https://doi.org/10.15407/cry025.04.291

YOK 611.013.85.085.23:615.014.41
B.FO. Mpokontok*, O.B. ®anbko, I.6. MycaTtosa,
O.C. MNpokontok, O.0. PoeHko, O.0. Tepexosa, O.B. Yy

KpiokoHCcepByBaHHSA Ta HU3bKOTeMMnepaTypHe 30epiraHHA
nnaueHTapHux 6ioo06'eKkTiB

UDC 611.013.85.085.23:615.014.41
V.Yu. Prokopyuk*, O.V. Falko, |.B. Musatova,
0.S. Prokopyuk, O.0. Royenko, O.O. Terekhova, O.V. Chub

Low Temperature Preservation and Storage
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Pedrepat: Po3rnsHyTo akTyanbHi npobnemun Hu3bkoTemnepaTypHoro 36epiraHHsi nnaueHTapHux 6i006'ekTiB: 6e3kniTUHHOrO
MaTepiany, KNiTUHHUX CYCMeH3iil, TKaHWHWU MnaueHTW, NyrnoBMHKU, NnogoBux obonoHok. BuaineHo ocHOBHI HanpsiIMKU JOChigXeHb Y
[OaHil ranysi 3anexHo Bia MeTH, 3 sikoto 36epiraeTbest 6i006'ekT: AiarHOCTUYHOI, eKCNepUMEHTarbHOT, KMiHIYHOT, CTBOPEHHSI [OHOPCHKOrO
abo nepcoHarnbHOro HM3bkoTeMnepaTypHoro 6aHky. Ha cborogHilLHin AeHb NepcneKkTMBHO € po3pobka MeToAiB niodinisauii, rinotep-
MiYHOro 36epiraHHsi, KPIOKOHCEPBYBAHHS MpPU Pi3HUX TEMMEepaTypHUX pexumax.

Knro4oBi cnoBa: nnaueHTa, nynoBuHa, aMHioTM4Ha 060noOHKa, cupoBaTka, KNiTUHW NNaueHTU, KOpAoBa KPOB, KPiOKOHCep-
BYBaHHS.

Pedrepat: PaccmoTpeHbl akTyanbHble Npo6rnemMbl HU3KOTEMMEPATYPHOro XpaHeHUs nnaueHTapHbiXx 6uoobbekToB: Geckne-
TOYHOro MaTtepuana, KneToYHbIX CYCMNEeH3U, TKaHW NnaueHTbl, NYNOoBWHbI, NoAHbIX o6onoyek. BbiaeneHbl OCHOBHbIE HanpaBreHusi
nccnefoBaHUn B faHHOW obnactu B 3aBUCMMOCTM OT LiENN, C KOTOPOWN coxpaHsieTcsl 6MO006bBbEKT: ANarHoCTUYECKOMN, IKCnepu-
MEeHTanbHOMN, KNMHWUYECKOW, CO30aHUss JOHOPCKOro WM NepcoHanbHOro HU3koTemnepatypHoro 6aHka. Ha cerogHsilWHUN AeHb
NepcrnekTMBHbLIM SIBNsieTCs pa3paboTka MeToaoB NModunmnsaumnm, rmnoTeEPMUYECKOTO XPaHEHUS!, KPUOKOHCEPBUPOBAHUS NPY pasHbIxX
TemnepaTypHUX pexunumax.

KnioueBble cnoBa: nnawleHTa, NynoBMHa, aMHUOTUYecKass 060onoYka, CbiIBOPOTKA, KMNEeTKU NnaueHThl, kopaoBasi KpoBb,
KPUOKOHCEPBUPOBAHME.

Abstract: The paper covers the actual tasks in low temperature storage of such placental biological derivatives as: cell-free
material, cell suspensions, placental tissue, umbilical cord and fetal membranes. Depending on the purposes for biological specimen
storage the main research directions in this field are as follows: diagnostic, experimental, clinical, establishment of donor or personal
low temperature bank. Nowadays of a top priority is designing the methods for freeze-drying, hypothermic storage, and cryopreservation

with different temperature regimens.
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[InaneHTa TIOOMHM € TPOBI3OPHUM OPTaHOM, SIKUI
(dopmyeTbes micnd 12 THKHIB BariTHOCTI 3 Tpodobiac-
Ta Ta 3a0e3mevye picT Ta pO3BUTOK II0JA, HOro B3ae-
MO/IIIO0 3 OpraHi3MOM MaTepi, 3MiHU B OpTaHi3mi Martepi
mig gac BaritHocTi [95, 123]. Ilix TepmiHOM «I1a-
IeHTa, ad0 «IOCiaA», PO3YMIIOTh BOPCHHYACTY
TKaHUHY, XOpiaJIbHy, aMHIOTHYHY O0OJIOHKH Ta ITyII0-
BHHY, SKi MalOTh JIOCUTh CKJIQJHY CTPYKTYpY, IO
3MIHIOETBCS TIPOTATOM BariTHOCTI [95, 115, 116].

LlikaBicTh OCIITHUKIB J0 IUTAIIEHTH O0OYMOBIICHA
THUM, 1110 BOHA € JPKEPEIOM CTOBOYpOBUX KiiTuH [73],
BEIUKOI KiJIbKOCTi TOPMOHIB, ITATOKIHIB, IMyHOMOTY-
naropiB [63, 123] Ta iHmUX Oi0JOTIYHO AaKTHBHUX
pedoBuH [76, 98, 139]. IMmyHONMOTIYHUMHU OCOOIMBOC-
TSIMU TJIALEHTH € HU3bKa EKCIPEcis TOJIOBHOTO
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Human placenta is a provisional organ, formed after
12 weeks of pregnancy from a trophoblast, which
provides growth and development of fetus, its
interacting with the mother's body, changing it during
pregnancy [60, 111]. Terms ‘placenta’ or ‘afterbirth’
mean a villous tissue, chorionic, amniotic membranes
and umbilical cord with quite a complicated structure
changing during pregnancy [60, 91, 93].

The interest of scientists to the placenta is asso-
ciated with the fact, that it is a source of stem cells [18],
a great number of hormones, cytokines, immune modu-
lators [111, 122] and other biologically active substan-
ces [21, 63, 133]. Immunological peculiarities of
placenta are as follows: low expression of major histo-
compatibility complex HLA-A, HLA-B, HLA-C and
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komriekcy ricrocymicHocti HLA-A, HLA-B, HLA-C
Ta BigcyTHicTh ekcnpecii HLA-DR-anTurenis; ii
KOMIIOHEHTH 3/1aTHi 10 IMyHOCYIIPECUBHOI Aii in vivo
Ta in vitro [54, 115]. Kpim Toro, 1j1st oTpuMaHHsI 11a-
[IEHTH BiJICYTHS HEOOX1THICTh ONIEPaTHBHOTO BTPYJaH-
HS 91 goHOpCTBA [116].

Y nieptiit monoBrHI XX CTONITTS, KOJIU Y KITIHITHIH
MPAKTHUIl TIOYaIH 3aCTOCOBYBaTH TKaHHWHY Ta €KC-
TpakTH Tanentu [51, 53, 68, 70, 71, 77, 80, 86],
II0MOB1 000JTOHKH [57, 83 ], KOMITOHEHTH TUTAIICHTAPHOT
KpoBi [58], BUHUKIIA HEOOXiAHICTE 30epiraHHs Iuia-
ueHtapHoro Oiomarepiany. s 3a0e3medeHHs paLy
notpe0, Hacammepes, 0e3MevHOro i panioHaIbHOTO
KIIIHIYHOT 0, JIAOOPaTOPHOTO TA EKCIIEPUMEHTAIBHOTO
3aCTOCYBaHHS IUIALIEHTAPHOTO OioMaTepiany Ha CbO-
roJH1 HaifyacTille BUKOPUCTOBYIOTh METO] KPiOKOH-
cepByBaHHsI. CHpoBaTKy KOpAOBOi KpoBi, OiomTaru
XOP10HY, HiCIIATOIOTOBY IuTarieHTy [81, 96, 130] 36e-
piraroTh 3 MiarHOCTHYHOIO METOI0, (pparMeHTH IuTa-
IIEHTH, 000JIOHOK, CHPOBATKY KOPIOBOI KPOBI, KITITHHH
IDIAIEHTH Ta KOPIOBOI KPOBI — IS IIOAITBITIOTO KITiHIY-
HOTO 3aCTOCYBAHHS B PI3HUX TATy3sIX MeAUIHM [11,
16,40,41, 59, 84], nOKJIIHIYHOTO TECTyBaHHSI BIUITUBY
Ha HUX HOBITHIX JIKapChKUX 3ac00iB [96] Ta BUKOpHC-
TaHHS B EKCIIEPUMEHTaNbHI poOoTi [27, 38, 48, 56]
(Tabmurs).

[Ipo po3BUTOK pereHepaTHBHOI MEULIMHY Ta TEpa-
mii cToBOypOBHMH KJIiTHHAMH CBig4aTh YHCJICHHI
po6OTH 3 KPIOKOHCEPBYBAaHHS TKAaHUHU Ta CYCIICH31H
KJIITHH 11aneHTn [29, 46,47, 62, 64, 72], KopaoBoi KpoBi
[10, 13,35, 59], mma3Mu Ta CHpOBaTKH KOPAOBOI KPOBI
[21, 24], nynoBuHM Ta ob6osoHOK [82, 99, 120, 138].
CtoBOYpOBi KIITUHU TUTAIICHTH Ta KOPAOBOi KPOBi
30epiratoTh AJs MOAANBLIOr0 3aCTOCYBaHHS B pereHe-
patuBHii menunuHi [73, 136], mepcoHaIbHOTO
30epiranns [67, 69, 92].

TpuBanicTe HU3BKOTEMIIEPATYPHOTO 30€piraHHs
3aJIeKUTh BiJ BIACTUBOCTEH OioMaTepiany Ta mijiei
JOCHiTHUKIB. JKUTTE31aTHUI HATUBHUH MaTepial Mo-
ke OyTH 3aCTOCOBAHUM JTUIIE BIPOIOBXK 3—12 roamH
TTiCIIsl OTPUMAHHS, OJTHAK JUIST HOTO MiKpOOi0JIOTIHHOTO
TeCTyBaHHS MOTPiIOHO He MeHTIIIe THKHA. [[1st migbopy
npemnapariB 3a cucremoro HLA Ta rpymnoro KpoBi, a
TaKOX IS DOCTITHUIBKUX Iiieit abo TecTyBaHHS
JIIKapChKHUX 3aC001B BaXKJIMBO MaTH JOCTATHHO BEITUKY
KIUJIBKICTh €KCIIEPUMEHTAIBHOTO IIAIICHTAPHOTO 0i0-
Martepiany, mo 30epiracTbcsi B HU3bKOTEMIIEPATyp-
HoMYy OaHKy. JliarHocTHKa OioIICiifHOrO MaTepiany npu
TpaHCIIOPTYBaHHI B BiJlaJieHy J1JabopaTopiro Yk OHO-
YacHa MOCTaHOBKA TECTIB i3 KiJIbKOMA 3pa3kaMH ISt
3HIDKEHHS Tpale3aTpar MepcoHaly TakoX HoTpe-
OyI0Tb HU3BKOTEMIICPAaTypHOTO 30epiranHs.

Ha manwii 9ac cupoBaTKH TBapyH, XXKUBUJILHI cepe-
JIOBUIIA Ta PSII KPIOMPOTEKTOPIB HE BiAMOBIMAIOTH
Bumoram GMP [72, 73, 102], ToMy BaXXJIUBHUM B
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no expression of HLA-DR-antigens, its components
are capable of in vivo and in vitro immune suppression
[91, 134]. In addition, there is no need either in surgery
or donation for placenta procurement [93].

In the early 20" century when the placental tissue
and extracts [6, 13, 16, 22, 26, 35, 107, 118], fetal
membranes [29, 107] as well as placental blood
components [66] had been started to be applied in
clinical practice, there was appeared the need in
placental biomaterial storage. Cryopreservation is
today the most frequently applied method to support a
number of needs, primarily in safe and rational clinical,
laboratory and experimental applications of biological
objects. The cord blood serum, chorionic bioptates,
postpartum placenta [27, 61, 124] are stored with a
diagnostic aim, the fragments of placenta, membranes,
cord blood serum, placental and cord blood cells are
done for further clinical application in different medical
areas [30, 42, 46, 50, 55, 135], pre-clinical testing of
novel drugs effect on them [61], and application in
experimental research [32, 84, 92, 109] (Table).

Numerous researches on cryopreservation of
placental tissue and cell suspensions [17,43, 102, 104,
121, 148], cord blood [8, 41, 51, 135], plasm and serum
of cord blood [75, 83], umbilical cord and membranes
[28, 65, 106, 131] testify to the development of
regenerative medicine and stem cell therapy. Placenta-
and cord blood-derived stem cells are stored for further
application in regenerative medicine [18, 130] and for
autobanking [5, 12, 57].

The duration of low temperature storage depends
on many factors and purposes of scholars. Viable native
material may be used only within 3—12 hrs after procu-
rement, but its microbiological testing requires a week
and more. In order to select the specimen according
to the HLA system and blood group, as well as for
either research purposes or drug testing it is important
to have quite a great number of experimental placental
biological material, stored at low temperature bank.
Low temperature storage is also necessary either for
biopsy material diagnostics performed in remote
laboratory or at a simultaneous testing with several
samples to reduce the staff work efforts.

Nowadays animal sera, culture media and some
cryoprotectants do not meet the GMP requirements
[17, 18, 69], therefore it is important to apply during
cryopreservation the techniques and materials autho-
rised in clinical practice.

To date there is an adequate experience accumula-
ted in procurement and low temperature storage of
cord blood and its components [8, 9, 49, 75, 135, 137],
placental extract [46, 55], amniotic fluid [100, 125],
placental cells and fragments [46, 48, 60, 104, 105],
umbilical cord [28, 80], amniotic and chorionic mem-
branes [4, 54, 115].
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Mpo1eci KpiOKOHCEPBYBAaHHS € 3aCTOCYBaHHS TEXHO-
JIoTi# Ta MaTepiaiB, JO3BOJCHHUX 10 BUKOPUCTAHHA B
KJTiHIYHI} NpaKTHL.

Ha choronHi HakOoIMMYeHO JOCTaTHIN JOCBi OTpH-
MaHHSI T2 HU3bKOTEMITEPaTyPHOTO 30epiraHHs KopJo-
BOi KpoBi Ta ii komnoneHTiB [15, 21, 33, 35, 36, 59],
exctpakry ruianeHtH [40, 41], amaioTHaHOT pigwau [118,
131], xmitue Ta pparmeHTiB mwianeHTH [ 14, 32, 40, 46,
95], mymoBunu [82, 109], amHIOTHYHOT Ta XOpiabHOT
obononok [34, 49, 66].

KpiokoncepByBaHHs 0e3KJIITMHHOIO IJIAlEH-
TapHOTO MaTepianxy

HuspkoTemmneparypre 30epiraHss mia3Mu, CHpo-
BaTKH KOP/IOBO1 KPOBi, EKCTPAKTIB TKAHWHU TJIALIEHTH
Ta aMHIOTHYHOI PiIAMHU 3aCTOCOBYIOTH JAJIsl AiarHOC-
TUYHUX, Ta00paTOPHUX, eKCTIepuMeHTabHIX [21, 39,
43,50, 56,91] abo kminiuaux notpeod [6, 8, 22,23, 37,
38,44, 54].

Bigomo, o npu 3HIKEHHI Temneparypu 10 4°C
3MIHIOETHCSI CTaH OKPEMEX O1JIKIB, a 33 OUTBIIT HU3bKHX
TeMIIepaTyp CIOCTEePIraroThCA SBHINA KpioJeHa-
Typauii Ta KpiogecTpyKuii OiJKiB, CTBOPIOIOTBCS iX
acolliaTy 3 JIIMiJJaMH, 3MIHIOEThCS aKTHBHICTH (ep-
MeHTIB [25, 28, 50, 119]. [lepebynoBu B Oinkax npu
3aMOpO’KYBaHHI COPUSIOTH EKCIIOHYBAaHHIO BHYTPIill-
HBOJIOMEHHHX 1po(OOHHIX TPy HA TOBEPXHIO MaKpO-
MOJIEKYJI, 10 MPU3BOANUTE IO YTBOPEHHS BHCOKOMO-
JIEKYJISIpHUX O1TKOBHX arperatis [78, 87].

HaiiTumoBimmMu KpioyIIKOIKeHHIMHU O€3KIITHH-
HUX TIpenapariB IUIalleHTH € KOHPOpMaIliifH1 3MiHU Ta
arperartis OuTKiB [26, 28, 40, 55, 85].

30epiraHHs CHpOBAaTKH KOPIOBOI KPOBI 32 TEMITEpa-
Typu —20°C NpU3BOANUTH A0 3HIDKEHHS BMICTY Ta
010JI0T14HOT aKTUBHOCTI IESIKUX TOPMOHIB (TIPOJIaKTHH,
XOpiOHIYHMI TOHAAOTPOMIH, eCTPaIio, PONiKyITOCTH-
MYITIOIOUHH TOPMOH, JIIOTEiH13y10unii TOpMOH, Iporec-
TepoH), anie 3a TemmepaTypu —196°C ixHiii BMicT
3aJIMIIAETHCSA 3HAYHO BUIUM [24]. [Ipu mogansmoMy
30epiranHi CHpOBaTKH KOPIOBOI1 KPOBi ITPOTSATOM POKY
3a —20°C HeraTHBHI 3MiHH, SKI BUHUKJIM BHACJIIIOK
OXOJIOKEHHS, TIPOTPECYIOTh, Y TOM Jac SK 30epiraHHs
3a—196°C 3abe3neuye cTaOTBHICTh BMICTY TOPMOHIB
Ta OUIKiB [22, 55].

1 yHUKHEHHSI KPiOyIIKOMKCHBb O€3KIIITHHHHIX
IUTalleHTapHUX 01000’ €KTIB 3aCTOCOBYETHCS IIBUIKE
oxonomkeHHa. KpiokoHcepByBaHHS CUPOBaTKH KOP-
JI0BO1 KPOBI 31 IIBUIKICTIO OXOJIOKEHHS 1-2 Tpa/XB
1o KinueBux temmeparyp —20 ta —80°C npu3BoIUTbH
JI0 arperarfii O1JIKOBUX KOMIIOHEHTIB, Y TOW 4ac, sIK
oxonomxeHHs 31 mBuakictio 300-400 rpan/xs
JI03BOJISIE 30€PETTH HATUBHUM CTaH O1JIKiB CHPOBATKH.
MiniMajbHa HIBUAKICTh OXOJIOIKEHHS, sika 3a0e3-
reuye 30epeKeHICTh HATUBHOT'O BMICTY 1 CTaHy OUTKIB
OC3KIIITHHHMX IUTAIICHTApHUX OlompenapariB, CTaHO-
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MnaueHTapHi 6i006'ekTH, iX BUKOPUCTaHHSA Ta 30epiraHHs
Placenta derivatives, their applications and storage

Bioo6'ekT
Specimen

MeTa 36epiraHHA
Aim of storage

MeTtoan
Methods

BeskniTrHHMiA
MaTepian
(cuposaTka,
EeKCTPaKT,
amMHioTMYHa piauHa)
Cell-free derivatives
(serum, extract,
amniotic fluid)

JlabopaTopHa
fiarHocTuka
(IPA, MNP)

KniniuHe

3acTocyBaHHA®
Laboratory
diagnostics
(ELISA, PCR)

Clinical applications*

KpiokoHcepByBaHHA
Cryopreservation
(-20, -80,
-196°C)

CycneHsii KniTuH
(AOPOBMICHI KNiTUHK
koppoeoi kposi, MCK,

EkcnepumeHTanbHi
NOCNIMKEHHA
36epiraHHa ana

«aAresvBHi nepcoHanbHoOro .
KpiokoHcepByBaHHA
KYnbTypu») BUKOPUCTaHHA .
. L Cryopreservation
Cell suspensions Kniniune °
% (-80, -196°C)
(cord blood 3aCTOCYBaHHA
nucleated cells, Experimental studies
MSCs, adhesive Personal banking
cultures) Clinical applications*
XimiyHa
nesiTanisauin
TNiodpinisauia
dparmeHTn - " b .
. . KniniuHe FinotepmivyHe
aMHIOTUYHOI Ta . .
. N 3aCTOCYBaHHA 36epiraHHA
XopianbHOI 060/10HOK . .
EkcnepumeHTanbHi KpiokoHcepByBaHHA
Fragments of . .
NOCNIMKEHHA Chemical

amniotic and

Clinical applications™*

devitalization

chorionic Experimental studies Freeze-drying
membranes ;
Hypothermic
storage
Cryopreservation
JlabopaTopHa
piarHocTuKa
(MopdbonoriyHi
[OCHiAXKEHHA)
EkcnepumeHTanbHi
LOCNiMKEHHA (Y T.4.
TecTyBaHHA FinotepmiyHe
dparmeHTn niKapcbKUx 36epiraHHA
BOpPCUHYacTOl npenapariB) KpiokoHcepByBaHHA
TKaHUHN KniHiuHe Hypothermic
Fragments of 3acTocyBaHHA* storage
chorionic tissue Laboratory Cryopreservation
diagnostics (-80, -196°C)
(morphological
studies)

Experimental studies
(including drug
testings)
Clinical applications*

*

MpumiTka:

— y GinbwocTi pobiT po3rnsgaTbca He pearnbHO

3aTBEpPAXEHI Meau4YHi NPOTOKONM, @ NepCcnekTUBMU KMiHiYHOro
3aCTOCyBaHHs Ta KIiHIYHMX BUMNPOOYBaHb.

Note: * — the majority of publications represent the potential clinical
application and trials, not the formal protocols.

Cryopreservation of cell-free placental material

Low temperature storage of plasm, cord blood
serum, extracts of placental tissues and amniotic fluid
is used either for diagnostic, laboratory, experimental
[32,47,75,94,97, 116] or clinical needs [14, 76, 77,
98,99, 134, 140].
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BuTh 100 rpan/xe [28]. JloBeaeHo, mo HaWOLIbII
HECHPUSTINBI PEKUMHU NPH KPIOKOHCEPBYBaHHI
CUPOBATKU KOPJOBOI KPOBI Ta €KCTPAKTYy IUIALICHTH
BKJIFOYAIOTh HHU3bKi MIBUJKOCTI OXOJOMKeHHs (1—
7 rpan/xB), 3a AKUX Makpomosiekymu mo 12 xJla dop-
mytoTh arperatd Big 120 mo 300 x/Ia, 110 yTBOPIOIOTh-
Cs1 BHACJIIIOK ITOPYIICHHS MIPKMOJIEKYIISIPHIX 3B’ SI3KiB
[25,28].

binku Ta craTeBi TOpMOHM ITPU HU3EKOTEMIIEPATY -
HOMY KOHCEPBYBaHHI €KCTPaKTy IUIAlEHTH 30epi-
rar0ThCs B KOHIICHTPAIIiSIX, OJM3bKUX 10 HATUBHUX, 32
temneparypu —20°C He 6inbire 10 ai6, a mpu —196°C —
Oinbmie poky [17]. BnacTHBOCTI €KCTpPaKTiB, OTpUMAa-
HHX 13 TKaHWHH IJTaleHTH, sika 30epiranacst npu —196°C,
He 3aJIe)KaTh BiJ TepMiHy 30epiranss (MiHIMyM piK).
[Ticna 36epiranns ekcrpaktiB npu —196, —80 1 —20°C
301IBIIYETHCS BiTHOCHHUHA BMiCT BUCOKOMOJICKYIISIPHAX
OLTKOBHX KOMILTEKCIB, IPHIOoMY 3a Temmeparypu —20°C
Il 3MIHM HaWOLIBII 1CTOTHI. BcTaHOBIEHO, IO BXKE
Tmicist 7-i moOu 30epiraHHs eKCTPaKTIB IIAICHTH IIPH
—20°C miaBHITYETHCS BMICT IPOIYKTIB IEPEKUCHOTO
OKMCJIEHHS JIIIIAIB 1 OKMCJIEHOTO T€MOBOTO 3a71i3a, SIKEe
MICTUThCS B O1JIKaxX, IPEJCTaBIEHUX B €KCTPAKTI IjIa-
LIEHTH reMonI001HOM 1 Mioro0inoM. IToka3zaHo, 1110 remo-
JIITUYHA aKTUBHICTh €KCTPAKTY TUIALIEHTH 3HUKYEThCS
MPOTSITOM MEPILIOTo PoKy 30epiranns npu —196°C i mpo-
TsiroM 30 110 npu 30epiranHi 3a Temnepatypu —20°C.
Binbm TpuBase 36epirands ekctpakTis npu —20°C BUKIH-
Kae€ I IBUIICHHS TEMOJITHYHOT aKTUBHOCTI, TII0 KOpe-
JTIO€ 31 301TBIIIEHHSAM BMICTY ITPOIYKTIB TEPEKUCHOTO
OKHCIIeHHS B [42]. Pe3ynbrar BUBUCHHS BIUIUBY
JIOBTOCTPOKOBOTO HIU3BLKOTEMIIEPATYPHOTO 30epiranHs
Ha 30€peKEHICTh IUIAEHTapHOTO (aKTOpa POCTY
JIOBEITH, 10 MOTO aKTUBHICTh Ta KOHIICHTPAITis IPO-
TAroM 36 MicCSIiB He 3HWKYIOThC [106].

AMHIOTHYHY piAMHY 30€piraroTh i3 JiarHOCTHYHOIO
METOI0, @ TAKOXK ISl BUJIIJICHHS] CTOBOYPOBUX KIIITUH
1 SIK KOMIOHEHT KyJbTypalibHOTro cepenoBuina [91, 118,
129]. G. Graca Ta cmiBaBT. [TOKa3aJIH, 10 CIIEKTPOMET-
PHUYHI XapaKTEePUCTHKH aMHIOTHYHOI PIAUHH 3Mi-
HIOIOTHCS MPOTATOM 4 TOIWH 32 KIMHATHOI TeMITepa-
TYpH, ajie 30epiraroThCs MPH 3aMOPOKYBAHHI-BIIITPi-
BaHHI [91]. PesymbraTel AOCHTIHKEHHS CBITYATh PO
30epeKCHICTh B aMHIOTHYHIN PiAMHI HU3KH IIUTOKIHIB
TIpu 30epiranHi IPOTATOM POKy 3a TemmepaTrypu —80°C,
Ha BiMiHY Bifl 30epiranss 3a BULIMX TeMIieparyp (4 ta
20°C) [91, 131].

KpiokoHcepByBaHHA cycneH3ili KJaIiTHH
TUIAlleHTH Ta KOPA0BOi KpoOBi

KiiTiHY muaneHTH, MyrnmoBUHYU Ta TUIO0BHUX 000-
JIOHOK 30€piratoThbCs Y BUDIS NI KIIITHHHUX CyCTICH3IH,
SIKi € HaOUTBII PO3TIOBCIOHKEHIM 00’ EKTOM KPiOKOH-
cepByBaHHs [72, 135]. JIns ix 30epeskeHHsI 3aCTOCO-
BYIOTB TaKi * METOH, 5K 1 JIJIS iHIITUX THITIB KITITHH.
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The temperature decrease down to 4°C is known
to change the state of certain proteins, and at lower
temperatures the phenomena of cryodenaturation and
cryodestruction of proteins, formation of their asso-
ciates with lipids and changes in enzyme activity are
observed [85, 86, 101, 116]. Rearrangements in proteins
during freezing contribute to the exposure of intra-
domain hydrophobic groups on macromolecule surface,
resulting in a high molecular protein aggregate
formation [23, 37].

The most typical cryodamages of cell-free placental
preparations are the conformational changes and
protein aggregation [33, 34, 46, 85, 87].

Storage of cord blood serum at —20°C results in a
decrease in the content and biological activity of some
hormones (prolactin, chorionic gonadotropin, estradiol,
follicle-stimulating hormones, luteinizing hormone,
progesterone), however, at —196°C their content
remains significantly higher [83]. Following storage of
cord blood serum at —20°C during a year is accom-
panied with a progress in negative changes resulted
from cooling, meanwhile the storage at—196°C provides
the hormone and protein content stability [33, 77].

To avoid the cryodamages in cell-free placental
bioobjects the rapid cooling is applied. Cryopreservation
of cord blood serum with 1-2 deg/min cooling rate
down to final temperatures of —20 and —80°C results
in protein component aggregation, and vice versa the
cooling with 300400 deg/min rate allows preserving
anative state of serum proteins. Minimum cooling rate,
providing the integrity of native content and state of
proteins of cell-free placental bioproducts makes
100 deg/min [85]. Low cooling rates (1-7 deg/min)
were found to be the part of most unfavourable
regimens for cord blood serum and placental extract
cryopreservation, resulting in the appearance of aggre-
gates of 120 to 300 kDA formed of macromolecules
of up to 12 kDa, appearing as a result of disordered
molecule-to-molecule bonds [85, 86].

During low temperature storage of placental
cryoextract, proteins and sex hormones preserved their
concentrations close to initial ones if storage at —20°C
was not longer than 10 days, and more than a year at
—196°C [53]. Properties of the extracts derived from
placental tissue, stored at —196°C, do not depend on
storage term (at least one year). After storing the
extracts at —196, —80, —20°C the relative content of
high molecular protein complexes increases, moreover
at—20°C these changes are the most significant. There
was established the fact that even after day 7 of
placental extract storage at —20°C the content of lipid
peroxidation products and oxidized heme iron, contai-
ned in proteins, represented by haemoglobin and
myoglobin in placental extract, increased. Haemolytic
activity of placental extract was shown to significantly
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HakonmuyeHo BeIWKUH JOCBIJA MO0 KPiOKOHCEP-
BYBaHHS CTOBOYpOBHX KIIITHH Tutanentu [117, 136].
V psai BUMaaKiB AOLIEHO KpiOKOHCEPBYBaru (par-
MEHTH TKaHWHU TUIAIEHTH 3 HACTYITHUM BUALICHHSIM
xmitaH [135, 136], npu mboMy CTOBOYpPOBI KJIITHHH
30epiraroTh CBOoi )EHOTHIIOBI XapaKTEPUCTUKHU Ta
3MaTHICTH 0 AudepeHIiitoBanas [62].

KpiokoHcepByBaHHS 3ry0HO i€ Ha KIIITHHH CyCITCH-
311 TUTAIIEHTH: 3MEHIITYEThCS X KUTBKICTh BHACIIOK
3aru0eJi, BHHUKAIOTh anmonToTHaHi 3Miaw [ 121]. [Ipu
KpiOKOHCEpBYBaHHI KyJIbTypu mHUTOTpodoObiacTa
3HUIKYETHCS piBEHb CEKpeLii XOpiOHIYHOTO TOHaJ0TPO-
MiHy JIOIWHH, 10 aBTOPH MOSICHIOIOTH MOPQOIOTiY-
HUMH TIOIIKOPKEHHSIMU Ta 3aTPUMKOI0 A epeHito-
BaHHA KJiTHH [112]. ToMy cycnieHsii KIiTHH IatneHT
KpIOKOHCEPBYIOTH 13 3aCTOCYBaHHAM 3aXHUCHHUX PevO-
BHH Ta ix cyminreit. Tak, HAaWOUTBIIT JOITLTEHAM BU3HAHO
BHKOPHCTAHHS KPIOTIPOTEKTOPA TUMETIIICYITb(DOKCHITY
(AMCO) 3 onTrManbpHOO KoHIeHTpattiero 2—10%, sika
3abe3reuye MakKCUMalIbHy 30€epeXeHiCTh KIITHH Ta
MiHIMQJIBHIHM TOKCHYHAN edeKT. [Ipn KoHTIeHTpariisax
MeHme 2% TOKa3HUK 30€peKeHOCTI Ta BiTallbHI
XapaKTEePUCTUKH KIIITHH Pi3KO 3HIKYIOTHCSL, & P KOH-
neHrpartii Butte 10% 3Ha4HO MO CHITIOETHCS TOKCUYHUN
edexr [107]. Kpim Toro, migBuileHa KOHIIEHTpAIis
AMCO BuKIHKaEe CTUMYJSLIIO AUQEPEeHLIIOBAHHS
JeSKHX KIIITHH y HalpsIMKY Kapaiomionuris [ 145]. 3a-
MPOTIOHOBAH1 METOAN KPIOKOHCEPBYBaHHSI KIIITHHHUX
cycnensiit 6e3 JIMCO cyTTeBO 3MEHIITYIOTH 30epexe-
HICTh KiTHH [ 142]. JI71s1 T ABHIIICHHS 1THOTO TIOKA3HUKA
MoximBa koMOiHamiss JIMCO 3 TiIpoKCHETHIKPOX-
maieMm (I'EK) [47, 117, 132]. Y kiiHIYHUX BUTIPOOYBaH-
HSIX 3aCTOCOBYIOTHCS IIPOTOKOJIH KPiOKOHCEPBYBaHHS
ME3CHXIMaJIBHUX CTOBOYPOBHX KIIITHH IUIAIICHTH 3
Bukopuctanasam IMCO, nexctpany-40, moniBiHimIipo-
JiI0HY Ta anbOyMiHy IIpH po3BeNeHHI 3pa3kiB (izio-
JOTIYHUM po34rHOM [3, 117]. 3anponoHOBaHO METOT
KpIOKOHCEpBYBaHHS CycleH31i KJIITHH IIaleHTH
LUISIXOM eKBiTiOpanii 3 pozunHoM «lIpomnanmiocaxa-
poiby (po3podka ITIKiK HAH Ykpainn), oxomomkeH-
M 110 —40°C 31 mBHIKicTIO 1-2 rpaji/XB i HACTYITHUM
3aHypEHHAM y pinkuid a3oT. [Ipu mpboMy mocsramacs
BHCOKA )KUTTE3JATHICTh KJIITHH IUTAIIEHTH Ta MaKpo-
(barampHux enemenTiB (10 90%) [29].

SIKIII0 pO3MISIIaTH MUTAHHS IIBUAKOCTI 3aMOPOXKY-
BaHHS KJITHH IJIaleHTH, TO BiZlOMO, 11O MEpeBaKHa
OLNBIIICTh MOCIIHUKIB 3aCTOCOBYIOTH ITPOTOKOIU
MOBITBHOTO 3aMOpoxyBaHHs [73]. [lpu 30inbiieHH1
MIBUJIKOCTEH 3aMopoxyBaHHs Bix 1 go 10, 40 Ta
100 rpaa/xB 3Hauylie 3HUKYETHCS 30€peKEHICTD
KITITHH Ta 1X QYHKUIOHATbHI MOKa3HUKH, HABITH MIPH
T ABHIIICHH] KOHTICHTpaIli1 kpiompoTekropa JJMCO [94,
136]. Po3pobneno OGararoeTamHi mporpaMu KpioKoOH-
CEpPBYBaHHS KITITHH XOPiOHA 3 IHIIIIAITIE€I0 KPUCTATIOYTBO-
pEHHS, K1 T IBUIITYIOTH 30€peKEHICTh KIIITHH, 1X 371aT-
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decrease during first year of storage at —196°C and
within 30 days under storage at —20°C. More prolonged
storage of extracts at —20°C increases haemolytic
activity, which correlates with augmentation of the
content of lipid peroxidation products [95]. The analysis
of the effect of long-term low temperature storage on
preservation of placental growth factor demonstrated
its activity and concentration as not reduced during 36
months [74].

Amniotic fluid is stored for diagnostic purposes, as
well as for stem cell isolation and as a component for
culture medium [47, 100, 120]. Graca G. et al. demon-
strated spectrometrical characteristics of amniotic fluid
to be changed during 4 hrs at room temperature, but
kept during freeze-thawing [47]. The findings testify
to the preservation in amniotic fluid of a number of
cytokines during 1 year storage at —80°C, in contrast
to that at higher temperatures (4 and 20°C) [47, 125].

Cryopreservation of placental cell and cord
blood suspensions

Placental, umbilical cord and fetal membrane cells
are stored as cell suspensions, being the most commonly
used object for cryopreservation [17, 129]. To store
them there are applied the same methods as for the
other cell types. A huge experience in placental stem
cell cryopreservation has been accumulated [96, 130].
In some cases it is expedient to cryopreserve the
fragments of placental tissues and isolate the cells
thereafter [129, 130], in this case the stem cells kept
their phenotypic characteristics and capacity for diffe-
rentiation [121].

Cryopreservation destructively affects placental
suspension cells: their number reduces due to death
and apoptotic changes [108]. Cryopreservation of
cytotrophoblast culture resulted in a decrease of human
chorionic gonadotropin secretion level, that was explai-
ned as occurred due to structural damages and delay
in cell differentiation [88]. Therefore the cryopreser-
vation of placental cell suspensions requires protective
substances and their mixtures. In particular, the use
of dimethyl sulfoxide (DMSQO) cryoprotectant was
recognised as the most expedient; its optimal concen-
tration was found to be 2—10%, which provided the
maximum survival of cells and minimal toxicity. At the
concentrations lower than 2% the survival and vital
characteristics of cells dramatically reduce, and at
above 10% the toxic effect arises significantly [78].
In addition, an increased DMSO concentration stimu-
lates several cells of differentiation towards cardiomyo-
cytes [145]. The proposed methods for cell suspension
cryopreservation without DMSO significantly reduce
cell survival [141]. Increasing of the index is possible
if combine DMSO with hydroxyethyl starch (HES)
[96, 102, 126]. Clinical trials have involved the protocols
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HICTH 110 mpostidepartiii Ta nudepenmiroBanns [141].
JMCKyCIHIM 3aJTUIIIAETHCS TTMTAHHS CTOCOBHO JOIT1Th-
HOCTI 3aCTOCYBaHHS PH KPIOKOHCEPBYBaHHI KIITHH
IUTALIEHTH MPOrpaMHUX 3aMOPOXKYBadiB Ta CHCTEM
MOBITBHOTO OXOJIOMKEHHSI, Y IKUX BUKOPUCTOBYIOThCS
KOHTEIHEPH 3 130IPOTIaHOJIOM 200 MOJIiMEPH, a TAKOXK
mporpam i3 3actocyBaHHAM BiTpudikanii. OgHak He
BU3HAYEHO, YM BHUIPABAAHUI JOCATHYTUH €(eKT
ITiIBUIIICHHSIM CKJIQJIHOCTI Ta BapTOCTI KPiOKOHCEP-
ByBaHH! [ 144]. Po3pobneni meToam BiTpudikarii 103-
BOJISIIOTH MiABUIINTH 30€pEKEeHICTh KIITHH Ta CIIPOC-
THUTH [IPOLIEAYPY KPIOKOHCEPBYBaHH:, ajie IXHs peaJti3a-
ig oOMexeHa TOKCHYHUM e(eKTOM, CIIPUINHEHUM
BEJTMKUMH KOHIIEHTPAITSIMH BITPH(DIKAIIITHAX CyMIIIIeH,
Ta HEMOJKJIMBICTIO POOOTH 3 HEOOX1THOO JISI KITiHI4Y-
HOTO 3aCTOCYBaHHS KiybKicTto kimitTuH [ 111]. [Tokaza-
HO, IIO TUIAIIEHTapHI KIITHHHU MPHU TIMOTEPMIYHAX
ymoBax (4°C) 36epiratotbcst 1o 1-2 11i0, a B cyOHOP-
MoTtepMiyHKuX yMoBax (20°C) — no 3—4 xi6 [117].
Jnst KpioKOHCEepBYBaHHS KJIITHH CycIeH3ii ma-
[ICHTH ONTHMAIBHOI0 BU3HAETHCS KOHIIEHTparlist 0,5—
1x10° xi/mot. KonTeitaep 1u1st KpiOKOHCEPBYBaHHS Ma€e
OyTH KPIOCTIHKHMM Ta TepMETHYHHUM, 110 3abe3me-
Yy€ThCA CIUIABJICHHAM MaTepialy Y1 3aCTOCYBaHHAM
BropuHHOi ynakoBku. H.M. Khuu ta cmisasr [100]
BCTAHOBWIIH, IO 10 9,6 % KOHTEHEPiB 3a3HAIOTH
YIIKOAKEHb MIPH JOBIOCTPOKOBOMY 30epiraHHi, a 1o
42% npenapariB MalOTh OaKTepiayibHy 3a0pyAHEHICTb.
[Ipu po3mMopoxyBaHHI KJIITHH IIJIAIIEHTH Haii9ac-
TillIe 3aCTOCOBYETHCS BOJsTHA OaHs 3 TEMIIepaTyporo
Bix 37 mo 42°C [29, 132]. JocnimkyBanach MOXIIH-
BICTh PO3MOPOXYBaHHS KJIITHH i3 3aCTOCYBaHHSAM
IHIIUX mporpam: npu temmeparypax 4, 20°C 3i
mBuakictio 10-100 rpan/xs [100]. IIpogemon-
CTPOBAHO, IO XUTTE3AATHICTh KIITUH 3HUKYETHCS
IIpH pO3MOPOKYBaHHI 3a Temneparypu 4°C.
Oco0nuBy yBary mpuaUISIOTh HEOOX1THOCTI acer-
TUYHOTO PO3MOPOXKYBaHHS OijloMaTepiany BiAMOBITHO
no sumor GMP [72, 132]. Ilicns po3MOpoKyBaHHS
SIKICTh KJIITHH OLIHIOIOTH METOJAaMH BiTaJlbHOTO
3a0apBieHHS, (DITyopeCIeHITii, ITITOMETPI1, BH3HAYCHHS
eKcIpecii OKpeMHuX TeHiB. AHaii3 30€peKeHOCTI
KJIITUH MICJIS PO3MOPOKYBAHHS Yepe3 Pi3Hi MPOMIKKH
yacy BUSIBUB HEOIHAKOBI pe3ynbraru. [lokazaHo, mo
CJIiIT OIiHIOBAaTH 30€pEeKEeHICTh KIITHH depe3 24—
48 roavH, OCKIJBKH IOKA3HHUKH iX KUTTE3IaTHOCTI
yepes el MPOMiKOK Yacy BiTHOBIIOKOTHCS [136].
CycrieHsii KINiTHH IJIaleHTH 30epiraloThes 3a TeM-
nepatyp —80, —196°C, 3pa3ku TpaHCIOPTYIOTHCS B
piakomy a3oTi um Ha cyxomy jgboxi [121, 127]. Ilpu
0aHKyBaHHI KJIITHH Ta IX NepeBE3CHHI 17151 BAKOPHUC-
TaHHS B KIIHIYHIA MPAKTUII BAXKIUBUM € TAKOK
JIOTpUMaHHS TakuX puHIUIiB GMP: KOHTpPOIIB SKOCTI,
3aCTOCYBaHHA BaJIiIOBAaHOTO OOJaIHAHHS Ta peareH-
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for cryopreservation of placental mesenchymal stem
cells using DMSO, dextran-40, polyvinylpyrrolidone
and albumin, the samples were diluted with physiologi-
cal saline [7, 96]. There was proposed the cryopreser-
vation method for placental cell suspension involving
equilibration with Propandiosaharol solution (developed
by the Institute for Problems of Cryobiology and Cryo-
medicine of NAS of Ukraine), cooling down to —40°C
with 1-2 deg/min rate and following immersion into
liquid nitrogen. In this case a high viability of placental
cells and macrophage elements was achieved (90%)
[43].

If considering the question of cooling rate for pla-
centa cells, it is known that the most researchers use
the protocols of slow freezing [18]. With increasing
freezing rates from 1 to 10, 40 and 100 deg/min the
cell integrity and their functional indices significantly
decrease, even when rising the DMSO concentration
[59, 130]. There were designed the multi-stage
programs for chorionic cell cryopreservation with
crystal formation initiation, enhancing the survival of
cells, their ability to proliferate and differentiate [139].
The question about the expediency of using for
placental cell cryopreservation the programmed free-
zers and slow cooling systems based on either iso-
propanol or polymer coolants, as well as the programs
with vitrification, has still remained under discussion.
However, it has not been determined yet whether the
achieved effect is justified by increasing the complexity
and expenditures for cryopreservation [143]. The deve-
loped vitrification methods enable to improve the cell
survival and simplify the cryopreservation procedure,
but their implementation is limited by toxic effect caused
by high concentrations of vitrification mixtures and the
impossibility of working with the needed amount of
cells for clinical application [82]. Placental cells survive
hypothermic (4°C) conditions up to 1-2 days, and
subnormothermic (20°C) ones up to 3—4 days [96].

The concentration of 0.5-1x10°¢ cells/ml is recog-
nised to be the optimal one for cryopreservation of
placental cell suspension. Container for cryopreser-
vation should be cryoresistant and sealable, that could
be provided either by material fusion or use of secon-
dary packaging. Khuu H.M. et al. [67] found that up
t0 9.6% of containers underwent damages during long-
term storage and up to 42% of specimens were bac-
terially contaminated.

Water bath with the temperature from 37 to 42°C
is most frequently used for placental cell thawing [43,
126]. The possibilities of cell thawing using other
programs, e. g. at 4 and 20°C with the warming rates
of 10-100 deg/min were studied [67]. Cell viability was
found to decrease significantly following thawing at
4°C.
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TiB, KOHTPOJIb IEPCOHAIY Ta MPOLECiB BUPOOHUITBA
[72].

VYnponosx ocranHix 30 pokiB kopaosa kpos (KK)
JIOAVHY 3aHUIIAETHCS 00’ €KTOM 0ararbox JOCIi-
JOKEHb, BBAKAETHCS JOCTYITHUM, OE3MEUYHUM 1 MIPHii-
HSITHHM 3 TOYKH 30PY €THKH JPKEPETIOM reMOTIOeTHY-
HuX Kty [9, 13,45, 74,75, 90,92, 93, 103, 125, 146].
Ha croromni ctoBOypoBi kimitiaA KK 3acTOCOBYIOTHCS
B JiKyBaHHI Omm3bk0 100 TSHKKHX 3aXBOPIOBAHb [18,
52, 128, 140, 147]. HociigHuKH 1 TpakTU4HI JiKapi
BOa4aIOTh MEPCIEKTUBHICTH MTOJAIBIIOTO 3aCTOCY BaH-
usa KK, Tomy ans ii 36epiranns B 6araTbox KpaiHax
CBITY CTBOPIOIOTB OaHku [61, 67, 69].

OcHoBHuM MeTonioM 30epiranns KK e kpiokoHcep-
ByBaHHs [2, 33, 35, 60]. BinbiicTh OaHKIB TyTTOBUHHOI
KpOBi CBITy MpaIoTh 3rigHO 3 «MiKHAPOIHUMHU
cTaHjaptamu 3i 300py, 0OpoOKH, MOCHIKCHHS,
30epiraHHs1, BiOOPY Ta BUAadi IyTIOBUHHOT KPOBi» [96],
mo mependadae 30epiranas He mumpHOI KK, a i1
JMEUKOIMUTAPHOTO MIapy, B SKOMY MICTATBCA Pi3HI
MOITYJIALIT cTOBOYpOBUX KIiTHH. ToMy Tiepe 3aKiiaieH-
M KK s moBrorpusaioro 36epiranas npoBOaATh
ii ppakuionyBanns [1, 35].

Ha erani 3amopoxyBanus kinitiua KK Bukopucto-
ByroTh JIMCO, nonmuernienokcug a6o JMCO B
koMbOinauii 3 'EK, nexctpanom, moncekum aap0yMi-
HOM Ta iH., @ TAKOXX PI3HOMaHITHI IPOTPaMH 3aMOPOXKY-
BanH# [20, 29, 36, 59, 84].

ITokazaHo, IO BTPAaTH TEMOMIOETUIHUX CTOBOYPO-
Bux kiiTuH (I'CK) KK y mporieci kpiokoHCepBYBaHHS
BiIOyBarOTHCA Ha €Talli 3aMOPOKyBaHHA-BIIIrpiBaHHS
1 XapaKkTepu3yIThCs MOPYIICHHSIM IUTICHOCTI MEeM-
Opan Ta ¢pparmenranieto saepHoi JAHK ximitun [4, 5].

A .M. T'onbrieB i criBaBT. [ 12] BUSBIIN KOPEIISIIEO
MiXx excrpeciero perotunoBux Mapkepis I'CK mymo-
BHUHHOI KpOBi Ta iX ()yHKLIOHAJILHUM CTAHOM, 110, Ha
IOYMKY aBTOPIB, € HACIIIZIKOM 3MiHH Tororpadii po3mno-
Iidy MapKepHUX OiNKiB i OITKOBHX KOMIUIEKCIB Y
memOpanax I'CK.

Sk cBiguars pesynsraT gociimkeras H.C. Kaprio-
BOI Ta CHiBaBT. [ 19], KpioKOHCEpBYBaHHS IIPU3BOIUTH
HE TITBKH 10 MOIMKOKCHHS OiTKOBUX CTPYKTYP
kmtHHHOI MeMOpanu, ¢epmentis i JIHK, a i moxe
OyTH MOTEHITIHHUM MEXaHI3MOM YIITKO/DKCHHS TePMi-
HanpHOI TimomipHoi JIHK Ta BKOpoueHHs TioMmip,
BHACJIIJOK YOT'0 3HIKYIOThCS IIpoi)epaTuBHi BIACTH-
BOCTi1 J€KOHCEPBOBAHUX KIITHH. 3MiHA JOBXHUHH
TLJIOMIp Ta MOIIKOAXKECHHS TUIOMIPHHUX O17IKiB MOXYTb
TaKOXX BIUIMBATH Ha €KCIPECiI0 TeHiB, [0 HETaTHUBHO
BiIOMBA€THCS HA PYHKIIT KITITHH.

KpiokoHcepByBaHHsI (pparMeHTIiB NJIAlEHTH
Hwuswskoremmneparypae 36epiranas GparMeHTiB
IUTAIEHTH IIPOBOJIUTHCS 3 IIArHOCTHYHOIO METOFO MPH
XOpIOHOIOTICIi Ta TOCIPKEHHI MICIIATIONOr0BOI IUTAIICHTH
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A special attention is paid to a need of aseptic
thawing considering the GMP requirements [17, 126].
Post-thaw quality of cells could be assessed by the
methods of vital staining, fluorescence, cytometry,
determination of certain genes expression. Analysis
of cell survival after freeze-thawing following various
time periods showed unequal results. It was demonstra-
ted that the cell survival should be assessed in 24—
48 hrs, since within this time period the indices of their
viability recovered [130].

Suspensions of placental cells are stored at —80,
—196°C, the samples are transported either in liquid
nitrogen or on dry ice [108, 117]. During cell banking
and transportation applicable in clinical practice of
importance is also to follow such GMP principles as
quality control, use of validated equipment and reagents,
control for the personnel and manufacturing processes
[17].

Within the recent 30 years, the human cord blood
(CB) has remained the subject of many studies,
considered as an easily available, safe and ethical
source of hematopoietic cells [19, 20, 40, 44, 51, 57,
58, 70, 103, 113, 144]. Today the CB stem cells are
used in therapy of about 100 severe diseases [31, 119,
123, 138, 146]. Researchers and medical practitioners
perceive the prospects for further application of CB,
therefore the banks for its storage are established in
many countries [5, 12, 24].

The basic method for CB storage is cryopreser-
vation [2, 8, 135, 137]. Most world cord blood banks
are functioning according to the International Standards
for Cord Blood Collection, Processing, Testing, Banking,
Selection and Release for Administration [61], that
foresees the storage of not whole CB, but its leukocyte
layer, containing different populations of stem cells.
Therefore, before placing the CB for a long-term
storage it is fractionated [1, 8].

At the stage of CB cell freezing one uses DMSO,
polyethylene oxide or DMSO combined with HES,
dextran, human albumin efc., as well as different
freezing programs [9, 30, 71, 85, 135].

The loss of CB hematopoietic stem cells (HSCs)
during cryopreservation was reported to occur at
freeze-thawing stage, and was characterised by
disorders in membrane integrity and cell nuclear DNA
fragmentation [10, 11].

Goltsev A.M. et al. [45] revealed the correlation
between the expression of phenotypic markers of cord
blood HSCs and their functional state. The authors
believe it results from a change in topography of
distribution of marker proteins and protein complexes
in HSCs membranes.

The findings of Karpova N.S. et al. [64] testify to
the fact, that cryopreservation leads not only to the
damage of protein structures of cell membrane,
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[81], a TakoX mJIST TECTyBaHHS JIIKAPCHKHUX 3aC00iB
[95] i BuAiIEHHS KIIITHH, SKI BUKOPHUCTOBYIOTHCS B
eKCIepUMEHTANIbHIN po00oTi a00 KIiHIYHIHM npakTHLi
[31, 32, 40, 62]. dparMeHTH IMJIAICHTA HaiYacTile
30epiraroTs B ymoBax rimotepmii (4°C) 1 3a Temmepa-
Typu 3pimxeHoro azory (—196°C) [41, 79, 89, 95].

[Tpu BuBUEHHI BITUBY TinorepMii Ha MOpdodyHK-
LHIOHAIBHUM CTaH ()parMeHTiB IJIAIICHTH BUSBIICHA
MOJKIJIMBICTh 30€piraHHs HaTUBHHUX (parMeHTiB Mpo-
TATOM 24 TONWH, a JEKOHCEPBOBAHUX — IPOTITOM
12 roauH, OCKIABLKHU 3a 1€l Yac KIITHHU 3a3HAIOTh
MiHIMaabHUX yIIkomxkeHb [40]. A. Garrod Ta cIiBaBT.
[89] mokazanm, MO IS TPOBEACHHS NESKUX BHUIIB
JOCTKEHb MOXKITUBE KOPOTKouacHe (48 roanH) rirmo-
tepmiune 30epiranns miarenTy. N. Cirelli Ta criiBasr.
[79] BUSIBUIU B TJIAIEHTAPHUX EKCIUIAHTAX MicCIs
rinoTepMivyHOTro 30€piraHHs MIBUAK] allONTOTHYHI Ta
MopdoJIOTiuHI 3MiHH, SKi 3’ SABJISIOTHCS MPOTITOM
3—6 ronuH micns ix kyastuByBaHHsS. F. Colleoni Ta
criBasT. [81] BiA3HAYAIOTH, 1110 B pE3yJIbTATI KPIOKOH-
CEepBYBaHHS CYTTEBO HiABHIIYETHCA PECHipaTopHa
AKTUBHICTh MITOXOHJPiH y OPIBHSAHHI 31 3pa3kaMu,
JIOCTaBJICHIUMH B Ta00OPATOPII0 «HA JTLOJII».

st 3aMopokyBaHHA ()parMeHTiB IUIALEHTH Hal-
YaCTiIlle 3aCTOCOBYIOTh ITOBLIbHI IIBUIKOCTI Y8 KOMOi-
HoBaHi porpamu. Taxk, B.1. ' pumenkom Ta criBagt. [30)]
OyJio 3ampoONOHOBAHO CHOCIO KPIOKOHCEpPBYBaHHS
TKaHWUH (eTOIUIALICHTAPHOTO KOMILJIEKCY, B TOMY YHCII
IUTaleHTH: 6ioMaTepia OX0JI0KyBaIH Bl KIMHATHO1
temmeparypu 10 0°C, motim 3amoposxyBaiu 10 —10°C
31 MBUAKICTIO 5—6 rpal/xB Ta micis 1—2 TOaUH BH-
TPUMKH 32 BKa3aHOI TeMIEpaTypH 3aHypIOBajd y
piakuit azot. Ilpu pomy 36epexenicTh 61000’ €KTIB
cTaHOBHJIA ONMHM3bKO 85%, MOKa3HUKH aKTUBHOCTI
JIaKTaT/AET1IporeHasu Ta IroKo30-6-pocdaraeriapo-
reHa3W Mallo BiIPI3HSTUCS BiJi KOHTPOJbHUX. 3a
pe3ylbTaTaMu METO/IIB BITaTLHOTO 3a0apBICHHS, BU3-
HaueHHS BMICTY TOPMOHIB Ta MOP(OIIOTIYHUMHE O3HA-
KaMU TpU KPiOKOHCEPBYBaHHI TKAHWHHM IIJIALICHTH 3a
JBOXETAIHOI0 mporpamMoro mif 3axuctom JMCO
BCTaHOBJIEHO JJOCUTH BUCOKY 30epeKeHiCTh (hparMeH-
TiB wranentu [64]. B. Huppertz ta cmiBast. [95],
MOPIBHSBILY PE3yIbTaTH 3aMOPOKYBaHHS €KCIUIAHTIB
IUTALEHTH HUISIXOM 3aHYPEHHS y PiAKHIA a30T i3 mpo-
rpaMOBaHUM 3aMOPOKYBaHHSIM, BUCIIOBHIIM CYMHIBH
040 HEOOX1THOCTI 3aCTOCYBaHHS MPOTPaAMHUX
3aMOPOKYBadiB, OCKUIBKH iX BUKOPUCTAHHS YCKIIAIHIOE
rporiec kpiokoHcepByBanHs. O.C. [Ipokomnrok Ta ciiB-
aBT. [46, 47] BBa)XarOTh HEOOXITHUM 3aCTOCYyBaHHS
IHImiaIi1 KpUCTaIOy TBOPEHHS, sIKa MiBHIIY€ 30epexe-
HIiCTb (pparMeHTiB IUIALleHTapHOI TKAHUHH.

Bucoxkoi 30epexkeHocti Tpodobaacta gocaraiu
pu BiTpUQiKaIlii XopialbHUX CTPYKTYP i 3aXUCTOM
DITIEPOITy Ta Ipomangiony [97].
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enzymes and DNA, but may be a potential mechanism
of damage of terminal telomere DNA and telomere
shortening, resulting in reduced proliferative properties
of frozen-thawed cells. Change in telomere length and
a damage of telomere proteins may also influence the
gene expression, negatively affecting cell functions.

Cryopreservation of placental fragments

Low temperature storage of placental fragments
is performed with diagnostic purposes during chorionic
biopsy and for postpartum placenta study [27], as well
as for drug testing [60] and isolation of cells used either
in experimental work or clinical practice [46, 52, 105,
121]. Placental fragments are most frequently stored
under hypothermic conditions (4°C) and at liquid
nitrogen temperature (—196°C) [25, 39, 55, 60].

Studying the effect of hypothermia on morphofunc-
tional state of placental fragments revealed the
possibility to store fresh and frozen-thawed fragments
during 24 and 12 hrs, respectively, since the cells
underwent the minimum damages during this time
period [46]. Garrod A. et al. [39] showed that short-
term (48 hrs) hypothermic storage of the placenta was
applicable for certain types of research. Cirelli N. et al.
[25] studied post hypothermic storage placental ex-
plants and revealed the rapid apoptotic and morpholo-
gical changes, occurred within 3—6 hrs after culturing.
Colleoni F. et al. [27] noted that cryopreservation
resulted in a significant increase in respiratory activity
of mitochondria, if compared to the samples delivered
to laboratory ‘on ice’.

Either slow rates or combined protocols are most
often used to freeze placental fragments. In particular,
Grishchenko V.I. et al. [56] proposed the following
method to cryopreserve the tissues of fetoplacental
complex, including the placenta: biological specimen
to cool from room temperature down to 0°C, then
freeze down to —10°C with 5—6 deg/min rate and after
1-2 hrs exposure at the mentioned temperature to
immerse into liquid nitrogen. Here, the survival of
biological objects made about 85%, the indices of lactate
dehydrogenase and glucose-6-phosphate dehydrogena-
se activity were slightly different from the control ones.
According to the results of vital staining, determination
of hormone content and morphological features
following placental tissue cryopreservation with two-
step program under DMSO protection quite a high
integrity of placental fragments was established [148].
Huppertz B. et al. [60] compared the results of
placental explant freezing via immersion into liquid
nitrogen using the programmed freezing and doubted
the need to apply programmed freezers, because of
complicated cryopreservation procedure. Proko-
pyuk O.S. etal. [102, 104] considered the initiation of
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HociiaxeHo MOKIIMBICTh KPIOKOHCEPBYBaHHS €1e-
MEHTIB Tpo(0o0acTa B Kpio3aXMCHHUX CEPEOBHIIAX,
SIKi MICTHITY TITiLIEpOJ1, caxaposy, 1,2-nponanaion, 'EK
[7, 40, 95]. TlokazaHo, 1110 MaKCUMaJIbHE HACHYCHHS
TKaHWHH TIAIEHTH KPiOMPOTEKTOPaMH BiIOyBAETHCS
BrponoBx 20 xB 3a Temmeparypu omuspko 4°C [7].
J1s HU3PKOTEMITEpaTypHOTO KOHCEPBYBAaHHS OITH-
MaJIbHAM KPiOTIPOTEKTOPOM JOCIITHUKH BBAXKAIOTH
8%-it pozunn JJIMCO [40]. B.I. ['pumienko Ta criiBaBT.
[30] 3actocoByBanm Takox pozunau JIMCO Tta [TIEO
B koHuentpauii 10%. B. Huppertz ta cniBasr. [95],
nopiBHsABIIK KoHIEHTpauii JIMCO, eTuneHnikosio,
nponangiony Bix 1 1o 3 M, 3po0uian BUCHOBOK, IO
eektuBHOIO € KoHIeHTpawis JIMCO 3 M. 3anpormo-
HOBAHO TAKOX METOJl KPIOKOHCEPBYBAaHHS XOPiaIbHOT
TKaHWUHU micis 20-XxBUIMHHOT ekcrio3uilii 3a —20°C y
po3uuHi, skui Mmictuth 5% JAMCO Tta 5% IIEO,
1 TTOTATBITIOMY 3aHYPeHHI y pifkwii a30T [31]. [Tpu 1p0-
My 30epiranocst 85% XKUTTE3NATHUX KIITHH, BMICT
MKHOTUYHUX SIACP Y KIITHHAX XOpiadbHOI TKAHUHU HE
nepeBuIryBaB 25%. Jlns 3MEHIIEHHS TOKCHYHOCTI
Kp103aXHUCHUX CEPEIOBHIIL, ITiIBUTIICHHS 30€peKEHOCTI
(bparMeHTIB IJIAIEHTH Ta MOKJIUBOCTI 3aCTOCYBaHHS
MpenapariB y KNiHIYHil IpakTHLi OyJI0 3aIIpooHOBAaHO
BHKOPHCTOBYBATH IJIA3MO3aMiCHI PO3UMHU 3 Kpio3a-
xucHuUMH BractuBocTsmu [40]. Haiibinbiroi mopdo-
($yHKIIOHATBEHOT 30€PEeKEHOCT] TKAHWHH IUTALICHTH Ta
OKpeMuX ii KITiTHH OyJ10 JOCSATHYTO MPU BUKOPUCTAHHI
Kp103aXHCHOTO CepesIOBHUIIa, sike MicTmio 5% JIMCO
ta 5% I'EK. Kpim Tor0 BU3HaHO, 1110 MOXIINBE KP1OKOH-
CEepBYBaHHS MPHU 3aCTOCYBAHHI JIUIIIE T1APOKCHCTHII-
kpoxmao abo xkomOiHarii 5% JIMCO 3 6,8% caxa-
po3u. Po3umHM MOMIBIHUITIPONIIOHY, cCOpOITOTY Ta
JeKCTpaHy He 3a0e3neuyBaiy 30epeKeHOCTi Ta Iiic-
HOCTI TKaHWHU TUTalieHTH [47]. 3a JaHuMU BUIIE3raia-
HUX JIOCTIIHUKIB PO3MOPOXKYBaHHS KPIOKOHCEPBOBAHUX
(bparMeHTiB TUIATICHTH 3/IIFICHIOBAJIOCS HA BOJISTHIM OaH1
3a temmneparypu 40...42°C.

J1J1s1 O1iHKY 30€PEKEHOCT] TKAHUHU IDIAIICHTH TTICIIS
PO3MOPOKYBaHHS B 3aJICKHOCTI BiJl METH HOCIIi-
JUKCHHS 3aCTOCOBYIOTH Pi3HOMAHITHI METOIH: TiCTO-
JIOT1YHI; €JIEKTPOHHO-MiKPOCKOITIYHi; 3a0apBIICHHS
TPHUITAHOBUM CHHIM Ta HEUTpaTbHUM depBoHuM; MTT-
Ta pe3a3ypuHOBUN TECTH; BUAUICHHS ITATOJIOTIYHOTO
npoteiny P13; Bu3HaueHHS aKTHBHOCTI JIAKTaTIC-
rizporeHasu, TyxHoi ¢pocdarasu Ta piBHIO TITIOKO3H B
CEPEIOBHIII KYIBTUBYBaHHS; BU3HAUCHHS aKTHBHOCTI
OKPEMUX T'eHIB, a TAKOX TCHETUYHOT CTa0IIbHOCTI Ta
aKTUBHOCTI MiToxoHpiii [81, 95, 120]. Hailitumosi-
MU 3MiHaMU TP KPiOKOHCEPBYBaHHI € Bifmmapy-
BaHHsI Ta PO3pUBH Tpo(hoOIacTa, po3puBU ME3EHXIMH,
3aru0eb KIITHH, alonTOTHYHI 3MiHu [95, 120].

Oxkpema yBara npHIiIseThCS 30epeKCHHIO TKaHH-
HU TUTALEHTH [T TTOIANTBIIOTO0 BUJTUTeHHS KitiTHH. X.M. Yu
Ta CTiBaBT. [ 148] OIiHIOBAIN KUTEKICTh BUILIICHUX KHT-
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crystal formation as essential procedure, increasing the
integrity of placental tissue fragments.

High integrity of trophoblast was reached during
vitrification of chorionic structures under glycerol and
propanediol protection [62].

The possibility to cryopreserve trophoblast elements
in cryoprotective media, containing glycerol, sucrose,
1,2-propanediol, HES was studied [15, 46, 60]. The
maximum saturation of placental tissue with cryoprotec-
tants was shown to occur within 20 min at temperature
of about 4°C [15]. Researchers believed 8% DMSO
solution to be the optimal cryoprotectant for low
temperature preservation [46]. Grischenko V.I. ef al.
[56] also used 10% DMSO and PEO solutions.
Huppertz B. et al. [60] compared the concentrations
of DMSO, ethylene glycol, propanediol from 1 to 3 M,
and concluded the 3 M DMSO concentration to be
efficient one. There was also proposed the cryopreser-
vation method for chorionic tissue after 20 min
exposure at —20°C in the solution, containing 5%
DMSO and 5% PEO, and further immersion into liquid
nitrogen [52]. In this case 85% of viable cells were
preserved, the content of pyknotic nuclei in cells of
chorionic tissue did not exceed 25%. To reduce the
toxicity of cryoprotective media, and improve the
preservation of placental fragments and the possibility
of using preparations in clinical practice there has been
proposed to apply the plasm substitute solutions with
cryoprotective properties [46]. The highest morpho-
functional integrity of placental tissue and its individual
cells was achieved when using the cryoprotective
medium, containing 5% DMSO and 5% HES. In
addition the cryopreservation with using only hydroxy-
ethyl starch or a combination of 5% DMSO with 6.8%
sucrose was recognized as possible one. Solutions of
polyvinylpyrrolidone, sorbitol and dextran did not ensure
the survival and integrity of placental tissue [102].
According to the reported data of the mentioned above
researchers the cryopreserved placental fragments
were thawed in a water bath at 40...42°C.

To assess placental tissue integrity after thawing
depending on the research purpose one uses various
methods such as histological, electron microscopic,
staining with trypan blue and neutral red; MTT- and
resazurin tests; isolation of pathological protein P13;
determination of activity of lactate dehydrogenase,
alkaline phosphatase and glucose level in culture me-
dium; determination of activity of single genes, as well
as genetic stability and activity of mitochondria [27,
60, 106]. The most typical changes in cryopreservation
are the detachment and ruptures of trophoblast, breaks
of mesenchyme, cell death, and apoptotic changes [60,
106].

Special attention is paid to storage of placental tissue
for further cell isolation. Yu X. M. et al. [147] evaluated
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TE€31aTHUX KITITHH 13 TKAHWHH IJIaLEHTH Ta TyHOBUHH
710 Ta MiCJIsl KpiIOKOHCEPBYBAaHHS 3 PI3HUMHU KOHIICHT-
pauismu JIMCO. [IpogeMoHCTpoBaHO, 1110 3 HATUBHOTO
MaTepiaity BUIUISETHCA OMU3BK0 67% KUTTE3NATHUX
KIIITHH, a 3 KpiokoHCepBoBaHOTO B 10%-My po3unHi
JAMCO —55%. KilbKiCTb *KUTTE3aTHUX KITITHH, BUII-
JICHUX 13 KPIOKOHCEPBOBAHOTO OioMarepiaiy, 3aJIeKUTh
Bil KOHILIEHTpalii kpiomporekropa. M. Sommer Ta
cmiBasr. [ 130] mopiBHIOBaIM MOMYJISALIT KITITHH, K1 Oymn
BUJIiJICH] 3 HATUBHOT'O Ta KPIOKOHCEPBOBAHOTO O10TICIHi-
HOTO Marepiany maneHTu groguHu. [lokasaHo, 1o
KyJIBTYPH KJIITHH 13 HATUBHOTO Ta KPIOKOHCEPBOBAHOTO
Marepiany He BiIpi3HAIOTHCS 32 TUIIOM Ta KyJIbTypalib-
HUMH BIACTUBOCTSAMU; MOMYJALIT ME3eHXIMaIbHUX
CTOBOYPOBHX KITITHH, BUIIIICHUX 13 KPIOKOHCEPBOBAHMX
XOpiaJbHUX BOPCHH, 30€piraloTh TeHETHYHY CTa01Ib-
HICTH TpoTsiroM 10-TH acaxkiB KyJIbTHBYBaHHS, TIOITY-
JIAIIT aHSYTUTOTTHUX KIIITHH 3’ SBJBIIOTHCS HE paHiIe
14-ro macaxy [126].

Kpim TOro, 3aMOp0oKyBaHHSI TKAHWUHH ILIAIICHTH
MIPOBOJIATH JUTS MOJAIBIIIOTO BUIUICHHS 3 Hel eKCTpakK-
TiB 200 BMBUEHHA il MEXaHIYHUX BIACTHBOCTEH.
HoBezneHo, mo 30epiraHHs TKaHWHU TUTALEHTH MIPH
—196°C npuBOANTH 110 301ITBIIICHHS BiTHOCHOTO BMICTY
BHCOKOMOJIEKYJISIPHUX O1UJIKIB B €KCTPaKTax, a MpH
—20°C — BiTHOCHOTO BMICTY O1JIKiB 13 MOJICKYJISPHOIO
macoro menie 80 k/a [42]. [TokazaHo, 110 THXKHEBE
HU3BKOTEMIIEpaTypHe 30epiraHHs MalneHTH He BILUIU-
Bae Ha i MexaHiuHi xapakrepuctuxu [101].

KpiokoHncepByBaHHSI MJI0J0BHX 000JOHOK,
NyNnoBUHHI

Ha mouatky XX cTomiTTs monoBi 060710HKH (aM-
HIOTMYHA Ta XOpiaNbHa) 3aCTOCOBYBAJIU B MEAUIUHI
JUIsL JIIKYBaHHS YIIKOKEHb Ta JeTeHEPaTUBHUX 3MiH
POTiBKH OKa, OIiKiB, TpOIYHNX BHPa3ok [65, 66, 99].
BusnaueHo, 110 m1010Bi 000JI0HKH MalOTh pereHepa-
TUBHI, TpOTU3anaibHi, aHTU(iOpO3HI Ta aHTHOAKTe-
pianbHi BractusocTi [83, 108, 124]. Ix «imyHomnoriuna
npuBiIeiioBaHicThy [ 104] 30epiraeTbes mpu KPioOKOH-
cepByBanHi [110, 12]. Lle#t dakt € miarpyHTIM IS
CTBOPEHHS HU3bKOTEMIIEPAaTypHUX OaHKIB IJIOOBUX
00010HOK [122]. AMHIOTHYHY OOOJIOHKY TaKOX
3aCTOCOBYIOTb SIK OCHOBY Ul KyJIbTUBYBaHHS 1HIINX
THIIIB KJIITHH 115 TpaHciuianTartii [ 113].

[11010B1 000I0HKM BUKOPUCTOBYIOTh SIK ILIACTHY-
HUI MaTepiai, iX 30epiraroTh He TIIBKH 33 JOTIOMOT OO
KpPIOKOHCEPBYBaHHA 1 B yMOBaxX KOPOTKOYACHOI Timo-
TepMii, a i MmeTofoMm Jtiodinizarii [ 114]. [Tokazano, o
BCi METOJM MalOTh CBOI MepeBark Ta HeAoNMiKU. Taxk,
KpPIOKOHCEPBYBaHHS JO3BOJISE 30€pErTH JKUTTE34aT-
HICTb Ta MUTICHICTh TKAaHIHM, a JIIo(h1JTi3aIlisi CIIpOIITye
TPaHCIOPTYBaHHS. Psin nociifKeHb TOBOASATH, IO
niogiizalist J03BoJIs€ 30eperTH CTPYKTYpy Ta O6ioJ10-
TiYHI BJACTUBOCTI aMHIOTHYHOI 000J0oHKH [66, 88].
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a number of viable cells isolated from placental and
umbilical cord tissue prior to and after cryopreservation
with different DMSO concentrations. There was
demonstrated the fact, that 67% of viable cells was
isolated from fresh sample and 55% was derived from
the tissue cryopreserved with 10% DMSO solution.
A number of viable cells isolated from cryopreserved
biomaterial depended on cryoprotectant concentration.
Sommer M. et al. [124] compared the cell populations,
isolated from native and cryopreserved human placental
biopsy material. Cell cultures from fresh and cryopre-
served specimes showed no differences by type and
cultural properties; the populations of mesenchymal
stem cells isolated from cryopreserved chorionic villi,
preserved their genetic stability during 10 culturing
passages, the populations of aneuploid cells did not
appear until the passage 14 [114].

Moreover, the placental tissue is frozen either for
further procurement of extracts from it or study of its
mechanical properties. The storage of placental tissue
at—196°C was proved to result in an increased relative
content of high molecular proteins in the extracts and
the procedure at —20°C led to an elevated relative
content of proteins with molecular weight below
80 kDa [95]. One week of low temperature storage
of placenta was demonstrated as not affecting its
mechanical characteristics [68].

Cryopreservation of fetal membranes, umbi-
lical cord

In the early 20th century the fetal membranes
(amniotic and chorionic ones) were used in medicine
to treat injuries and degenerative changes in the
cornea, burns, trophic ulcers [3, 4, 65]. Fetal memb-
ranes were found to have regenerative, anti-inflam-
matory, anti-fibrous and antibacterial properties [29,
79, 112]. Their ‘immunologic privilege’ [72] was
preserved during cryopreservation [81, 112], that was
the basis for establishing low temperature banks of
fetal membranes [110]. Amniotic membrane was also
used as the basis for culturing of other cell types for
transplantation [89].

Fetal membranes are used as a plastic material,
stored not only by means of cryopreservation and short-
term hypothermia, but using freeze-drying as well [90].
All the methods were shown to have their pro and
contra. In particular, cryopreservation allows pre-
serving viability and integrity of tissue, but freeze-
drying simplifies transportation. As proved by numerous
studies, freeze-drying enables to preserve the structure
and biological properties of amniotic membrane [4, 39].
By the content of biologically active substances and
clinical efficiency the cryopreserved amniotic membra-
ne is a promising biomaterial for use in ophthalmology
[131].

npobnembl Kpuobuonorum 1 KpuomegULINHbI

problems of cryobiology and cryomedicine
Tom/volume 25, Ne/issue 4, 2015



3a BMicTOM 010JIOT1YHO aKTUBHUX PEYOBUH Ta KIIiHIY-
HOIO €()EKTUBHICTIO KPIOKOHCEpBOBaHA aMHIOTHYHA
000JI0HKA € HAWOLIBLI IEPCIIEKTUBHIM OioMaTepiaioM
IUIs1 3aCTOCYBaHHS B odTansmodorii [137].

F.A. Tehrani ta cmiBaBt. [134] moka3amu, 110
aHTHOAKTEpiaTbHI BIACTHBOCTI aMHIOTHIHOT OOOJIOHKH
HE 3aJIe)KaTh BiJl CTIOc00y KPiOKOHCEPBYBaHHS a00 J1i0-
(bimizarii Ta 1MoB’s3aHi HE 3 KIITHHAMH, a 3 KOMIIO-
HEHTaMH CTIOTyJHO1 TKaHuHY. B. Werber ta crriBasr. [143]
JIOBEJIM MOKJIMBICTH 3aCTOCYBaHHS aMHIOTHYHOI
piavHM 1715 JTiKyBaHHS XpPOHIYHUX BUpa3ok, a M. Kang
Ta chiBaBT. [98] BUKOpHUCTOBYBaIX ISl IIbOTO €KC-
TpakT Ji0(11130BaHOi aMHIOTUYHOT OO0JIOHKH.

KpiokoHcepByBaHHS aMHIOTUYHOT 000JIOHKH MPOBO-
1T 3a Temnepatypu —80°C 13 nomaBanaaM 50%-ro
pozunHy rinepory, pinme JJMCO [65, 105, 108, 137].
C.L. Allen ta cmiBaBr. [66] MpoIeMOHCTPYBAJIH i BH-
eHHS 30epeKeHOCTI aMHIOTHIHOI 0OOJIOHKH TTiCIIs
KpiOKOHCEPBYBaHHS Ta JTio(dimizariii 3 3acTOCYBaHHIM
eKCIo3uIlii y po3unHax mykpiB. H. Thomasen i crmiB-
aBT. [137] mokasaym, Mo JOBroCTPOKOBE 30epiranHs
aMHIOTHYHOI 00O0JIOHKH HE BIIMBAE Ha i1 I[IJICHICTD,
CTEPUJIBHICTH, BMICT 010JIOT1YHO aKTUBHUX PEYOBUH,
a TaKOXK Ha PO3IOJILI KolareHiB Ta Jiamininy. [1poxe-
MOHCTpPOBaHa 30€pexKeHICTh MIKPOCTPYKTYPH KIIITHH
Ta CIOJTYYHOTKAaHMHHUX KOMIIOHEHTIB XOpianbHOI
00O0JIOHKHM MPHU KPIOKOHCEPBYBaHHI MiJl 3aXUCTOM
JAMCO [49]. 1o Ha#O1IbIII CYTTEBUX KPiOYIIKOIKESHb
IUTOAOBUX OOOJIOHOK TiJl Yac KPiOKOHCEPBYBaHHS
BIIHOCSATH pO3IIapyBaHH, JECKBAMAIIIIO Ta 3aTHOSITh
KJIITHH, allONTOTHYHI 3MiHHU, BTPAaTy MEXaHIYHHUX Ta
ONTUYHHX BiactuBocteii [120].

Bigomo, 1m0 mymoBuHA € HKEpeIoM CTOBOYPOBHX
kit [133]. Y nyGnikamisx, B SKUX pO3IISAAETHCS
npo0OJeMa KpioKOHCEPBYBaHHS TKAHWHH Ty TOBHHH, J0-
BEJICHO, 1110 CTPYKTYPY Ta )KUTTE3NATHICTD 1l KITITHH MOX-
nuBo 30epert mif 3axvctom JIMCO [47, 82, 109, 120].

BucHoBku

[TnareHTa € YHIKQIBHUM JDKEPEIOM CTOBOYPOBHX
KJIITHH, aMHIOTHIHO{ Ta XOPiaTbHOi 000JI0HOK, KOPIOBOT
KpOBI Ta CHPOBATKH, EKCTPAKTIB 010JI0TIYHO aKTUBHHUX
pedoBuH. L1i 61000’ ekTH, TIO-TIEpIIIE, XapaKTEPU3YIOTh-
CsS BUCOKUM Oi0JIOTIYHHM ITOTEHITiaIoM, MO-APYTeE,
MarOTh IepeBary o 10 JoHaIlii MaTepialy Ta eTHIHHX
nuTadb. Ha chOrOMHIIIHIN IEHh HU3BKOTEMIICpaTyPHE
30epiraHHs 3aCTOCOBYETHCS JIJIsS BCiX KOMIIOHEHTIB
IIAICHTH Ta KOPJIOBOT KPOBi: BOPCHHYACTOT TKAHUHH,
000JIOHOK, ITyTIOBUHH, CHPOBATKH Ta KIITHH KOPIOBOT
KpOBi, aMHiOTHYHOT pigunu. [InanenTapHi 61000’ €kTH
30epirarThes 3 IIarHOCTHYHOI), EKCIIEPUMEHTAITHOIO
Ta TEPaNeBTUYHOIO MIJIIMH. Pexxumu X Hu3pKoTEMIIe-
parypHOTO 30epiraHas Ta METOAMKH KPiOKOHCEPBY BaH-
H 3aJIe5KaTh BiJ 0cOOIMBOCTEN 01000’ €KTIB Ta METH,
3 SIKOYO BOHM 30epiratotbes. Tak, MpH KPioKOHCEPBY-
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Tehrani F.A. et al. [128] showed that antibacterial
properties of amniotic membrane did not depend on
the method of cryopreservation or freeze-drying and
were associated not with cells, but the components of
connective tissue. Werber B. et al. [142] proved the
possibility to apply amniotic fluid for the therapy of
chronic ulcers, and Kang M. et al. [63] used for this
purpose the extract of frozen-dried amniotic mem-
brane.

Amniotic membrane is cryopreserved at —80°C with
50% solution of glycerol, or more rarely DMSO [3,
73, 79, 131]. Allen C.L. et al. [4] demonstrated an
increase in amniotic membrane survival rate after
cryopreservation and freeze-drying following exposure
in solutions of sugars. Thomasen H. et al. [131]
showed a long-term storage of amniotic membrane as
not affecting its integrity, sterility, content of biologically
active substances, as well as distribution of collagen
and lamillin. The integrity of cell microstructure and
connective tissue components of chorionic membrane
during cryopreservation under DMSO protection was
demonstrated [115]. The most significant cryodamages
of fetal membranes during cryopreservation included
exfoliation, cell desquamation and death, apoptotic
changes, loss of mechanical and optical properties [106].

The umbilical cord is known to be the source of
stem cells [127]. The reports considering the umbilical
cord tissue cryopreservation, indicated the possibility
to preserve the structure and viability of cells under
DMSO protection [28, 80, 102, 106].

Conclusions

The placenta is the unique and promising source of
stem cells, amniotic and chorionic membranes, cord
blood and serum, extracts of biologically active sub-
stances. First, these biological objects are characterised
with a high biological potential, secondly they have
advantage as for material donation and ethical ques-
tions. Today the low temperature storage is used for
all placental and cord blood components: villous tissue,
membranes, umbilical cord, cord blood cells and serum,
amniotic fluid. Placental biological derivatives are
stored for diagnostic, experimental and therapeutic
purposes. Regimens of their low temperature storage
and cryopreservation techniques depend on the
peculiarities of biological objects and the purpose for
which they are stored. In particular, when cryopreser-
ving fetal membranes for ophthalmic practice of
importance is the material devitalization, during storage
of either serum or amniotic fluid one tends to preserve
the protein composition, for cell suspensions the viability
and absence of apoptotic and genetic changes in cells
are important, and when cryopreserving the tissue the
preservation of not only cells, but cell-to-cell inter-
actions as well is vital. The most studied and versatile
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BaHHI (heTanbHUX 000JIOHOK I O()TAIBEMOJIOTTYHOL
MIPAaKTUKY BaXXJIUBOIO € IeBiTalli3alis MaTepiaiy, mpu
30epiranHi cHpoBaTKH 200 aMHIOTHYHO]I piAMHU Tpar-
HYTb J10 30epeKeHHsI O1ITKOBOTO CKIIay, ISl KIIITHHHUAX
CYCTECH31H BaXUIMBI KUTTE3JATHICTh Ta BiACYTHICTh
anONITOTHYHUX 1 TEHETUYHHUX 3MiH KJITHH, a TIPH KpPio-
KOHCEPBYBAaHHI TKAHUHH —30€pEKEHICTh HE TUTHKHU KITi-
THH, a 1 MDKKJTITHHHUX 3B’ 13K1B. HaliO1ab11 qocimimke-
HUMU Ta Pi3SHOMAHITHUMH € METOAW KOHCEPBYBAaHHS
Ta HU3LKOTEMIIEPATypHOTO 30epiraHHs IIOOBUX
000JIOHOK, SIKi 3aCTOCOBYIOTHCS B O TaIbLMOJIOTUHIN
Ta XipypriuHii MpakTHLi, a TAKO)K METOAX KPiOKOHCEP-
BYBaHHS CTOBOYPOBHX KIIITHH IUIALICHTH Ta KOPAOBOL
KPOBI.

HasiBHicTb KpioymkomkeHb a00 opy1eHsb 61000 €k-
TiB TiCJISl KPIOKOHCEPBYBAHHSI CBITYUTH MPO MOTPely
TTOJAJIHIIIOTO BIOCKOHAJICHHS ICHYFOUHMX METOJIIB HU3BKO-
TemnepaTypHoro 30epiranss. [lepcriekTHBHOIO € po3-
poOKka MeTo/iB KpIOKOHCEPBYBaHHS TKAHUHH Ta €KC-
TUTAHTIB TUTANEHTH JUIS 1X TIOJaIBIIIOTO 3aCTOCYBaHHSI
3 HayKOBOIO Ta JIIATHOCTUYHOIO METOI0, & TAKOXK IS
BHU/IUICHHS KJIITHH Ta MEPCOHAIBHOTO 30epiraHHs.
Oxpemuii HanmpsIMOK AOCTiIKEHb — KPIOKOHCEPBY-
BaHH: OiomaTtepiaiy 3TiAHO 3 MPUHIUIIAMH HaJISKHOT
nabopaTtopHoi Ta MEAMYHOI MPAKTHKH, SKa BUMAarae
MiIBUIIEHUX CTAHAAPTIB CTEPUIILHOCTI Ta 3aCTOCYBaH-
HsI TO3BOJICHUX XIMIYHHUX CYOCTaHIIii.
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are the methods of preservation and low temperature
storage of fetal membranes, used in ophthalmic and
surgical practice, as well as those of cryopreservation
for placental and cord blood stem cells.

The presence of either cryodamages or disorders
in biological objects after cryopreservation testifies to
the need for further improvement of existing methods
of low temperature storage. Very promising is the
development of the methods for cryopreservation of
placental tissues and explants for their further
application with scientific and diagnostic purposes, as
well as for cell isolation and autobanking. A particular
research direction is the cryopreservation of biological
material according to the good laboratory and medical
practice, requiring high standards of sterility and use
of authorized chemicals.
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