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Morphological Features of Spleen Tissue After Introduction
of Fluorouracil and Cryopreserved Cord Blood Nucleated Cells

Pecpepar: B paboTe n3yyeHo BnusiHe BBEOEHUS KPUOKOHCEPBMPOBAHHbBIX SAPOCOAEPXKALLMX KNETOoK kopaoBow kposu (kACK
KK) yenoBeka Ha mopdonornyeckoe COCTOSHME TKaHU Cene3eHKW Mbllel B YCIOBUSAX FeMO- U MMMYHOCYNpPeccun, Bbl3BaHHON
O[LHOKpaTHOW BHYTPUOPIOLINHHON MHbeKUUeN aHTumeTabonuTa HykneunHoBoro obmeHa 5-dptopypauuna (5-®Y) B makcumanbHo
nepeHocumont fose. MNoa BnusiHnem 5-OY B ceneseHke Ha MPOTSKEHUM Bcero nepuopa HabnopeHus (16 cyTok) 6biny BbiSIBMEHbI
nporpeccupylolme N3MeHeH sl, XxapakTepHble Ans NnopaXeHWs TOKCUYECKUMU BellecTBaMu, @ UMEHHO: MOSTHOKPOBME, JKCCyaauust
N MHUNbTpaumsa nenkoumTammu nynbnbl CeNe3eHkn; ckonneHve makpodaroB ¢ arounTMpoBaHHbLIMU MMdOLMTaMU UK UX
dparmeHTamu; fereHepaTuBHbIE N HEKPOTUYECKMNE N3MEHEHUSI CO CTOPOHbI TKAHEBbIX 3MEMEHTOB Myrbrbl 1 hoNNMKynoB. BeiseneHa
BbICOKasi CTeNeHb PeakTUBHOCTW Cene3eHKU MblliN B OTBET Ha BBEAEHWE KPUOKOHCEPBUPOBAHHbIX KMETOK KOpPAOBOW KpoBu. Ha
2-e cyTkn nocrne npumeHerus kACK KK Habniopganuch CTpykTypHble npeobpa3oBaHusi ceneseHkun, a yxe yepes 10 cyTok nocne
TOKCUYECKOro nopaxeHus aHTuMmeTtabonutom 5-OY cTpoeHue opraHa oTBevaro HOpMe.

KnioyeBble cnoBa: ceneseHka, MMMYHO- 1 remocynpeccusi, hTopypaums, KpMOKOHCEPBMPOBaHHbIE KIETKN KOPAOBOW KPOBW.

Pedhepat: Y poboTi BMBYEHO BMNMMB BBEAEHHS KPIOKOHCEPBOBAHUX SiAepHUX KMiTUH kopaoBoi kpoBi (kKACK KK) nogmHu Ha
MOPONOriYHNN CTaH TKAHWHM CeNnesiHKu MUWen B yMOBax remo- Ta iMyHOCynpecii, BUKNUKaHOI O4HOPAa30BOI BHYTPILUHbO-
04YepeBUHHOK iH'eKLiED aHTUMeTaboniTy HykneiHoBoro obmiHy 5-ptopypauuny (5-®Y) B makcumansHo npunyctumin gosi. Mig
BrnuBom 5-®OY B cenesiHui NpoTsiroM ycboro rnepiody crnocTepexeHHs (16 aib) 6ynu BusBneHi nporpecytodi 3aMiHW, xapakTepHi Ans
YPaXeHHS1 TOKCUYHMMY pevyoBMHAMM, @ caMe: NOBHOKPOB'S, ekcydauis Ta iHdinbTpauis nenkountamu nynbnn CenesiHkv; CKyn4YeHHs
Makpodaris i3 ¢garountoBaHumu nimcoumtamm abo ix parmMeHTaMu; gereHepaTUBHI Ta HEKPOTUYHI 3MiHM 3 BOKY TKaHUHHUX
enemeHTiB nynbnu i donikynis. BuaBneHo BMCOKUIA CTyNiHb PeaKTUBHOCTI CenesiHkM MUWi y BiANOBiAb Ha BBEAEHHS KPiOKOH-
cepBOBaHWX KNiTUH KopaoBoi kpo.i. Ha 2-y goby nicnsi 3actocyBaHHs kKACK KK cnoctepiranucst cTpyKTypHi NepeTBOPEHHST CenesiHky,
a Bxe yepe3 10 Ai6 nicns TOKCMYHOro ypaxeHHsi aHTuMmeTabonitom 5-®Y GynoBa opraHa Bignosigana HopMi.

KnrouoBi cnoBa: cenesiHka, iMyHO- Ta remocynpecis, gTopypauun, KpiokOHCEPBOBaHI KMiTUHW KOPOOBOI KPOBI.

Abstract: We studied the effect of administered cryopreserved nucleated cells of human cord blood (cCBNCs) on murine spleen
tissue morphology under hemo- and immunosuppression induced by a single intraperitoneal injection of 5-fluorouracil (5-FU) antimetabolite
of nucleic metabolism in the maximum tolerated dose. Progressing changes, typical for a damage caused by toxic substances, such
as: congestion, exudation and leukocytes infiltration of spleen pulp; accumulation of macrophages either with phagocytized lymphocytes
or their fragments; degenerative and necrotic changes in tissue elements of the pulp and follicles were revealed in spleen following
5-FU introduction within entire observation period (16 days). A high degree of murine spleen reactivity in response to the administration
of cryopreserved cord blood cells was found. To day 2 after cCBNCs administration we observed structural rearrangements in
spleen, and already 10 days later 5-FU antimetabolite toxic injury the organ structure was back to the norm.

Key words: spleen, immuno- and hemosuppression, fluorouracil, cryopreserved cord blood cells.

NMMyHHast 1 KpOBETBOPHASI CHCTEMBI SBJISIOTCS
WHJIMKATOPAaMH TPHUCTIOCOOIIEMOCTH OpTaHu3Ma K
HU3MEHSIOIIHUMCS YCIOBUSM BHEUIHEH U BHYTPEHHEHN
cpenpl [6]. Pasnuunbie 1o cBOEH MpUpoe SIKCTpeMatb-
HbIE BO3ACHCTBUS CIOCOOHBI YTHETaTh OTICJIbHBIC
3BEHbsI CUCTEMBI KDOBU 1 IMMYHHUTETA, UTO MOKET IPH-
BECTH K PAa3BUTHUIO IeMO- 1 MMMYHOJENPECCUBHBIX
coctosiHui [8]. CeneseHka — KpyNHbIM BTOPHYHBIN IEPH-
(hepuueckuii opran umMmmyHorenesa [13, 16]. Kpome
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The immune and hematopoietic systems reflect the
ability of an organism to adapt to the changing con-
ditions of external and internal environments [7].

Extreme exposures being different by their nature
can inhibit certain links of hemopoietic and immune
systems, that may result in development of hemo- and
immunosuppressive states [10]. Spleen is the large se-
condary peripheral organ of immunogenesis [15, 18].
Furthermore, it is the largest depot of lymphoid tissue
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TOTO, OHA SIBIIIETCS HAHOOIBIINM KOJUIEKTOPOM JIFM-
(honTHOI TKaHW B OpraHW3MeE, BBITIOTHSET B&KHBIE TeMa-
TOJIOTHYECKUE U UMMYHOJIOTHYECKHE (QYHKLUUH MIPH
(hOpMHUPOBaHNH T'€HEPATU30BAHHOTO IMMYHHOI'O OTBETA
BCEro OpraHu3Ma Ha IPOHUKHOBEHHE aHTUTE€Ha, BOCTIa-
JUTEBHBIHN MpoLiece WK JII000e Apyroe HapylIeHUe
romeocTtasa [ 11]. Bozpocuuii B mocineanee Bpemsi UH-
Tepec K UCCIEA0BaHUIO OPraHOB IMMYHHON CHCTEMBI
00BsCHSIETCS YXYIIIEHUEM SKOJIOTHIECKOM CUTYAIH
B MHpe, ypOaHHu3aIueil, HeraTUBHBIM BO3AEHCTBHEM
9K30- M HJIOTEHHBIX (JaKTOPOB, & TAKKE YCUIICHHEM TICHXO-
JIOTUYECKOM Harpy3K{ Ha OpraHn3M 4ernoBeka. B pesyrb-
TaTe YBEITMYNBACTCS YHCIEHHOCTh HACEICHHUS C ayTO-
MMMYHHBIMH, aJUIEPTUYECKUMHU ¥ OHKOJIOTHYECKUMU
MATOJIOTUSIMH, CBA3aHHBIMHU C HApYIIIEHHEM TOMEOCTasa,
BCJIEICTBHE KOTOPOTO Pa3BUBAETCS CTOMKUN UMMYH-
HBII ucOanane, MPUBOAAIINI K aHEPIHHU HIIH TUTIEPIp-
TUU UMMYHHOU cucTeMsl [7]. B aT0i1 cBsi3u Bo3pociio
YHCIIO0 3a00I€BaHNH, TATOTeHE3 KOTOPBIX CBSI3aH C pas-
BUTHEM BTOPUYHBIX UMMYHOAC(UIIUTHBIX COCTOSHUM
[17]. B knuHUKE A7 KyMUpOBaHUS HMMYHHBIX Hapy-
HIEHUH ITUPOKO MPUMEHSIOTCS] METOIBI UMMYHOKOPPH-
THPYIOIEH WITH IMMYHOMOIYIUPYIOMIei Teparui [ 18].

[TockonapKy MHOTHE MCIOIB3yeMbIE JIEKapCTBEH-
HbIE CPEICTBA HE 00EeCIeYMBAIOT KOMITJIEKCHYIO Te-
paruio ¥ UMEIOT NOO0UHBIE P PEKTHI, TO BAYKEH MOUCK
HOBBIX 3((PEKTUBHBIX M MaJOTOKCHYHBIX METOJOB
HOpMaJIh3aluu romeocTasa [12].

Ha ocHoBaHNM BBIIIEN3I0KEHHOTO OYEBHIHA HEOOXO-
JUMOCTD Pa3pabOTKH aJIbTePHATUBHBIX HETOKCHYHBIX
1 00J1a/1a10IIMX BEICOKOM OMOOCTYITHOCTBIO CPE/ICTB,
CIOCOOHBIX JIeHiCTBOBATh HA CHCTEMHOM YPOBHE.

Cene3eHka umeer 0oJee CII0KHOE CTPOCHHUE, YeM
JpyTrue nepudepudeckue opranbl UIMMYHHOH crcTe-
MBI, @ TAKXKe BBICOKYIO UyBCTBUTEIBHOCTH K Pa3iny-
HBIM BO3JICHCTBHSIM 2K30- U DHIOTEHHOU MTPUPOIHI [ 13,
16]. UccnenoBanue MOphOIOTHIECKIX OCOOCHHOCTEH
CeJIe3eHKH TPH BO3IeHCTBHH S-pTopypanmna (5-DY),
MOJIETMPYIOIIETO COCTOSTHUE HIMMYHO- 1 TeMOCYTIPEC-
cuH [12], 1 KpHOKOHCEPBUPOBAHHBIX SAPOCOAEPIKALIIX
kietok kopaoBoit kpoBu (kSACK KK) B kauectse
MMMYHOKOPPEKTOPA IUPOKOTO CIIEKTpa AeHCTBUA [9,
10] mo3BoUT yriayOUTh MOHMMaHUE MEXaHU3MOB €€
PEaKTHBHOTO OTBETa Ha BO3JclcTBUE (PAKTOPOB pas-
JIMYHOM ATHOJIOTHH.

enbro nanaoO# paboOThI OBUIO N3YUCHUE BIUSHUS
BBEJICHNUS KPHOKOHCEPBHUPOBAHHBIX SIPOCOACPIKALIIX
KJIETOK KOPI0BOH KPOBH Ha MOP(OIOTHYECKOE COCTOS-
HUE CEJIE3EHKU B YCIOBHSAX HMMYHO- M TEMOCYTIPECCHH,
BBI3BAaHHOW NPUMEHEHHEM (TOPIUPUMHUIUHOBOTO
AHTUMETA00IMIECKOTO ITUTOCTaTHKA S-(pTopypanua.

Marepuajibl 1 MeTOAbI

UccnenoBanus NpoOBOAUIN B COOTBETCTBUHU C
«O0IMMH NPUHIMIIAMHI SKCIIEPUMEHTOB Ha KHUBOT-
HBIX», 0100peHHbIMH V HanoHampHBIM KOHTPECCOM
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in the body, and implements the important hematologic
and immunologic functions under formation of gene-
ralised immune response of the whole body to either
antigen penetration, inflammation or any other homeo-
stasis disorder [13]. Recently an increased interest to
study the immune system organs is explained by a wor-
sened ecological situation in the world, urbanisation,
negative impact of exo- and endogenous factors, as
well as a strengthened psychological pressure on
human body. Consequently, there is an increase of
population with autoimmune, allergic and oncological
pathologies, associated with impaired homeostasis,
resulting in persistent immune imbalance, leading to
either anergy or hyperergy of immune system [8]. In
this context, the incidence of diseases, which pathoge-
nesis was associated with the developed secondary
immuno-deficiency state, augmented [4]. The methods
of either immunocorrecting or immunomodulating
therapy are widely used in clinic to mitigate immune
disorders [9].

Since most applied medicinal products could not
provide any comprehensive therapy and often their use
is accompanied with side effects, of importance is to
search new efficient low-toxic methods for homeo-
stasis normalization [14].

Proceeding from the mentioned above the need in
development of the alternative non-toxic and highly
bioactive products, capable to act at a system level,
becomes apparent.

Spleen has a more complicated structure vs. other
peripheral organs of immune system, as well as posses-
ses a high sensitivity to different effects of exo- and
endogenous nature [15, 18]. The study of morpholo-
gical features of spleen following 5-fluorouracil (5-FU)
effect, simulating the state of immuno- and hemosup-
pression [14], and introduction of cryopreserved cord
blood nucleated cells (cCBNCs) as a broad-spectrum
immune correcting agent [ 11, 12] will extend the under-
standing of the mechanisms of its reaction to the impact
of factors of different etiology.

This research was aimed to study the effect of
cCBNCs administration on morphological state of
spleen under immuno- and hemosuppression, caused
by applying the fluoropyrimidine antimetabolite 5-fluo-
rouracil.

Materials and methods

The studies were carried-out according to the
General Principles of Experiments in Animals approved
by the 5" National Congress in Bioethics (Kyiv, 2013)
and agreed to the statements of European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Stras-
burg, 1986).

Experiments were performed within the autumn-
winter period in CBA mice weighing 18-20 g. Animals
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o 6uoatuke (Kues, 2013) u cornmacoBaHHBIME C TIOJIO-
JkeHUuAMU «EBponeickoil KOHBEHIIMU O 3alIUTE MT03BO-
HOYHBIX )KHBOTHBIX, UCIIOJIb3YEMBIX JIJIs SKCTIEPHMEH-
TaJbHBIX U APYTHX Hay4HbIX 1enei» (CtpacOypr, 1986).

DKCIIeprMEHTHI ObLITN BHITIOJIHEHBI B OCEHHE-3UMHUM
nepuon Ha Mblmax Juaud CBA maccoii 18-20 r. XKu-
BOTHBIE COZIEP’KAINCH B YCIIOBUSAX BUBapus MHcTuTyTa
po0iieM kproduonoruu u kpuomeauiuasl HAH Yk-
pauHBI TIPH €CTECTBEHHOM OCBEIIIEHWH Ha CTaHAapT-
HOW JIieTe U IIPU CBOOOHOM JIOCTYTIE K BOJIC U THIIIE.

DKCIepUMEeHTAIPHOE MOJEITUPOBAaHNE TEMO- U
MMMYHOCYTIPECCUH Y MBIIIIEH TPOBOINIIH C TIOMOIIIHIO
OJTHOKPATHOTO BHYTPHOPIOIIMHHOTO BBEAECHUS S-(hTOp-
ypamuina (<kEBEWEy», ABcTpus) B MakCUMalbHO
nepeHocumoi o3e 228 mr/kr [4]. JlanHbii npenapat
OTHOCHTCSI K TPyTIIIe aHTUMETA0O0IIMTOB, SIBJISICTCS aHa-
JIOTOM MUPUMUMHOBBIX KOMIIOHEHTOB HYKJIEMHOBBIX
KHCJIOT, 00JIa1aeT CHIIbHBIM TOKCHYECKUM 3P PEeKTOM
1 OKa3bIBAET MOIIIHOE YTHETAIOIIee JENCTBUE Ha KOCT-
HbII MO3T [5, 12].

’KuBoTHbIe OBITM pa3/iefNeHsl HAa TPHU TPYMIbL:
WHTaKTHas (KOHTPOJIb) 1 IBE OTBITHBIE (110 6 MBITIIEH
B K&)X[1011). MbITI1aM IIepBO# ONBITHO TPYTIIHI BBOAWIN
TONBKO 5-DY (Tpynma 5-DVY'), BTopoii ONBITHOH TpyTiIe
(rpynma 5-®Y + xJACK KK) uwepes 3—4 g mocie
OJITHOKPAaTHOW HHBbEKUUU 5-DY BHYTPUBEHHO BBOIMIN
0,2 mi kJCK KK genoseka (I'Tl «MexBe1OMCTBEH-
HBII HAyYHBIH LEHTP KPHOOHOJIOT U X KPUOMEULIHBI
HAH, AMH u M3 Vkpaunns», I. XapbKkoB) B 103€
5x%10% sxusnecnocooubix KACK KK/kr [1, 2].

SAnpocoaepxalnye KIETKH BBIIEIAIN U3 LIETbHON
kopnoBoii kpoBu (KK) meromom cenummeHTanuu B
pactBope aekctpana ¢ M. M. 60 000 + 10 000, kprokoH-
CepBUPOBAIIH 110 pa3padboTanHoi B UHCTHTYTE TPOO-
nieM Kpuobnonorun u kpuomeaumasl HAH Yipansr
IIporpamMMe ¥ XpaHWIA B HU3KOTEMITepaTypHOM OaHKe
WHCTUTYTa 1pu Temneparype —196°C [1, 2]. Knerou-
HBIN TMperapar pasMopakMBajdd Ha BOASHON OaHe
(37°C) B Teuenne 40 c.

HUccnenosanust sippocoaepxkamux kietok (CD457)
KOp/I0BO KPOBH UEJIOBEKA, B TOM YHCJIE U TEMOIIOITH-
yeckux (CD34%), 1o 1 mociae KpUOKOHCEPBUPOBAHUS
OBUTH IPOBECHBI METOJIOM IPOTOYHOH LU TO(ITYyOpH-
MeTpun Ha nporoyHoM ruromerpe «FACS Calibury
(«BDy, CILIA) ¢ ucronb30BaHUEM peareHTOB (PUPMBI
«BD» mo mpotokony MexayHapoaHOTo o0IIecTBa
reMaToTepariy U TPaHCIUIAHTAIIMOHHOW HH)KEHEPUU
(International Society for Hematotherapy and Graft
Engineering, ISHAGE) [2]. 7151 onieHKH 5KM3HECOCo0-
HOCTH SAIPOCOEPIKAIINX KJIETOK JI0 U TTOCIIe KPHUOKOH-
CEPBHUPOBAHUS MTPUMEHSIH (DITyOpECIEHTHBINA Kpach-
tenb JJHK 7AAD («BD») [1, 2]. Bee ucnonsizyemsbie
B pabore KpuokoHcepBUpoBaHHBIe mpenaparsl KK
comeprxanu (7,5-8,0)x10% SICK (CD45"), u3 koTopBIX
(0,18-0,26)% cocramsina ¢ppakuus CD34 -kneTok ¢
JKHU3HECITOCOOHOCTRIO (78,4—87,1)%.
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were kept under conditions of animal house of the
Institute for Problems of Cryobiology and Cryome-
dicine of NAS of Ukraine at natural lighting with the
standard diet and free access to food and water.

Hemo- and immunosuppression were experimen-
tally simulated in mice using a single intraperitoneal
introduction of 5-fluorouracil (EBEWE, Austria) at the
maximum tolerated dose of 228 mg/kg [5]. This drug
belongs to the group of antimetabolites, being the
analogue of pyrimidine nucleic acid components, with
a strong toxic effect, and a powerful inhibitory effect
on bone marrow [6, 14].

The animals were divided into three groups: the
intact (control) and two experimental ones (6 mice in
each). The mice of the first experimental group recei-
ved only 5-FU (group 5-FU), the second experimental
group (group 5-FU + cCBNCs) 3—4 hrs later a single
injection of 5-FU was intravenously administered with
0.2 ml of human cCBNCs (Interdepartmental Scientific
Center of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine, Academy
of Medical Sciences and Ministry of Health Care of
Ukraine, Kharkiv) at a dose of 5x10% of viable
¢CBNCs per kg [1, 2].

The nucleated cells were isolated from the whole
cord blood (CB) by sedimentation in dextran solution
with molecular weight of 60,000 £ 10,000, cryopreser-
ved according to the program, developed at the Institute
for Problems of Cryobiology and Cryomedicine of
NAS of Ukraine and stored at the Institute’s Low
Temperature Bank at—196°C [1, 2]. Cell samples were
thawed in a water bath (37°C) during 40 sec.

The nucleated cells (CD45%) of human cord blood,
including hematopoietic (CD34") ones were studied
both before and after cryopreservation with flow
cytometry using FACS Calibur flow cytometer (BD,
USA) with BD reagents according to the protocol of
International Society for Hematotherapy and Graft
Engineering (ISHAGE) [2]. To assess the viability of
nucleated cells prior to and after cryopreservation we
used the DNA fluorescent dye 7AAD (BD) [1, 2].
All the cryopreserved CB samples used in this research
contained (7.5-8.0)x10% NCs (CD45"), where the
fraction of CD34" cells made (0.18-0.26)% and their
viability was (78.4—87.1)%.

Animals were sacrificied to days 2, 7, 10 and 16.
Spleen fragments were fixed in 10% neutral formalin,
washed with running water, dehydrated in alcohol
solutions of increasing concentration, clarified in xylene
and embedded into paraffin. The 6—8 pum sections from
paraffin blocks were stained with hematoxylin and eosin
to obtain the plain histological specimens [3].
Histological studies were performed using the image
analyzer composed of Olympus CX-41 microscope
(Japan) with Olympus SP 500UZ digital camera
(China) and PC.
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’KuBOTHBIX BBIBOJWIN M3 dKCIIEPUMEHTa Ha 2, 7,
10 u 16-e cyTku myTem nekanutanuu. OparMeHTHI
ceneseHkH pukcupoBaiu B 10%-M HeliTpabHOM (hop-
MaJIHE, TPOMBIBAJIM B IPOTOYHON BOAE, 00€3BOKH-
Balll B CIUPTAX BO3pacTarolleil KOHLEHTpaIluH,
MPOCBETIISAIN B KCUJIOJNE M 3aJIUBAIH TapauHOM.
Cpesbl u3 napaUHOBBIX OJIOKOB TONIIUHOW 6—8 MKM
OKpAallIMBaIX TeMAaTOKCUIMHOM U 03UHOM ISl TIOJTY-
YeHUST 0030PHBIX TUCTOJOTUISCKUX MpemnapaTos [3].
I'mcronornyeckue wccneqOBaHNUs MPOBOIMIH C TIO-
MOIIIBIO aHATN3aTOpa N300paKEHHH, COCTOAIIETO U3
mukpockora «Olympus CX-41» (Smonust) ¢ mudpoBoit
kamepoii «Olympus SP 500UZ» (Kwuraii) u nepconas-
HOTO KOMITBIOTEPA.

Pe3yabTarsl m o0cyxkaeHHe

[Ipu ananmm3e rucTOOrNYECKUX CPE3OB CENEICHKU
MHTAKTHBIX MBIIIEH OMpPENesioch €€ HOpMalbHOE
cTpoeHue. BHyTpb OT cCOEAMHUTENBHOTKAHHOM KaIlCyJIbl
OTXOZMJIU TpaOeKyJIbl CEJIE3EHKHU, KOTOPbIE B NTyOOKHX
€e YyacTsAX aHACTOMO3UPOBAIN Mexay coboit. CooT-
HOIIICHNE KPACHOH U OEJIOH IyJIbITbl ObIIIO CABHHYTO B
CTOPOHY KPacHOI MyJIbIIbI, KOTOPasi COCTOSIIA U3 PETH-
KYJSIPHOM TKaHU C PacIOJIOKEHHBIMU B HEH KJIETOU-
HBIMH 3JIEMEHTAMH KPOBH M MHOTOYHMCIIEHHBIMU
KPOBEHOCHBIMH COCY/IaMH, TJIABHBIM 00pa3oM CUHY-
COMJIHOTO THIA. DTO CBUJETEIBCTBOBAJIO O HOPMaJIb-
HOM KPOBEHAIIOJHEHUH OpraHa. B pacnoyiosxeHHBIX
MEX]ly CHHYCaMH IyJIbIIapHbIX TSDKaX 0OHapy)KHUBa-
JICh OYary raMouurorenesa. Jlumbonanas Tkanp —
Oerasi myJibIia ceJIe3eHKH — pacrojarajiach B aJBeHTH-
LMY €€ apTepHil B BUJE IIAPOBUIHBIX CKOTIIIEHUH HIIN
YUIMHEHHBIX TUM(paTn4ecKux Biaranui (Jimmdaru-
yeckue (QOUTUKYIIBI). B HUX IPOXOIHITH IIEHTpaIIbHBIC
apTepuH, OT KOTOPBIX OTXOAMIIN TeMOKATMILISAPHI 110
HaIpaBJIECHUIO K KPA€BBIM CHHYCaM KPAaCHOM ITyJIBITBL.
B numparndeckux GoyuMKynax paziuyainch TPH
HEYETKO pa3rpaHUyYeHHBIC 30HBI: TIepuapTepraibHas
(TIeHTp pa3MHOKEHMSI), MAHTHIHBIA CIIOH W MaprH-
HaJbHas 30Ha (puc. 1).

Kax nokasanu Hamm npeapliyine Heeae10BaHus
[9, 10], npu3HaKu AeCTPyKTUBHOIO BIMSIHASA LIUTOCTA-
TUYECKOro npenapara 5-OY Ha KpOBETBOPEHHE BO3-
HUKAIOT YK€ Ha 2-€ CyTKH IOCilie €ro BBEACHMS U
MPOSABIISAIOTCA B MCTOIIEHHWH MPOLIECCOB T'€MOII033a.
Bgenenue 5-®Y mblliaM B MakCHMajbHO MEPEHO-
CHMOI1 103€ MPUBOAMIIO K BEIPAYKEHHON MHUEJIOJIeTIpec-
CHH, TOPMOKESHHIO ITPOIIECCOB penapaIiiy KpOBETBOP-
HOHM TKaHU M €€ OTJEIbHBIX POCTKOB, YTO, B CBOIO
ouepesib, MOKET CBHJIECTSIBLCTBOBATh 00 YIrHETCHUH
(YHKIIMU KOCTHOTO MO3Ta U Pa3BUTHH HMMYHOJIE (DU -
LUUTHBIX cocTostHUM [10].

CeneseHka, sBIASACH OPraHOM, OCYIIECTBISIOLIIM
B3aMMOCBSI3b CHCTEM KPOBOOOpAILEHHUsI 1 KPOBETBO-
penust [11], akTUBHO pearupyeT Ha BBEACHUE UMMYHO-
CYIpPECCUBHBIX MPENapaToB, YTO MOATBEPXKAAECTCS
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Results and discussion

Analysis of the spleen histological sections in intact
mice revealed its normal structure. The splenic
trabeculae were inside-directed from the connective
tissue capsule, which in its deep parts were anasto-
mosed with each other. The ratio of red and white
pulps was shifted towards the red one, consisted of a
reticular tissue with located therein cellular elements
of the blood and numerous blood vessels, mainly of
sinusoidal type. This fact testified to a normal blood
filling of the organ. The foci of plasmogenesis were
revealed in the pulp strands, located between sinuses.
Lymphoid tissue, a splenic white pulp, was located in
the adventitia of its arteries in the form of either globu-
lar clusters or elongated lymphatic sheaths (lymphatic
follicles). They contained the central arteries, from
which the hemocapillaries went towards the boundary
sinuses of red pulp. Three vaguely defined areas:
periarterial (germinal center), mantle layer and margi-
nal area were distinguished in lymphatic follicles (Fig. 1).

As our previous studies demonstrated [11, 12], the
signs of destructive effect of 5-FU cytostatic drug on
hematopoiesis occurred even to day 2 after its
administration, and were manifested as hematopoiesis
exhaustion. The 5-FU administration into mice at the
maximum tolerated dose resulted in a pronounced
myelodepression, slowed restoration of hematopoietic
tissue and its individual germs, which, in turn, might
testify to a suppressed function of bone marrow and
immunodeficiency development [12].

The spleen, being the organ, implementing the
relationship between blood flow and hematopoiesis
[13], actively responds to administration of immunosup-
pressive drugs, as evidenced by the results of morpho-

Puc. 1. TkaHb ceneseHkn MHTaKTHbIX Mbiwen. OonnuKynbl
6enon nynbnbl. KpacHas nynbna ¢ remokanunnspamu.
Okpacka remaToKCUMIMHOM 1 303nHOM; *400.

Fig. 1. Spleen tissue of intact mice. White pulp follicles.
Red pulp with hemocapillaries. Hematoxylin and eosin
staining; x400.
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Puc. 2. TkaHb cene3eHkn MbILLEN Yepes 2-e CyTOK nocre
Bo3genctemsa 5-Y. [lereHepaTMBHble U3MEHEHUSA CO
CTOPOHbI TKAHEBbIX 3NIEMEHTOB MyrbMNbl U PONINKYOB.
Okpacka reMaToKCUITMHOM 1 303uHoM; x400.

Fig. 2. Murine spleen tissue 2 days later exposure to 5-FU.
Degenerative changes in tissue elements of pulp and
follicles. Hematoxylin and eosin staining; x400.

pe3ynbraramu Mmopdomerpudeckoro aHanusa [7]. Jlan-
HBIE JTUTEPATYphl YKa3bIBAIOT Ha JECTPYKTUBHOE
BIMSHUE LUTOCTATUKOB HA CEJIE3€HKY XKUBOTHBIX,
KOTOpOE MPUBOJUT K ee ucTomeHuro [5, 7, 11].

XapakTepHble U1 OCTPbIX IOPAKEHUI N3MEHEHHUS
B celie3eHKe MbI HAOMIO/IaH yKe Ha 2-€ CYTKH MocIe
BBeJieHus 5-DY: MOITHOKPOBHUE, IKCCYNAIUS U HHPHITBT-
pauus JeHKOIUTaMu MyJIbIbl, nponudepanus B-aum-
(oOnacToB B LEHTPaxX PasMHOXKEHUS (HOJUIMKYIIOB;
HeOOoJIbIINE CKOTUICHUSI MAaKpO]aroB ¢ (haronuTupoBaH-
HBIMU JIMM(POLUTAMH WX UX (QparMEeHTaMH B BHJE
XpOMOQUIBHBIX TEJIell; AeTeHEPATUBHBIC H3MEHEHHUS
CO CTOPOHBI TKAHEBBIX 3JIEMEHTOB MYJIBIBI U (POIITH-
KynoB. PetukymnspHas TkaHb, 00pasyromas CTpoOMy
CEJIE3EHKH KUBOTHBIX IIEPBOM OIBITHOM IPYTIIIBI U COC-
TaBJIAIONIAsI OCHOBY €€ MYJIbITBI, OblIa pa3BOJIOKHEHA,
M3-32 4ero TKaHb CEJIe3eHKH NMesla MHOTOYHCIIEHHBIE
Pa3pbIBBI U TPEUIUHBL. TpabeKysbl cele3eHKN, OTXO-
e OT COeIMHHUTENbHOTKAHHOMN Karcylibl BHYTPb,
ObUIN MpeCTaBlICHbl IPEUMYILIECTBEHHO UCTOHYCH-
HBIMH 3JIACTUYECKMMH BOJIOKHAMH. B agBeHTHIIMH
apTepuii, IPOHMU3BIBAIOIINX CENIE3EHKY, ONPEAETIIIaCh
muMdouaHas TKaHb. benas mysbna npeodianana Haj
KpacHOH, YTO CBUJETEIBCTBOBAJIO O Pa3ApaKEHUU
num¢ouTHON TKaHu (puc. 2).

K'7-m cyTKaM B cene3eHKe MbILIEH 1I0CIIe BO3AEUCT-
Bus 5-DY no-npexHeMy 00HapyKUBAIMCHh MHPHUIBTPa-
LS JIEKOTIUTaMH ITYJTBITBI CEJIe3EHKH, YaCThIe CKOILIe-
HUst MaKpodaros ¢ (harorUTHPOBAHHBIMH JTUM(OLIUTAMU
WIH UX pparMeHTaMH, TOJTHOKPOBUE U KCCYIAIUs, &
TaKKe JIeTeHepaTUBHBIE N3MEHEHNS CO CTOPOHBI TKa-
HEBBIX DJIEMEHTOB IYJIbIIBI U (HOJUIMKYIIOB (puc. 3).

Ha 10-e u ocobenHo Ha 16-e CyTKH TOCie BO3-
neictBus 5-OY B cene3eHKe BhISBISUIACH IPOTPECCU-
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metric analysis [8]. The reported data indicate a
destructive effect of cytostatics on animal spleen,
resulting in its exhaustion [6, 8, 13].

Even to day 2 after 5-FU administration we obser-
ved the changes in spleen, typical for acute damages
such as: congestion, exudation and infiltration by pulp
leukocytes, proliferation of B-lymphoblasts in germinal
centers of follicles; small clusters of macrophages with
either phagocytized lymphocytes or their fragments as
chromophilic bodies; degenerative changes in tissue
elements of pulp and follicles. The reticular tissue of
the animal splenic stroma in the first experimental group
being the basis of its pulp was teased, wherefore a
splenic tissue had numerous ruptures and cracks.
Splenic trabeculae, extending from the connective
tissue capsule inside, were mostly presented by thinned
elastic fibers. Lymphoid tissue was present in the
adventitia of arteries, penetrating the spleen. The white
pulp prevailed over the red one, thereby indicating the
stimulation of lymphoid tissue (Fig. 2).

Murine spleen in day 7 after 5-FU exposure still
had the leukocyte infiltration of splenic pulp, numerous
clusters of macrophages with either phagocytized
lymphocytes or their fragments, congestion and
exudation, as well as degenerative changes in tissue
elements of the pulp and follicles (Fig. 3).

Progressing changes being typical for the toxic
injury were revealed in spleen to day 10 and especially
day 16 after 5-FU exposure. For example, the splenic
pulp was infiltrated by leukocytes, and the clusters of
macrophages with either phagocytized lymphocytes or
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Puc. 3. TkaHb ceneseHku MbIlIen vYepe3 7 CyTOK mnocre
BosgencTeus 5-PY. CkonneHnsa makpodaroB ¢ daroum-
TUPOBaHHbIMM NMdounTamm Unu nx pparmeHTamm B
BMAE XPOMOMUIbHBIX TeneL, NONTHOKPOBUE U SKCCyAaLms.
Okpacka reMaToKCUITMHOM 1 303uHOM; x400.

Fig. 3. Murine spleen tissue in 7 days after exposure to
5-FU. Accumulations of macrophages with phagocytized
lymphocytes or their fragments visible as chromophilic
bodies, congestion and exudation. Hematoxylin and eosin
staining; x400.
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pyIoIe U3MEHEHUS, XapaKTePHbIE ISl TOPAKECHUS
TOKCUYECKUMHU BeIlleCcTBaMHU. Tak, MmyibIia CelNe3eHKH
Obpla MHGUIBTPUPOBAaHA JEHKOLUTAMH, B HEH
00HapyXUBAJIKMCh CKOIIJICHUSI MaKpogaros ¢ (aromm-
TUPOBAHHBIMH JTUM(OLUTAMH WIH UX (hparMeHTaMH
B BHJIE€ XPOMO(HIBHBIX TeJell, HAaOII0JaluCh OIHO-
KpOBHUE, dKCCydalus, a TaKXKe JAereHepaTuBHbIC U
HEKPOTHYECKHE M3MEHECHHSI TKAHEBBIX JJIEMEHTOB
myJbITbl ¥ Gorumkynos (puc. 4 u 5).

Hecmotps Ha momydenHbsie HaMu pe3yasratsl [10]
JaCTUIHOTO BOCCTAHOBJICHHS K 16-M cyTkam HaOIIrO-
JICHHSI KOCTHOMO3TOBOTO KPOBETBOPEHH S, TOKCHYECKOE
neiicTBre (QTOPIUPUMHINHOBOTO aHTUMETA0O0IUTA
eIlle 3aTparuBaeT BCe CTPYKTYpHI cene3eHkH. [lomyuen-
HBIE JAHHBIE MOKHO OOBSICHUTB TEM, UTO CEJIEe3CHKa
nMeeT 0oJiee CIOKHOE CTPOCHHE MO CPABHEHHIO
C IPYTUMHU Nepu(EepUuIecKUMU OpraHaMd UMMYHO-
rese3a u Hanbojee MOABEPKEHA TOKCHUECKOMY
JEHCTBHIO XUMHUOTEPANIEBTUUECKUX TpenapaTos [11].

C.A. Kamenko u M.B. 3onorapesckas [7] oTMme-
TUIW 3HAYUMble U3MEHECHHSI MOP(HOMETPUIECKUX
roKa3aTesiell CeIe3eHKH MOIOBO3PEIBIX KPBIC, KOTO-
PBIM BBOJIMIIA IUTOCTATUK MUKIIOGochaH, u proIII-
JKEHHUE DTUX 3HAYCHUH K HOpMe TOIIbKO Ha 30-e CyTKH
IKCIIEPUMEHTA, YTO YKa3bIBAET Ha MIOCTEIIEHHOE BOC-
CTAaHOBJICHHE MMMYHOJIOTHYECKOTO CTaTyca B 3TOT
nepuoa HabmoneHus. Kpome Toro, aBTopsl OTMETHIIH
YacTHUYHOE BOCCTAHOBJICHHE M PEAaKTUBHOE YBEJH-
YEHUE HEKOTOPBIX THCTOMOP(OMETPUIECKUX ITOKa3a-
TeJelt OeJI0H MyNbIIb CeNIE3€HKU KPBIC MOCIIe IpuMe-
HeHust nukiiodocdana B eme 0ojee MO3JHHE CPOKH
HaOmogenust (90-e CyTKH), 4TO MOXET CBUICTEIb-
CTBOBAaTh O 3aBEPLICHUH UMMYHOCYNPECCHUBHOTO
JeificTBHs penaparta u 00 aKTUBALINN PEaKIHil TyMO-
PaJILHOTO M KJIETOYHOTO HIMMYHHUTETA.

B onyOnukoBaHHBIX Hamu paHee pabdorax [9, 10]
OBIIO IMOKA3aHO, UTO MOCiIe BBEACHNUS 5-DY MpIaM
nmuann CBA npumenenrne kSICK KK okazpiBasio Beipa-
JKCHHBIA CTUMYJIHPYIOIIHHA 3QQEKT HA IPUTPOIOI3;
3HAQYUMO CHH3MUJICS MPOLEHT T'eéMOJIU3HPOBAHHBIX
(BciencTBHE TOKCHYECKOTO JCHCTBUS IUTOCTATHKOB)
SPUTPOLMTOB HepruepruuecKoil KpoBH; B 60JIee KOPOT-
KHe CpokH (K 12-M CyTKaM) BOCCTaHOBHIIOCH KOCTHO-
MO3TOBOE KPOBETBOPEHHUE U HA 9-€ CYyTKU NOJTHOCTBIO
KyNHpOBaJIach TOKCHYECKas JIeHKoneHus. B aroit
CBSI3M MPECTABIISIIO HHTEPEC HCCIIeI0BATh UMMYHO-
MOJYJHPYIOIIee IeHCTBUE KPHOKOHCEPBHUPOBAHHOTO
npernapara KopJl0BOi KpOBH Ha KOPPEKIIUIO JIECTPYK-
TUBHBIX U3MEHEHHH, BBI3BAHHBIX [TUTOCTATHUECKUM
nericteueM 5-DY, B celIe3CHKE MBIIICH.

[Ipu uccnenoBanum cene3eHKH MbIIel Ha 2-€ CyTKU
nocye Bozaeicteus 5-OY + kSACK KK 6110 006HapYy-
KEHO, YTO COOTHOLICHHE KPAaCHOH U OEJION MyJbIIbl
CIBUHYTO B CTOpOHY KpacHoi. O0pa3zyromias ee peTu-
KyJISIpHasl TKaHb C KJICTOYHBIMH DJIEMEHTAMHU KPOBH
1 KPOBEHOCHBIMH COCYJIaMH, IJIAaBHBIM 00pa30M CHHY-
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Puc. 4. TkaHb ceneseHkn mbiwen Yyepes 10 cyTok nocrne
Bo3gencteus 5-®Y. MonHokpoBue, akccyaaunst  MUHPUNLT-
pauusa nemkoumMtTamu nynbnbl ceneseHkn. Okpacka rema-
TOKCUINMHOM U 303nHOM; *x400.

Fig. 4. Murine spleen tissue 10 days later exposure to
5-FU. Congestion, exudation and leukocyte infiltration of
splenic pulp. Hematoxylin and eosin staining; x400.

their fragments as chromophilic bodies were found.
We observed the congestion, exudation, as well as
degenerative and necrotic changes in pulp tissue
elements and follicles (Fig. 4 and 5).

Unlike of our previous findings [ 12] about a partial
recovery of bone marrow hematopoiesis to day 16
of observation, all the structure of spleen to this term

Puc. 5. TkaHb ceneseHkn mbllien Yyepes 16 cyTok nocrne
Bo3genctems 5-dY. CkonneHnsa makpodgaros ¢ darounTu-
poBaHHbIMM NUMdOoUUTaMU UNN Ux pparmeHTamu, a
TaKke OereHepaTuBHbIE U HEKPOTUYECKME U3MEHEHUS CO
CTOPOHbI TKAHEBLIX 3MEMEHTOB MynbMbl U OONINKYIIOB.
Okpacka reMaToKCUITMHOM U 303uHOM; x400.

Fig. 5. Murine spleen tissue 16 days later exposure to
5-FU. Clusters of macrophages with phagocytized
lymphocytes or their fragments, as well as degenerative
and necrotic changes in tissue elements of pulp and
follicles. Hematoxylin and eosin staining; x400.
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COMJTHOTO THIIA, CBUJETEIHCTBOBAIA O HOPMATHHOM
KpPOBEHATIOJIHEHUH OpraHa. B pacronoXeHHbIX MEKIY
CHHYCaMH TYJbIIAPHBIX TSHKAX BBISIBISUIMCH OYaru
I1a3MonuToreHes3a. benas myneia cene3eHKH pacio-
Jlarajach B aJIBEHTULIUU €€ apTEePHil B BUIE MIAPOBU/I-
HBIX TUM(]aTHUECKUX CKOTIIeHHH ((omnKyios). B Hux
IIPOXO/IAIIH IIEHTPATbHBIE apTEPUH, KOTOPHIE pacIoa-
raluch KCIEHTPUIHO. OT TuM(aTHIeCKUX POILTUKY-
JIOB OTXOJMJIM TE€MOKAIMJUIAPHI 110 HAIMPaBJICHUIO
K KpaeBbIM CHHYCaM KpacHOH MMyJbITHl (puc. 6, A, B).

HccnenoBanue cene3eHKH MbILIEH 1Ociae BO3AEi-
ctBus 5-OY + kACK KK gepes 7 cyTok mokasaio mpe-
obnaianue OeI0M MyJIbIIbl Hal KpacHOH. OCHOBY ITyJTb-
MBI COCTaBIIsAJIa PETHKYISIpHAs TKaHb, 00pa3yromas
ee cTpoMy. B Hell BU3yanmu3upoBaIUCh TPaOEKYIbI,
MIpeJICTaBICHHbBIE IPEUMYIIECTBEHHO 3JIaCTUYECKUMU
BOJIOKHAMH, KOTOPBIE OTXOJAUIN OT COCTUHUTEIHHO-
TKaHHOH KariCyibl BHYTPh M B IIIyOOKUX €€ 4YacTsiX
AHACTOMO3HMPOBAIIM MeXay coOoi. B anBenTuun
apTepui, MPOHU3BIBAIOIINX CEIIE3EHKY, OTIPEIeIIsIIach
nuMouIHAs TKaHb B BHJIE JTUM(PaTHUCCKUX (OJLIH-
KYJIOB — OKPYIJIBIX MJIM OBaJIbHBIX CKOIIeHHH. OOHapy-
KUBAJINCh PAaCIIMPEHHBIE CHUHYCHI U HEOOJbIINE
cKorIeHust Makpodaros (puc. 7, A, B).

Uepes 10 cyTok mocie BozaeicTeust 5-OY + kACK
KK cTpykTypa cene3eHKH MBIIICH oTBedaga HOpME.
OTX0Ad1I1e OT COSTUHUTEIEHOTKAHHOHN KaIlCyJIbl TPpa-
OeKyJIbl aHACTOMO3HPOBAIIN MEKAY COO0H B IITyOOKHX
yacTsx cene3eHkd. COOTHOIICHHE KpacHOH u Oernoi
ITYJTBITBI OBLIO HECKOJIBKO CIBHHYTO B CTOPOHY KPacHON
ITYJBIIBI, COCTOSIICH U3 PETUKYIIIPHOW TKaHH C Kile-
TOYHBIMH JIEMEHTaMH KPOBU U KDOBEHOCHBIMH COCY-

JlaMU CHHYCOWJTHOTO THIIA, YTO CBHJIETEIHCTBOBAJIO
0 HOpMAaJILHOM KPOBEHAIIOJMHEHUHN opraHa (puc. 8, A,
B). B pacionoxeHHBIX MEX Iy CHHYCaMU Iy IbIIapHBIX

were still toxically affected by fluoropyrimidine
antimetabolite. These data may be explained by mo-
re complicated structures of the spleen as compared
to other peripheral organs of immunogenesis and
a higher susceptibility to a toxic effect of chemotherapy
drugs [13].

S.A. Kaschenko and M.V. Zolotarevskaya [8] de-
monstrated the significant changes in morphometric
parameters of the spleen in mature rats, treated with
cytostatic cyclophosphan, and the approaching of these
values to the norm only to day 30 of the experiment,
thereby indicating a gradual recovery of immunological
status within this observation period. In addition, the
authors noted a partial recovery and reactive increase
in some histomorphometric indices of the rat spleen
white pulp after cyclophosphan administration within
later observation terms (day 90), that might testify to
the completion of immunosuppressive effect of the drug
and the activation of reactions of humoral and cell
immunity.

In our previously published papers [11, 12] we
demonstrated a pronounced stimulating effect on
erythropoiesis of cCBNCs application after 5-FU
administration to the CBA mice; the percentage of
hemolyzed (due to a toxic effect of cytostatics)
erythrocytes of peripheral blood significantly decrea-
sed; the bone marrow hemopoiesis recovered within a
shorter time period (to day 12) and a toxic leukopenia
was completely terminated to day 9. In this regard, of
interest was to investigate an immunomodulating effect
of cryopreserved preparation of CB on correction of
destructive changes, caused by a cytostatic effect of
5-FU in murine spleen.

Studying the murine spleen to day 2 after the effect
of 5-FU + cCBNCs revealed a shift in the ratio of red
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Puc. 6. TkaHb ceneseHkn Mbillen Yepes 2-e CyTok nocne Bo3genctausa 5-OY u seegerust kKACK KK. A — cooTHolleHne
KpacHow 1 6enow nynbnbl CABMHYTO B CTOPOHY KpacHow nynbnbl; x200; B — kpoBeHOCHbIE cOCyabl CUHYCOMOHOIO TUNa;

x400. Okpacka reMaTOKCUIMHOM M 303UHOM.

Fig. 6. Murine spleen tissue 2 days later exposure to 5-FU and cCBNCs administration. A — ratio of red and white pulps
is shifted towards the red pulp; x200; B — blood vessels of sinusoidal type; x400. Hematoxylin and eosin staining.
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Puc. 7. TkaHb ceneseHkn Mblllen Yyepe3 7 cyTok nocne Bo3gencteus 5-OY n seegeHus kACK KK. A — 6enas nynena
npeobnagaet Haf KpacHOW; PeTUKYNsipHasA TKaHb C KPOBEHOCHBIMM COCYAaMM U Kanumnsipamu; CKOnneHnss Makpodaros;
x200; B — paclumpeHHble CUHyCbl 1 HebonbLume ckonneHnsa makpodaros; x400. Okpacka reMmaToKCUITMHOM Y 303VMHOM.

Fig. 7. Murine spleen tissue 7 days later exposure to 5-FU and cCBNCs administration. A — white pulp dominates the
red one; reticular tissue with blood vessels and capillaries; accumulation of macrophages; x200; B — extended sinuses
and small accumulations of macrophages; x400. Hematoxylin and eosin staining.

TsKaxX BBISIBISUTUCH OYary Mjaa3MoLMUTOreHe3a. bemas
TyJIbI1a CEJIe3eHKH BU3YaIH3UPOBAIaCh B a/IBEHTHUIINN
ee apTepuil B BHUJIC MAPOBUIHBIX JUM(ATHISCKUX
(dommmkyinos. LleHTpanbHbIe apTepuu, IPOXO/ISIINE B
HUX, pacroiaralimch dKCIeHTpuaHo. OT muMbarndec-
KUX (OJITUKYIIOB OTXOAUIU TeMOKAIHILISIPHI 1O
HaIpaBJIEeHUIO K KPA€BBIM CHHYCaM KPAaCHOM ITyJIBITBL.

I'mcromornueckoe cTpoeHue cene3eHKH MbIIIEH
rpynnsl 5-OY + kSICK KK x 16-m cyrkam HaOmro-
JEHUS] MPAKTHYECKU HE OTIMYAIOCh OT TAKOBOIO Y
KOHTPOJIBHBIX (MHTAKTHBIX ).

Kak n3BectHO, yruerarouee AelcTBUE HUTOCTATH-
YECKHUX IpernapaToB MPOSBIAETCS B YMEHbBIIEHUU
nponupepanun u quddepeHnnanmn HMMYHOKOMITE-
TEHTHBIX KJETOK, CIEJCTBUEM YEero SBISIOTCA
KJIETOYHOE OITYCTOIIIEHHE, yCUIIEHHUE TTPOIIECCOB artoT-
TO3a U MakpodaraibHas akTuBHOCTS [ 11]. TTomy4en-
HBIE HAMHU JaHHBIE O TO3UTUBHOM Bo3aeiicTBin KACK
KK Ha koppekuuro JeCTPYKTHUBHBIX U3MEHEHUU B
CeJIe3€HKE MBIIIEH, BBI3BAHHBIX IIUTOCTATHUYECKUM
neiictsuem 5-DVY, cornacyrorcsa ¢ pesylbTaTamMu
E.N. CaBuna u coant. [14]. ABTOpBI BBOAUIU aJIIO-
IeHHbIE ME3eHXHMMajbHble cTBOJIOBBIE KiIeTKH (CK)
YeJI0BEKA, ITOJTyYEHHBIE U3 MOKOKHOTO JKUPa, KpblcaM
rocie BBeaeHUs 5-DOY U perucTpupoBain MOI0KH-
TEJNBHYIO TMHAMUKY MOP(}OJIOTHUECKIX U3MEHEHUH B
CeNle3eHKe, yKa3bIBAIONIYI0 HAa aKTHUBALHUIO B HEH
niporieccoB nporudeparii u JuddepeHIPOBKH HMMY-
HOKOMTIETEHTHBIX KJIETOK.

[TokazaHo, 4T0 3P PEKTUBHOCTH KJICTOUHOM TPaHC-
IUTAHTAIMK 00EeCTIeYMBACTCSI MUTPALIMOHHOW aKTHB-
HOCTBIO BBEJICHHBIX KJIETOK [15], koTopast 3aBuUCUT
OT «3aIpoca» KJIETOK MHUKPOOKPY)KEHHsI TOTO HIIN
HMHOTO oprana u 3amnaca cooctBeHHbIx CK B kaxiom
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and white pulps towards the red one. The state of its
reticular tissue with blood cell elements and vessels,
especially of sinusoidal type, testified to a normal
blood filling of the organ. The plasmocytogenesis foci
were revealed in the pulp strands, located between
sinuses. The spleen white pulp was located in the
adventitia of its arteries as globular lymphatic clusters
(follicles) containing central arteries located eccen-
trically. The hemocapillaries were extended from the
lymph follicles towards the boundary sinuses of red
pulp (Fig. 6, A, B).

Examining the murine spleen after exposure to
5-FU + cCBNCs in 7 days revealed the dominance of
the white pulp vs. the red one. The pulp consisted of
reticular tissue, forming its stroma. It had the trabeculae
which were presented mostly by elastic fibers, extended
from the connective tissue capsule inside and anas-
tomosed with each other in its deep parts. The adven-
titia of arteries, penetrating the spleen, contained a
lymphoid tissue in the form of lymph follicles, being
roundish or oval clusters. Enlarged sinuses and small
clusters of macrophages were found (Fig. 7A, B).

After 10 days following the effect of 5-FU +
cCBNCs the murine spleen structure approached the
norm. The trabeculae, extending from the connective
tissue capsule, were anastomosed with each other in
deep parts of spleen. The ratio of red and white pulps
was slightly shifted toward the red one, consisting of
reticular tissue with cellular blood elements and blood
vessels of sinusoidal type, testifying to a normal blood
filling of the organ (Fig. 8A, B). The plasmocytogenesis
foci were revealed in the pulp strands, located between
sinuses. The white spleen pulp was visualized in the
adventitia of its arteries in the form of spherical lymph
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Puc. 8. TkaHb ceneseHku Mblwen Yepes 10 cyTok nocne Bo3aencTeusa 5-®Y n BeegeHus kKACK KK. A — cooTHolweHne
KpacHow 1 6enow nynbnbl HECKOMbKO CABWHYTO B CTOPOHY KPaCHOW MynbMnbl, HOPMarnbHOE KPOBEHAMOMHEHNE OpraHa;
x200; B — oyarn nnasmoumToreHesa Mexay CUHycamu nyrnbnapHbix Tshker; x400. Okpacka reMaToKCUITMHOM 1 303MHOM.

Fig. 8. Murine spleen tissue 10 days later exposure to 5-FU and NCs CB administration. A — ratio of red and white pulps
is slightly shifted towards the red one, normal blood filling of organ; x200; B — foci of plasmocytogenesis between

sinuses of pulp cords; x400. Hematoxylin and eosin staining.

oprane. Cene3eHKa HE TOJIBKO CONEPKUT JIUMGPOU/I-
HYIO TKaHb U (DaroluThl, YIAISIONIHE CTaphle KICTKH
KpOBH, HO ¥ HapsAIy C KOCTHBIM MO3TOM y4acCTBYET B
nporieccax KpoBeTBopeHus. Takum o0pa3oMm, celne3eH-
Ka BBITIOJHSET QYHKIMH KaK «JIETI0» 3PEIbIX KIeTou-
HBIX JIEMEHTOB KPOBH, UCIIOJIB3YEMBIX OPTaHU3MOM
pu KpoBorotepe, Tak 1 «aeno» CK. A.O. ConoBbeBoit
u coaBT. [15] ObuIM mpencTaBICHBI HHTEPECHBIE
9KCIIEPUMEHTAJIbHBIE PE3YJIbTaThl, T0Ka3bIBAIOIINE,
YTO BHYTPUBEHHO BBEAECHHBIE KJIETKH KOCTHOTO MO3Ta
MUTPUPYIOT BO BCE HCCIIEyEMbIE OPTaHbl, TOCKOJIBKY
Mapkep 3tux kinetok (JJHK sry-rena Y-xpomocomsl)
OTIpenensieTcss B KOCTHOM MoO3re, JuMdaTniecKux
y37ax, IeYeHH, CeJIe3eHKe, Cep/Ile, TOJOBHOM MO3Te
1 Koke. B niepBblit uac rociie BBeACHUs OOIbIINHCTBO
MMIUTaHTUPOBAHHBIX KIJIETOK KOCTHOTO MO3ra OBLIO
00Hapy»KeHO B MIEYEHU U CEJIE3CHKE.

B murepatype [15, 20] onmucadnsl MEXaHU3MBI
MUTpalliy TPAHCIUIAHTUPOBAHHBIX KJIETOK, CBSI3aHHBIE
C IUTOKHHAMH, XEMOKHHAMH U HX pPELENTOpaMHU.
BaXxHBIM IIUTOKMHOM, PEryIupYIOIIUM MUTPAIUIO
KJIETOK, SIBJISICTCS. BBICOKOMOOMJIBHBIN T'PYHIIOBOM
6enok-1 (high mobility group box-1, HMGB1) — Heruc-
TOHOBBI IPOTENH, TPEOYIOIIMKACS 1151 IO ACPKAHUS
apXUTEeKTOHUKHU XpomaTrHa. Panee nmokazano [20], uto
HMGBI1 MoXkeT macCMBHO OCBOOOKAAThCS THOHYIITH-
MH KJIETKaMH, SBJISASICHh CHUTHAJIOM MOBPEXKICHUS
TKaHe#, n nHaynrpoBath CK x Tpancmurpannm gepes
SHI0TENNAIBHBIN 6apbep. [lokazano [19, 21], urto yxe
B IIEPBBIE YaCHI TOCIIE BHYTPpUBEHHOTO BBeAeHNsT CK
00HapyXHUBAIOTCS IPAKTHYECKH BO BCEX OpraHax, O/-
HAaKO Yepe3 JIBOE CYTOK MX KOJIMYECTBO B OPraHU3MeE
peunnuenTta ymenpmaercs. [Tockonbky mpoueccsl
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follicles. The trending in it central arteries were located
eccentrically. The hemocapillaries were extended from
the lymph follicles towards the boundary sinuses of
red pulp.

To day 16 of observation the histological structure
of spleen in mice of 5-FU + cCBNCs group did not
virtually differ from that in the control group (intact).

The inhibitory effect of cytotoxic drugs is known
to manifest in a decreased proliferation and differen-
tiation of immunocompetent cells, resulting in cell
depletion, strengthening of apoptotic processes and
macrophage activity [13]. Our findings of a positive
effect of cCBNCs on correction of destructive changes
in murine spleen, induced by cytostatic effect of 5-FU,
correlate with those of E.I. Savin et al. [16]. They
administered the human allogeneic mesenchymal stem
cells (SCs), derived from subcutaneous fat to the rats
after 5-FU administration and observed a positive
dynamics of morphological changes in spleen, indicating
the activation of proliferation and differentiation of im-
munocompetent cells therein.

The efficiency of cell transplantation was shown
as provided by migration of introduced cells [17],
depending on the ‘request’ of microenvironment cells
of various organ and the pool of the own SCs in each
organ. Spleen contains not only lymphoid tissue and
phagocytes, removing old blood cells, it is also involved
into hematopoiesis processes along with the bone mar-
row. Therefore, the spleen implements the functions
both as a ‘depot’ of mature blood cell elements, used
by a body in case of blood loss, and a stock of SCs as
well. A.O. Solovieva et al. [17] revealed experimen-
tally the migration of intravenously administered bone
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MUTpaliy KIE€TOK-IPEIIeCTBEHHUKOB TECHO CBA3aHbI
¢ X mocienyomuen nponudepanneit u auppepeHu-
poBkoii, A.O. ConoBbeBa U COaBT. [ 15] mpenmnonoxunm,
YTO PETUCTPUPYEMOE MMHU KOJHUYECTBO MapkKepa
HMGBI B opranax gepes 1 u 24 94 yBenInInBagIoCh 3a
CUeT MUI'PALMU KJIETOK JOHOpa, a uepe3 1 u 3 mecsina —
n3-3a nponudepanun u nudepeHIIpPOBKY TTACTHY-
HBIX TI0 CBOEH Ipupo e TpaHcIianTupoBaHnHbIX CK.

Takum 00pa3om, Ha OCHOBAHUH IIOJIyYEHHBIX HAMU
Pe3yJIBTaTOB  IOJIOKUTEIBHOIO KOPPUTHPYIOLIETO
BinusHug KACK KK Ha nuHamMuky necTpyKTHBHBIX
IIPOLIECCOB B CEJIE3EHKE MBIIIEH, pa3BUBAIOLIUXCS B
pe3ynbraTe TOKCHYEeCKOTo ICHCTBUS aHTUMETAa00INTa
5-DY, MOXKHO IPEIIONIOKHUTh, YTO TIABHYK POJb B
9TOM MpPOIECCE WIparoT KPUOKOHCEPBUPOBAHHbBIE
CTBOJIOBBIE KJIETKH KOPJIOBOH KPOBHU.

BbiBOaBI

OnHOKpaTHOE BHYTPUOPIONITIHHOE BBEACHNC AaHTH-
MeTaboNnTa HYKJIEHHOBOTO oOMeHa 5-DY B makcu-
MaJbHO TEPEHOCHMOM J103€ BBI3BIBAET JECTPYKTHB-
HbI€ U3MEHEHHS B TKaHU CEJIE3eHKH MBI Ha
MPOTSHKEHUH Beero nepuoa Hadmonenus (16 cyTok),
MIPUBOSIIHE K €€ UCTOLEHNIO. BEISIBIEHHBIE H3MEHe-
HHS XapaKTEePHbI JUISI MOPAKCHUS TOKCHYCCKUMU
BEILIECTBAMH U MPOSBIISIIOTCS B BUAE MOJHOKPOBHUS,
9KCCY/AlUH, HEKPOTHYECKUX U3MEHEHUI CO CTOPOHBI
TKaHEBBIX 3JICMEHTOB IYJIbIBI U (DOJUTHKYJIOB, CKOTI-
JIEHUSI MaKpo(aroB ¢ paromuTHPOBAHHBIMHU JIAM(OITH-
TaM¥ WK UX (hparMeHTamu.

BBenenne KproKOHCEpBUPOBAHHBIX SIPOCOEPIKA-
IIUX KJIETOK KOPAOBOW KPOBH PUBOIIIIO K CTPYKTYP-
HBIM TTPE0Opa30BaHUAM CENIE3eHKH yKe Ha 2-€ CYyTKH
HaAOJIOCHHUS U CITIOCOOCTBOBAJIO TTOJIHOW HOpMan3a-
11U ee cTpoeHus K 10-M cyTkam nmociie TOKCHYeCKOro
MOPaK€HUsl OpraHu3ma Moy S5-DOY.

IIepcnekTuBOM ABISETCS NAJIBHENILIEE UCCIIENO-
BaHUC BIIMSHUS BBEIACHHS KPUOKOHCEPBUPOBAHHBIX
SIIPOCOZIEPKALINX KJIETOK KOPAOBOM KPOBHU C LIEJBIO
KOpPPEKIH (PyHKITMOHATHFHOTO COCTOSHUS OPTAHOB U
CHCTEM OpraHW3Ma B YCIOBHSIX IKCIEPUMEHTAIBHON
reMO- 1 IMMYHOCYTIPECCHH.
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marrow cells to all the studied organs, which was
shown by presence of the marker of these cells (DNA
of sry-gene in Y-chromosome) in bone marrow, lymph
nodes, liver, spleen, heart, brain and skin. In the first
hour after administration the most of the implanted bone
marrow cells were found in liver and spleen.

There are the reports [17, 20] describing the mig-
ration mechanisms of transplanted cells associated
with cytokines, chemokines and their receptors. An
important cytokine, regulating the cell migration was a
high mobility group box-1 (HMGB1), non-histone pro-
tein, required for maintaining chromatin architecto-
nics. Previously it was shown [20] that HMGB1 could
be passively released by perishing cells, that was a
signal of tissue damage, and could induce SCs to
transmigration through an endothelial barrier. There
was demonstrated [19, 21], that even within the first
hours after intravenous administration the SCs were
found virtually in all the organs, but two days later their
number in the recipient body was decreased. Since
the migration of progenitor cells are closely associated
with their subsequent proliferation and differentiation,
A.O. Solovieva et al. [17] suggested an increase of
HMGB1 markers number in the organs after 1 h and
24 hrs as occurred due to the migration of donor cells,
and in 1 and 3 months it was explained by flexibility of
transplanted cells due to their proliferation and diffe-
rentiation.

Thus, basing on our findings of a positive correcting
impact of cCBNCs on the dynamics of destructive
processes in murine spleen, resulting from a toxic
effect of the 5-FU antimetabolite, the main role in this
process may be assumed to belong to the cryopreser-
ved stem cells of cord blood.

Conclusions

A single intraperitoneal administration of the 5-FU
antimetabolite of nucleic metabolism at the maximum
tolerated dose causes the destructive changes in murine
spleen tissue during the observation period (16 days),
resulting in its exhaustion. The revealed changes are
typical for the toxic injury, these are congestion,
exudation, necrotic changes in tissue elements of the
pulp and follicles, clusters of macrophages with either
phagocytized lymphocytes or their fragments.

The administration of cryopreserved cord blood
nucleated cells leads to the structural rearrangements
in spleen even to day 2 of observation and promote a
full normalization of its structure to day 10 after a toxic
damage of mice with 5-FU.

Further research of the administration impact of
cryopreserved cord blood nucleated cells to correct the
functional state of body organs and systems under
experimental hemo- and immunosuppression is
promising.
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