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Metonom CBY-113/1eKTpOMETPUH HCCIIECOBAHBI TEMIIEPATy PHbIC 3aBUCHUMOCTH B HHTepBasie 4-40°C KOMIUIEKCHOI UAIEKTPUYECKON
MPOHMI[AEMOCTH MOJIEKYJI BOJbI HATHBHBIX M 3aMOPOXKEHHBIX 00pa3IioB ChIBOPOTKH KopaoBoii kpoBu (CKK). Iis Bcex UcClieJOBaHHBIX
00pas3110B BHISIBIICHBI HEMOHOTOHHBIC H3MEHEeHUsI €' 1ipu Temreparypax 7-9, 16-20, 26-28 u 36-38°C. YcraHOBIEHO, YTO [IPU MEIEHHOM
3amopaxuBaHuu 10 —20°C Benu4nHa €' CHIBOPOTKU MEHBILIE, YeM Y HATHBHBIX 00pas1ioB U MOJBEPTHYTHIX OBICTPOMY 3aMOPaKHBAHHIO
10 —196°C. D10 MOXKET OBITH CIICACTBUEM YBEIMUYCHHS B CHCTEME KOJIMYECTBA CBS3aHHOM BOJBI M3-3a POCTA I'HAPATALIMU MOJEKYII
CBIBOPOTKH. BrIcTpOE 3aMopakuBaHue NpUBOAUT K yBeanueHHo € CKK, koTopoe BBI3BaHO MPOLECCaMH KpHOarperaruy U JeruapaTaiim
MaKpOMOJIEKYJ B CBIBOPOTKE.

Knruesvie cnosa: xopaoBas KpoBb, CHIBOPOTKA, KpHOKOHCepBUpoBaHue, CBU-nuaekTpoMeTpusi, TUIJICKTpUYECKas
[IPOHULIAEMOCTb.

Metonom HBU-nienekTpomeTpii HOCITIIKEHO TEMIEpaTypHi 3aleXHOCTI B iHTepBaii 4-40°C KOMITJIEKCHOI NieTeKTPUYHOL
MPOHUKHOCTI MOJIEKYJ BOAU HATHBHHUX 1 3aMOPOXKEHUX 3pa3KiB CHPOBATKH KOPAOBOI KpOBi. J[yisi BCiX 3pa3KiB BUSIBICHO HEMOHOTOHHI
3Minu €' mpu Temmneparypax 7-9, 16-20, 26-28 i 36-38°C. YcraHOBIIEHO, 1110 IPH MOBITEHOMY 3aMOpoxyBaHHi 10 -20°C BenuynHa &'
CHpPOBATKH MEHIIIA, HiXK Y 3pa3KiB HATUBHHUX 1 MiTAHKX i1 IIBUIKOTO 3aMOpOKyBaHHs 10 -196°C. Lle Mmoxe OyTH HACITiIKOM 301TbIICHHS
B CHCTEMI KUIbKOCTI 3B’13aHOT BOAU Yepe3 3pOCTaHHS OBOJHEHHS MOJICKyYJ cupoBatkH. IIIBIIKE 3aMOPOXKYBaHHS MOXKE IPHBOAUTH J10
301IbIICHHS €' CHPOBATKH KOPAOBOI KPOBI, 1[0 BUKIMKAETHCS MPOIIECAMH Kpioarperariii i Jeriaparaiii MOJeKysl B CHPOBATII.

Kniouosi cnosa: xopnosa KpoB, CHpOBaTka, kpiokoHcepByBanHs, HBU-zmienekrpomeTpis, HieleKTpHYHA TPOHUKHICTB.

Using UHF dielectrometry method the temperature dependencies of the complex dielectric permittivity for water molecules of
native and frozen samples of cord blood serum (CBS) were investigated within the interval 4-40°C. For all the investigated samples
non-monotonous changes in €' at 7-9, 16-20, 26-28 and 36-38°C were found. It is established that under slow freezing down to -20°C
the serum €' value is lower than in both native samples and those subjected to rapid freezing, this may be the cause of increase in the
amount of bound water in the system due to the growth of serum molecules hydration. Rapid freezing results in the €' increase in CBS,

caused by cryoaggregation processes and dehydration of macromolecules in it.
Key-words: cord blood, serum, cryopreservation, UHF-dielectrometry, dielectric permittivity.

[lony4eHnve n mpuMeHEHHE MpeTnapaToB U3 OMO-
JIOTUYECKUX TKaHEH CTa0 OJHUM W3 MPHOPUTETHHIX
HaTpaBJIEeHUH COBPEMEHHOI KpHOOHOIOTUH 1 KpHOMeE-
TUIHBL. briaromapsi cBoeMy yHHKaJbHOMY COCTaBy
U CBOMCTBaM KOpJoBas (IU1aLleHTapHas) KpOBb 4ejo-
BEKa M €€ KOMIIOHEHTHl aKTHMBHO HCIIOJIB3YIOTCS B
COBPEMEHHBIX OMOTEXHOJIOTHUECKUX MporpamMmax [4].
CrocoOHOCTh KOPAOBOM KPOBU OKa3bIBaTh OOIIECTH-
MYJIHpYIOLIEe NEHCTBHUE JaBHO ITPUBIIEKAET BHUMAaHHE
KIMHALIUCTOB. CBIBOPOTKA KOPAOBOH KPOBH COIEPIKUT
KOMILJIEKC PENpPOIyKTUBHBIX UMMYHOMOIYISTOPOB,
BECH CIIEKTP TOPMOHOB, MPUCYIIIUX OPTAaHU3MY HOBO-
POXIEHHOTO, POCTOBBIC M aHTHIIPOJIU(EPATUBHEIE
(hakTOpBI, TEMOTIOATHHBI U a/IalITOTE€HBI, OTTHOUIHBIE
MIENTH/BI, MUKPO3JIEMEHTHI, BATAMUHBL. 17151 co3manus
1 KIIMHUYECKOTO NCTIONTb30BaHMS HOBBIX 3(p(heKTHBHBIX

Both the obtaining and using of new preparations
derived from biological tissues have become one of
the prior directions in modern cryomedicine and
cryobiology. Due to its unique composition and proper-
ties a human cord (placental) blood and its components
are actively used in modern biotechnological
programmes [4]. Cord blood ability to pay a total stimu-
lating effect has attracted the clinicians’ attention for
a long time period. Cord blood serum has a complex
of reproduction immune modulators, the whole hor-
mone spectrum, which characterise a newborn orga-
nism, growth and antiproliferative factors, hemopoietins
and adaptogenes, opioidic peptides, microelements,
vitamins. For creation and clinical usage of new effec-
tive preparations from human cord blood, it is necessary
to find out the optimal technologies of its preservation
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IpernaparoB U3 KOPJOBOW KPOBH YeIIOBEKa HEOOXOIUMO
pa3paboTrarh ONTHMaIbHEIE TEXHOJIIOTUH €€ KOHCEPBH-
pOBaHUS C MAKCUMaJIbHBIM COXPaHEHHEM aKTUBHOCTH.
HeoTbemneMol 4acTbio TAKUX TEXHOJOTHUM SIBISETCS
HCHOJIb30BAHUE HU3KUX TEMIIEPATYP, B CBA3U C YEM
HEOOXOAMMO POBECTH HCCIISIOBAHUS IO H3MEHEHUIO
CTpyKTypHOTO coctosinus komrnonentoB CKK mox
JEHCTBHEM HU3KHX Temreparyp. B mannHoi pabote
metoaoM CBY-nusiaexTpoMeTpUu HCCIEA0BAHO
BIIMSIHUE PEXKUMOB 3aMOPAKUBAHUSA Ha €€ JUIIEKTPHU-
YeCKYI0 poHuaeMocTh. [lomydeHsl TeMneparypHble
3aBUCUMOCTH KOMIUIEKCHOW IMAJIEKTPUYECKON Mpo-
HUIIAEMOCTH HATUBHBIX M 3aMOPOKEHHBIX 00pa3ioB
CBIBOPOTKH.

Matepnanbl 1 meToAbI

B pa6ore uccnenoanu CKK poxennn; Crnenna-
JIM3UPOBAHHOTO KIIMHUYECKOTO POAUIBHOIO foMa Ne5
I. XappkoBa. ChIBOPOTKY 3aMOPaKHBAJIN B TTOJINMEP-
HBbIX ammynax oobemom 1,5 mut. JIjig sKkcriepuMeHTa
ucnonb3oBain 9 oopasuoB CKK. O6pasusl 3amopa-
KHMBAJIU B IBYX PEKHMaX: MEIJICHHOE 3aMOPA)KUBAHUE
(M3) 1o -20°C co ckopocthio 1-2°C/MuH u ObICTpOE
samopakuBanue (b3) co ckopocthio 300-400°C/Mun
norpysxeHueM B xuakui a3ot (-196 °C). OrranBanue
MPOBOAMIIN Ha BofsiHOH Oane pu 40-42 °C. Kontpo-
neMm ciykmina HatupHas CKK.

HeiicTBuTenpHy0 € 1 MHUMYIO £ 9acTH KOMII-
JICKCHOM TU3JIEKTPUYECKOM MPOHUIIAEMOCTH B HHTEP-
Baze Temneparyp 4-40°C namepsiin CBU-guanexrpo-
METPOM pPe30HaTOpHOTO TuMa Ha dactore 9.2 I'T1
[10]. Mcnonp3oBaiiack M3BECTHASI METOIMKA OTHOCH-
TenbHBIX u3MepeHuit € u € [1, 13]. 3nayeHus &"
KOPPEKTHPOBAJIH C yYETOM ITOTIPABKH Ha AIICKTPOIIPO-
BOAHOCTH. {1 3TOro mM3Mepsuin HU3KOYaCTOTHYIO
npoBoauMocTh O Ha yactote 1000 I'r. Temmeparypy
00pa31a orpeeIIsiIi C IOMOILBIO Meb-KOHCTaHTAHOBOM
Tepmonapsl ¢ TouHOCThbIO £0,1°C.OTHOCUTENBHAS
OmmnOKa M3MEpPEHUs] JUIEKTPUIECKUX MapaMeTpoB
cocrtapisna: it € 0,1 u gus € 0,2%. Jns BwI-
YHUCJICHNS BEJTMYUHBI CTATHUECKON AUAIIEKTPUYECKOM
HPOHHUI[AEMOCTH € M YaCTOThI AUIIIEKTPUYCCKON pe-
JaKcauu f; MOeKy1 BOJIbI B HCCIIEYEMbIX CHCTEMAX
WCTIONT30BAITH BRIPAYKEHNS, ITOJTyIEHHBIE U3 YPaBHEHUN

Hebas [5]:
e =€ +e?/(€-¢,) (1)
f =1f(-¢")e", ()

rae f—9acToTa MEKPOBOITHOBOTO TTOJIS; € — THAJIEKT-
puueckasd nmpoHunaemocts Bojibl B UK-auanasone.

Pe3yAbTathl M 00CyXXAeHHe

YacroTa AMAIEKTPUUYECKON peslakCallui MOJIEKYI
BOJBI SABJIACTCS MApaMETPOM, XapaKTePHU3YIOIMHM
noABmwxHOCTh Mojekyn B CBY mone, u, ciegosa-
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with the maximum activity storage. Integral part of
such a kind of technologies is low temperatures usage,
in this connection it is necessary to perform the
investigations according to a change in structural state
of CBS components at the low temperature influence.
In this work the influence of cooling regimens on CBS
dielectric permittivity by UHF-dielectrometry method
is investigated. Temperature dependencies of complex
dielectric permittivity of native and frozen serum samp-
les are obtained.

Materials and methods

In this work the CBS supplied from Kharkov spe-
cialised clinical maternity house Ne5 was investigated.
The serum was frozen in 1.5 ml polymeric ampoules.
We used 9 CBS samples for the experiment. The
samples were frozen by 2 regimens: slow freezing (SF)
down to -20°C at a rate of 1-2°C/min and rapid freezing
(RF) at a rate of 300-400°C/min by immersion into
liquid nitrogen (-196°C). Thawing was performed on
water bath at 40-42°C. Native CBS served as a control.

Real €' and imaginery £" parts of complex dielectric
permittivity within the interval 4-40°C were investi-
gated by resonator type UHF-dielectrometer at
frequency of 9.2 GHz [10]. There was used the
standard methods of relative measurements of €' and
€" [1, 13]. €" values were corrected in respect of the
electroconductivity amendment. Low-frequency
conductivity, g, at frequency of 1000 Hz was
measured for this purpose. The temperature of the
sample was estimated with the help of copper-
constantan thermocouple with the accuracy of £0.1°C.
Relative error of measurement in dielectric parameters
for €' made: 0.1 and 0.2 % for £". To calculate a static
dielectric permittivity value, € and for the one of
dielectric relaxation frequency of water molecule, f »
in investigated systems there were used expressions,
obtained from P. Debye equations [5]:

g=¢ +€%/(e-¢.) (1)

f,=f(e -€")e, )

n

where f is microwave field frequency; €" is water

dielectric permittivity within IR range.

Results and discussion

Water molecule dielectric relaxation frequency is
the parameter, characterising the molecule mobility in
UHF field and, consequently, the degree of their
interaction with an environment. The structural
disorders and conformational changes in blood
component result in the differences in the free-bound
water system ratio and are accompanied by the change
in dielectric parameters. Such dielectric parameter
measurements are revealed by UHF method within
the range of the frequencies, corresponding to the area
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TEJBHO, CTETIEHb UX B3aUMOJICHCTBUS C OKPYKEHHEM.
CrpykTypHbIe HapyHIeHHUS ¥ KOH(GOPMALHOHHBIE
HW3MEHEHHsI KOMIIOHEHT KPOBH BJIEKYT 3a COO0H 0TIu-
4Hsi B COOTHOLICHWU CBOOOAHAs-CBA3aHHAS BOAA B
CHUCTEME U CONPOBOKAAKOTCS U3MEHEHUEM TUDIIEKT-
PHUYECKUX MTAPaMETPOB, KOTOPHIE MOXXHO OOHAPYKUTh
MetogoM CBY-auanekrpoMeTpuu B [uana3oHe dac-
TOT, COOTBETCTBYIOLINX 00JACTU AUCTIEPCUH MOJICKYT
BOABI. DTO MO3BOJIIET HCIOIH30BaTh 3HAYCHHE M-
JNEKTPUUYECKOW MPOHUIIAEMOCTH OMOJIIOTHYECKUX
00BEKTOB Kak (PU3NYECKUN KPUTEPUH MPH OLICHKE
CTPYKTYPHBIX HapyIIEHHI MaKpOMOJEKYI H KIETOK,
BBI3BAHHBIX PA3IMIHBIMU (hakTopamu [3, 14].

3HaueHUS U3MEPCHUN NEHCTBUTEIBHON YacTH
KOMIUIEKCHON AMAJIEKTPUYECKON MPOHUIIAeMOCTH €'
00pa310B HAaTUBHOW U 3aMOPOKEHHOH MO IBYM
pexumaMm CKK npencrasnens! Ha puc. 1.

Kak BugHO U3 rucTorpamMm, 3Ha4eHus £ MEAJICHHO
3aMOpPO>KEHHON CBIBOPOTKH JJIs1 BCEX UCCIIETOBAHHBIX
JIOHOPOB HM)KE KOHTPOJISl. DTO CBUAETENBCTBYET 00
YMEHBIIIEHNHU KOJIMYeCcTBa CBOOOIHOM BOABI B CHUCTE-
Me, YTO MOXET SBISIThCS PE3yNIbTaToM Ooliee BBICO-
ko#t rumparanuu moiekyn CKK. [lpu memxnennom
3aMOpaKUBAHUH IOBPEKICHHSI ONOCTPYKTYP MPEXKIe
BCETO BBI3BAaHBI JICHCTBHEM IMOBBIMIEHHBIX KOHIEHT-
pamnuii cojieit, 00pa3yoIIMXCs MPU MOCTEIECHHOM
nepexoe BOIbI U3 KUIIKOM B TBepAyIo a3y [11]. Takue
MOBPEKACHHS YCYTyOIAIOT XpaHEHHE CHIBOPOTKH IPH
temmneparype -20°C, koTopas 6J113Ka SBTEKTHYECKOH
JUI IPUCY TCTBYIOIUX HOHOB. [Ipu 310 TeMniepatype
BBIMEp3aeT TOJBKO CBOOOHAsI BOAA, CBA3AHHAS JKe
U KECTKO CBf3aHHAas (TeMIIeparypbl 3aMep3aHHs OT
-35 1o -50°C u ot -120 go -130°C coOTBETCTBEHHO
[2, 6]) ocTaroTCA B )KUAKOM COCTOSHUU. Takue ycio-
BHSI MOTYT HapyIIaTh CTPYKTYPY JHMIIONPOTEHHOB U
KoH(popMalo onoMaxkpomosiekyi [11], mposiisto-
LIEHCsl B Pa3phIXJICHUU TMOBEPXHOCTHBIX IMOJIHIIETI-
TUAHBIX 1ene [9]. B pesymnbrare 3T0ro mpoucxoaut
O0CBOOOXKIEHNE JTOTIOJHUTENIBHBIX YYAaCTKOB CBSA3BI-
BaHUSA JUIsl MOJEKYN BoAbl. CleACTBHE 3TUX MPOLIEC-
COB — CyMMapHO€ yBEJINUEHHUE KOJINYECTBA CBA3aHHON
Bozasl B CKK (puc.1).

Bunusinue Ovictporo 3amopaxkuBanus CKK Ha
3Ha4YEHHE £ UMEET NPOTHBOIIONOKHYO [0 OTHOILCHUIO
K MEIJICHHO 3aMOPOXEHHBIM O0pa3laM Hallpas-
neHHocts. g nonopos V u VII 3nauenue €' 6picTpo
3aMOPOKEHHOW CHIBOPOTKH Majo0 OTIUYaeTCs OT €'
HATUBHBIX 00pa3ioB. BeposiTHO, HapyIIeHUs], BEI3BaH-
HbIE 3aMOpaXKMBAHUEM CHIBOPOTKH, HE3HAYUTEIbHBI.
B ocTtanpHBIX ciydasix 3Ha4CHHSI €' OBICTPO 3aMOPO-
JKEHHOW CBHIBOPOTKH JOCTOBEPHO MPEBBIMIAIOT KOHT-
POJIBHBIC, YTO CBUAETEILCTBYET 00 YBEIMYECHUHU B
CHUCTeMe KoJu4ecTBa cBOOOAHOHN Boabl. M3yuenue
CIEKTPOB MOIVIOIEHHS CBIBOPOTOYHBIX aJIbOYMHUHOB
U UIMMYHOTIIOOYIMHOB B Y®-00671acTH mocine 3amopa-
xuBaHus 110 -196°C [8] mokazano, 4To UX CTPyKTypa
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of water molecule dispersion. This permits to use the
dielectric permittivity value of biological objects as a
physical criterion when estimating structural macro-
molecule and cell disorders, provoked by different
factors [3,14].

The values of changes in an actual part of complex
dielectric permittivity, €', of native samples and those
frozen, according to two CBS regimens are shown in
Fig.1.

As it is observed from the histogramme, €' value
of slowly frozen serum for all the investigated donors
is lower than the control. This testifies to the decrease
of free water quantity in system, that may be the result
of higher hydration of CBS molecules. At slow
freezing, the damage of biostructures is provoked by
the influence of increased saline concentrations,
forming at a gradual water transition from a liquid into
solid phase [11]. Damages of such a kind aggravate a
serum storage at -20°C, which is close to eutectic
temperature for the ions being present. At this
temperature, only free water is frozen-out, bound water
and rigidly bound (freezing temperatures from 35 to
-50°C and from -120 to -130°C, correspondingly [2,6])
remain under liquid condition. Such conditions may
impair the structure of lipoproteins and the confor-
mation of biomacromolecule [11], manifested in surface
polypeptide chain loosening [11]. As the result of this
the release of extra sites of binding for water molecules
takes place. The consequence of these processes is a
total increase of bound water amount in CBS (Fig.1).

The influence of CBS rapid cooling on €' value
according to slowly frozen samples has an inverse
orientation. For V and VII donors, €' value of rapid
cooling serum slowly differs from €' of native samples.
Probably, the impairments, caused by serum freezing

58
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Dielectric permitivity €'
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[unanekTpuyeckas npoHULAeMoCTb &'

50 - il IiE i N
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Poxennubl Puerpeta
Puc. 1. 3nagenns auanexrprdeckoi mporuraeMoctr £ CKK
npu 20°C. B —koutpounp; O-M3; O0-B3.
Fig.1. The values of CBS dielectric permittivity, €', at 20°C.
B - control; O - SF; O0-RF.
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MIPaKTUYECKH HE OTIINYAETCS OT CTPYKTYPBI CIEKTPOB
HATHUBHBIX OENIKOB, HO MOCJIE HU3KOTEMIIEPATYPHOTO
BO3JCHCTBUS YBEIWYHUBAETCS yPOBEHb CBETOpac-
CesSHUS pacTBOpaMH MakpoMolnekyin. PacueTr ypoBHs
nontomeHus npu 310 HM MO3BOJIMI MPEATION0KHUTh
acconuanuio 1 00pa3oBaHNE yCTOMYMBBIX arperaToB
OCIIKOB B pacTBOpPE MOCIIC 3aMOPaXUBAHUS, HAOIIO-
naeMyio Takke u MetogoM CBY-muanekrpomerpun
[8]. O4eBunHO, 3TH MpOLIECCH UMEIOT MECTO U MPH
osicTpoM 3amopakuBanuM CKK, uto nposBnsiercs B
noBeimeHnu €' (puc. 1). HesnaunrensHble OTIHYUS
a0COITIOTHBIX 3HAYCHHI €'y Pa3HBIX POKEHUIT 00y CIIOBITE-
HBI, BEPOSATHO, HHIAWBUAYAIBHBIMA OCOOEHHOCTSIMH
OnoXuMHIECcKoro 1 ropmoHaibHoro cocraa CKK.

Takum 00pa3oM, MONYYEHHBIC PE3yNbTaThl CBH-
JIETENBCTBYIOT O PA3HOCTOPOHHEM BIHMSAHUU HU3KHUX
temneparyp Ha Benuuuny £ CKK. Ilpu mennennom
3aMOpaXKMBaHUH HapyIIaeTcs: KOHPOpMa-1IMs MOJIEKYJI
CBIBOPOTKH U TOBBIIIAETCA KOJIMYECTBO CBSI3aHHOMN
BOJBI B CUCTEME, OBICTPOE 3aMOpaXKMBaHHE MOXKET
MIPUBOIUTH K KpHOAarperauny MoJIeKyJl U UX 1eruapa-
tauuy. CTeneHb 1 XapakTep BIUSHHSA HU3KUX TeMIIepa-
TYp ONPEAeNSIOTCA PEeXUMOM 3aMOPAXKHUBAHUSA U
WHIUBUIYyATbHBEIMUA ocoOeHHOCTsIMH cocTaBa CKK
noHopa. [loatomy s Gonee JOCKOHANBHOM OLICHKH
BKJIaJia OTIENbHBIX COCTaBHBIX 4aCTEH CHIBOPOTKH
KpOBHU B M3MEHEHHE AMAJIEKTPUUECKUX MapaMeTpoB
HeoOxoauMa HHPOPMAITHSI O TIOBEJICHUH KaXKIOTO KOM-
MTOHEHTAa CHIBOPOTKH Ha BO3ACHCTBHE HU3KUX TEMIIE-
patyp.

[ meTanbHOTO HCCIENO0BAHUSA CTPYKTYPHBIX
M3MEHEHUH KOMIIOHEHT CBIBOPOTKH NPHU OBICTPOM U
MEJJEHHOM 3aMOPaXMBAHUH OBLIN IMOJYYCHBI
3aBUCHMOCTH AVAJIEKTPHUECKUX apaMeTpoB €' u g"
CKK s poxxennn [1I u VII ot Temneparypsl B UH-
tepBaie 4-40°C, BEIYHCIICHBI 3HAYCHHS CTATHYECKOM
JUBIIEKTPMYECKOH MPOHUIIAEMOCTH € ¥ YaCTOTHI JIU-
IEKTPUYECKOH penakcanuu Monekyn Boasl f. Pe-
3yNbTaThl UBMEPEHHUN €' I HATUBHBIX M 3aMOpPO-
eHHbIX 00pasnoB CKK mpencrasnens: Ha puc. 2 u 3.

Bo BceM nccnenoBaHHOM HHTEpBaIE TEMIIEPATYp
3aBUCUMOCTH JUAJIEKTPUUECKON IPOHUIIAEMOCTH Xa-
pPaKTepU3yIOTCSI HEMOHOTOHHBIMU M3MEHEHUSIMU €'
pu Temreparypax 7-9, 18-20 (puc.3), 15-20, 26-28°C
(puc. 2) Kak 1151 HATUBHBIX, TaK H JIs1 3aMOPOKEHHBIX
o6pasuos. [Ipu Temneparypax 16-18,27-29 n 36-38°C
HaOJI0MAI0TCA CTYIIEHYaT000pa3Hble N3MEHEHUS IH-
INEKTPUIECKUX TOTEPh €' 1 HEMOHOTOHHBIE H3MEHe-
HUS CTATUYECKON TUANEKTPUUECKON NPOHULAEMOCTH
€, otpaxkaromel Bkian € u £ (puc. 4 u 5). [Iponeccsr,
MIPOVCXOISIIIFE TIPH ATOM B CHCTEMAX, COTTPOBOMKIAIOT-
Csl U3MEHEHHEM JHTANIBIINU aKTHBAIMH JHUIJIEKTPHU-
YECKOU peslakcalliy MOJIEKYI BOJBI, UYTO IPOSIBIIAETCA
B BUJE M3JIOMOB Ha ApPpPEHHYCOBBIX 3aBUCUMOCTAX
In £, o1 06paTHO# Temmeparypsl (puc. 6).

Ha puc.5 npeacraieHa 3aBUCUMOCTb IEKPEMEHTA
CTATUYECKON IUDIEKTPUYECKON MPOHUIIAEMOCTH AE
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are not significant. In other cases the € values of
rapidly freezing serum are statistically and sygnificantly
higher than the control, that testifies to an increase of
free water amount in the system. The investigation of
both serum albumin spectrum and immunoglobulins
absorption in UV region after freezing down to -196°C
[8] has shown that their structure does not practically
differ from native proteins spectrum one, but after the
low temperatures effect, the level of light dispersion
by macromolecule solutions increases. The calculation
of absorption level at 310 nm permitted to suppose the
association and the creation of stable protein aggregates
in solution after freezing, observed by UHF-dielectro-
metry method as well [8]. It is obvious that these
processes take place at rapid CBS freezing, which is
manifested in €' increase (Fig.1). Slight differences in
absolute values of €' in various parturients are stipula-
ted, probably, by individual peculiarities of biochemical
and hormonal CBS content.

Thus, obtained results orient to versatile influence
of low temperatures on €' of CBS. Under slow freezing
the serum molecules’ conformation impairs and the
number of bound water increases in system, rapid
freezing can bring both to molecular cryoaggregation
and dehydration. The degree and the character of low
temperature influence are determined both by freezing
regimen and individual peculiarities of donor’s CBS
composition. Therefore, for more thorough estimation
of contribution of blood serum certain components in
dielectric parameters changes, the information about
the behaviour of every serum component on low tempe-
ratures influence is necessary.

For detailed investigation of structural changes of
serum components at slow and rapid freezing the
dependencies of CBS dielectric parameters €' and €"
of parturients III and VII on the temperature within
the 4-40°C interval were obtained, the values of €
static dielectric permittivity and the frequency of
dielectric relaxation of water molecules f,, were calcu-
lated. The results of €' calculations in native and frozen
CBS samples are shown in Fig.2 and 3.

Within the whole investigated temperature interval
the dielectric permittivity dependencies are character-
ized by non-monotonous €' changes at 7-9, 18-20
(Fig.3), 15-20, 26-28°C (Fig.2), according to both na-
tive and frozen samples. At 16-18, 27-29 and 36-38°C
step-like changes in €" dielectric losses and non-mo-
notonous changes in static dielectric permittivity €,
reflecting €' and €" contribution, are observed (Fig.4
and 5). The processes, taking place in systems at that
time, are followed by the change in activation enthalpy
of water molecules’ dielectric relaxation, that is mani-
fested as a break on Arrhenius dependencies 1n f on
a reverse temperature (Fig.6).

In Fig.5 there is shown the dependence of static
dielectric permittivity A€ _decrement on temperature,
determined as the difference in €_of solvent (water)
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Fig.2. CBS ¢’ dependence on temperature for parturient I1I.
e — control; o— RF; A —SF.

OT TEMIIEPATYPBI, ONMPEIETIEMOr0 KaK pasHOCTh €
pacteoputens (Boasl) u € CKK. U3BecTHO, uTO
BennurHa A€ pacTBOPa OTHOCHTENBLHO PACTBOPHTENS
MIPOTIOPLIMOHANIEHA KOHIIEHTPAIMH PAacTBOPEHHOTO
BeIecTBa U ero ruapararuu [ 15]. Tak kak KoHIeHTpa-
uust komnoHeHT CKK ¢ pocTtom TeMmeparypsl He
HU3MEHSIETCSI, MOXHO NPEIINOI0KUTh, YTO TEMIIepa-
TYpO3aBHCHMBbIE M3MEHEHUS A€ ONpenensoTcs
CTETEHBIO CBA3BIBAHUS MaKpOMOJIEKyJaMH BOIbl. B
TaKOM ciryyae o0uiee usMeHeHne A€ Ipy MOBBILIEHUH
TEeMIIepaTypbl CBUIETEIBCTBYET 00 yMEHBIICHHUH
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Puc. 4. 3aBucumocth £" CKK oT Temmepatypsl miis
poxenunns! VII. @ — koHTpOIB; 0 — B3.

Fig. 4. CBS €" dependence on the temperature for the partu-
rient VII. @ — control; o — RF.
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Puc. 3. 3aBucumocts €' CKK oT Temneparypsl i poxe-
Hutps! VII. @ —koHTpONs; 0—B3.

Fig. 3. CBS €' dependence on temperature for parturient VII.
@ — control; o— RF.

and €_of CBS. It is known, that the Ag_value of the
solution, in respect of the solvent is proportional to the
concentration of dissolvent substance and its hydra-
tion [15]. As the concentration of CBS component with
the growth of the temperature does not change, it is
possible to suppose that the temperature-dependent
Ag_ changes are determined by the degree of water
micromolecules’ binding. In this case the total Ag
change at temperature increase testifies to the hydra-
tion decrease, and non-monotonous A€ _increase at 7-9,
15, 26-28, 32-34°C (control), does about its increase.

T T T T T T T
0 5 10 15 20 25 30 35 40 45
Temnepartypa, °C Temperature, °C
Puc. 5. 3aBrcUMOCTb I€KpEMEHTA CTATUYECKOM AUAEKTPHU-
ueckoii mponunaemoctu Ag CKK or temmeparypsr s
poxenunsl VII. @ — koHTpOns; 0 — b3.
Fig. 5. Decrement dependence of static dielectric permitti-
vity, Ag , CBS on temperature for parturient VII. @ —control;
o—RF.
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Puc. 6. AppeHHYCOBBI 3aBHCUMOCTH JIOrapu(mMa 4aCTOThI
JudIieKTpudeckoil penakcanuu aunonei soasl B CKK ot
00paTHO TeMITepaTyphl s poskeHUIH! VII. @ — KOHTPOITB;
o—b3.

Fig. 6. Arrhenius dependencies of frequency logarithm of
dielectric relaxation of water dipoles in CBS on the reverse
temperature for parturient VII. @ — control; o— RF.

TUpaTaluy, a HEMOHOTOHHOE Bo3pactanue AE mpu
7-9, 15, 26-28, 32-34°C (koHTpOdb) — 00 ece
yBenudenuu. OTiau4us B 3HaueHUAX A€ OBICTPO
3aMopokeHHBIX 00pa3moB CKK mo cpaBHEeHHIO C
KOHTPOJIEM MPOSIBIIAIOTCS PH TeMneparypax 18-24°C,
a Taxke nociye 28°C, 4uTo yKa3bIBaeT Ha yBEIMUEHUE
KOJIMYECTBA CBA3aHHOW BOABI. YacToTa AMIIEKTPH-
YEeCKOH peslakcaliiy JUIoiieil Boabl OBICTPO 3aMOpPO-
KEHHOM CBIBOPOTKH NpH TemmepaTtypax no 20°C
MEHBIIIE KOHTPOJIS, YTO TaK)KE CBUAETEIBCTBYET O
HEKOTOPOM 3aTOPMa)KMBAaHHUH BPAIICHUS THUIOJEH
Bozel B CBY mone B pe3ynbrare uX CTPYKTypHUPOBAHHUS
WJIH CBSI3BIBAHUS.

HemonOTOHHBIE M3MEHEHUS AMIIEKTPUUECKUX
rmapamMeTpoB, OYEBHUJHO, BHI3BAHBI TEPMOUHIY-
UPOBaHHBIMH U3MEHEHUSIMU KOH(POPMAIMH MOJIEKYJT
CBIBOPOTKH. VccrenoBanus cneKTpaJbHBIX Xapak-
TEPUCTUK IUIa3Mbl KOPOBOM KpoBH [12] nmo3soauan
YCTaHOBHUTH, YTO B TEMIIEPATypPHBIX MHTEpBajax
okono 8, 15 u 27°C pe3ko uU3MeHseTca yacToTa
BpateHus cnuHoBoro 30H7a. [lpu 18-20°C nabmio-
JlaeTCsl TIOBBIIIIEHNE JUHAMUYECKOW BSA3KOCTH [7],
TeMIlepaTypHas 3aBUCUMOCTb KOTOpPOW XapakTe-
pu3yeTcsl HaIu4ueM JAByX HHTepBajoB (4-18 u 20-
40°C) ¢ pa3muIHO# CKOPOCTHIO H3MEHEHUS BSI3KOCTH.

[ToBermenne Bsi3koctu mpu 20 °C xopo1ro Koppe-
TupyeT ¢ HaOMogaeMbpIM HaMH TIOHKEHHEM €' (CM.
puc.2 u 3), a TaKKe C SIBHO BBIPAKCHHBIM H3JIOMOM
Ha AppeHHYCOBBIX 3aBHCHMOCTSIX MIPH 3TOH K€ TeM-
neparype. CKOpOCTh YMEHBIIEHUS BI3KOCTH CcOIvlac-
YETCS C yMEHBIICHUEM CKOPOCTH U3MeHEHUs f, mociie
18-20 °C u, BepoATHO, Takke OOyCIIOBJICHO 3aTOp-
Ma)KMBaHUEM BpalleHMs AUINOJIEN BOABI U U3MEHE-
HUEM CTPYKTYPHOTO COCTOSIHUSI PACTBOPHUTEII.

Takum 06pazom, UccaeJOBaHUE JUIIEKTPUIECKUX
CBOWCTB HAaTHMBHOW, MEIJICHHO W OBICTPO 3aMOpPO-
xeHHoit CKK mo3Bonuio BBISIBUTH M3MEHEHUS
COCTOSIHHSA BOJBI NMPH TEPMOTPOMHBIX KOH(pOP-
MalUOHHBIX repexonax Monekylr CKK 1 ycTaHOBUTS,
YTO CTETIEHb ¥ XapaKTep BIUSHUSI HU3KUX TEMIIEPATyp
OTIPEICNIAIOTCS KaK PEeXUMOM 3aMOpaXKUBAHU, TaK
1 MHIUBUAYaTbHBIMH OCOOCHHOCTSIMH IOHOPOB.

BbiBOADI

BbisiBIeHBl HEMOHOTOHHBIE U3MEHEHUS €' , € U T
npu Temieparypax 7-9, 16-20, 26-28 u 36-38°C ans
HATHUBHBIX M 3aMopokeHHBIX oOpasnoB CKK. VYera-
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T T
3,1 3,2 3,3 3,4 3,5 3,6
1/Tx1073, K1

Differences in Ag_ values differences of rapidly fro-
zen CBS samples, compared with the control are mani-
fested at 18-24°C, and after 28°C as well, that testi-
fies to an increase of bound water amount. The fre-
quency of dielectric relaxation of water dipoles of rap-
idly frozen serum at temperatures down to 20°C lower
than the control, that also testifies to some slowing
down of rotation of water dipoles in UHF field in the
result of their structuring and binding.

Non-monotonous changes in dielectric parameters
are, probably, determined by thermoinduced changes
in conformation of serum molecule. Cord blood plasma
spectral characteristic investigations [12] permitted to
establish that within temperature intervals 8-15 and
27°C the frequency of spine-probe rotation sharply
changes. At 18-20°C the increase in dynamic viscos-
ity is observed [7], which temperature dependence is
characterized by existence of two intervals 4-18 and
20-40°C at various rate of viscosity change.

The increase in viscosity at 20°C correlates with
the observed by us decrease of €' (see Fig.2 and 3),
and with clearly expressed break on Arrhenius
dependances at the same temperature. The rate of
viscosity decrease coordinates with the decrease of
change after 18-20°C and, probably, is determined by
slowing down of water dipoles rotation and the change
in structural solvent state.

Thus, the investigation of dielectric peculiarities of
native, slowly and rapidly frozen CBS permitted to
reveal the change in water condition at thermotropic
conformational transition of CBS molecules and to
establish that both the degree and the character of
low temperatures influence are determined by freezing
regimen and by individual donor peculiarities as well.

Conclusions
Nonmonotonous changes in €', €" and f at 7-9, 16-
20, 26-28 and 36-38°C for native and frozen samples
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HOBJICHO, YTO MTPOMCXOAAIINE IIPU 3TOM TEPMOTPOITHBIE
KOH(OpMaIMOHHBIE H3MEHEHHSI €€ MOJIEKYJ COIPO-
BOX/AIOTCS YBEIMUEHUEM CTETIEHU THIpaTallyu.

OOHapyxeHO TOHM)KEHHE 3HAUYCHUH € mpu Men-
JIECHHOM 3amMopaxkuBaHuu 10 -20°C 1mo cpaBHEHHIO ¢
KOHTPOJIEM U OBICTPHIM 3aMOpPaXMBaHHUEM B PE3YJib-
TaTe yBEJIWYEHHS B CHCTEME KOIMYECTBA CBA3aHHON
BOJBI, YTO MOXKET OBITH CIIEICTBHEM U3MEHEHHS KOH-
dhopmanmm kommorneHT CKK.

BrrisBiI€HO, YTO AMAIEKTPUYECKas TPOHUIIAEMOCTh
€' mpu OBICTPOM 3aMOPAKMBAHUU B KHUIKOM a30Te
(-196°C) mubo He oTIIM9IaeTcs, OO0 MPEBHIMIAST KOHT-
POIIBb, YTO 0OYCIIOBIEHO HHANBUAYATHHBIM COCTAaBOM
CKK noHopos.
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of CBS have been revealed. It is established that,
occurring at this time the thermotropic conformational
changes in its molecules are accompanied by an
increase of hydration degree. There was found the
decrease of €' values at slow freezing down to -20°C
in comparison with the control and rapid freezing in
the result of increase in the system of bound water
that may be the cause of change in conformation in CBS
macromolecules.

It is established that the dielectric permittivity, €' at
rapid freezing in liquid nitrogen (-196°C) either does
not differ, or exceeds the control, that is determined
by an individual composition of donor CBS.
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