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HccnenoBano BIMSHIE pa3INYHBIX PSKAMOB 3aMOPAXUBAHKS HA OSIIKOBBIH CIIEKTpP CHIBOPOTKH KOPJOBOH KPOBH. YCTaHOBIICHO,
YTO JUISl 3aMOPAKUBAHUS CEIBOPOTKH KOPJOBOH KPOBH IIPEANIOYTHTENIFHO HCIONB30BaTh CKopocTh He MeHee 100°C/MuH, TeMneparypy
xpaneHus —80°C u Hmxke. CKOPOCTH 3aMOPaXXHBAaHUS W TEMIIepaTypa XpaHEHHsS, pealn3yeMble IPH IOMENCHHH 00pa3IoB B
MOPO3WIBHBIE KaMePhI OBITOBBIX XOIOAUIBHUKOB, HE TO3BOJISIOT IPEIOTBPATUTH arperaniio OEIKOB.

Knrouesnie cnosa: xopoBast KpOBb, CBIBOPOTKA, arpEralfisi KOMIIOHCHTOB KPOBH, PEKUMBI 3aMOPAKUBAHHS, TEIIb-XpOMATOTpads.

JloCIiKeHO BIUTMB PI3HUX PEKHMMIB 3aMOPOXKYBaHHs Ha OIJIKOBUI CIIEKTP CHPOBATKHM KOPJOBOI KpoBi. BCTaHOBIICHO, 110 JUIs
3aMOpPOXKYBaHHS CHPOBATKH KOPJIOBOT KPOBI CJIiJT BAKOPHUCTOBYBaTH mBHAKicTh He MeHII 100°C/xB, Temmepatypy 36epiranus —80°C
ta Hipkde. LIIBuaKicTh 3aMOpOXKyBaHHS 1 TEMITEpaTypa 30epiraHHs, sKi peanizyroThcs IPH PO3MILICHHI 3pa3KiB Y XOJIIOIWIBHIN Kamepi
o0y TOBOTO XONOMIBHIKA, HE JO3BOJISIOTH 3aII00IrTH HU3bKOTEMITEpaTypHil arperarii OiJIKiB.

Knrouosi cnosa: xopJoBa KpoB, CUpOBaTKa, arperailisi KOMIIOHEHTIB KPOBi, pEXKHUMH 3aMOPOXKYBaHHS, relb-XpoMaTorpadis.

The effect of different freezing regimens on protein spectrum of cord blood serum has been studied. It has been established that
the most favorable conditions are freezing of cord blood serum with the rate not less than 100°C/min and storage temperature of
—80°C and lower. Cooling rates and storage temperature realized when placing the samples into cooling chambers do not enable the

prevention of low temperature aggregation of proteins.

Key-words: cord blood, serum, aggregation of blood components, freezing regimens, gel chromatography.

B HacTos1ee BpeMsl CBIBOPOTKA KOPAOBOM KpPOBU
(CKK) u mpemaparsl, U3rOTOBJICHHBIE HAa €€ OCHOBE,
MIPUMEHSIOTCS B KIMHUYECKOM MPaKTUKE TS JIEUEHUS
psiia naToJOrMYECKUX COCTOSHU, YTO 00yCIIOBICHO
UX 00LIECTUMYIINPYIOIIUM JIeHCTBHEM, BBICOKOH rop-
MOHAJIEHOM HACBHIIIEHHOCTBIO, IPOCTOTOM 3aTrOTOBKH,
OTCYTCTBHEM PHCKa JUIs JOHOpa IPH 3a00pe U OTHOCH-
TE€IbHO HU3KOW MMMYHOPEAKTUBHOCTBIO, & TaKKe
HaJM4YMeM HIMPOKOTO CHEKTpa OMOIIOTUYECKH aKTHB-
HBIX BemecTB. OHAKO CPOK XpaHEHHUS TaKUX Mperna-
paToB B (YHKIIMOHAIHHO aKTHUBHOM COCTOSIHUU B
ycIoBHAX ObITOBOTO XONoawibHuKa (4-8°C) orpanu-
YeH, [I03TOMY Ul Oojiee IIUTENIbHOTO XPAaHEHHUs
MIPUMEHSIOT HU3KOTEMITEPaTyPHOE KOHCEPBUPOBAHHE.
J1st Bcroabp30BaHus ATOTO MOAX0/1a HE0OXO0ANUM MOJ-
00p ompeneseHHbIX PEXXUMOB 3aMOPAXKUBAHUS H
OTOTPEBA, MOCKOJIBKY OXJIaXACHUE OMOJIOTHYECKUX
CHCTEM COIpPOBOXAAETCS (a30BBIM MEPEXOIOM
pacTBOPUTENS B TBEPOE COCTOSIHUE, YTO IPUBOJUT K
KOHILIEHTPUPOBAHUIO COJIEH, MAKpPOMOJIEKYJI U IPYTUX
KOMITOHEHTOB pacTBOpa, AETHUAPATAIINA MaKPOMOJIE-
KyJI, I3MEHEHHUIO MEKMOJIEKYJIIPHBIX B3aUMOJEHCT-
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Nowadays cord blood serum (CBS) and its
derivative preparations have been applied in clinics for
treatment of some pathological states, that is stipulated
by their general stimulating effect, high content of
hormones, simple procurement, absence of a risk for
a donor during the procurement and relatively low
immune reactivity, as well as the presence of a wide
spectrum of biologically active substances. The storage
term of these preparations in functionally active state
in common refrigerator (4-8°C) is limited, therefore
for longer storage low temperature preservation is
used. To apply this approach it is necessary to select
certain freezing and thawing regimens, since cooling
of biological systems is accompanied with a phase
transition of solvent into a solid state, that results in
the concentrating of salts, macromolecules and other
components of a solution, dehydration of macromo-
lecules, change in inter-cellular interactions, which may
cause a damaging effect on proteins.

The research aim is to study the effect of the rates
and final temperatures of freezing on protein spectrum
of cord blood serum.
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BHUH, KOTOpbIE MOTYT OKa3bIBaTh MOBPEXKJIAroLIce
neiicTBue Ha OEJKH.

Lens paboTsl — M3ydeHne BIUSHAS CKOPOCTEH U
KOHEYHBIX TEMIIEPATYP 3aMOPaKNBaHUS Ha OEITKOBBIN
CIIEKTP CBIBOPOTKH KOPAOBOH KPOBH.

MaTtepuarbl n meToAbI

KopnoByio kKpoBb AJIsi TONydE€HUS CHIBOPOTKHU
3aroTaBJIMBAJIN BO BpeMs po1oB. CHIBOPOTKY 3aMOpa-
KHUBaJIM B IOIMMEPHBIX ammynax oobemom 0,7 mit. B
9KCIIEPUMEHTAX UCTIOIH30BAIH CIEAYIONINE PEKUMBI
3aMOpPaXKMBAHUSA:

MEMJIEHHOE — CO CKOPOCTBIO 3aMOpPaKMBaHUS
1-2°C/mun 10 —20°C u no —80°C;

ovicTpoe — co ckopocThio 300-400°C/Mun 10
-196°C;

3aMopakuBaHue co ckopoctamu 35 u 100°C/mun
1o —80°C.

3amMopakrBaHWE ITPOU3BOIMIN HA POTPAMMHOM
3amopaxkuBarene (MITKuK, Ykpanna)

AMIyIbl OTOrpeBajyn Ha BOoAsHOM Oane mpu 36°C
110 TIOsABJICHUS XKUIKOU (hazbl. benku mo monexyssip-
HBIM MaccaM pa3Jelisyid METOJOM TeJb-XpOoMaTo-
rpadun Ha kKonmoHke 2X21cMm ¢ cedamexcom G-200
(Pharmacia, IlIBenus). Konnentpanuio Oenka BO
($pakIusX onpeneNsian CIeKTPoPOTOMETPUIESCKUM
meTozioM [3]. CeKTpbl MOTJIOISHHS 3aIHChIBAIN Ha
cnekrpodoromerpe “Pye Unicam SP 8000 (Benuko-
Opurtanus). s 371eKTpodOpeTHUECKOro aHaIu3a
komnoHeHToB CKK ucnonp3oBanu anmapar anus
ropusoHTagsHOro AMekrpodopesa SE 2120 (Solar,
Benapych) ¢ nmporpaMMHBIM 00eCIICYCHHEM M OJIOK
anekrponutanuss PE 2120. Paznenenne oOpa3os
MPOBOJWIN Ha IUIACTHHAX C arapoBBIM IOKPBITHEM
10%8 cm (Cormay, ITompmia). CRIBOPOTKY pa3BOIMIIH
¢dusnonoruueckuM pactsopom 50 MM NaCl B cooTHO-
meHuu 1:5 m HaHOcuIM Ha s4eiiky. Dnekrpodopes
o6pasuos CKK npoBoauiu B TeueHne 20 MUH Ipu cuie
toka 40 MA u manpsokenun 200 B. B kauectBe
KpacuTessl UCIOJIb30Bad OpOM(pEHOIOBbIM CHHUH.
OnekrpodoperpaMMbl aHAIM3UPOBAIN Ha CKaHH-
pytouiem neacurometpe AM 2120 (Solar, benapycs).

Craructudeckas 00paboTka pe3ysIbTaTOB MPOU3-
Bonmiach mo meroxy Creriogenta-Puimepa.

Pe3yAbTaThl M 00CYyXAeHue

[Ipn meanenHom pexume 3amopaxuBanus CKK
Ha0JIr0aeTcs CMEIleHMe MaKCHUMyMa Iellb-XpoMaTo-
rpaMM OEJKOB B 0OJIACTh OOJBIINX MOJEKYISIPHBIX
Macc, 4TO MOXET CBHIETEIbCTBOBATh 00 arperanuu
OrOMaKpOMOJIEKYJ CBIBOPOTKH (puc. 1, a). OCHOBHO#H
BKJIaJ] B MAKCHUMYMBI TelIb-XpOMaTOTrPaMMBI MTPHXO0-
JUTCS Ha CBIBOPOTOYHBIA allbOYMHUH, COAEpKaHHE
KOTOPOTO B CBIBOPOTKE MpeBblmaeT 50%, 1 IMMYyHO-
roOyuH G (10+25% ot obmiero 6enka) [5], mosToMy
MO>KHO TPETOI0XKUTH, YTO B YACTUYHON arperamnuu
y4acTBYIOT, B MEpPBYIO odepean, 3Tu Oenku. [lpu
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Materials and methods

Cord blood for serum obtaining was procured during
labor. The serum was frozen in 0.7 ml polymer
ampoules. In experiments there were used the
following freezing regimens:

slow — with the rate of 1-2°C/min down to —20 and
-80°C;

rapid — with the rate of 300-400°C/min down to
—196°C;

freezing with the rates of 35 and 100°C/min down
to —80°C.

Freezing was performed with programmable
freezer (IPC&C, Ukraine)

The ampoules were thawed on water bath at 36°C.
The proteins were separated on molecular masses by
gel chromatography with the column 2%21 c¢cm with
sephadex G-200 (Pharmacia, Sweden). Protein
concentration in fractions was found with spectro-
graphic method [3]. Absorption spectra were recorded
with spectro-photometer “Pye Unicam SP 8000” (UK).
For electrophoretic analysis of CBS components there
was used the apparatus for horizontal electrophoresis
SE 2120 (Solar, Byelorussia) with the software and
electrical power unit PE 2120. Serum was diluted with
physiological solution 50 mM NacCl in 1:5 ratio and
layered to the well. Electrophoresis of CBS samples
was performed on plates with 10x8 cm agar covering
(Cormay, Poland) at 40 mA amperage and voltage of
200 V for 20 min. As a dye there was used brome
phenol blue. Electrophoregrams were analyzed with
scanning densitometer DN 2120 (Solar, Byelorussia).

Results were statistically processed with Student-
Fisher’s method.

Results and discussion

Under slow freezing regimen of CBS there is
observed a shift of the maximum of gel chromatograms
for proteins towards the area of large molecular
masses, testifying to the aggregation of serum
biomacromolecules (Fig. 1, a). The main contribution
into maxima of gel chromatograms are made by serum
albumin, the content of which in serum exceeds 50%,
as well as immune globulin G (10+25% of total protein),
therefore one may suppose that particular these
proteins primarily participate in partial aggregation.
During freezing in a solution serum albumin [4] and
immune globulin G [5] may form aggregates. However
areduction in protein content in low molecular fractions
testifies to a partial participation in aggregation.

When using the regimen of slow freezing for CBS
(with the rate of 1-2°C/min) down to —80°C there is
observed even greater changes in protein distribution
on molecular masses (Fig. 1, b), which are accom-
panied by the appearance of bigger aggregates
(proteins with molecular mass of 700 kD and higher).

Chromatogram of the serum frozen down to —80°C
with the rate of 35°C/min does practically differ from
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Puc. 1. T'enp-xpoMaTorpaMmsl HATUBHOUM M 3aMopokeHHON-oTTasHHOW CKK: KOHTpOdb — CIUTOIIHAs THHMS; HOCIe
3aMOpaKMBaHUS — IMyHKTUPHAs JMHUS; a — 3aMopakuBanue 10 —20°C; 6 — 3amopaxuBanue 10 —80°C co CKOpOCTBIO
1-2°C/mun; B — 3amopaxkuBanue 10 —80°C co ckopocthio 35°C/Mun; T — 3amopakuBadue 10 —80°C co CKOPOCTHIO
100°C/muH.

Fig. 1. Gel chromatograms for native and frozen-thawed CBS: control — solid line; after freezing — dashed line; a —
freezing down to —20°C; b — freezing down to —80°C with rate of 1-2°C/min; ¢ — freezing down to —80°C with rate of

35°C/min; d — freezing down to —80°C with rate of 100°C/min.

3aMOpaXKWBaHUH B PACTBOPE CHIBOPOTOUHBIN aNbOY-
MUH [6] 1 uMmMyHOTII00yuH G [7] MOryT OpMHUPOBATH
arperarbl. OHAKO CHIKEHHE COACpXaHUs Oelka B
HU3KOMOJIEKYJISIPHBIX (PPaKLUSIX CBUIETEIBCTBYET 00
WX YaCTUYHOM yYACTHHU B arperaiuu.

[Ipu ncnonb30BaHUM peXKMMa MEJIEHHOTO 3aMOpa-
xuBanusi CKK (co ckopoctsio 1-2 °C/mun) no —80°C
HabIrogaroTCs emle OOoNbIINe U3MEHEHHS B pactpee-
JIeHnH OEJTKOB TT0 MOJIEKYJISIpHBIM MaccaM (puc. 1, 0),
KOTOPBIE COITPOBOXKIAIOTCS MOSBIIEHHEM OoJiee KpyTI-
HBIX arperatroB (0enKu ¢ MOJEKYISpPHOH Maccoi
nopsiaka 700 x/la v BeIIe).

XpomarorpaMMa ChHIBOPOTKH, 3aMOPOKEHHOH JI0
—80°C co ckopocTbio 35°C/MUH, IPAaKTUYECKH HE
OTJIMYAETCSI OT XPOMAaTOTrPaMMBbl CHIBOPOTKH, 3aMOPO-
XKEHHOU co ckopocThio 1-2°C/MUH 0 yKa3aHHOM
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the one of the serum frozen with rate of 1-2°C/min
down to the temperature mentioned (Fig. 1, c). Gel
chromatogram after CBS freezing down to —80°C with
the rate of 100°C/min approaches to native one
(Fig. 1, d) and observed differences testify to the
participation of low molecular proteins in aggregation.
So, the aggregation is supposed to be practically
absent. Main proteins of plasma (albumin and immune
globulins) do not likely participate in aggregation. Gel
chromatogram of the serum frozen down to —196°C
with the rate of 300-400°C/min differs from the control
one in less extent.

Obtained data about the freezing regimens on
aggregation of CBS proteins are well coordinated with
the results obtained with the method of gel electro-
phoresis. As a result of CBS electrophoresis there was
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Puc. 2. O6umii Bun anexrpodoperpammol HatiBHOM CKK.
Fig. 2. General view of native CBS electrophoregram.

temmeparypsl (puc. 1, B). I'ens-xpomarorpamMmma
nocie 3amopakuBanusi CKK 1o —80°C co ckopocTsio
100°C/mMuH cxonHa ¢ HaTUBHOM (puc. 1, 1), a HaOI0-
JaeMble OTJINYHUS CBUACTENHCTBYIOT 00 yJacTHH B
arperary HAU3KOMOJIEKYISApHbBIX OekoB. OCHOBHBIE
O0enku miuasMbl (anbOyMUH ¥ UMMYHOTIJIOOYJIMHBI),
BEPOSITHO, MPAKTUYECKH HE YUACTBYIOT B arperauu.
I'enb-xpoMarorpamma CbIBOPOTKH, 3aMOPOKEHHOM 710
—196°C co cropocthio 300-400°C/MuH, TpaKTHYECKH
HE OTIINYAETCs OT KOHTPOJIBHOM.

[TonyuyeHHble NaHHBIE O BIUSHUHM PEKHUMOB
3amopaxuBaHus Ha arperanuto 6emxkoB CKK xopormro
COTJIaCYIOTCS C pe3yJbTaTaMu, MMOy9eHHBIMH METO-
JIOM Tefb-3j1eKTpodopesa. B pesynbrare anekTpodo-
pe3a CKK 05p110 IOITydeHOo 4eTKOE pa3iesicHre OeIKoB
Ha 6 TUKOB, COOTBETCTBYIOIIIX OCHOBHBIM OEJIKOBBIM
(pakuusam ceiBOpoTKH (puc. 2) [4]. AHanmm3 ruromaaei
OEJIKOBBIX MHKOB MOKAa3al, YTO IMOCIE MEIJICHHOTO
3aMopakuBaHus cbBOpoTkH 10 —20 1 —80°C yBenu-
yuBaeTcs OenkoBas Gppakuus VI u gactuyHo V ¢ BbI-
COKOW MOJIEKYJISIpHOH Maccoil (puc. 3). DTOT pexum
3aMOpaXKMBaHMsI IPUBOJUT K YMEHBILICHHUIO (ppaKiu
I u vactruno II ¢ monekynsapaoit maccoit 60-80 x/la.
3amopaxkuBanue CKK 10 -196°C co ckopoctbio 300-
400°C/MuyH He IPUBOJMUT K U3MEHEHHIO BU/1a DIIEKTPO-
(doperpaMM 1o CpaBHEHHIO C AIEKTPOPoperpaMMoint
HAaTUBHOM CHIBOPOTKH.

Arperanusi G€JIKOB B TIPOIIECCE 3aMOPaKUBAHMS-
OTTaMBaHUS OTHOCHUTCS K MOBEPXHOCTHO-WHIYIU-
POBaHHBIM IpOIECCaM U MPOUCXOIUT B Pe3yJbTare
“pazBopaunBaHus’’ OEJIKOB Ha MOBEPXHOCTAX pasfe-
0B “nen-soaa” u “Boma-Bo3nyx” [2, 6]. ITokasano,
yto npu 3aMopaxuBanuun CKK ¢ menneHHsIMHU
CKOPOCTSIMU OXJIKACHUS MPOHUCXOIUT ““paspbixiie-
HHUE” MOBEPXHOCTHBIX MOJUIETITHIHBIX LIeNel OeKo-
BBIX MOJIEKYJ mia3Mbl [1]. DTo MoOXkeT cmoco0b-
CTBOBATh ‘‘pa3BOpayMBaHHI0” OCIIKOB Ha MOBEPX-
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found a distinct separation of proteins into VI peaks
(fractions), corresponding to main protein fractions of
the serum (Fig. 2). Analysis of areas of protein peaks
has shown that after slow freezing of the serum down
to —20°C and —80°C protein fraction VI and partially
fraction V with high molecular mass increase (Fig. 3).
The same cooling regimen results in a decrease in
fraction I and partially in fraction II with molecular
mass of 60-80 kD. CBS freezing down to —196°C
with the rate of 300-400°C/min does not lead to the
change in the type of electrophoregrams if compared
to the one for native serum.

Protein aggregation during freeze-thawing is
referred to surface-induced processes and occurs as
aresult of protein “unfolding” on the surfaces of “ice-
water” and “water-air” interfaces [2, 6]. It has been
shown that during CBS freezing with slow cooling
rates the “loosening” of polypeptide chains of plasma
protein molecules surface takes place [1]. This may
contribute to “unfolding” of proteins on the surfaces
of phase interfaces and stimulate their aggregation.
When using high cooling rates aggregation may be
reduced as a result of the decrease in the time when
the system is under the conditions favorable for
aggregation process and diminishing diffusion into
boundary sites.

Conclusions

Slow freezing of CBS with the rate of 1-2°C/min
down to —20 and —80°C resulted in a significant change
of fraction composition of proteins and is accompanied
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Puc. 3. Inarpamma uzmenenus ¢pakuuit CKK npu
pa3IM4HbIX pekuMax 3amopakuBanus: [l — KOHTPOJIb; []—
MeIJeHHOe 3amopaxuBanune no —80°C; O — OvIicTpoe
3aMopaxwuBanue 10 —196°C; H— MeaJIeHHOE 3aMOPaKIBa-
Hue o —20°C.

Fig. 3. Diagram of the changes of CBS fractions under
various freezing regimens: ll — control; [0 — slow freezing
down to —80°C; [ — rapid freezing down to —196°C; B —
slow freezing down to —20°C.
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HOCTSX paszzena ¢a3 ¥ CTUMYIUPOBATh MX arperamuio
[8]. IIpu ncronb30BaHUH BRICOKHX CKOPOCTEH OXJIaK-
JIEHUs CTENEHb arperauuyd MOKeT CHUXKAThCS B pe-
3yJIbTaTe COKPAIICHNUS BPEMEHHU HAXOKICHUS CUCTEMBI
B YCIIOBUSIX, OJIArONPUSITHBIX JUISL OCYIIECTBIICHHS ITPO-
Iecca arperamuu U yMeHbIIeHUS Aupdy3un B
rpaHuYHbIE 00JIACTH.

BbiBOADI

MennenHoe 3aMOpaXMBaHHE CHIBOPOTKH KOPIO-
BOI1 KpoBH co ckopocThio 1-2°C/mun 10 —20 1 —80°C
MIPUBOAMT K 3HAYUTEITFHOMY H3MEHEHHIO (DPaKIINOH-
HOTO COCTaBa OEJIKOB M COMPOBOXK/IAETCSI CIBUTOM B
CTOPOHY OOJBITNX MOJIEKYISPHBIX MaccC, 9T0O MOKHO
OOBSICHUTH arperanueil KOMIIOHEHTOB CHIBOPOTKH.
VYBenuueHne CKopocTH 3aMmopaxkuBanust 10 35°C/Mun
HE NPEAOTBpALIaeT arperamuio OEJIKOB CHIBOPOTKH.
[Ipu yBennuennu ckopoctu 3amopaxusanus CKK no
100°C/MuH M3MEHEHUS MPOUCXOAAT TOJBKO B
HU3KOMOJIeKy IsipHO# (Hke 12 x/la) yactu 6emKoBoro
CIEKTpa.

C nenpio COXpaHEHHUs! HATUBHBIX CBOWCTB OEIKOB
CBIBOPOTKH KOPAOBOI KPOBH MOXKHO PEKOMEHIOBATh
PEXUMBI OXJaXIEHUS CO CKOPOCTHIO HE MEHEe
100°C/mun u Temneparypy xpanenus —80°C u Hipke.
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with a shift towards large molecular masses that may
be explained by aggregation of serum components.
Increase in freezing rate up to 35°C/min does not
prevent aggregation of serum proteins. During a rise
in freezing rate of CBS up to 100°C/min the changes
occur only in low molecular (under 12 kD) part of
protein spectrum.

With the aim of preserving of native properties of
serum proteins the regimens with the rates not less
than 100°C/min and storage temperatures of 80°C and
lower may be recommended.
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