow. To the 9" day
we noted in BM the first signs of hematopoiesis reco-
very: there was a slight increase in total number of
myelokaryocytes, NGs and EKs appeared, although
their number was 10 times in average less if compared
with the intact animals (background). Regenerative
processes in BM of control animals occured more
intensively from the 12 day of the experiment, and
were almost completed by the 16" day for NGs, while
the number of erythroid cells by this time was restored
only by 62.5% of the intact animals values. There
should be noted a statistically significant (up to 97%
of the total myelokaryocytes number) increase in the
relative number of lymphoid elements which occured
on the background of quite complete absence of
erythroid cells and neutrophils in the BM smears to
the 5™ observation day. The gradual reparation of cells
of granulocytic and erythroid series began with the 9™
day and finished with a full recovery for neutrophils,
whereas erythroid hematopoiesis lineage did not
achieve the baseline values to the 16™ observation day.
Number of lymphoid elements were not significantly
differed from the baseline values to the 12" day after
fluorouracil administration.

The results of the experiments revealed a pro-
nounced stimulatory effect of cryopreserved cord blood
NCs on recovery of bone marrow hematopoiesis,
inhibited by 5-FU administration (Table 1). In particular,
NGs (immature and mature forms) were observed to
the 5" day in hemograms of BM, and to the 9* day
their number exceeded the control values almost 7 and
9 times, respectively. From the 5" to the 16™ days the
total number of myelokaryocytes in BM significantly
(compared to the control) increased. The recovery
dynamics of 5-FU inhibited erythroid lineage of
hematopoiesis observed under effect of HCB ¢NCs
was the most significant. For example, to the 12" day
of the experiment the number of EKs in murine BM
after the toxic effect of 5-FU was (0.99 + 0.12)x10%
thigh and after administration of cryopreserved cell
preparation of CB this index increased up to (4.30 £
0.72)x10%thigh, that was significantly higher even in
comparison with the values of intact animals.

As the Table 1 show, the myeloid and erythroid
lineages of bone marrow hematopoiesis were the most
sensitive to fluoropyrimidines antimetabolite effect that
should affect the cellular composition of peripheral
blood. As we have previously shown [11], the PB of
experimental animals represented a sharp decrease in
the number of reticulocytes and erythrocytes up to the
9 day of observation.

This study established that 5-fluorouracil cytostatic
led to a pronounced leukopenia of peripheral blood of
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SKCIEPUMEHTa U MPaKTH-
YECKH 3aBepIIATNCh K 16-M
cytkam ans HI torna kak

Tabnuua 1. NokasaTenn KOCTHOMO3roBOro KpOBETBOPEHMWS Y Mbilier nuHun CBA,
kotopbiM BBOAMM KACK KKY nocne 5-dY (x108/6enpo)

Table 1. Indices of bone marrow hematopoiesis in CBA mice administrated with HCB
cNCs after 5-FU (x10%thigh)

BOCCTAHOBJICHHE KOJIMYECT-
Cpoku Obuwee
Ba SpUTPOUIHBIX KJIETOK K nccrnefoBaHuii, KONn4yecTBo Hespenbie HI 3penbie HI nmﬁﬁ):_rl;'&%'e OputpounaHble
_ CYTKM MUVEeriokapuoLmnToB Non-mature . KNeTKn
9TOMY BPEMCHH COCTABJISA Observation term, Total number of NG Mature NG Ly?ep"hsmd Erythroid cells
JIO BCETO 62,5% OT 3Ha4e- days myelokaryocytes
HM1 THTAKTHBIX YKUBOTHBIX. ®on
12,75+ 2,64+0,51 700,52 + *
CriefyeT OTMETHTD CTa- Background ,75+0,59 ,64+0,5 3,70+0,5 3,02+0,65 2,72+0,54
THCTHYECKHU 3HAYUMOE (10 Kormpons
2,13+0,45* 2,020,
97% oT 00I1IET0 KOJTHIECT- Control 0.09
2 0* o* 0*
Ba MHEJIOKApUOIUTOB) YBE- OnbiT
. 2,50+0,45* 2,47 +0,01
JIMYEHUE OTHOCUTEIILHOTO Experim.
yucna JUMQOUTHBIX dIie-
Kortpone | 5 3.4 0,52+ 0* 0* 1,97+0,02*
MEHTOB Ha ()OHE MPAKTH- Control
5 o
YECKHU IIOJTHOI'O OTCYTCTBUSA Onbr
Exoeri 3,67+0,56*" 0,54+0,08*" | 0,56+0,03*" | 2,50+0,08"
SPUTPOUIHBIX KIETOK U xperim.
HEHTPOPUIBLHBIX TPaHyIIO-
pod rpany Korpone 3,40+0,86* 0,19+0,06* | 0,16+0,11* | 2,35+0,05* | 0,38+0,11*
muToB B Ma3kax KM Ha Control
9
5-€ CyTKM HaONIONCHHA. Onrr
. 6,42+1,01%" 1,26+0,14*" | 1,560+0,24*" | 2,78+0,32 | 0,71+0,15*"
ITocrenennas penapanus Experim.
KJIETOK T'PAHYJIOLATAPHOTO
rpaxy. P Kg”T’m“l" 8,50+1,02* 1,50+0,27* | 2,18+0,19* | 3,49+0,27 | 0,99+0,12*
U 3pUTPOUIHOTO PSOOB 5 ontro
1
HayMHAJIACh C 9-X CyTOK U Onbrr
Expori 14,50+0,97*" 3,19+0,47" | 3,48+0,94" 3,00+0,40 | 4,30+0,72*"
3aBeplIajach IIOJIHBIM xperim.
BOCCTAHOBJCHUEM s
N Kg”“m“lb 10,66 £0,72* 2,67+0,25 3,09+0,53 2,81+0,31 1,70+£0,29*
HEHTPODMIEHBIX TPAHYIIO- - ontro
UTOB, TOTAa KaK AYPHUT-
o > A p £ Onerr 13,00+0,89" 2,51+0,27 3,99+0,64 2,90+0,64 | 3,12+0,40"
POMAHBIM POCTOK KpPOBE- xperim.
TBOPCHMA HE IOCTUTATT (1)0- MpumeyaHume: *, " — pas3nnuns CTaTUCTUYECKN 3HAYUMbI MO CPABHEHUIO C UHTAKTHbIMU (CPOH) 1

HOBBIX 3HAYCHUH U K 16-M
cyTkam Habmronenus. Ko-
JINYECTBO JTUM(GOUTHBIX
3JIEMEHTOB 3HAYMMO HeE
OTIIMYAJIOCH OT ()OHOBBIX 3HAYEHUH yiKe Ha 12-¢ CyTKH
I0CJIe BBENIEHUS (PTOPYpaITHIa.

Pe3ynbrarh! MpoBEACHHBIX SKCIIEPUMEHTOB TIO3BO-
JIWIIA BBISIBUTH BBIPAXKEHHOE CTUMYIUPYIOIIEe EeHCT-
Bre KprokoHcepBupoBaHHBIX SICK KopaoBoii KpoBH Ha
MIPOLIECCHI BOCCTAHOBIIEHHSI KOCTHOMO3TOBOTO KPOBE-
TBOpPEHUsI, YTHETEHHOTO BBeeHUEeM 5-DY (tabm. 1).
Tak, yxe Ha 5-¢ cyTku Ha remorpammax KM oOHa-
pyxuBanuck HI' (He3penble u 3pensie popMel), a Ha
9-e CyTKM UX KOIMYECTBO NMPEBBIIIANI0 KOHTPOIbHBIE
3HAYEHH MIPAKTUUECKH B 7 1 9 pa3 COOTBETCTBEHHO.
C 5-x mo 16-e cyTku 3HaUUMO (B CpaBHEHHH C KOHT-
poJieM) BO3pacTajio M o0Iee KOTUIECTBO MHUEIOKA-
puortutoB B KM. Hanbosee mokaszarensHa TMHAMHAKA
BOCCTAHOBJIEHUs yrHETEHHOro 5-DY s3putpouiHoro
pocTka kpoBeTrBopeHus nox BiausiHueM kKSCK KKY.
Tak, Ha 12-e cyTku skcniepuMenTa KomrdecTso DK 8 KM
MBIIIIEH [T0CJIE TOKCUYHOTO AchCTBUS S-DY cOCTaBIuIO
(0,99 £ 0,12)x10%6enpo, a mocae BBEACHUS KPUOKOH-
CepBHPOBaHHOTrO KieTouHoro npenapara KK nanzsii
noKazarelb yBenmmuusaics 10 (4,30 £ 0,72)x10%6eapo,

mice, respectively, p < 0.05.
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KOHTPOMNbHBIMU MbILLaMX COOTBETCTBEHHO, p < 0,05.
Note: *, " — differences are statistically significant if compared to intact (background) and control

the control animals up to the 16™ day of observation
(Table 2).

The PB hemogram analysis showed that up to the
9™ day of observation neutrophilic leukocytes were
almost absent in the blood of animals of control group
and the relative number of lymphocytes significantly
increased. Introduction of HCB c¢NCs (Table 2)
accelerated the recovery of leukocytes number in PB,
which was manifested in statistically significant diffe-
rences of the studied indices in the control and expe-
rimental groups to the 9" day. In PB of control animals
even to the 16™ day of observation the leukocyte
number was not fully recovered, while after the intro-
duction of CB cell preparation this index was norma-
lized to the 9™ day. A similar effect of HCB c¢NCs
application has been previously shown [15], i.e. intro-
duction of cell preparations resulted in an accelerated
recovery of an absolute number of PB erythrocytes
upto the baseline values by the 9" day, whereas after
5-FU administration, this index recovered only to the
16" day of observation.
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YTO 3HAYMMO BBIIIC JAXKE I10

Ta6nuua 2. [luHamuka BOCCTAHOBIEHUS kKonnyecTBa nenkounTos B MK Mbillen nuHum

CBA nocne BegeHus 5-0Y n kACK KKY

CpaBHCHHUIO CO 3HAYCHUAMU
HMHTAKTHBIX )KUBOTHBIX.

Table 2. Recovery dynamics of leukocytes number in PB of CBA mice

after administration of 5-FU and HCB cNCs

Kak BuAHO M3 maHHBIX

Ta01. 1, MHCOM A 1 5pHT- ooy Nomber of ukocy10s (4107/m) during obeeruation period, davs
POUIHBIA POCTKHA KOCTHO- Group of

MO3TrOBOI0 KPOBETBOPCHMS animals 2 5 9 12 16
ObuTH Hambosiee YyBCTBU- Kormoms

TENBHBI K ICHCTBHIO (DTOPITH- Control 4,80+0,11* 4,61+0,23* | 437+0,28* | 517+045* | 6,45+0,31*
PUMHINHOBOTO aHTHME- O

TaBOoNKUTA, YTO HE MOIIIO HE Experimental 4,76+0,31* 5,24+0,49% | 7,17+0,40 | 800+0,10 |8,27+0,41

MOBJUATHh Ha KJIETOYHBIN Mpumevanue: *
cocTtaB NepuPEePHUIECKON  Hoimm, p < 0,05.
kpoBu. Kak Ob110 okazano

Hamu panee [11], B [IK
3KCIEPUMEHTAIBHBIX KU-

BOTHBIX HaOTIOATI0Ch PE3KOE YMEHBIIIEHHE KOJTMYECT-
Ba PETHKYJIOLHUTOB M 3PUTPOIUTOB BILUIOTH 10 9-x
CYTOK HaOmomeHusl.

B nanHo# pabore ycTaHOBIEHO, YTO IIUTOCTATHK
5-®VY NpUBOAMT U K BEIPAKEHHOHN JIEHKONIEHUH NIEPH-
(eprdecKkoil KpOBU KOHTPOJIBHBIX )KUBOTHBIX BIUIOTH
1o 16-x cytok HaOmroneHus (Tadm. 2).

Amnanus remorpamM 1K nmokazan, 4To BIJIOTH 10
9-x cyTOK HaOIIOEHHS B KPOBH KMUBOTHBIX KOHTPOJIb-
HOH IrpyIIbl IPaKTHYECKN UCUE3NTH HEUTPO(uIpHbIC
JIEHKOLUTHI M CTAaTUCTUYECKN 3HAYNMO YBEITHYMIOCH
OTHOCHUTEIFHOE KOJIMYeCTBO TUMQOoLNTOB. BBenenune
kSICK KKY (Tabm. 2) yckopuiio mporecc BOCCTaHOB-
JIeHMs KojmdecTBa jekkouutoB B IIK, uro Ha 9-¢
CYTKH NPOSIBIISTIOCH CTATUCTHYECKY 3HAUUMBIMHU pa3-
JUYUSIMU UCCIEAYEMBIX MOKa3aTenell B Ipymnmax
KOHTpons U onblTa. B IIK KMBOTHEIX KOHTPOIBHOMN
TPYIIBI Jaxe K 16-M cyTkam HaOMIoIeHNs KOTMYECTBO
JIEMKOIIUTOB MOJHOCTHIO HE BOCCTAHOBMJIOCH, TOTNA
Kak ImocJiie BBeJIeHus kieTouHoro npenapara KK stor
MoKasaTeib HopMaiu3oBaica Ha 9-e cyTtku. [1omo6-
HeIi 3 dext ot mpumeHenus KACK KKY 6p11 mokazan
Hamu panee [11]: mocie BBeaeHHS KIETOYHOTO Tpena-
pata ObUIO OTMEYEHO yCKOpEHHE BOCCTAaHOBJIEHUS
abcomoTHOTO Komrdectsa sputporuToB [1K mo pono-
BBIX 3HAUEHUI yXe Ha 9-e CyTKH, ToTa Kak IMocie
BBeJcHUA 5-DY naHHBIN Moka3aTenb BOCCTAaHAaB-
JUBAJICS TOJIBKO K 16-M cyTKaM HaOMIONEHMS.

OKCHepUMEHTaIbHOE U KIIMHUYECKOE IPUMEHEHHE
HOBBIX T'€MOIO33CTUMYIHPYIOMUX U UMMYHOMOY-
JUPYIOMMX Hpenaparos, B ToM yncie 1 kSCK KKY,
nuMeeT OONBIIoE 3HAYSHHUE IJIsl MEIUIIMHBI K OHOJIOTHH.
OTH BelIecTBa MO3BOJISIIOT pa3pabaTeIBaTh MyTH Ha-
MIPaBJICHHON PEryISIIINA HMMYHHBIX TIPOIIECCOB, YTO
HE00X0IUMO TSI JIEUeHUST U IPOQUITAKTHKH Pa3Ind-
HBIX 3a00JI€BaHUI, B TOM 4HCJIE T€MOACTIPECCUBHBIX
1 UIMMYHOZI€(ULUTHBIX COCTOSHHUM, BIMAIOT HA (PU3HO-
JIOTUYECKHE aJallTALINOHHBIE BO3MOYKHOCTH OPTaHH3-
Ma U NOoJIepkKaHue ero roMeocTasa.

366

— pas3nnyna CTatucTtuyeckn 3HaydyMmbl NO CPaBHEHUKD C UHTAKTHbIMU XUBOT-

Note: * — differences are statistically significant if compared with the intact animals (p < 0.05)

Experimental and clinical application of novel hema-
topoiesis-stimulating and immunemodulatory products,
including HCB cNC:s is of great importance for medi-
cine and biology. These substances allow to develop
the ways of a targeted regulation of immune processes,
that is necessary for treatment and prevention of vario-
us diseases, including hemodepressive and immunode-
ficiency states, affect the physiological and adaptive
capacity of a body and maintain its homeostasis.

Over the past 50 years, approaches in treatment of
secondary immunodeficiency states, including abnor-
mal hematopoiesis, have been undergone significant
changes: from transfusions of leukoconcentrate and
erythrocytes of adult donors to the clinical applications
of cryopreserved cell preparations of HCB [23, 24,
27,30, 32].

A large number of experimental studies testifies to
the importance of studying the properties of HCB
cNCs. Scholars achieved good results in application
of HCB preparations in the treatment of various hema-
tologic, endocrine, cardiovascular pathologies, central
nervous system diseases, and the ones of unknown
origin [8, 10, 13,21, 27, 32] as well, that confirmed the
polyvalence of these biologically active preparations
due to their composition and broad spectrum of activity.
The way of treatment with HCB cNCs is also of inte-
rest. Previous studies have shown that intravenous infu-
sion was the generally accepted method of HCB admi-
nistration, used in our research as well [15, 27, 32].
N. Ende [8] demonstrated that after an intravenous
administration the CB cells migrated into different
organs, mainly to spleen. In addition, the cells were
observed 10—12 weeks later the transplantation in
degradation loci of cerebrum motoneurons and expres-
sed neuronal markers. T. Murohara [21] showed ex-
perimentally that intramuscular injections of CD34" CB
cells resulted not only in an increase of arterioles
number in ischemic focus, but stimulated the regene-
ration of skeletal muscles too.
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3anocnenuue 50 JeT MOAXOAbI K TEPAIIuy BTOPHY-
HBIX UMMYHOJE(DHUIIUTHBIX COCTOSHUH, K KOTOPBIM
OTHOCST U MAaTOJIOTHIO KPOBETBOPEHUS, IPETEPIENN
3HAYUTENbHBIC U3MEHEHUS: OT TPaHC(Y3UH JISHKOKOH-
LIEHTpAaTa U SPUTPOLUTAPHON MacChl B3pOCIBIX JOHO-
POB U 10 MPUMEHEHMS B KIMHUYECKOW MPAKTHKE
KPHOKOHCEPBHPOBAHHBIX KJIETOYHBIX Ipenaparos KKY
[4,18,19,23,25].

06 akryanpHOCTH H3y4yeHus cBoicTB KACK KKY
CBHUJIETEIILCTBYET OOJIBIIIOE KOTMYECTBO IKCIIEPUMEH-
TaJbHBIX PA0OT. YUEHBIM YIAIOCh OIYYNUTh XOPOIIIHe
pe3yabrarsl npuMeHeHus npenaparoB KKY B ieuennn
PA3TMYHBIX TEMATOJIOTHYECKHX, SJHIOKPHHHBIX, Cep-
JIEIHO-COCYANCTHIX TaTojoruit, 3aboneBanuit [{HC,
a Takke 3a00JieBaHMI HescHOro renesa [4, 23, 30—
33], 4TO MOATBEPXKAAET MOJUBAIEHTHOCTh 3TUX
OMOIOTMYECKH aKTUBHBIX MIPETIApaTOB 33 CYET MHOTO-
KOMITOHEHTHOCTH HX COCTaBa M IIHMPOKOTO CIIEKTpa
neiictBusa. BrI3biBaeT MHTEpEC U croco0 BBEIECHUS
kJACK KKY. Kak moka3anm paHee NMpOBEACHHBIE
WCCIIeIOBaHMs, OOIIETIPHHATHIM CITOCOOOM BBEIECHHUS
KKY, xoTopbIii 6611 HCIIONB30BaH U B Hallel padoTe,
ABISIETCS ee BHyTpuBeHHas uHby3us [4, 11, 23].
B pa6ote N. Ende [30] mokasano, 4To mociie BHyTpH-
BeHHOTO BBeAeHUs KieTku KK Murpupyrot B pazHbie
OpraHsl, MPEUMYIIECTBEHHO — B CENIe3eHKY. Takke
KJIeTKH OblM 0OHapyskeHs! uepe3 10—12 nenens nocne
TpaHCIUIAHTAlMH B JJOKycax Jerpajalui MOTOHENpo-
HOB 'OJIOBHOT'O MO3Ta ¥ 3KCIIPECCUPOBATIN HEHPOHAIIb-
Hble Mapkepsl. B skcnepumente T. Murohara [33]
[I0Ka3aHO, YTO BHYTPHUMBIIIEUHbIe HHBeKIIMU CD34*
kieTok KK mpuBozsT HE TOJIBKO K yBETMYEHUIO YU CIIa
apTepuoI B o4are UILEMHUH, HO M CTUMYJIUPYIOT pere-
HEPALMIO CKEJIETHOM MBIIIIIBI.

H3BecTHO MHOTO paboT, TOATBEPKTAFOIIIHX TTOJTH-
(hyHKITHOHAIBHOCTD JIe4eOHOTO AEUCTBUS KIETOIHBIX
npemnapatoB KK [4, 25], uTo oueHb BaxXHO A1 KYTTUPO-
BaHUSA NOCHEACTBUN XuMHoTepanu. Iupokuii cnekrp
TEparneBTUYECKOTO JEHCTBUS KPHOKOHCEPBUPOBAH-
Horo kierouHoro npenapara KKY onncan Bo MHOTHX
uccienoBanusx [11-14, 22, 25]. Hamu noka3ano, 4to
kSACK KK crocoOHbI Bo3aelCTBOBaTh HE TOJIBKO Ha
OIpeZIEIIEHHBIE 3BEHbA CUCTEM FeMO- 1 IMMYHOII0333,
HO M OXBAaTbIBaTh Bc€ (YHKIHMOHATIbHBIE CHCTEMBI
OpraHM3Ma, BKIIIOYasi U HEHPOIHAOKPUHHYIO, O POIIU
KOTOPO¥ B KOHTPOJIE TEMOII033a PH [IUTOCTATUIECKOU
MUEJIOAETIPECCUU MOXKHO CYAWTDH 0 MMEIOIINMCS B
nuTeparype naHubM [11-14, 22, 25].

Ha ocHoBaHuM prBEEHHBIX TNTEPATYPHBIX AaH-
HBIX MOKHO C/I€JIaTh BBIBOJ O BEICOKOH TUTACTHYHOCTH
u U depeHIIMPOBOYHOM TOTEHIIUANE PA3THIHBIX
MOMYJSIUM CTBOJIOBBIX U MPOreHUTOPHBIX KiteTok KKY
B KOHTEKCTE NMEPCIHEKTUBHOCTH HMX AajbHEHIIEro
KIMHAYECKOTo NpuMeHeHus1. Takum o0pa3om, HayqHO
o0ocHOBaHa NoiMBajIeHTHOCTH NpenaparoB KKY [4,
13,22,23,25], omHaKO MEXaHU3MBI JICHCTBUS KIIETOK,
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There are many studies, confirming the polyfunc-
tionality of therapeutic effect of CB cell products [30,
32], that is very important for the relief of chemo-
therapy effects. A wide range of therapeutic action of
cryo-preserved cell preparation of HCB was described
in many studies [15-18, 26, 30]. We have shown that
HCB c¢NCs were able to affect not only specific
elements of hemo- and immunopoiesis systems, but
to cover all functional systems of a body, including
neuroendocrine one, the role of which in the control
of hematopoiesis in cytostatic myelodepression can
be judged from the available publications [ 1518, 26, 30].

Based on the publication data we can conclude
about a high plasticity and differentiation potential of
different populations of stem and progenitor cells of
HCB in view of the prospects for their further clinical
application. Thus, polyvalence of HCB preparations
was clearly substantiated [17, 26, 27, 30, 32], however,
the mechanisms of cell effect, as well as the effective
ways of administration require further study. Moreover,
it is important to determine the correlation between
effectiveness of cryopreserved cell preparations, the
age of experimental animals and pathology depth.
Pharmacokinetic parameters of HCB c¢NCs are ob-
viously determined by the combined action of each of
its components (different populations of CB nucleated
cells, biologically active substances of plasma) and
demand a complete detailed analysis (if such is possible
due to mutual potentiating effects in multipotent
complex preparation).

We expect that our further scientific studies will
enable to approach the understanding of the mecha-
nisms of general adaptation syndrome development in
response to cytotoxic agents and to develop a novel
methodological approaches to prevent and treat the
secondary immunodeficient states associated with
myelodepression and aplastic state of hematopoiesis.

Our studies of dynamics of bone marrow hemato-
poiesis recovery and an absolute number of peripheral
blood leukocytes have confirmed the expediency for
applying cryopreserved nucleated cell suspension of
human cord blood to stimulate the regeneration in bone
marrow suppressed with fluoropyrimidine cytostatic
(5-FU).

Conclusions

1. Hematopoiesis changes in CBA mice after expo-
sure to cytotoxicants of fluoropyrimidine series (5-FU)
were especially evident to the 2M-12 days of observation.

2. Introduction of 5-FU to mice in the maximum
tolerated dose resulted in pronounced myelodepression
and inhibited reparation of hematopoietic tissue and
some of its lineages.

3. Cells of myeloid and erythroid hematopoietic li-
neages were the most sensitive to 5-FU, cells of lym-
phoid lineage were less sensitive.
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KaK M ONITHMAaJbHBIE CTIOCOOBI X BBEACHUS TPEOYIOT
JajdbHEeHIero uccienoBanns. Kpome toro, BaxHo
OTIPENIENINTH KOPPEISLMOHHbIE 3aBUCUMOCTH 3P PeK-
TUBHOCTH ACUCTBHS KPHOKOHCEPBUPOBAHHBIX KIETOU-
HBIX IIpenapaToB OT BO3pacTa IKCHEPUMEHTAIbHBIX
YKUBOTHBIX ¥ BEIPQ)KEHHOCTH MaTOJIOTMIECKUX MPOIIEC-
coB. OueBHIIHO, (papMAKOKMHETHUECKUE MapaMeTPhI
kSCK KK onpenensaroTcs COBOKYIHBIM A€HCTBHEM
Ka)KI0TO U3 €€ KOMIIOHEHTOB (pa3IM9HbIE TTOMYISIAN
anepubix knetok KK, Gmojormdeckn akTHBHBIE Be-
LIEeCTBa MJIa3Mbl) U TPEOYIOT IITYOOKOTO JeTaJbHOIO
aHanu3a (€cJii TAKOBOM BO3MOKEH 110 IPUYMHE B3aH-
MOTIOTEHIIMPYIOMHUX 3((HEKTOB B MYITBTUIIOTEHTHOM
KOMIUIEKCHOM TIperapare).

Bo3MoyHO, Halu fanbHENIINE HayYHbIE HCCIIEN0-
BaHU MO3BOJIAT MPUOIN3UTHCS K TOHUMAaHHIO MeXa-
HU3MOB Pa3BUTHS OOIIET0 aJaNTAIIOHHOTO CHHAPOMA
B OTBET Ha BBEJEHHE ITUTOCTATHKOB U pa3paboTarhb
HOBBIE METOIUYECKHUE MOAXOABI B MPOQUIAKTUKE H
JICYEeHUH BTOPUIHBIX UMMYHOAC(PHUIIUTHBIX COCTOSIHHUM,
CBA3aHHBIX C MHENOJETPECCHe M arIacTHIeCKUM
COCTOSTHHEM Te€MOII033a.

[IpoBeneHHbIE HAMY HCCIIEIOBAHUS AMHAMUKH BOC-
CTaHOBJIEHHS] KOCTHOMO3TOBOTO KPOBETBOPEHHUS U
a0COTFOTHOTO KOTMYECTBA JICHKOIUTOB ITeprQepudec-
KOW KPOBH TOATBEPAMIIH LIEIECO00Pa3HOCTh MPIMEHE-
HHSl KPUOKOHCEPBUPOBAHHOM siApOCOAEpKaIIEH
KJIETOYHOM CyCIIEH3UH KOPAOBOH KPOBH UEIOBEKA AJIS
CTHUMYIISLINY BOCCTAHOBUTENIBHBIX MTPOIECCOB B KOCT-
HOM MO3T€, ITO/IaBJICHHBIX IIUTOCTATHKOM (DTOPIIHPH-
MUJIUHOBOTO psifa 5-OV.

BoiBoabI

1. ITocne BO3AEUCTBUS JEKAPCTBEHHBIX IIUTOTOK-
CUKaHTOB (TOPINHUPUMHAMHOBOTO psnga (5-dY) y
mblmieit muaun CBA u3MeHeHus co CTOPOHBI KpOoBe-
TBOpEHHUSI 0COOEHHO HAITISITHO MPOSIBIISUTNCH Ha 2—12-¢
CYTKHW HaOIFOCHUS.

2. Beeaenue 5-OY MbllaM B MAKCUMaIbHO IIEpe-
HOCHMOM J03€ MPUBOJNIIO K BEIPAKEHHON MHUENOE-
IIPECCHUH ¥ TOPMOKEHHIO MTPOIIECCOB PEMapaIiiii KPOBe-
TBOPHOI TKaHM U €€ OTIEIHHBIX POCTKOB.

3. HauGosee 4yBCTBUTENBHBI K JeiicTBUIO 5-DY
OKa3aJINCh KJIETKHM MHUEIOUJHOIO U 3PUTPOUTHOTO
POCTKOB KPOBETBOPEHHSI, MEHEE UyBCTBUTEIBHBI —
KJIETKH TUM(POHUTHOTO POCTKA.

4. IlpuMeHeHue KIETOYHOTO Ipernapara KopJoBOi
KpPOBH, TPEACTABISIONIETO COO0H KPUOKOHCEPBHPO-
BaHHBIE SAPOCOAEPIKAIINE KIETKA KOPJOBOH KPOBH B
ayToria3Me, SBUIOCh 3(hPEKTUBHBIM CIIOCOOOM,
MO3BOJIMBLIMM JOOHUTHCA B OOJiee KOPOTKHUE CPOKH
(x 12-M cyTKaM) BOCCTaHOBIEHHUSA KOCTHOMO3TOBOTO
KpPOBETBOPEHUS 1 TTOTHOTO KYTHPOBAHHS TOKCHYIECKOU
JIEHKOTIEHUH Ha 9-€ CYyTKH 3KCIIEPHUMEHTA.
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4. The use of cord blood cell preparation, being a
cryopreserved nucleated cells of cord blood in auto-
plasma, was an effective way of treatment, allowed
to achieve recovery of bone marrow hematopoiesis
in a short period of time (to the 12" day), and a
complete reduction of toxic leukopenia to the 9" day
of the experiment.
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