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Cunzapom nomioprantoi Hepocrataocti (CITOH) —
1Ie CYKYIHICTh MATOJOTIYHUX 3MiH, K1 TIPU3BOJSATH JI0
TepMiHATBHOI cTafii (yHKIIOHYBaHHS 0araThbox opra-
HIB 1 XapaKTCPU3YEThCA TAaKUM CTYICHEM YPAKCHHAM
OpTaHiB, IPH SIKOMY BOHH HE 3[JaTHI i ATPUMYBaTH XKHT-
Te3abe3neueHHs opranizmy. Ha nanwmii yac He po3po0-
JICHO YITKUX KJIIHIYHUX PEKOMEHIAIIN Ta IIEBUX 3aCO-
018 stikyBanHs HaciakiB CITOH.

VY eKcHepuMeHTI po3poOIeHO MOICTh CHCTEMHOTO
ypaKeHHsI OpraHi3my TeTpaxyiopMeTaHoMm [4], sika rpyH-
TYETBCS Ha BIATBOPECHHI OKCHIATHBHOTO CTPECY, IO BHK-
smkae po3sutok CITOH y sromunu [6] i cynmpoBOIKY€EThCS
MaTOJOTIYHUMHU 3MiHAMH TI€UiHKH, JIET€HIB, HUPOK Ta
cenesinku [1, 5].

Ha cydacHoMy eTami pO3BUTKY MEAUIMHU ISl KO-
pexiii pi3HUX MATOJIOTii NepCeKTUBHUM 00’ EKTOM BH-
KOPUCTaHHsI BBAXKAIOTHCS ME3eHXIMaIbHi (ibpodiacTo-
moi0HI cTOBOYpPOBI KIITHHH, OCKITBKU BOHH € MYJIBTH-
MMOTEHTHUMH, 3JIaTHI IO TU(EpEHIaIlil B KIIITHHU OpraHiB
ME30[epMabHOTO TOXOMKCHHS 1 MOXYTh OyTH JIETKO
oTpuMaHi 3 pizHux pKeped [3]. IcHy0Th TOBIZOMIIEHHS
PO YCHIIIHE 3aCTOCYBAHHS ME3EHXIMAIBHUX CTOBOY-
POBHUX KJIITHH i3 METOIO JIKYBaHHS IUPO3Y MEUYiHKH,
pyOueBux 3min Miokapaa [3]. Ha nanuii yac € HeGarato
BiZlOMOCTEH 111010 MOP(OJIOTTUHUX 3MIHH CEJIE31HKHU 3a
ymoB CIIOH Tta 3acTtocyBanHs cTOBOYPOBHUX KIITHH IS
BiJTHOBJICHHS (DYHKIIi1 CENEe31HKH.

V 3B’ 513Ky 13 BUILEBUKIAICHUM METOI0 pOOOTH OYyI10
JIOCTIKEHHSI MOP(OJIOTTYHUX OCOOIMBOCTEH CeNe3iHKN
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Multiple organ failure syndrome (MOFS) isacomplex
of pathological changes, resulting in terminal stage of
functioning in many organs, being characterized by
such a degree of organ damage, when they are unable
to support thebody life. To datethereareno clear clinical
guidelines and efficient therapeutic products to treat
MOFS consequences have been designed.

In the experiment we devel oped the model of syste-
mic damage of abody with tetrachloromethane[4], based
on reproducting of oxidative stress, which caused MOFS
development in human [6], being accompanied by patho-
logical changesin liver, lungs, kidneys and spleen [1, 5].

At current state of medicine one considers mesen-
chymal fibroblast-like stem cells to be promising in
correction of various pathologies because of their mul-
tipotency, capability of differentiating into cells of me-
sodermal organs and a simple procurement from diffe-
rent sources [3]. There are the reports about a succes-
sful use of mesenchymal stem cellstotreat liver cirrhosis,
cicatricia changesin myocardium [3]. Now, thereisonly
scarce information about morphological changes in
spleen under MOFS and stem cell application for splenic
function restoration.

In this context the research aim was to study the
morphological features of spleen under experimental
simulation of MOFS and stem cell administration.

Research was performed in 2—3-month-old ICR mice
(n = 45), weighing 2224 g. Animals were divided into
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3a yMOB ekcniepuMeHTansHoro moaentoBanHs CITOH ta
BBEJ/ICHHSI CTOBOYPOBUX KJIITHH.

Po6oTy BHKOHYBanu Ha 2—3-MiCsUHHUX MuIax (n =
45) ninii ICR, macorw 22-24 r. TBapuH po3aimiIM Ha
rpynu. KontponbHy rpyny (n = 5) ckiaiau TBapuHH,
kUM BHYTpimHboBeHHO BBOAWIH 0,3 Mt 0,9%-10 po3-
qyuny NaCl, 6e3 monentoBaHHs naroJiorii. TBapu-
HaM ekcriepumenTaibHol rpynu 1 (n = 20) moaentoBann
MOJIIOPTaHHY HEIOCTATHICTh BHYTPIITHROOUYCPEBUH-
HuM BBeAeHHsIM 0,3 Ma 30%-ro MaclissHOTO PO3YHMHY
TETPaxJIOPMETaHy 2 pa3u Ha THKICHB IPOTATOM 12 THK-
HIB.

Muram ekcriepuMenTatbHol rpymu 2 (n = 20) oapa-
3y 3K micis 3akindenns moaemoBanns CITOH (BuyTpir-
HhoouepeBruHHe BBeneHHS 0,3 mur 30%-ro macisHoro
PO3UKHY TETPaxJIOpMeTaHy 2 pa3u Ha THXKJEHb POTATOM
12 TmKHIB) OMHOKPATHO BHYTPIITHHOBEHHO BBOIMIN
1 x 10* emGpioHambHUX ME3eHXIMaTBHUX (HhiOpoOIacTO-
noAioHUX cToBOypoBHX KiIiTHH Mumiei miHii | CR, HociiB
reny GFP. BukopucTtoByBanm BkazaHy J03y ME3CHXi-
ManbHUX (iOdpobracTononiOHUX CTOBOYPOBUX KIITHH
mutrei JiHiT |CR, 0CKIIBKHY pe3ylbTaTh MOMEPEHIX J0-
CJTIJPKEHB JIOBEITH, 110 BBEJICHHS OLIBIIOT iX KOHIICHTPAIIT
HejomuiabHe [2].

[lepBUHHY KyJABTYPY MUIIIMHUX eMOPIOHATBHUX KIIITHH
OTPUMYBAITH 3 M SIKMX TKaHWH 15-17-1eHHUX eMOpiOHIB
muieii. parMeHTH TKaHWH BUTPUMYBAJIH B PO3UMHI
MEHIIMIIIHY Ta CTPENTOMIIIMHY, 0OpOOIISIITH TPUIICHHOM,
pecycrieHayBain Ta BUciBain Ha cepenosuine DMEM.
VY eKcriepIMEHTI BUKOPHUCTOBYBAIM KIIITHHU HE BHIIIE APY-
roro Macaxy.

Uepes 3 Ta 9 THKHIB MiCHA BBEJCHHSI CTOBOYPOBUX
KIIITHH YCiX TBAPHH BUBOJIWIIN 3 eKCIIepuMeHTy. Jlis ric-
TOJIOTIYHOTO aHAaJi3y 3a0Upair GParMeHTH CEIC3IHKH.
[Ticast crarmapTHOT X 0OPOOKK BHTOTOBJISIIN Tapadi-
HOBI 3pi3H, sIKi 320apBITFOBAIIA TEMAaTOKCHIIIHOM Ta €031~
HOM. MiKkpormpenapara JOCTDKYBIA HA MIKPOCKOTI1
«Olympus BX51» («Olympus», fnonis). Mikpodoro-
rpadii aHani3yBajiy 3a JOMOMOTOI0 MPOTPaMU aHalizy
Giomemunmx 300paxens «lmagel v. 1.50.» («National
Institutes of Health», CIIIA). MopdomMeTpuyHO BH3HA-
YaJli CepeIHIO MIIONTY JiM(pOiTHUX (POITIKYIiB, TUTOMY
TJI0MLY 017101 ITyJIBITH.

YTpumaHHS TBapuH, MapKyBaHHS Ta HEOOXiaHI Ma-
HINyJs1ii BUKOHYBaIKW 3 JOTPUMAHHSAM MPUHIIUITIB
6ioetnku Ta monoxenb dupextuu 2010/63/EU Pamu
€Bporu Ta €Bpornelicekoro mapnamenTy «lllomo 3axucry
nma0opaTOPHIX TBAPHH, SIKi BAKOPHCTOBYIOTHCS 3 HAYKO-
BOIO METOIO».

OTtpuMaHi TUQPPOBI JaHi 0OPOOIISITH 32 JIOTIOMOTOI0
craructiynoro makety «GNU PSPP» («Free software
foundation», CIIIA) i3 mepeBipKor Ha HOPMAIBHICTE PO3-
nofiny 3a kputepiem KonmmoropoBa-CMUpPHOBa, a TAKOK
kputepiem Kpyckana-Yomrica, 1715t TOPIBHSIHHIM O3HAK
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groups. The control group (r = 5) comprised the ani-
malswith intravenousinjection of 0.3 ml of 0.9% NaCl,
with no pathology simulation. In animals of experi-
mental group 1 (» = 20) we simulated a multiple organ
failure via intraperitoneal administration of 0.3 ml of
a 30% tetrachloromethane oil solution twice aweek for
12 weeks. Immediately after completing MOFS si-
mulation (intraperitoneal administration of 0.3 ml of a
30% tetrachloromethane oil solution twice a week for
12 weeks) the mice of experimental group 2 (n = 20)
wereintravenously injected with 1 x 10* embryonic me-
senchymal fibroblast-like stem cells of ICR mice, GFP
gene carriers.We used here just the mentioned dose of
mesenchymal fibroblast-like stem cells of ICR mice,
sincetheir higher concentration was proven to beinexpe-
dient in previous findings [2].

Theprimary cell culturewas derived from soft tissues
of 15-17-day murine embryos. The tissue fragments
werekept in Penicillin and Streptomycin solution, treated
withtrypsin, resuspended and inoculatedin DMEM. The
cells from cultures not older than passage 2 were used in
the experiment.

In 3 and 9 weeks after stem cell administration, all
the animalswere sacrificed. Spleen fragmentsweretaken
for histological analysis. After their standard treatment,
the paraffin sections were prepared, further stained with
hematoxylin and eosin. The micropreparations were
analyzed with microscope Olympus BX51 (Olympus, Ja-
pan). Microphotographs were processed by the Image J
(verson 1.50) software (Nationa Institutes of Health,
USA). An average area of lymphoid follicles and a spe-
cific one of white pulp were determined morphomet-
ricaly.

Animal housing, labeling and necessary manipu-
lations were carried out in compliance with bioethical
principlesand provisions of the Directive 2010/63/ EU of
the European Parliament and of the Council * On the Pro-
tection of Animals Used for Scientific Purposes'.

The obtained digital data was processed using the
software for statistical analysis GNU PSPP (Free Soft-
ware Foundation, USA). The normal distribution was
verified with the Kolmogorov-Smirnov test and Kruskal -
Wallis one as well. The Mann-Whitney U test was used
to compare the characteristics between the groups.

The analysis of spleen histological preparations of
animal s of control group demonstrated the spleen paren-
chyma to be of a normal structure, consisted of red
and white pulp (Fig. 1). In spleen of the animals control
group the white pulp area was 53.49%. The amount of
connective tissue was minimal. The white pulp was re-
presented by medium-sized follicles (lymph nodes)
and periarterial sheaths. An average area of follicle was
(75,667.24 + 4,389.65) um?. The red pulp was formed
by Billroth’ strands and venous sinuses.
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MIXK TpylamMy BHKOPUCTOBYBAJIU HEMapaMeTPUIHUN
KpuTepiii ManHa- YirHi.

AHaIi3 TiCTONOTIYHUX TIpeTapariB CeNe3iHKU TBa-
PHH KOHTPOJIBHOI TPYIH BUSBHB, L0 MApeHXiMa celie-
31HKH MaJjia HOpMaJlbHy OyJIOBY 1 CKJIajianacs i3 4epBo-
HOI Ta 6110 myneu (puc. 1). B cenesinmi TBapuH KOHT-
POJIBLHOT TPyTIH TII0IIA 0101 mynbu gopiBHIOBaa 53,49%.
KinpkicTh cromy4yHOi TKaHWHY MiHIMaJbHA. bina mynbena
npeacTBiaeHa QOMiKyIaMu cepeHbporo posmipy (mmimda-
THYHI By3JIMKH) Ta [epiapTepiabHiUME mixBamu. CepeiHst
rrorta omikyna cknanana (75667,24 + 4389,65) mrm?
UepBoHa myibita popMyBaiacs Cele3iHKOBUMH TSHKaMU
Binppora i BEeHO3HHMU CHHYCaMHU.

100 um

3L 2 1) 5 iy .
Puc. 1. CenesiHka. KoHTponb. HopmanbHe cniegigHo-
LIEHHSA 4epBOHOI Ta 6inoi nynbnu. YiTko BM3HavyaeTbCs
CBITNUIA repmiHaTUBHWI LeHTp. 3abapBreHHsA remaToKCu-
NiHOM Ta €03MHOM.

Fig. 1. Spleen. Control. Normal ratio of red and white pulp.
Clear light germinal center is distinctly revealed. Staining
with hematoxylin and eosin.

HaricTonoriynux npenaparax celie3iHKd TBApHH SKC-
MIEPUMEHTAITLHOT rpynH 1 BUSBIICHO, 1110 MTAapeHXiMa CKJ1a-
Janach i3 yepBoHOi Ta Oinmoi mymbrmu. Mopdonoriuna
CTPYKTYpa CeJIe3IHKH TBapHH JaHOI rPyNu Majia 03HaKU
arpodii, siki Oynu OUTbII BUpaXkeH1 yepes 3 THKHI Mmicist
OCTaHHBOI iH’ €KIIii TeTpaxyiopMeTaHy Ta 30epariucs Ha
9-my TEkHi (puc. 2). Ha 3-my TrokHi rutoria 61101 mysibm
cxianana 42,0% i smenmunacs 10 37,2% Ha 9-My THKHI.
Po3mip ¢omikyiiB 3MEHIICHUH, B HUX OyJIH HasBHI
He3HayHi AUTHKY (iopo3y. Cepenns monia Gorikyna
Ha 3-My THKHI ckmanana (48591,74 + 2229,70) Mkm?,
[0 3HAYYIIE MEHIIIE, HIXK Y TBAPUH KOHTPOIBHOI IPyIH
(p < 0,05). Ha 9-My THKHI micist 3aKiHUCHHS MOJIEIIO-
BaHHs CIIOH cepenns mioma ¢oiikyiiB ckiaagana
(25413,46 + 4808,64) MKM?, 1110 3HAYYIIIE€ MEHIIIE TOPiB-
HSHO 3 TIOTIEpeIHIM TepMiHoM criocTepeskerts (p < 0,05).
UepBona mysbiia Maia o3HaKu Gpidpo3y.
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Puc. 2. CenesiHka 3 o3Hakamu aTpodii. Mogens CIMNOH
yepes3 9 TWXKHIB Mmicns 3akiH4eHHs mogentoBaHHs. [Mo-
pyLleHe CriBBiAHOLIEHHS YepPBOHOI Ta 6inoi nynbnu B Gik
3MEHLUEHHS KiNbKOCTi OCTaHHbLOT. PONIKYNN 3MOPLLEHI.
KinbKicTb KNMITUHHUX enemMeHTiB 3MeHLeHa. 3abapBreHHs
remMaToKCUITIHOM Ta €03MHOM.

Fig. 2. Spleen with atrophy signs. MOFS model 9 weeks
after finishing the simulation. Distorted ratio of red and
white pulp towards the reduced amount of white pulp. Fol-
licles are shrunk. Reduced number of cell elements. Stain-
ing with hematoxylin and eosin.

In sections of the animals spleen of experimental
group 1 the parenchyma was revealed to consist of red
and white pulp. The morphological structure of spleen
of animals in this group had signs of atrophy, which
were more pronounced in 3 weeks after last injection of
tetrachloromethane and were kept to week 9 (Fig. 1).
To week 3 the area of white pulp was 42.0% and de-
creased down to 37.2% to week 9. The size of follicles
was reduced, and there were insignificant areas of fibro-
sis in them. An average area of follicle to week 3 was
(48,591.74 + 2,229.70) um?, being significantly lo-
wer than in the animals of control group (p < 0.05). To
week 9 after completing the MOFS simulation, the ave-
rage area of follicles was (25,413.46 + 4,808.64) wm?,
which was significantly lower than in previous obser-
vation period (p < 0.05). The red pulp had signs of fib-
rosis.

In animals spleen of experimental group 2, subjected
tothe MOFS model and stem cell administration, the histo-
logical sections, stained with hematoxylin and eosin, de-
monstrated atypical pathomorphological picture of reac-
tive changes and signs of antigenic stimulationin 3 and
9 weeks after the last injection of tetrachlorometha-
ne. To week 3 after completing MOFS simulation and
stem cell administration, a part of white pulp from the
cutting area was 64.5% with a decrease down to 62.4%
toweek 9. Thefalliclesin spleen had alarge size and dark
color, and the fibrosis zones were practically absent
in them. The average area of spleen follicles 3 weeks
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VY cenes3iHIl TBapHH €KCIICPUMCHTAIBHOI TPYIH 2,
3 monemtio CITIOH Ta BBeZieHHSIM cTOBOYPOBHX KIIITHH,
HAa TICTOJIOTIYHUX IIperaparax, 3a0apBICHHX TeMaTOK-
CHIITHOM 1 €03MHOM, Yepe3 3 Ta 9 THXKHIB MICIIS OCTAaHHBOT
1H’ eKIIi{ TeTpaxJiopMeTaHy BUSIBJICHO THUIIOBY ITaTOMOp(¢ho-
JIOTIYHY KapTHHY PEaKTUBHHX 3MiH Ta O3HAKHU AHTUTCH-
HOT cTuMyrsLii. Ha 3-My TyokHI micis 3aKiHUEHHS MOZICITIO-
BauHsI CIIOH Ta BBe1eHHS cTOBOYpOBHX KIIITHH YacTKa
015101 My IBIH BiJ IO 3pi3y ckianana 64,5% i3 smen-
meHHsAM 10 62,4% Ha 9-My TrkHI. DOTIKyTH B Cene3iHI
MaJIi BEJIMKUWA PO3MIp Ta TEMHHH KoJIip, 30HH (PiOpo3y
Yy HHUX TPaKTHYHO BiacyTHI. CepeHs tuiola (HoikyiB
ceJie3iHKH Yyepe3 3 THKHI Micis BBEICHHS CTOBOYPOBHX
kiiTHH ckiaagana (93635,66 + 12765,69) mxm?, mio 3Ha-
gyiie Oinbie, Hix y TBapus rpymnu 1 (p < 0,05). Ha 9-my
THOKHI cepeiHiil po3mip domikyiis ckianas (77467,09 +
+7535,83) MKM?, 1110 3HAYYIIIE MEHIIIE, HiJK Ha TOTIEPE-
HBOMY TEPMiHi CIIOCTEPS)KEHHS, 3HATYIIE OUIBbIIE, HIXK Y
TBapuH nonepeanboi rpynu (p < 0,05), Ta He Bipi3HABCA
Bix koHTpoio (p = 0,23). IIpu upomy y GionoriuHomy
MaTepiaii TBapuH, SKUH JOCTIHKyBaIN depe3 9 TIDKHIB
Ticyst i1 €Ki, po3mip GomiKyIiB HAOMIKaBCs 0 HOPMH,
a IUTBHICTD KIIITHH 611101 myJ1bu 36inbimmnacs (puc. 3).
UeproHa myinbIa Oyiia MIiTbHO 3aIIOBHEHA KIIITHHHUMHA
eIIeMEHTaMH.

ATpodist 61101 MyJTBIH Ta SMEHIIICHHS KUTHKOCTI KITITHH
JMM(GOIMTAPHOTO PSJTy B CEJIC31HIN TBAPHH 13 MOJICILTIO
CIIOH, MOXJIHBO, € 0O3HAKOK BHCHAXCHHS IMyHHOT
CHCTEMH Ta CBIAYMUTH PO MIrpariito KIITHHHUX eJIeMEH-
TiB 10 ypaKeHHX OpraHiB (euiHkKa, JereHi, HupKa). Biz-
HOBJICHHSI CTPYKTYpH (POITiKYIIiB Ta 301/IbIIEHHS KIJTBKOCTI
niMpouurTiB O1TOT IMyITBIH B CEJIE3IHIT TBAPHH 13 MOACILITIO
CIIOH Ta BBeeHHSIM CTOBOYPOBHX KJIITHH CBiT9aTh PO
AKTHBAIII0 IMYHHOI BITOBIII.

TaxuM 9MHOM, BCTAaHOBJICHI MOP(OIIOTIYHI 3MiHU Y
CEJIE3IHIlI TBApUH KOHTPOIBHOI Ta 000X EKCIEepPHMEH-
TaJBHUX TPYII ONIOCEPEIKOBAHO CBITYATH PO IMyHOMO-
JIYJTFOFOUMH BIUTMB ME31HXIMaJIbHUX CTOBOYPOBHX KIITHH
Ha OpraHi3M Iiciisi MOJEIIOBaHHS TOJIOPTaHHOl Helo-
CTaTHOCTI BBEACHHSM TETpaxjiopMeTany. [lepcrnekTiBoro
MOAANBIINX AOCIIKEHb € BA3HAUCHHS IPUCYTHOCTI BBE-
JICHUX CTOBOYPOBHUX KJIITHH y PI3HUX OpraHax 3a J0Io-
MOTOI0 (ITyOpeCIIEHTHOT MiKPOCKOITIi.
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Puc. 3. CenesiHka 3 03HakaMu akTuBaLii iMyHHOT Bignosigi.
BBeneHHs ctoBbypoBux knitnH 1 x 104 3abip matepiany
Yyepes 9 TWXKHIB nicns iH'ekuii. JlimdaTnyHi By3nukn Burns-
[atTb TEMHMMM 32 paxyHOK 36inbLUeHHS WiNbHOCTI KMiTUH
6inoi nynenu. 3a po3mipamu conikyn HabnuxaeTbca 4O
KOHTpOmnto. 3abapBrieHHA reMaToKCUITIHOM Ta €03UHOM.

Fig. 3. Spleen with immune response activation signs.
Introduction of stem cells of 1 x 10*. Material was harve-
sted 9 weeks after injection. Lymph nodes look dark due
to a rise in the density of white pulp cells. On its dimen-
sions the follicle is approaching to the control. Staining with
hematoxylin and eosin.

after stem cell injection was (93,635.66 + 12,765.69) um?,
which was significantly higher than in animals group 1
(p < 0.05). To week 9 the average size of follicles was
(77,467.09 + 7,535.83) um?, which was significantly
lower vs. the previous observation period, and significantly
higher than in animals of previous group (p < 0.05), and
did not differ from the control (p = 0.23). Herewith in
biological material of animals, studied in 9 weeks after
injection, the size of follicles approached the norm, and
the cell density of white pulp increased (Fig. 3). The
red pulp was densely filled with cell elements.

The white pulp atrophy and a decreased number of
lymphocyte seriesin spleen of animalswith MOFS model
may be a sign of the immune system depletion and in-
dicate the migration of cell elements to affected organs
(liver, lung, kidney). Restoring thefollicle structure and
increasing anumber of white pulp lymphocytesin spleen
of animalswith simulated M OFS and administered stem
cells testified to the activation of immune response.

Thus, the established morphological changes in
animals spleen of control and both experimental groups
indirectly testified to immunomodulatory effect of me-
senchymal stem cellson abody after simulating multiple
organ failure via tetrachloromethane introduction. Fur-
ther determination of the presence of administered stem
cellsin different organs using fluorescence microscopy
iS promising.
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