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Pedbepar: Y poboti gocnimkeHo BNAvMB MeTody AECTPYKLil KOpAOBOiI KPOBi Ha CKNag OTPUMaHMX 3 Hel HM3bKOMOMEKYNSPHUX
dpakuin Ta NPpoBEAEHO MOPIBHAHHA KPIOAECTPYKUIT 3 iHWMMKM cnocobamu pyiHyBaHHS KNiTUH nepen ekcTpakuieto. Kopaosy Kpos mto-
OWHW MigaaBanu AeCTPyKLUii WSAXOM LWBUAKOTO abo MOBiINMbHOrO OXONMOMXKEHHS Ta BiAirpiBaHHS, rMNOTOHIYHOMO Ni3NCy Ta TEPMOAECTPYK-
uii. OTpMmaHy CUpOBWMHY BMKOPWUCTOBYBanu AnA BUroTOBReHHs dopakuii kopaosoi kposi (PKK) wnsxom GaratocTyniHyacToi ynetpa-
dinsTpauii Ta niodinisauii. OuiHtoBann cyxy macy, cknag ®KK Ta BMICT B HuMX 3aranbHoro Ginka 3a xpomartorpadidHuMu npodins-
MW (renb-NnpoHMKHa Ta 3BOPOTHO-(haszoBa BMCOKOEdEKTUBHa piaMHHa xpomartorpadis). BcrtaHosneHo, wo ®KK, orpumani pisHumu
mMeToAaMu AeCTPyKLUii KOPAOBOI KPOBI, BiAPI3HAIOTLCA 3@ BMICTOM Ta MOMEKYNISPHUMM MacaMu KOMMOHeHTIB. Pesynbratn gocnigxeHb
cBifyaTb MpoO Te, LIO BUKOPUCTAHHSA HU3bKMX TemnepaTyp Ta KOMOiHauid Pi3HUX pexumiB 3aMOpPOXyBaHHS-BiAirpiBaHHA KOpPAOBOI
KpOBi Mepen ynbrpadinsTpauielo [A03BOMSATL BapitoBaTW KiNbKICTb | CMEKTP HU3bKOMOSEKYNAPHUX PEYOBUH Yy MiodinizoBaHMX
pakuisax.

Knio4yoBi cnoBa: kpiogecTpykuis, KopaoBa KpoB, OiONOriYHO akTMBHI PEYOBUHM, HU3bKOMOMEKynsapHa dpakuis, HU3bKi Temne-
patypw.

Abstract: Here, we have studied the impact of cord blood destruction method on composition of the cord blood-derived low
molecular fractions, and compared the cryodestruction with other methods of cell destruction before extracting. Human cord
blood was destroyed by rapid or slow freezing / warming, hypotonic lysis and thermal destruction. The obtained substance was
used to produce the cord blood fraction (CBF) by multi-stage ultrafiltration and lyophilization. Dry weight, CBF composition and
total protein content in them were evaluated by chromatographic profiles (gel permeation and reverse-phase high-performance
liquid chromatography). The CBFs, obtained by different techniques for cord blood destruction were established to differ in the
content and molecular weights of the components. These findings suggest the possibility to vary the amount and range of low
molecular weight compounds in lyophilized cord blood fractions by using low temperatures and combining different regimens of freezing
/ warming.

Key words: cryodestruction, cord blood, biologically active substances, low-molecular fraction, low temperatures.

bionoriuHy axkTHBHICTH Ta TEepaneBTUYHHIA IIO-
TEHIia]l HU3bKOMOJIEKYJSIPHUX PEYOBUH, OTpHUMa-
HUX 13 TKaHWUH (QETOIIIAICHTApPHOTO TTOXOKCHHS,
JIOCII/PKYIOTh BiKe 0araro pokiB y pi3HHX KpaiHax
cBiTYy [6]. Pesynbpraramu 4uCIEHHUX POOIT MiITBEp-
JUKEHO, 10 HaWIepCHeKTHBHIMMMHU  (apMako-
JIOTIYHUMU cyOcTparaMu € rutaneHTa [8, 11, 12, 15]
i xopmoBa kpoB (KK) [7, 13, 14], ockuibku BOHU
MaroTh OCOONUBHM CKJIax 1 (QYHKIIOHANbHI BIacTH-
BOCTI, IO JIa€ MOXIIMBICTH CTBOPIOBATH JIKapCh-
Ki TpenapaTd HOBOTO THIly. B mporneci pylHyBaH-
HS KJIITWH 3 JIaHOTO THITy TKaHWH BHUBUIBHSIOTHCS
PEUOBMHH 3 BHPKEHUMH BIIACTUBOCTSAMHU OiOTCH-
HUX PETYIATOPIB Ta CTHUMYISITOPIB, 33 JTOTIOMO-
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Biological activity and therapeutic potential
of low molecular weight substances, derived
from fetoplacental tissues have been studied
worldwide for many years [2]. Multiple resear-
ches have confirmed the placenta [4, 9, 10, 14]
and cord blood (CB) [3, 11, 12] to be the most
promising pharmacological substrates, because
of a special composition and functional proper-
ties that enables developing new types of drugs.
During cell destruction, the substances with
pronounced properties of biogenic regulators
and stimulators, which can affect the inflam-
mation intensity, direction of immune response in
infectious diseases, as well as the rate and quality
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rol0 SIKUX MOXJIMBO BIUIMBATH HA I1HTEHCHBHICTb
MpOILIeCy 3allajeHHs, HAINPaBICHICTh IMYHHOI Bij-
MoBiJi mpH iHQEKIIMHUX 3aXBOPIOBAHHSAX, & TAKOX
Ha MIBUJKICTh Ta SKICTh MPOIECiB pereHeparii [5,
12, 16]. Takox CyTTEBOIO MEPEBATOI0 TAKOIO THUITY
(hapmMakoIOTiYHIX 3ac00IB € TOH (hakT, IO IMpoIec
necTpykiii kmiTuH TaneHTH Ta KK Bukitrouae
OyIb-IKH PHU3UK PO3BUTKY OHKOJOTIYHUX 3aXBO-
pIOBaHb, IO 3a3BHYail TMOB’S3yIOTh 3 BHCOKUM
BMICTOM CTOBOYpOBHX KIITHH B IIMX TKaHHHAX
Ta TXHBOI HEKOHTPOJILOBAHOIO MPOi(eparriero mic-
nst BBeneHHs [8, 15, 16]. OnHak B mpoieci 00po0-
KH CHPOBMHH TPH BUTOTOBJIECHHI TAaKUX JIIKAPCHKUX
3ac00iB, 11 €KCTPAaKIIl Ta CTepuIiIi3allii 3aJe)KHO BiJl
00paHUX METOJiB MOXE CYTTEBO BIJPI3HITHCS KiH-
LEBUM CKIaX HPOAYKTY, IO MPU3BOIUTH O Bapia-
OenmpbHOCTI KOHIEHTpAIlil [Mifounx pedoBUH [8].
Kpim Toro, THI Ta KOHIIEHTpAIlis O010JOTIYHO aKTHUB-
Hux pedoBuH (BAP) B oTpuMaHux cyOcTaHIIiSIX 3a-
JIeKaTh BiJl CTPOKY recTarii Ha MOMEHT IOJIOTiB [6].
B uniteparypi ommcaHo 0Ge3iiy MPOTOKONIB 00pOOKH
TkanuH 1oraneHTd ta KK, 30kpema 3 BHKOpUCTaH-
HSIM JIOACUWICYNIb(haTy HaTpito, TPUIICHHY, €THUJICH-
niaminTerpaouroBoi kuciot, JHKasu-l1 1 Helion-
Horo areHty Triton X-100 y pi3HUX KOHLEHTpaLisiX
Ta Pi3HUX TEMIIEPATYpPHUX YMOBaX, IO B Pe3yJbTaTi
MPU3BOIUTH 10 PI3HOTO CTYHEHS NOECTPYKLii TKa-
HUH Ta KiitaH [8, 10, 12, 15]. IIpu upomy metonu
eKCTpakIii B OUIBIIOCTI JOCTYIHUX JIITEPATYPHHUX
JUKepesiax OmucaHi HeIoCTaTHRO [6].

MoykHa BHIUIATH MEKUTbKAa METOIIB NECTPYKIIil
TKaHWH 3 METOI0 OTPHUMAaHHS EKCTPAaKTiB, IO Mi-
cTaTh OionoriuHo aktuBHI pedoBuHH (BAP) pizHoro
TUIY 1 MoJeKymnsipHoi Macu. HalimommpeHimmmu
3 HHUX € TINOTOHIYHWH Ji3UC, HarpiBaHHs 10 BH-
COKHMX TEeMIIepaTyp, His YIbTpa3ByKy Ta HHU3BKHX
temnepatyp. Cail 3a3HauWTH, IO M 4Yac eKCTpa-
IYBaHHS B yMOBAax MO3UTHBHUX TEMIIEpaTyp MOpPY-
IIyeThCsl CTPYKTypa Oararbox BAP i, sk Hacmigok,
3HAUHO 3HIKYETbCS a00 TIOBHICTIO BTpPAda€ThCs
ixHs1 OioyoriyHa axkTHBHICTH. [IOBHICTIO YHUKHY-
TH HarpiBaHHs, PyHHIBHOTO JUIsI 6araThboX MOJIEKYII,
JO3BOJIUTH 3aCTOCYBAHHS HHU3BKUX TEMIIEparyp.
3 ommay Ha Ie cepell HasBHHX METOIB OTpH-
ManHs: BAP 3 manentu Ta KK HaiiOuibIn nepcnek-
TUBHUMHU € KPiOTEXHOJIOTIT [4].

3rinHo 3  (yHIAMEHTAJIBHUMH  KpPioOioyioriv-
HUMH TIOJIOKCHHSIMM OCHOBHMMH YMHHUKAMHU TIOIL-
KO/DKEHHSI KIITHH y TIpOLeCi 3aMOpOKyBaHHS-
BifirpiBanus € GopmMyBaHHs i 3pOCTaHHS BHYTpill-
HBO- 1 MO3aKIITUHHUX KPUCTAJIB JILOAY, YTBOPEHHS
TiNepKOHIIEHTPOBAHNX PO3YUHIB 30BHI i BCEpeAHHI
KIIITHH, 3MiHa 10HHOI cwim 1 pH po3umny, a Ta-
KO Jerigpataris kmituH [2, 9]. OcHOBHA MIIICHB
KpIOBIUTHBY — IUTa3MaTWdHI MeMOpaHW Ta ixHi
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of regeneration processes are released from this
type of tissue [1, 10, 15]. The fact that the de-
struction of placental cells and CB eliminates
any risk of cancer development, being usually
associated with a high content of stem cells in
these tissues and their uncontrolled proliferation
after administration, is also a significant advantage
of this type of pharmacological drugs [4, 14, 15].
However, when producing these drugs, the treat-
ment of raw materials, their extraction and
sterilization depending on the applied techniques,
may significantly affect the final composition
of product, resulting in variability of concentra-
tions of active substances [4]. The type and
concentration of biologically active compounds
BAC) in the derived substances are also dependent
on gestation term at the time of delivery [2].
There have been reported many protocols
for placental tissues and CB treatment, in
particular, using sodium dodecyl sulfate, trypsin,

ethylenediaminetetraacetic acid, DNAase-I and
the neonic agent Triton X-100 in various
concentrations and temperature conditions, re-

sulting in different degrees of tissue and cell de-
struction [4, 8, 10, 14]. Herewith, the extraction
techniques are poorly described in most available
reports [2].

There are several methods for tissue destruc-
tion that can be used to obtain the extracts containing
BAC of various types and molecular weights.
Hypotonic lysis, warming up to high temperatures,
ultrasound and low temperatures are the most
common among them. Notably, that during extrac-
tion under positive temperatures, the structure of
many BAC is disrupted and, as a result, their bio-
logical activity is significantly reduced or comple-
tely lost. The use of low temperatures allows to
completely avoid the warming, being destructive
for many molecules. Taking this fact into conside-
ration, the cryotechnologies are the most pro-
mising among the available methods of BAC
procurement from placenta and CB [13].

According to the fundamental cryobiological
principles, the main factors of cell injury during
freeze-thawing are the formation and growth
of intra- and extracellular ice crystals, the for-
mation of hyperconcentrated solutions outside and
inside cells, changes in ionic strength and pH of
solution, and cell dehydration [5, 16]. The primary
target of cryoexposure is the plasma membra-
nes and their lipid components. As a result of a range
of physical and chemical factors, the liquid-crys-
talline state of lipids is changed, which, in turn,
affects the structure and function of proteins and
lipid-protein interactions. The low temperatures



JTimigHl KOMIOHEHTH. B pesynmprari nii crmekrpa
¢bi3uko-XiMiUHUX  (AKTOPIB  3MIHIOETBCS  PiAKO-
KpUCTAJIYHUHA CTaH JIMiJiB, IO, B CBOIO 4Yepry,
BIUTUBAE HA CTPYKTYpY i (YHKIiFO OUIKIB Ta JiMmif-
OinkoBl B3aemoxil. Takok IOBENEHO, IO HHU3BKI
TEeMIIEpaTypHU IMO-Pi3HOMY BIUIMBAIOTh Ha AaKTUB-
HICTh ()ePMEHTATHBHOI cucTeMH. llpm mpoMy Haii-
Oinpinie pyHHYBaHHS KIITHHHUX KOMIIOHEHTIB Bij-
OyBa€eThCS MMiJT Yac MOBUTLHOTO OXOJOMKEHHS CHPO-
BUHH B Jliania3oHi TeMmIeparyp Kpucrtaiizaiii BoIH,
0COONMBO B TOUIll €BTEKTUKH PO3UMHY 1 pEKpHC-
ramizamii [2, 9]. OTke, BUKOPUCTAHHS HU3BKHUX
TEeMIIepaTyp CIpHi€e PYyHHYBaHHIO KIITHHHUX CTPYK-
TYp Ta CTBOPCHHIO OINTHMAaJbHHX YMOB €KCTpa-
ryBanHsi BAP 3 6iocyOcTpary.

HaBeneni Qaxtm cBimuare mpo Te, MO 3MiHa
YMOB Ta HapaMmeTpiB HHU3bKOTEMIIEpaTypHOi 00-
pOOKH CHpOBHHHU BIUIMBAE HA CKJIaa Ta SKIiCTh KiH-
neBux (hapmMakojoridHUX cyoOcTaHmin. Takum du-
HOM, BHOIp Ta CTaHAApTH3aIlis METONIB OTPHUMaH-
Hs BAP 3 TKaHMH (eTOormaneHTapHOTo MOXOKESHHS
€ aKTYaJIbHUMH 1 BOYKIIMBUMH MTUTAHHSIMH.

Meta poOOTH — MOCHIJKCHHS Ta TMOPIBHSHHS
pi3HUX CcIIOCOOIB JAeCTPYKLil KOPIOBOI KpOBi s
BU3HAUCHHSI MOKIIMBOCTI BapilOBaHHS CKJIAAy OTpPH-
MaHHMX 3 Hel HU3bKOMOJIEKYJISIPHUX (paKLiid.

Marepianu Ta MmeToau

36ip 3paskiB KK mromuHu 1 MaHimymsmii 3 HUMHA
MIPOBOIMIIA 3TIAHO 3 PEKOMEHIAITIAMA | eIhCiHChKOT
nekaparii BececBiTHROI MemuyHOi acomiarmii 3 Tpo-
BEICHHS 010MEIUYHHUX JOCIIIHKEHD HA JTIOISIX.

Peoicumu  nonepeonvoi 0oopooxu KK. Kopnosy
kpoB momuan (V. = 50 M) 0Ge3 aHTHUKOATYJSIHTY
IiJJIaBajii  KPIOJIECTPYKIIi 3 KOMOIHYBaHHSIM pe-
J)KMMIB MIBHAKOIO a00 IIOBUILHOIO OXOJIOMKEHHS
Ta BUAIrpiBaHHA 3a JIONIOMOTOK MPOTPAMHOTO 3a-
mopoxyBada 3I1-10 (CKTB 3 IB mpu [nctutyT mpo-
Onem kpiodionorii i kpiomeauuman HAH VYkpainu,
M. XapkiB). [lns mopiBHSHHS e€(pEKTHBHOCTI HU3b-
KOTEMIIEPAaTYpPHUX PEXHUMIB JECTPYKIIO KIITHH
KK mnpoBoaunu 3a 3arajbHONPUHHATUMHU METO-

JaMd — TIMOTOHIYHHM JI3UCOM abo TepMmomec-
TpyKIi€eo. B mocmimkeHHSX Oyll0 BHUKOPHUCTAHO
YOTHpPH pEeXUMH  monepequboi  o0pobku KK

(tabn. 1). Orpumany micns momnepeaHbpoi 00pol-
KH CHPOBHMHY BHKOPHCTOBYBAJIH JJISi BUTOTOBJICHHSI
¢pakuiit kopaosoi kposi (PKK).

Memoo ompumanns @DKK. Opaxuii 3 Komro-
HEHTaMHU MOJIEKYJISIpHOI0 Macoro (M. M.) 10 10 x/a
orpumyBamu 3 KK mrogunm micns monepenHboi
00poOku (Tabm. 1) 3a momomMoror OarartocTy-
miHgactoi  yapTpadineTpamii Ha cucteMi  (Qiib-
TpiB Ta MeMOpaHHHX MOmyliB «Sartopure GF2 /
Vivaflow-200» (Sartorius, Himeuunna) ta modimi-
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have been also proven to affect differently the
enzymatic activity. Herewith, the most destruc-
tion of cell components occurs when the raw ma-
terial is cooled slowly within a temperature range
of water crystallisation, especially at the eutectic
point of solution and recrystallisation [5, 16].
Consequently, the use of low temperatures pro-
motes destruction of cell structures and creation
of optimal conditions for BAC extraction from
biosubstrate [13].

The above facts suggest that changing the
conditions and parameters of low-temperature
processing of raw materials affects the composition
and quality of the finished pharmacological substan-
ces. Thus, the selection and standardization of the
methods for BAC procurement from fetoplacental
tissues are relevant and crucial issues.

The research aim was to investigate and
compare different ways for cord blood destruction
to determine the possibility of varying the compo-
sition of low-molecular weight fractions derived
from it.

Materials and methods

Human CB samples were collected and ma-
nipulated in accordance with the recommenda-
tions of the World Medical Association Decla-
ration of Helsinki for Medical Research Involving
Human Subjects.

Modes of CB pretreatment. The anticoagulant-
free human cord blood (V = 50 ml) was sub-
jected to cryodestruction by combining the modes
of rapid or slow cooling and warming using a ZP-
10 programmable freezer (Special Designing
and Technological Bureau with Experimental
Unit at the Institute for Problems of Cryobiology
and Cryomedicine of the NAS of Ukraine, Khar-
kiv). In order to compare the efficiency of low-
temperature regimens, the CB cells were destroyed
by conventional techniques, i. e. hypotonic lysis or
thermal destruction. Here, we have used four modes
of CB pretreatment (Table 1). The raw material
derived after pretreatment was used to produce
cord blood fractions (CBF).

Method of CBF procurement. Fractions with
the components of molecular weight (MW) be-
low 10 kDa were obtained from human CB after
pretreatment (Table 1) by means of multistage
ultrafiltration using a system of filters and mem-
brane modules ‘Sartopure GF2 / Vivaflow-200’
(Sartorius, Germany) and freeze-drying with a
sublimation unit of LZ-45 type [6]. Before use,
a portion of frozen-dried CBF was dissolved in
sterile saline to a concentration of 50 mg/ml (Lek-
him-Kharkiv, Ukraine).
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Tabnuusa 1. Metoan 06pobkM KOPAOBOI KPOBI MOAVHM Nepen OTPUMaHHAM HU3bKOMOIEKYSIPHUX chpaKLin
Table 1. Methods for human cord blood treatment before obtaining low-molecular fractions

Pexum Bnnusy
Mode of exposure

Etann nonepeaHboi 06pobkn KK
Stages of cord blood pretreatment

FinoToHiYHMI ni3uc
Hypotonic lysis

3MmiwyBaHHA HaTpit-chocdaTtHoro 6ydepa (5 MM, pH 8,0) 3i 3paskamu KK (1 : 4)
Ta 15-xBunuHHa iHKybauia Ha nboay
Mixing of sodium phosphate buffer (5 mM, pH 8.0) with CB samples (1 : 4)
and a 15-min incubation in ice bath

TepmopecTpykuia
Thermal destruction

IHKRy6auia 3paskis UinbHoi KK npu 70°C npotarom 30 xB
Incubation of whole CB samples at 70°C for 30 min

LLiBuake oxonopxerHna 3paskiB KK 3i waeuakicTio 30°C/xB fo KiHueBoi Temnepatypu —196°C
Rapid freezing of CB samples with a rate of 30°C/min

down to a final temperature of —-196°C.

LLIBngke 3amMopoKyBaHHA-LUBMAKE BidirpiBaHHA
Rapid freezing-rapid warming

Etanu wewnakoro BigirpiBaHHA:
1) no —7°C 3i weugkictio 40°C/xB
2) po 0°C 3i waeuakictio 1°C/xB
3) po 10°C 3i weunakicTio 40°C/xB
Stages of rapid warming:

1) up to -7°C at a rate of 40°C/min

2) up to 0°C at a rate of 1°C/min
3) up to 10°C at a rate of 40°C/min.

Etanu nosinbHOro oxonomxeHHA 3paskis KK:
1) no -2°C 3i wewuakicTio 2°C/xB
2) po —160°C 3i weuakictio 7°C/xs
Stages of slow freezing of CB samples:
1) down to —-2°C at a rate of 2°C/min
2) down to -160°C at a rate of 7°C/min

[MoBinbHEe 3aMOPOXKyBaHHA-MOBINbHE BifirpiBaHHA
Slow freezing-slow warming

ETanu nosinbHoro BifirpiBaHHA:

1) po —24°C 3i weuakicTio 3,25°C/xB
2) po —3°C 3i weuakictio 0,7°C/xB
3) po 4°C 3i wemgkicTio 0,15°C/xB

Stages of slow warming:
1) up to -24°C at a rate of 3.25°C/min

2) up to —3°C at a rate of 0.7°C/min

3) up to 4°C at a rate of 0.15°C/min.

3amii B cyOmimaniinii ycranosui tumy JI3-45 [1].
[lepen 3acTrocyBaHHSIM HaBaXKy JiodinizoBaHOT
OKK pozunHsuM y crepuiabHOMY (izionoriaHoMy
po3unHi 10 koHueHTpamii 50 mr/mn («Jlexxim-Xap-
KiB», YKpaiHa).

[enb-ipoHnkHy Xpomatorpadiro MpOBOAMIH Ha
iactukoBiit konoHMi (1,6 x 40 cMm), sIKy 3alOBHIO-
Banu moniBiHiToBUM reneM «Toyopearl HW-40
Fine» (Toyo Soda, SlmoHist), 110 A03BOIISIE PO3IUTATH
Mostekynu y miarma3oni M. M. 0,1-100 x/la. B sikocTi
eIOEHTY BHUKOPUCTOBYBaIH (hochaTHO-COTHOBHIT
oydpep (Na,HPO, 30 mM, NaCl 200 MM, pH 7,6),
SKUW TI0JIaBaBcs B KOJIOHKY 3a JIOTIOMOTOI0 IepH-
cTansTH4HOTO Hacoca «Microperpex 2132» (LKB,
[IBerist) 31 mBUakicTI0 ToTokKy 1,7 wmu/xB. Bu-
kopuctoByBanu 3paszku OKK o6’emom 0,4 miu. Bu-
X1l KOMIIOHEHTIB PEECTPYBajH 32 JIOTMIOMOTOIO YIlb-
TpadioneroBoro ontuuHoro Monitopa «LKB 2238
Uvicord sii» (LKB) mpu gomxwni xBum 260 HM
y IIBOX [Jiara3oHax BiJIHOCHUX ONTHYHUX OIAMHUIb
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Gel permeation chromatography was carried
out using a plastic column (1.6 x 40 cm) filled
with Toyopearl HW-40 Fine polyvinyl gel (Toyo
Soda, Japan), allowing to separate molecules
within the range of 0.1-100 kDa. Phosphate-buf-
fered saline (Na,HPO, 30 mM, NaCl 200 mM,
pH 7.6) was used as an eluent, which was
supplied to the column using a Microperpex
2132 peristaltic pump (LKB, Sweden) at a flow rate
of 1.7 ml/min. The CBF samples of 0.4 ml were
used. The release of components was registe-
red using an ultraviolet optical monitor ‘LKB 2238
Uvicord sii” (LKB) at a wavelength of 260 nm
within two ranges of relative optical units of 0—
2 and 0-0.02 AUFS. The detector signal was re-
corded as a chromatogram by a self-recording
potentiometer ‘LKB 2210 Recoder’ (LKB).

Reversed-phase high-performance liquid chro-
matography (RP-HPLC) was conducted using a
chromatograph with an Agilent 1100 DAD detector
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0-2 Ta 0-0,02 AUFS. Curnan nerekropa 3amu-
CyBaId Yy BHUIIIII XpOMaTOrpaMH CaMOIHMCHUM
noreniiomerpoM «LKB 2210 Recoder» (LKB).

3BopoTHO-()a30By BHCOKOE()EKTUBHY PiTUHHY
xpomarorpadiro (3@ BEPX) mpoBommimm Ha Xpo-
martorpadi 3 DAD-gerekropom «Agilent 1100»
(Agilent Technologies, CILIA) Ha xpoMaTtorpadidrii
ronoHii «Discovery BIO Wide Pore C18-5» 4,6 x
250 mm 3 posmipom mop 5,0 MM (Supelco, CIIIA).
Hnst aHamizy BHKOPHCTOBYBAlM 3pa3KH 00 €MOM
10 MK 3 koHUEeHTpamiero 50 mr/mi. Pexxum enroro-
BaHHS — i30KpaTHYHMU abo rpagieHTHHH. Pyxo-
Ma ¢a3za: Solvent A — Boxa + Trifluoroacetic acid
(Supelco, Himeuumna); Solvent B — aneroniTpun
(Supelco); Solvent C — meranomn (Supelco); Solvent
D — Bona. Temneparypa kononku — 20°C; netex-
Top — 210 HM, OJHONPOMEHEBUH PpEXKUM BU-
MiploBaHHs, KoedimieHT mpomyckanHs t — 0,34;
tick — 140,1 Gap; MBUAKICTh MOTOKY — 1 MII/XB.
3pa30K HAHOCWIIM B KUTHKOCTI Bil 5 10 15 HI/MKIL
Jani anamizyBanmu 3 BHUKOPHUCTAaHHAM IIPOTPAMHU
«Agilent Chemstation» (Agilent Technologies).
Bwicr Oinika Bu3Hauanu 3a Mmerogom Jloypi [3].

CrarucTHYHMN ~ aHaji3  eKCIIepUMEHTalIbHUX
JaHUX TPOBOJMIN 32 JONOMOTOI0 Hporpamu «Sta-
tistica 10» (StatSoft, CLIIA). [/lani HaBeneHO y BH-
ISl CepeHbOrO 3HAYCHHS + CTaHIApTHE BiJIXH-
neHHs. CTaTUCTHYHY 3HAYYUIICTh BiJIMIHHOCTEH
MDK TpylaMH OIliHIOBald 3 BHUKOPUCTAHHAM He-
MapaMeTPUYHOTO KpHuTepito Manna-YiTHi  mpu
p < 0,05. KinpkicTh IOBTOPIB Y KOXKHIN cepii eKcrie-
PUMEHTIB HE MEHIIIE TPHOX.

Pe3yabTaTn Ta 06roBOpeHHs

Ha mnepmomy eram pociijkeHs Oyino mpo-
BE/ICHO TOPIBHSUIBHUI aHaii3 cyxoi macu Jiodisi-
3oBaHuX (pakuii go 10 xJla, orpumaHuMx micis
3aCTOCYBaHHs PI3HUX METOMIB ACCTPYKUil KIITHH.
Sk BugHO 3 Tabim. 2, HalOUTBIIa cyxa maca JIiio-
(bimizoBanux (pakiiii crocrepiramachk mcis 000X
BapiaHTiB HU3BKOTEMIIEPATYPHOTO BIUIUBY 1 TEPMO-
nectpykiii KK, a HaiimeHIma cyxa maca — Ticis zie-
crpykmii KK B ymoBax rimoronii. BussieHwmit
(hakT, mBHAIIE 32 BCE, OB’ S3aHUN 3 SIBUIIEM arpe-
ramii Ta OCa/PKeHHsSM OIOMOJICKYJ MiJ 4Yac YJIbT-
paneHTpudyryBaHHs abo BIJCIKAHHS MPH yJbTpa-
¢inpTparii.

Pesynbrati mopiBHSIHHS BMICTY 3arajibHOroO OiJi-
ka y orpumannx ®PKK nokazanm HaiiMeHui ioro
3HAUEHHA 32 YMOB JIECTPYKUii KIITHH LUISXOM TiMo-
TOHIYHOTrO Jizucy (tabm. 2). Ilicms 3actocyBaHHS
LIBUJKOIO Ta MOBUIBHOTO HHU3bKOTEMIIEPATYPHUX
pexuMiB y (paxmisx OyB MPHONH3HO OITHAKOBHMA
BMicT Oinka, mo y 2,8 i 3,3 pa3u BIiANOBIIHO Iie-
PEBHIITyBaB TTOKA3HUK TITOTOHIYHOTO JIi3HCY.
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(Agilent Technologies, USA) with a Discovery
BIO Wide Pore C18-5 chromatographic column
(4.6 x 250 mm) with a pore size of 5.0 um (Su-
pelco, USA). Samples of 10 pL volume with
a concentration of 50 mg/ml were used for
analysis. The elution mode was isocratic or gra-
dient. Mobile phase: Solvent A — water + trifluo-
roacetic acid (Supelco, Germany); Solvent B —
acetonitrile (Supelco); Solvent C — methanol (Su-
pelco); Solvent D — water. Column temperature
—20°C; detector —210 nm, single-beam measurement
mode, transmission coefficient t© — 0.34; pres-
sure — 140.1 bar; flow rate — 1 ml/min. The
sample was applied in an amount of 5 to 15 ng/
puL. The data were analysed using Agilent Chem-
station software (Agilent Technologies). Protein
content was measured by Lowry protein assay [7].

The experimental data were statistically pro-
cessed wusing Statistica 10 software (StatSoft,
USA). Data are presented as mean + standard
deviation. The statistical significance of diffe-
rences between groups was assessed using the
nonparametric Mann-Whitney test at p < 0.05. The
number of experiments in each series of experi-
ments was at least three.

Results and discussion

At the first stage of the research, a dry weight
of frozen-dried fractions below 10 kDa, derived
after applying different methods of cell destruc-
tion was comparatively analyzed. The Table 2
shows that the highest dry weight of frozen-
dried fractions was procured after both variants
of low-temperature exposure and thermal destruc-
tion of CB, and the lowest dry weight — after
CB destruction under hypotonic conditions. This
fact is most likely related to the phenomenon
of aggregation and precipitation of biomolecules
during ultracentrifugation or cut-off during ultra-
filtration.

The results of comparison of the total
protein content in the obtained CBF showed its
lowest values under cell destruction using hypotonic
lysis (Table 2). After applying the rapid and slow
low-temperature regimens, the fractions had
approximately the same protein content that was
2.8 and 3.3 times higher than this index in hypo-
tonic lysis, respectively.

The expected increase in protein content in
CBF was observed after thermal destruction. For
example, if comparing with hypotonic lysis, the
protein content was 11.7 times higher, and when
compared to cryodestruction at rapid and slow
freezing, it was 3.6 and 4.2 times higher, respec-
tively. This fact was due to formation of a large
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OuikyBane 30inbmieHHs Bmicty OinkiB y PKK
criocTepirainu micis TepMmozpecTpykuii. Tak, y mo-
PIBHSHHI 3 TINOTOHIYHMM JII3UCOM BMICT Oinka
OyB Bumie y 11,7 pasu, a y OpiBHIHHI 3 KPiOIECTPYK-
Li€I0 MPH MIBUJKOMY Ta IOBUIBHOMY 3aMOPOXKY-
BaHHI — y 3,6 Ta 4,2 pa3u BigmoBimHo. [laHuit
(hakT 3yMOBICHUN YTBOPEHHSM BEJIHMKOI KITHKOCTI
MenTUAHUX (pparMeHTiB OINKIB, SKI 3pyHHYBaJIUCS
B mporeci 00pookn KK BHacmijgok TerioBoi je-
Hatypauii. Tomy BHCOKHE BMICT OUIKIB Ta iXHIX
(hparMeHTIB y IIbOMY BHITQJIKy HE 3a0e3meuye 30epe-
JKEeHHS! 010JI0T1YHOT aKTUBHOCTI.

Ha npyromy erami poOoTH NpOBENEHO aHami3
npodimo YO-normmuansHux peuoBrH y PKK 3a go-
IIOMOTOIO TeJIb-IIPOHUKHOI Xpomarorpadii. Ha puc. 1

number of peptide fragments of proteins that
were destroyed during CB treatment because
of thermal denaturation. Therefore, in this case,
a high content of proteins and their fragments
can not ensure the preservation of their biolo-
gical activity.

At the second stage of the research, the profile
of UV-absorbing substances in CBF was ana-
lysed using gel permeation chromatography. Fig. 1
shows the chromatographic profiles of fractions
depending on the destruction method for CB
cells.

The data presented here show that the profiles
of UV-absorbing substances differ significantly
if using various modes of CB destruction.

Tabnuusa 2. Cyxa maca Ta BMIiCT 3aranbHoro 6inka y HU3bKOMONEKYNAPHNX dpakLisx 3anexHo
Big metoay aectpykuii KK, m + SD, n = 6-8

Table 2. Dry weight and total protein content in low-molecular fractions depending on method
of cord blood destruction, m + SD, n = 6-8

MeTon pectpykuii KK Cyxa maca, mr/mn BmicT 6inka, MKr/mn
Method of CB destruction Dry weight, mg/ml Protein content, pg/ml
[iNoToHIYHMIA ni3nc 16.14 + 2.0 205 + 2.7
Hypotonic lysis ! - e
TepmopecTpyKuia * *
Thermal destruction 504 + 5,5 240,0 = 40
LLIBuaKke 3amopoKyBaHHA-LLBMAKE BiAirpiBaHHA % *i
Rapid freezing-rapid warming 47,5 £ 7.0 67.3 £ 20
[NoBinbHe 3aMOpPOXKyBaHHA-MOBINbHE BifirpiBaHHA % *#
Slow freezing-slow warming 54,6 £ 5,5 57,1 £ 22

MpuMiTKK: * — BIOMIHHOCTI 3HaYyLLi NOPIBHAHO 3 BapiaHTOM AECTPYKLIT KNITUH LUMSIXOM TNOTOHiYHOro nisucy (p < 0,05);
# — BiAMIHHOCTI 3HauYLLi MOPIBHSAHO 3 BapiaHTOM AEeCTPYKLIi KNiTUH WnsixoM TepmoaecTpykuii (p < 0,05).

Notes: * — differences are significant compared to cell destruction by hypotonic lysis (p < 0.05); # — differences are significant

compared to cell destruction by thermal destruction (p < 0.05).

npeacTaBieHo xpomarorpadiyni  mpodim  ¢pax-
Li{ 3aJIeKHO BiJl MeTony JecTpykiii kiuitua KK,

SIK BUIHO 3 HaBeJEHUX AaHUX, npodim YD-mor-
JMHAJIBHUAX PEYOBHH IIPH PI3HUX PEKUMAX AECCTPYK-
uii KK ictoTHO Binpi3HsatoThcsi. OCHOBHI BiIMIHHOCTI
CTOCYIOTBCS KUTBKOCTI TIKiB, 30KpeMa IpH 3acTOCY-
BaHHI TepMmopecTpykmii (puc. 1, B) BuABIAIOTH-
cs numie 4 MKW, B TOW Yac, sIK MPH IHIIUX BapiaH-
Tax — He MeHIe 6. Pe3ynprati nqeTaapHOTO aHalizy
MOKa3aJIM, M0 MPU JECTPYKIi B yMOBaxX TiMOTOHIi
(puc. 1, A) pedoBuHH 3 OITBIIUMH MOJIEKYJISP-
HUMH MacaMH BUSIBIISIIOTHCS Y BHIVISII TPHOX MIKiB
(Al.1 (M. M. 5910 Ha), A3.1 (m. m. 4088 [a) i
A3.2 (m. M. 3474 Jla)), npu MIBUIKOMY 3aMOPOXKY-
BaHHI-IIBUAKOMY BigirpiBanHi (puc. 1, C) — y Bu-
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The main differences are in the number of peaks,
in particular, only 4 peaks are detected during
thermal destruction (Fig. 1B), whereas there
are at least 6 peaks with other variants.
The results of a detailed analysis demonstrate
that during destruction under hypotonic conditions
(Fig. 1A), the compounds with higher molecular
weights are detected as three peaks (Al.l
(MW 5910 Da), A3.1 (MW 4088 Da) and
A3.2 (MW 3474 Da)), at rapid freezing — rapid
warming (Fig. 1C) there are two peaks (A2
(MW 5404 Da), A3.1 (MW 4113 Da)), while
the peaks Al.l and A3.2 are absent. During de-
struction by slow freezing — slow warming (Fig. 1D),
as in case of using hypotony, the peaks Al.l and
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Puc. 1. Tunosi xpomatorpadiyni npodini Y®-nornuHansHux pevoBuH y KK, oTpumaHmx nicns pisHux cnocobiB gectpykuii
KK ntogmnHu: A — rinoToHibYHUIA nisnc; B — TepmoaecTpykuis; C — WBmMAKE 3aMOpPOXYyBaHHA-LUBMAKE BigirpiBaHHs; D —
MOBiNbHE 3aMOPOXyBaHHSA-MOBINbHE BifirpiBaHHs.

Fig. 1. Typical chromatographic profiles of UV-absorbing substances in CBF, obtained by various methods of human
CB destruction: A — hypotonic lysis; B — thermal destruction; C — rapid freezing — rapid warming; D — slow freezing-slow

warming.

ol aBox MmikiB (A2 (M. M. 5404 Jla), A3.1 (M. m.
4113 [a)), mpu upomy miku Al.1 i A3.2 BiacyTHi.
[Ipu mecTpykIiii 3a JOTIOMOTOO MTOBITLHOTO 3aMOPO-
JKyBaHHS-TIOBUTBHOTO BimirpiBauHs (puc. 1, D), sx i
B pa3i 3aCTOCYBaHHS TiMOTOHIi, BHUSABISIIOTHCS IMKH
Al.1 1 A3.1, B Toi1 e yac miKk A3.2 y 1aHOMY BH-
MaJIKy BiJICYTHIMH.
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A3.1 are detected, whereas there is no peak A3.2
in this case.

Thus, during rapid and slow freezing, the
UV-absorbing substances with different compo-
sition and amount were extracted into the me-
dium. The compounds with lower molecular
weights within the peaks C and D (MW 1000—
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TakuM 4yuHOM, y TIpoOLECi MIBUAKOTO 1 MOBiJIb-
HOTO 3aMOpOXXYBaHHSI B CEpEIOBHIIE EKCTparyBa-
mucs YO-normHaabHI peYOBUHU B PI3HOMY CKIafi
1 KUTbKOCTI. PedoBUMHM 3 MEHIIMMHU MOJICKYISPHH-
mu macamu y ckmani mikiB C i D (m. m. 1000-1200
i 600-800 Jla BiAIOBIIHO) BHSIBISLIACS TIPH 000X
BHJIaX KpIOAECTPYKINii, aje Manau pPi3HANA po3Mip
(tabmn. 3). Omxe, ogeprkaHi JaHi CBiAYATh TIPO MOXK-
JIMBE BapiIOBaHHS CKJIAZAOM (pakiiil MUITXOM 3MiHH
PEKUMY 3aMOPOXKYBaHHSI.

[Ipu BUKOpHCTAaHHI BUCOKOI TEMIIEpPAaTypH JIJIst
nectpykuii kmituH (puc. 1, B) ¢pakuis Y®-no-
[JIMHANBHUX PEUOBHH 3 OUIBIIMMH  MOJEKYJISIp-
HUMH MacaMH BHSBISIETBCSI TUTBKM B MKy A2 (M.
M. 5260 [a), a dpakuis 3 MEHIIUMH MOJEKYISp-
HUMM MacaMH npezacrtaBieHa Takox mikamu C i D,
ajie iXHE CIIBBIIHOLICHHS NPOTHJICKHE TOMY, LIO
Majio MicIle TIpH KpiomecTpykilii, Tooto maca YD-
TTOTIMHAJIGHUX pevoBHH Trika C 3HAYHO OLBITe, HIXK
Jus mika D.

OTpumaHni JaHi BKa3ylOTh Ha CIEIU(IUHICTD
excTpakiii Y®-MoniMHAIbHUX PEUOBHH 3 BHKO-
pUCTaHHSIM HHM3BKHX TEMIIEpaTyp Ta CBiI4aTh MPO
MOXIIUBICTD BapifOBaHHSI BMICTY HHU3bKOMOJEKYJISIP-
HUX pedoBHH y ¢paxuii 1o 10 x/la 3anexHo Bix cro-
co0y AECTPYKIl 1 pexuMy 3aMOpOXKYBaHHS-BIiIir-
piBaHHS.

3pobieHnii BUCHOBOK IMiJATBEPKYEThCS 1 Ja-
wumu 3O BEPX (puc. 2, tabn. 3). 3a pi3HEX cITo-
co6iB 00podkn KK ma xpomarorpamax ®PKK mopsig
13 TTOMIOHUMH  BHSIBJISTFOTBCSI TAKOXK 1 YHIKaJIbHI TTIKH.
VY tabn. 3 HaBeneHO AETaNbHUIN KUIbKICHUN aHaJi3 ITi-
KiB XpoMarorpadiqHux nmpoQiiiB J0CTiHKEHUX 3Pa3KiB.

Tak, Ha xpomarorpamax Qpakiii, OTpUMaHOI
micist pectpykuii KK nuisxoM TinmoToHIYHOTO JTi3U-
cy 3 3,25 mo 3,75 XBWINHY, BUABISAIOTHCS YOTHPHU
4iTKuX mikd (puc. 2, A), B TOH yac SIK IpH 3aCTO-
CyBaHHI 000X BapiaHTiB KpiOACCTPYKLii B JaHOMY
MIPOMIXKKY yacy yrpuManHs — 1o 3 miku (puc. 2, C,
D). IIpu npomy mik Ha 3,55 XBWIWHI HE BiAIOBimae
KOHOMY TiKy Ha xpomartorpamax KK, orpumanmx
micnst kpiomectpykiii. Ilik Ha 5,30 xBuamHI B pasi
TITOTOHIYHOTO JI3UCY B 2 pa3W BUIIE 3a BiAIOBII-
HUH TIK MiCs MOBUTBHOTO 3aMOPOKYBAaHHS-TTOBLTb-
HOTO BIiJIrpiBaHHS, IUIOII LKX IIKIB JOPIBHIOKOTH
19,84 1 7,87% BIANOBIAHO Bix 3arajbHOI IIIOII
miKiB. Y BUMAIKy IIBUIKOTO 3aMOPOXKYBaHHS-IITBH/I-
KOro BigirpiBaHHa Ha 5,35 XBWJIMHI yTpHUMaHHS
BIAHOCHA IUIOMIA ITiKa CTaHOBUTH 33,23% Bim 3a-
rajJbHOr0 BUXOAY 1 3HAUHO TEPEBHIIYE LeH MK Ha
xpomarorpami ®KK, orpumaniii micis rinoroHivyHo-
ro sizucy (7,87% Bix 3arabHOI IJIOMII IMiKa).

Kpim Toro, ictoTHO Bifpi3HsroThCs 2 miku Ha 14,8
1 15,6 xBuIMHAX yTpUMaHHS: TIPHU TOBLIBHOMY 3a-
MOPOKYBAaHHI-ITOBITLHOMY BimirpiBaHHI iXHI TUTOIII
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1200 and 600-800 Da, respectively) were de-
tected during both types of cryodestruction,
but they had different sizes (Table 3). Thus, these
findings suggest the possibility to vary the frac-
tion composition by changing the freezing mode.

When using high temperature for cell de-
struction (Fig. 1B), the fraction of UV-absorbing
substances with higher molecular weights was
only revealed in peak A2 (MW 5260 Da), and
the one with lower molecular weights was also
represented by peaks C and D, but their ratio
was the opposite of that observed during cryo-
destruction, i. e. the mass of UV-absorbing sub-
stances of peak C was much higher than for
peak D.

The data obtained demonstrate the specificity
of the extraction of UV-absorbing substances using
low temperatures and suggest the possibility to
vary the content of low molecular weight com-
pounds in the fraction below 10 kDa, depending on
destruction method and freeze-warming mode.

This conclusion is also confirmed by the RP-
HPLC data (Fig. 2, Table 3). When using dif-
ferent methods of CB treatment, the CBF
chromatograms also show the unique peaks along
with the similar ones. The Table 3 demonstrates
a detailed quantitative analysis of the peaks of
chromatographic profiles for the studied samples.

For example, the chromatograms of the fraction,
obtained after CB destruction by hypotonic lysis
from 3.25 to 3.75 min show four clear peaks (Fig. 2A),
whereas when using both variants of cryodestruc-
tion within this holding time interval, three peaks
are observed (Fig. 2C, D). Herewith, the peak
at 3.55 min does not correspond to any peak in
CBF chromatograms obtained after cryodestruc-
tion. The peak at 5.30 min in case of hypo-
tonic lysis is 2 times higher than the correspon-
ding peak after slow freezing-slow warming,
the areas of these peaks make 19.84 and 7.87%
of the total peak area, respectively. In case of
rapid freezing — rapid warming at 5.35 min
of holding, the relative peak area is 33.23%
of the total release, and significantly exceeds
this peak in CBF chromatogram obtained after
hypotonic lysis (7.87% of the total peak area).

In addition, 2 peaks at 14.8 and 15.6 min
of holding differ significantly, i. e. during slow
freezing-slow warming, their areas are 0.71
and 1.13% of the total area, respectively, being
more likely in the noise zone of the device, but
after hypotonic lysis they make 14.76 and 15.4%,
of the total peak area, respectively (Fig. 2A, D).
Another significant difference between these
chromatograms is the appearance of a peak at



cranoBiaath 0,71 1 1,13% BIAMOBIAHO BiJ 3arajibHOI
TUTOIL, 1110 3HAXOJUTHCS CKOPIllIe B 30HI IIYMiB NpH-
Jaty, a MmicJis TIOTOHIYHOTO JII3UCY BOHHU CKJIAIAI0Th
14,76 1 15,4% BiamoBigHO Bij 3arajJbHOI IIJIOII ITIKIB
(puc. 2, A, D). llle onHi€r0 CYTTEBOIO PiI3HUIICIO MiXK

123 min of holding during cryodestruction
(Fig. 2C, D) and its absence after hypotonic lysis
(Fig. 2A).

When comparing the CBF, obtained after
cryodestruction (Fig. 2C, D), similar peaks are

Ta6nuusa 3. MNopiBHANBHUIA KiNbKICHUIA aHani3 NikiB y xpomaTtorpadivyHmnx npodinsax dpakLii KopaoBoi KPOBi 3aneXxHO Bif
cnocoBy gecTpykuii knitnH, m £ SD, n = 6-8
Table 3. Comparative quantitative analysis of peaks in chromatographic profiles of cord blood fractions depending on
method of cell destruction, m + SD, n = 6-8

Hectpykuia KK
Cord blood destruction method
XpomaTtorpadiyHi napameTpu
Chromatographic parameters
A B C D
Makcumanonyi Yac yTpumana, x 21,115 24,5+2,9 24,6+2,1 20,3 + 2,5
Maximum holding time, min
3ararnbHa KinbKicTb NikiB 4 4
Total number of peaks 58 + 4,2 70 + 5,5 48 + 2,8 44 + 3,3
Mnowa nia nikamn, % BiA 3aranbHOI KinbkicTb nikie 3a nepwi 10 xB entouif
Area under peaks, % of the total Peak number in the first 10 min of elution
> 5% Bin 3aranbHoT Nnowwi 4 P
> 5% of the total area 607 3 %033 508 6+ 11
1-5% Bia 3aranbHoOi NnoLyi 8+ 09 9+ 34 10 + 3.1 8+26
1-5% of the total area - - - -
< 1% Bin 3aranbHOi Nnowi . N
< 1% of the total area 1£0.2 2+02 4+1,0 3+056
Mnowa nig nikamu, % BiA 3aranbHOT KinbkicTb nikiB nicna 10 xB entouii
Area under peaks, % of the total Peak number after 10 min of elution
> 5% Bin 3aranbHOi NnoLi
> 5% of the total area 0+00 1+0,14 1+0,2 1+0,1
1-5% Big 3aranbHoi nnowi 4 + 05" 1+ 13* 4 + 0,2 34 01%
1-5% of the total area - - - -
< 1% Bin 3aranbHOI NnoLwi 39 + 25 4+19 24+1,7%# 23 & 2.4%#
< 1% of the total area - - - -
MpumiTkn: A — rinoToHiYHMIM nisuc; B — TepmopecTpykuis; C — LWBMAKE 3aMOPOXYBaHHSA-LUBUAKE BigirpiBaHHs;

D — noBinbHe 3amMOpOXyBaHHSA-NOBINbHE BiAirpiBaHHsA. *

— BIAMIHHOCTI 3HauyLli Y MOPIBHSAHHI 3 AECTPYKLIE KNiTWH

LUNSIXOM TiNOTOHiYHOro misuncy (p < 0,05); # — BiAMIHHOCTI 3Ha4yLLi Yy NOPIBHAHHI 3 AECTPYKUIE KMiTUH LINSXOM Tep-

mozecTpykuii (p < 0,05).

Notes: A — hypotonic lysis; B — thermal destruction; C — rapid freezing—rapid warming; D — slow freezing—slow warming.
* — differences are significant as compared to cell destruction by hypotonic lysis (p < 0.05); # — differences are significant
as compared to cell destruction by thermal destruction (p < 0.05).

JaHUMHU XpoMmarorpam € mosiBa mika Ha 12,3 XBu-
JIMHI yTpUMaHHS Npu Kpiogectpykuii (puc. 2, C, D),
Ta MOro BiJICYTHICTH MICHIS TIMIOTOHIYHOTO Ji3UCY
(puc. 2, A).
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detected at 3.30, 3.50 and 3.70 min, but after ap-
plying slow freezing regimen, they are almost
2 times more intense than during rapid freezing.
Under rapid freezing, the relative areas of these
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[Ipu mnopiBasHHI Mix coboto DPKK, orpuma-
HUX micna kpiogectpykuii (puc. 2, C, D), Buss-
Ir0Thea momiOHi miku Ha 3,30, 3,50 1 3,70 xBuIH-
Hax, OIHAK IICJIS 3aCTOCYBaHHS PEXKHMY IOBITb-
HOTO 3aMOpOKYBaHHS BOHHM Maibke B 2 pasu iH-
TEHCHBHII, HDX TPW IIBHUAKOMY 3aMOPOKyBaHHI.
BignocHi momy 1ux ImikiB ckiaaganmm 7,8, 11,5 1
8,7% BIAMOBITHO 32 PEXUMY IIBHIKOTO 3aMOPOXKY-
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peaks are 7.8, 11.5 and 8.7%, respectively, and
under slow one there are 13, 18.6 and 15% of
the total area, respectively. Identical peaks were
observed in both chromatograms at 5.10 min (20%
each). The next significant peak was detected in
both chromatograms at 5.30 min for slow freezing
and at 5.40 min at rapid one. These peaks were
slightly distinguished in holding time, but they
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Puc. 2. Tunosi xpomaTorpadiyvHi npodini Y®-nornnHanbHmx pevorH y KK, oTpumaHmx nicns 3acTtocyBaHHS Pi3HUX CMo-
cobis gectpykuii KK mogunHn: A — rinotoHivyHmi nisuc; B — TtepmogecTtpykuis; C — LWBMAKE 3aMOPOXYyBaHHSA-LLIBUAKE
BigirpiBaHHsA; D — noBinbHe 3aMOpPOXyBaHHSA-NOBINbHE BifirpiBaHHS.

Fig. 2. Typical chromatographic profiles of CBF UV-absorbing substances obtained by various methods of human cord
blood destruction: A — hypotonic lysis; B — thermal destruction; C — rapid freezing—rapid warming; D — slow freezing—slow

warming.

BaHHs Ta 13, 18,6 1 15% BIiAMOBIAHO BiJ 3arajibHOI
IUIOMII 33 PEeXHMY IOBUIPHOTO 3aMOpPOKyBAaHHS.
ImeHTHYHI KK 3HAXOOWINCH Ha 000X XpoMa-
torpamax Ha 5,10 xBunuHax (mo 20%). Hactymanit
CYyTTEBHHA TIIK BHSIBICHO Ha 000X Xpomarorpamax
Ha 5,30 XBWJMHI TpH TMOBUILHOMY 3aMOPOXY-
BaHHI Ta Ha 5,40 XBWJIMHI IPU HIBUIKOMY 3aMOpPO-
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significantly differed in relative area, i. e. at
rapid freezing, the peak was 32%, that was almost
twice higher than at slow freezing (19.5% of the
total peak area).

Comparing the chromatographic profiles of
CBF, obtained after hypotonic lysis (Fig. 2A)
and thermal destruction (Fig. 2B), shows the



KyBaHHI. JlaHi MiKM HE3HaYHO BIJIPI3HAIOTHCS 3a
4acoM YTpPHMAaHHS, OJHAK 3a BiTHOCHOIO IUIOLICIO
BHUSIBIISIETHCSL ICTOTHA PI3HUILL: MK TPU [IBUIKO-
My 3aMOPOXKYBaHHI CTaHOBUTH 32%, 0 Mailxke
B 2 pasu Buule, HDX npu nosineHOMY (19,5% Bin
3arajbHOI TUTOIII ITiKiB).

IIpu mopiBHSHHI XpoMaTorpadidamx mpodiIiB
OKK, orpuMaHuMX Ticas TIMOTOHIYHOTO J3UCY
(puc. 2, A) ta Tepmoxectpykuii (puc. 2, B), Bua-
HO, M0 TEPMOJECTPYKIlis 30LIbIIyEe KUIbKICTh
MiKiB y MPOMIXKKY Bil 3 70 5,5 XBHJIMH yTpUMaH-
ws. [Ipu upomy miku Ha 3,3, 3,45, 3,75 1 5,3 xBu-
JMHAX 30irar0ThCs, aje BiIPi3HAIOTHCS BiIIHOCHOIO
wioniero. [Ipu rimotoHiuHOMYy nizuci miku Ha 11,25,
14,85, 15,7 i 16,25 xBuIMHAX, 10 XapaKTepHI s
TEPMOJIECTPYKILii, BIACYTHI.

AHaii3 MOXIMBUAX TPUYHHU PI3HOTO BMICTY
1 MONEKyIsIpHUX Mac YOD-TomMHAIBPHUX pedo-
BuH y OKK, oTpuMaHWX pi3HUMH METOIaMHU Je-
CTPYKIii, JO3BOJMB c(HOpMyBaTH HACTYITHI TPHUITY-
meHHs. [lo-mepmme, me moxe Oyt 0OOYMOBIICHO
PO3MAaZ0M CKIaJHUX KOMIUIEKCIB OiomMoeky: (0i1ok-
OlTKOBUX; OITOK-JIIMIAHUX; OIOK-TIONiCaXapHIHHX )
IiJ] BIUIUBOM (PI3UKO-XIMIYHUX YUHHHKIB, 10 BH-
HUKAIOTh TIPM TOMY YM iHIIOMY METOIi HeCTPYyKIii
kimituH KK, B pesynprari yoro ekcrparyrorbes ado
BIJOKPEMJIIOIOTbCs (pparMeHTH OiIKiB 4K HOBI mer-
tuau. llo-mpyre, mpu OeskuMX MeTogax AecTpyK-
1ii MOYJIMBa y4YacTh €H3WMIB, IIiJ] BIUIMBOM SIKHX
BHHHKAIOTh HOBI mentuaHi (parmentu. [lo-Tpere,
Mae MiCIle BIUIMB arperamii Ta ocamKeHHS 0i0-
MOJICKYJT TiJ dYac yabTpaneHTpudyryBanus abo
iX BiJICIKaHHSI B TpoIeci 0ararocTymniH4acTol YibT-
padinsrparii.

Otpumani pesysibTatd poOOTH € CYTTEBUM KpO-
KOM JI0 TIOAQJbLIOr0 NPAKTHUYHOTO 3acTOCYBaH-
HSl HU3BKUX TemIeparyp y OioTexHomorii, a came:
70 KEpOBAaHOTO BHIUICHHS HHU3BKOMOJICKYIISPHUX
KOMITOHEHTIB 3 OiojioriuHoi cupoBuHU. B mpo-
Leci JOCHIKeHHSI BCTAHOBIICHO, IO Pi3HI PEKUMHU
HU3BKOTEMIIEPAaTypHOTO BIUIMBY Ha KOPAOBY KpOB
rmepen  yapTpaduIBTpaIliero 3MiHIOIOTh KUTBKICHUH
1 SKICHHM CKJIal OTPUMaHUX HHU3BKOMOJIEKYIISP-
HuX ¢pakmii. besnepeuno, nei (akt BrMBaTHMe
Ha OIlOJNIOTIYHY aKTHBHICTh Ta TEPaneBTUYHY
e(EeKTHBHICTh TOTOBUX (hapMaKoJIOTIYHUX TMperna-
pariB, 0 € MEPCHEKTHBHUM HANpPsIMKOM HAIIX T10-
JNAJIBIIUX JOCHIIKEHD.

BucHoBkn

TakuM 4MHOM, HAa OCHOBI pE3yJbTaTiB MpOBEIle-
HUX JIOCITiP)KEHb BCTAHOBJICHO:

1. HwuspkoTemmeparypHi METOAW AECTPYKIIil
KK 3abe3mnedyrors 3Hauyme 30utbmenHs (p < 0,05)
Cyxoi Mach OTPUMaHUX HHU3BKOMOJIEKYISIPHHIX
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thermal destruction to increase the peak number
within the range from 3 to 5.5 min of holding.
The peaks at 3.3, 3.45, 3.75, and 5.3 min
coincide, but differ in relative area. In hypo-
tonic lysis, there are no peaks at 11.25, 14.85,
15.7 and 16.25 min, specific to thermodegrada-
tion.

Analysis of possible reasons of different
content and molecular weights of UV-absorbing
substances in CBF, obtained by different destruc-
tion methods enabled to formulate the fol-
lowing assumptions. Firstly, this may be due
to the decay of biomolecular complexes (pro-
tein-protein, protein-lipid, protein-polysacchari-
de) under the impact of physical and chemical
factors that arise from a particular method
of CB cell destruction, resulting in extraction
of either isolated protein fragments or new pep-
tides. Secondly, some destruction methods may
involve the enzymes, under the effect of which
the new peptide fragments appear. Thirdly, the
impact of biomolecule aggregation and preci-
pitation during ultracentrifugation or their
cut-ff during multistage ultrafiltration occur.

These findings are an important step towards
further practical implementation of low tempe-
ratures in biotechnology, particularly, to the cont-
rolled isolation of low molecular weight compo-
nents from biological raw material. Different
modes of low-temperature impact on cord blood
before ultrafiltration were established here to
change the quantitative and qualitative com-
position of the obtained low-molecular weight
fractions. Undoubtedly, this fact may affect the
biological activity and therapeutic efficiency
of finished pharmaceutical products, which is
a promising trend of our further research.

Conclusions

Thus, based on the findings, the following has
been established:

1. Low-temperature methods of CB destruc-
tion provide a significant increase (p < 0.05) in dry
weight of the obtained low-molecular weight CB
fractions by an average of 3 times compared to
hypotonic lysis.

2. The total protein content in CBF may be
varied by changing the method of CB destruc-
tion before ultrafiltration, i. e. when using rapid
and slow freezing, this index is 3.3 and 2.8 times
higher, respectively, than after hypotonic lysis.
3. The CB thermal destruction enhanced the
content of total protein as compared to hypo-
tonic lysis, rapid freezing and slow freezing by 11.7,
3.5 and 4.2 times, respectively.
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¢pakuii KK B cepennbomy y 3 pasu MOpiBHSHO
3 TIIIOTOHIYHHUM JII3HCOM.

2. Bwmicr 3arampHOro Oinka B ®KK moximBo
BapifoBaTH NUISXOM 3MiHH Merony aectpykiii KK
mepen  yapTpadiIbTpaliero: Mpu  BUKOPUCTAHHI
LIBUJKOIO Ta MOBIIBHOTO 3aMOPOXKYBaHHsS Lei
TTOKa3HUK OibIwi y 3,3 Ta 2,8 pa3u BiAMOBIIHO, HIXK
ITiCTIS TITOTOHIYHOTO JII3UCY.

3. Tepmomecrpykuis KK 30iuibiryBama BMmicT
3arajJpbHOrO OiJKa TMOPIBHSHO 3 TiNOTOHIYHUM
J3iCOM, IIBUIKHM 3aMOPOKYBaHHSM Ta TOBUIbHUM
3amopoxkyBaHusiM y 11,7, 3,5 ta 4,2 pasu Biamo-
BIJHO.

4. TlopiBHSIBHUM aHami3 WIiKIB y Xpomaro-
rpadivanx npodimax KK (mo 10 x/la) 3amexHO
BiJl METOy AECTPYKIi KIITHH MOKa3aB, M0 Kilb-
KICTB IENTUIIB 3MIHIOETHCS.
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4. Comparative analysis of peaks in chroma-
tographic profiles of CBF (below 10 kDa) depending
on the method of cell destruction showed a change
in the number of peptides.
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