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Biochemical and Dielectric Characteristics of Follicular Fluid
from Human Ovary after Freezing-Thawing

HccnenoBano BnusiHuEe pa3Mepa (OJUIMKYNIa, COAepkaHus oluiero Oeika, caxapoB, TOPMOHOB (3CTpajHoa, TECTOCTEpPOHa,
HpOrecTepOHa), a TaKXkKe 3aMopaxkuBaHus 10 —196°C n XxpaHeHHs B )KUAKOM a30Te Ha COCTOSIHUE BOABI B (DOJUTHKYJISIPHOH )KUIAKOCTH
(PX) sauynuka yenoeka. OOHAPY)XEHO yBEJIMUEHHE YacTOThI TUAJIEKTpUUECKON penakcanuu Monekya B XK ¢ poctom pasmepa
¢donmkyna. BeisBiena TecHas 3aBUCHMOCTh ruzpatauuy komrnoneHT OXK ot nuamerpa ¢Gosumukyna. YCTaHOBICHO, YTO OBICTpOE
3aMOpaXMBaHUEC U XPAHCHUEC IPUBOJAAT K IOHUKCHUIO YaCTOThI zmane](TpW{ecxoﬁ peiakcaunu MOJ'leKy.]'l BOJIbI B (D)K, YTO MOXKET 6blTb
PE3YIbTAaTOM YBEINYECHHUSA B CUCTEME KOJIMYECTBA CBﬂ3aHHOﬁ BOJBbI.

Kniwoueswvie cnosa: GponnuxyiasipHas XKUAKOCTb, 3aMOPaXKHUBAHHUE, YaCTOTa IUAJICKTPHUECKOH pelakcaluyd MOJICKYN BOMBI,
ruapaTanms.

JocunimkeHo BIUIMB po3Mipy (oItiKysa, BMICTY 3arajbHOro Oijka, caxapiB, TOPMOHIB (€CTpaioiy, TECTOCTEPOHY, IIPOreCTEPOHY),
a TakoXX 3aMopokyBaHHs 10 —196°C i 30epiranHs y pinkoMmy a3otTi Ha ctaH Boau y domikymsipHii pinuni (OP) seunuka moaunu.
Bu3zHa4eHo 3011bLICHHS YaCTOTH JieIeKTpHYHOT penakcauii Mojiekyn y OP 3 poctom po3mipy ¢osikyna. BusisieHa TicHa 3aeKHiCTh
rigparauii komrnonenTiB OP Bix niameTpa doikyna. BcraHoBneHO, 1110 MIBUIKE 3aMOPOXKYBaHHS 1 30epiraHHs MPUBOASTH J10 3HIDKCHHS
YaCcTOTH JTieNIEKTPUYHOI pesakcanii MoneKyn Boau B DP, sike Moyke OyTH pe3ysibTaToM 301IbIICHHS Y CUCTEMI KiJIbKOCTI 3B’ sI13aHOT BOAIN.

Kniouosi cnosa: dhonikynspHa piguHa, 3aMOpOXKyBaHHs, YaCTOTA ieJICKTPUYHOI peslakcarlil MoJeKysl BOAH, Iixpararis.

The effects of a follicle size, total protein, sugar and hormone (estradiol, testosterone, progesterone) contents as well as freezing
up to —196°C and storage in liquid nitrogen on water state in follicular fluid (FF) of the human ovary were studied. An enhancement
in the frequency of dielectric relaxation of molecules in FF with a follicle size increasing was discovered. A close dependence of FF
component hydration on a follicle diameter was revealed. It was shown that a rapid freezing and storage caused a decrease in the fre-
quency of dielectric relaxation of water molecules in FF, which could be a result of a gain in the quantity of bound water in the system.

Key words: follicular fluid, freezing, frequency of dielectric relaxation of water molecules, hydration.

Oomnukynsapras xugkocts (PXK) suunnka gaBis-
€TCsl CIIOHON OMONOTHYECKOU cpenod, MPOIyKTOM
KJIETOK IPaHyJIe3bl, OKPYKAIOLIEH OOLIUT B MEPUOJ] ETO
CO3peBaHUs. YCTaHOBJIEHO, uyTo nobasienne 50% Ha-
tuBHOM @K B cpexy Menezo B-2 noseiaer oniaogoT-
BOPSAIOIIYIO CIIOCOOHOCTH CIIEPMHEB, UX (YHKIIHO-
HaJbHYIO aKTHBHOCTH U MEpEKUBaeMoCTh. B padote
[2] moka3zaHo, UTO IpeABApHUTENbHAS HHKYOALS CIIep-
MueB xpska B 75%-it 6eraneit @K npu 25°C B Teye-
Hue | 9 mepen 3aMOpakBaHNUEM MTOBBIIIAET UX KPUO-
PE3UCTEHTHOCTH M 3alIUIIAET OT KPUOTIOBPEKACHHH.
B cBs131 ¢ 3THIM BO3HUKAET HEOOXOANMOCTh COXPAaHHUTh
Oouonornuecku akTuBHbIe cBoiicTBa DK B necxogHOM
COCTOSIHUHM JUTUTeNbHOE BpeMs. PazpaboTka TexHoIo0-
TUYHOTO U 3P PEKTUBHOTO crocoda JIUTENbHOTO
xpaHeHuss OX pacmpuT BO3MOKHOCTH €€ IpHMe-
HEHUS B pa3HBIX 00J1acTsAX OMOJIIOTUN U MEULIMHEL, B
YaCTHOCTH JUIs HOATOTOBKY CIIEPMHUEB K MHCEMHUHALIMN
[3], KyTBTHBHPOBAHMUS OOLIUTOB U SMOPHOHOB [2, 4].
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Ovarian follicular fluid (FF) is a complex biological
medium, a product of granulosis cells surrounding the
oocyte during its maturation. Adding 50% of native
FF to the medium Menezo B-2 was found to increase
fertilising ability of spermatozoa, their functional activi-
ty and survival. A pre-incubation of the boar spermato-
zoain 75% bovine FF at 25°C for 1 hour before freezing
was shown [2] to increase their cryoresistance and to
protect them from cryoinjuries. In this respect a neces-
sity to preserve biologically active properties of FF on
the original level for a long time arises. Development
of producible and efficient methods of long storage of
FF can widen opportunities of its application in different
fields of biology and medicine, particularly for prepa-
ration of spermatozoa for insemination [3], cultivation
of oocytes and embryos [2, 4].

Low temperature preservation is used for long sto-
rage of biological tissues and media. However low
temperature influence on biological fluids (FF, plasma,
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Jia nmuTensHOro XpaHeH!s OMOIOTHYECKUX TKa-
HEH U cpeJ1 NCTIONb3YeTCsl HU3KOTeMIIepaTypHOe KOH-
cepBupoBanue. OTHaKo NEHCTBHE HU3KUX TEMIIEpaTyp
Ha Ononoruyeckue xuaxoctu (PK, miasmy, cbIBOpOT-
Ky KPOBH H JIp.) MOXKET U3MEHUTbH Psill PU3UKO-XUMU-
YeCKUX IoKa3zaTeneh [9], KoTopble BIOCIEACTBUU
OyayT IeHCTBOBaTh NOBPEKAAIOLIE HA CTPYKTYpPY H
(YHKLINY MaKpOMOJIEKYJI, CONEPKAIUXCS B HUX, UIH
Ha MEXMOJIEKYISIpHbIE B3aMMOACHUCTBUS B OMOJIOTH-
YEeCKHUX KUAKOCTAX. bonbpioe 3HaYeHne aiist cTabnim-
3al[U HATHBHOHM KOH(OpMaITH MaKpPOMOJIEKYJI IMEET
TUApaTALMOHHBIN CI0M BOABI, CTPYKTYPHO CBS3aHHBIN
c meii [18]. B aTom acmexkte mHTEpecC MpeACTaBISET
M3YyYeHHE BIUAHNSA 3aMOPaXKUBAHUI-OTOTPEBA U Xpa-
HeHus npu —196°C Ha rHapaTaluio MaKpOMOJIEKYI
@K, nonyyeHHO! U3 MPEOBYIATOPHBIX (HOJUIUKYIOB
SMYHMKa yesloBeka. B paboTe ObL1 HCIIONB30BaH Me-
toa CBY-nmanexrpomerpui [10], koTopslii mO3BONSET
PEruCTPUPOBATh J1aXkKe HEe3HAYMTEIbHbIE U3MEHEHUS
CBOWCTB OMOJIOrMYECKUX KUIKOCTEH MO0 N3MEHEHUIO
COCTOSIHUS BOJIBI B CHCTEMe. DTO 00YCIOBJICHO TEM,
YTO JII0OBIE CTPYKTYpPHBIE WJIM KOH(QOpPMAIMOHHBIE
W3MEHEHHUS KOMIIOHEHT PacTBOPOB BIHAIOT HA COOT-
HOIIIEHNE KOJINYECTBA CBOOOIHON M CBI3aHHON BOJIBI.

ens paboTel — uccaeqoBaHNe OMOXUMUISCKUX
nokaszareneit @)K u ChIBOpOTKU KPOBH, BIUSHHUS pa3-
Mepa QonKyna, a TakKe 3aMOpaKUBaHUS U Xpa-
Henus @K npu reMneparype )KHUIKOro a3oTa Ha Coc-
TOSIHUE BOABI U rujparanuio komnoHeHT XK, orpa-
KAIOIIUX U3MEHEHHS MX CTPYKTYpHOTO M KOH(Op-
MAaIMOHHOTO COCTOSIHUSI.

Martepnaabl 1 meToAbI

QOoTHKYIAPHYIO JKUJIKOCTh MOTydain Ha 0aze
LenTpa penpoaykunu denoBexa “Mmmmant” r. Xapb-
KoBa OT 15 keHiuH (Bcero 15 GposuinkyIoB), mpoxo-
JTUBIINX KypC JeUeHus: OeCIIoaus METOJ0M KCTpa-
KopropaisHoro omtogorBoperus (IKO) oorura ¢ mo-
CIIEYIOIINM IEPEHOCOM 3MOPHOHOB B IOJOCTh MAaT-
Kd. Bce KeHIMHBI HaXOAWINCh B PENPOLYKTHBHOM
Bo3pacte (25-35 sieT) U HEe UMEIH SHAOKPHUHHBIX
Hapymenuil. B npouecce 9KO npoBoaunm menuka-
MEHTO3HYIO CTUMYJISILUIO (DOJUTUKYJIOT€He3a 110 JIHH-
HOMY IIPOTOKOJIY C MCIIOJIb30BAaHUEM aroHHUCTOB PH-
nusuHr-ropmona (“Suprefact”, Hoechst, IOAP) u
YeJI0BEYECKOI0 (POIIIMKYIOCTUMYIIUPYIOLIETr0 FOpMO-
Ha (“Menogon”, Ferring, 'epmanus ) [16]. XKugkocts
13 JOMUHAHTHBIX QounKyoB (17-25 MM) nonyvanu
IIyTeM TPaHCBAarMHAJIBHON MYyHKIMU M acCMUpalUU
(ommmkysoB Ha 12—14-i 7eHP MEHCTPYaJIbHOTO IIHKJIA
rocie npeasaputenbHoi nabekIuu 10000 ex. geno-
BEYECKOTr0 XOPHOHAIILHOTO roHatoTponuHa (“Profasi”,
Serono, BenukoOpuTanus), KOTOpbIH BBOAMUIIN 32
34-36 4 nepexn acuupauueir. OObEeM MOTYyUYCHHOU
YKUJIKOCTH, 3aBUCAIINIA OT pazmepa (houmikyna (kodd-
¢unuent xoppensinuu 0,91 npu ypoBHE 3HAYMMOCTH
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blood serum efc.) can change a number of physico-
chemical indices [9], which afterwards will damage
structures and functions of macromolecules or inter-
molecular interactions in biological fluids. Hydration
layer of water bound structurally with macromolecules
[18] is of great importance for the stabilisation of a
native conformation of macromolecules. In this aspect
the investigation of freezing-thawing and —196°C sto-
rage influence on hydration of macromolecules of FF
obtained from human ovarian preovulatory follicles is
of great interest. The method of UHF-dielectrometry,
which allows recording even minor changes of pro-
perties of biological fluids judging by changes in water
state in the system, was used in the work. It is due to
the fact that any structural or conformational changes
of a solution components affect the free water and
bound water ratio.

The aim of the work is to study biochemical para-
meters of FF and blood serum, the influence of a follicle
size as well as the influence of freezing and storage of
FF at liquid nitrogen temperature on the water state
and hydration of FF components, which reflect changes
of their structure and conformation.

Materials and methods

Follicular fluid was obtained in the Human Repro-
duction Center “Implant” (Kharkov) from 15 women
(15 follicles on the whole), who were under infertility
treatment by the method of in vitro fertilisation of an
oocyte with the following transfer of an embryo into
the uterine cavity. All the women were at the repro-
ductive age (25-35 years old) and had no endocrine
disorders. In the process of in vitro fertilization drug
stimulation of folliculogenesis according to the long
protocol with release hormone agonists (Suprefact,
Hoechst, RSA) and human follicle-stimulating hormone
(Menogon, Ferring, Germany) was carried out [16].
Fluid from dominant follicles (17-25 mm) was obtained
by transvaginal puncture and aspiration of follicles on
the 12"—14" day of a menstrual cycle after the
preliminary injection of 10,000 units of human chorionic
gonadotropin (Profasi, Serono, UK), which was admi-
nistered 34—36 hours prior to the aspiration. The volume
of'the fluid obtained, which depended on a follicle size
(the correlation coefficient 0.91 with the significance
level less than 0.01, the amount of sampling 11), was
measured with a graduated vial. After extracting oocy-
tes and assessing their quality the remaining FF was
centrifuged at 200 g for 10—15 min to have cumulus
and blood cells precipitated. The supernatant was used
in the experiments. The FF obtained was packaged
into apyrogenic plastic ampoules in 0.7—1.0 ml, marked
and frozen at the rate of 300-400°C/min by a direct
plungimg of the ampoules into liquid nitrogen. A part
of the frozen material was stored at —196°C for a
month. The FF samples were thawed in a water bath
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menee 0,01, o6vem BeIOOpKH 11), u3Mepsin MepHOH
npobupkoii. [Tocie BhIZeIeHHs OOIUTOB U OTICHKH UX
kadecTBa octasuytocs OXK uentpudyruposanu npu
200 g B Teuenue 10—15 MuH 1715 ocaXkAEHUS KJIETOK
KyMyJItoca ¥ KpoBH. J{71s1 HcclienoBaHUi HCIIOIb30BaIN
cynepHaranT. [lonyuennyro ®XK pachacoBbiBanu B
anupOreHHbIE MIACTUKOBBIE aMIyiabl o 0,7—-1,0 mi,
MapKUpOBaJIM U 3aMOPaKUBaJIH cO CKOpocThio 300—
400°C/MUH IpSMBIM TTIOTPYKEHUEM aMITyJl B )KHUIKUH
a30T. YacTs 3aMOPOKEHHOTO MaTepraja XpaHuiu Ipu
—196°C B teuenue mecsma. Ob6pasusr XK pazmopa-
KUBaH Ha BoAsHOH Oane mpu 37°C. HatuBryro ®XK
(KOHTpPOJIIB) HCCIIEIOBAIH B TeUCHHE 3—6 1 TIOCIIE BHI-
nenenusi. ChIBOPOTKY KPOBH MAIMEHTOK HOTyYaly 1O
CTaHJAPTHOU METOJUKE, UCIIONIB3yEeMOM B KIIMHUKE [6].

YpoBeHb TOPMOHOB (3CTpaANoia, TECTOCTEPOHA U
nporectepona) B @K 1 ceIBOpOTKE ompenensiim Me-
TOAOM Tpex(azHOro UMMYHO(EPMEHTHOTO aHaJIH3a
[17]. IIpu ompeneneHumn oOIIero Oeka MO METOIY
Lowry [28] B kauecTBe cTaH1apTa UCIIOJIB30BAIIH ChI-
BOPOTOYHBIN anbOyMUH deoBeka. J{ist u3y4uenus pac-
npeaesaeHus OENKOB MO MOJEKYISIpHBIM Maccam
WCIIOJIB30BAIN TeIb-XpOMaTorpaduio Ha KOJOHKE
30x1 cm c cedanekcom G-200. Konnentparmro 6enka
BO (pakIsix 00seMoM 1 M1 onpenessiim CieKTpodoTo-
meTpryeckuM Metogom. Caxap B ®XK u crlBOpoTKe
KpOBHU HccaenoBanu no merody [19]. Husnexktpu-
yeckyro nponunaemocts O©XK mamepsiim na CBY-
JU3JIEKTPOMETPE PE30HATOPHOTO THIIA HA 4acTOTE
9,2 ITu npu xomHaTHOW Temmeparype (20°C) mo
METOLY, ontcaHHoMy B [22]. IlorpemHocTs n3mepeHnit
cocrasisia 0,1% nnsa € u 0,5% npna €”. Yacroty
JIMBIIEKTPUYECKOH PENaKCalluk MOJIEKYJ BOAbI f, B
o0pa3iax paccuMThIBAIMU 110 ypaBHeHUsM [ebast [5].

HopmansHOCTh pacmpeneneHnii mpoBepsuId Mpu
nomoiwu tecta [anupo-Yunka. Ilpu cpaBHeHUn
ouoxmmuuecknx nokazateiaed @K u crIBOPOTKH
WCIIONB30BAIM MapHbIi t-kputepuid CteionenTa. Pa-
BEHCTBO JIUCIIEPCUI OLICHUBAIIA KpuTepueM duniepa.
TecHOTy cBA3M MEXKy TOKa3aTeNsIMU ONPEAEIISIN 110
k03¢ duurenty xoppemsiuuu [Iupcona. CpaBHeHHE
HaTHBHBIX, 3AMOPOKEHHBIX U XPAHUBILHUXCA B JKUIKOM
azote oOpasnoB DK ocymecTBIsUIM NPU MOMOIIH
JUCIEPCHOHHOTO aHalu3a MOBTOPHBIX M3MEPEHHH,
MHOKECTBEHHOE CpPaBHEHME TpyII — t-KpUTEpUsA
CreronenTa ¢ nomnpaBkoil bougepponu. Craructu-
4eCcKyl0 00paboTKy pe3ylbTaTOB OCYIIECTBIISIIN B
mporpamme OriginPro 8.

Pe3yAbTaTbl M 00CYyXxAeHHe

Cpennue 3HaYeHUS OMOXIMHYECKUX ITOKa3aTenen
@®K 1 CBIBOPOTKH KPOBHU MALUEHTOK IIPEICTABIECHBI B
tabm. 1. [Ipu yposae 3nauumoctu p = 0,05 oGHapyxe-
HO IOCTOBEPHOE MIOHM)KEHUE CPEIHET0 3HAUEHH S KOH-
LEeHTpanuy o0mero 0enka, 3CTpaanoia U TeCTOCTe-
pona B ®XK o cpaBHeHuto ¢ ceiBopoTkoii. Habmronae-
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at 37°C. The native FF (control) was studied within
3—6 hours after obtaining. The patients’ blood sera were
obtained according to the standard technique used in
the clinic [6].

The hormone (estradiol, testosterone and proges-
terone) levels in FF and blood were determined by the
three phase immune-enzyme assay [17]. When the
total protein content by Lowry method [28] being
estimated, human serum albumin was used as the
standard. To study the protein distribution by molecular
weights gel-chromatography on a column 30x1 cm fil-
led with Sephadex G-200 was applied. Protein con-
centrations in the 1 ml fractions were registered spectro-
photometrically. FF and blood sugar contents were
determined according to the method [19]. FF dielectric
permittivity was recorded with a resonator UHF-
dielectrometer at the frequency of 9.2 GHz at the room
tempe-rature (20°C) according to the method [22].
The pre-cision of measurements was 0.1% for €’ and
0.5% for £”. The frequency of dielectric relaxation of
water molecules, f, in the samples was calculated by
Debye equations [5].

The normalcy of distribution was checked with the
Shapiro-Wilks test. The FF and serum biochemical
indices were compared with the Student paired t-test.
The equality of variances was estimated with the Fisher
test. The closeness of connection between the indices
was assessed with the Pearson correlation coefficient.
The comparison of the native, frozen and stored in
liquid nitrogen FF samples was performed with the
variance analysis of repeated measurements. The
multiple comparison of the groups was performed with
the Student t-test with the Bonferroni correction. The
data were statistically processed using OriginPro 8
software.

Results and discussion

The average values of the patients’ FF and blood
serum biochemical indices are presented in Table 1. A
significant reduction in the total protein concentration,
estradiol and testosterone levels in FF in comparison
with the blood serum values was observed (the
significance level p = 0.05). There is an increase in
the progesterone content. Testosterone variances in
FF are lower than those in serum, but FF progesterone
variances are higher. The most variable parameters
are the FF volume in a follicle, estradiol and testoste-
rone concentrations in FF as well as progesterone
concentration in serum. The variation coefficients for
these parameters are 20% and higher. The least variab-
le parameters are the frequency of dielectric relaxation
of water molecules in FF and the total protein contents
in FF and serum (the variation coefficients are lower
than 10%). Positive correlations between estradiol and
testosterone concentrations, between total protein and
sugar contents in blood serum and a negative correlation
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TCSI TIOBEHITIICHUE CPEAHETO 3HAUYCHUS KOHIICHTPAIIH
nporecrepona. fucnepcun recrocrepona B OK MeHb-
11e, YeM B CEIBOPOTKE, a IporecTepoHa dospiie. Hau-
Ooyiee BapuaOeIbHBIMU TapaMeTPaMU SBISIOTCS
o00bem DK B ommukyse, KOHIIEHTpAI|H 3CTPaanoa
u Tecroctepona B @K, a Takke KOHIICHTpALMS IPO-
recTepoHa B ChIBOpOTKe. s 3TUX moKazaTelei
k03 PuIMeHTH Bapuanuu cocTapistoT 20% u BbITIIE.
Haunmenee BapmnaOenbHBI — 9acTOTa AMIIICKTPUUESC-
KO penakcanuu MoJiekys1 Boibl B @K 1 KoHILIEHTpaIus
obmero 6enka B @XK u ceiBopotke (k03D HUIIHEHTHI
Bapuanuu MeHee 10%). HabmonaroTcest mooKuTensb-
Hast KOPPEJLITUS MEXK Ty KOHIIEHTpaIuel dcTpaanona
U TECTOCTEPOHA, MEXIY OOIIUM OEITKOM M caxapoMm
B CHIBOPOTKE KPOBH U OTPULIATEIBHAS — MEXIY KOH-
neHTpanuei scrpaauona u 6enka B GXK (p <0,05). C
yBEIIMYCHUEM pa3Mepa (OJUTHKYIa YMEHBIIAKTCS
KOHUEHTPALUUU CTEPOUIIHBIX TOPMOHOB ACTPaaAHOia
(p < 0,01) u Tecrocrepona (p = 0,07) (tabxn. 2). He
HaO0IIOIaeTCsl SIBHON KOPPEISIUN MEXIY pa3MepoM
(dhommukyna u KoHIeHTpanue caxapoB B OXK. Me-

between estradiol concentration and total protein
content in FF (p <0.05) are found. The bigger a follicle
is, the lower steroid hormone estradiol (p < 0.01) and
testosterone (p = 0.07) concentrations are (Table 2).
No correlation between the size of a follicle and sugar
content in FF was found. A significant difference in
relative protein contents in FF of big and small follicles
in the fractions containing the most high-molecular
proteins with the molecular weights of 600—800 kDa
and larger was found using gel-chromatography
(Fig. 1). In the diagram presented one can see that in
the FF obtained from small follicles the portion of high-
molecular proteins is higher. A distinctive feature of
FF is the presence of high-molecular proteoglycans in
it. They are carbohydrate-protein complexes, in which
polysaccharide chains are bound covalently to protein
holding a central location in the molecule [20]. Proteo-
glycans are highly negatively charged because of great
quantity of lateral polyanionic chains. These unique
structural properties allow binding a large amount of
water and provide a high hydration capacity of proteo-

Tadomuua 1. Cpenaue 3HaYeHIS ONOXUMHYECKUX U (PU3NIECKUX mokaszareneii @K
SIMYHUKA YeTIOBEKA F CBIBOPOTKH KPOBU

Table 1. Average values of biochemical and physical indices of human ovarian FF and blood serum

Ie CranpapTHOe AOBepUTEABHBIHN Koaddpunuent O6beMm
peaHee
INokasaTeab OoGpaser, SHAYGHIE OTKAOHEHHe MHTEpPBaA Aucnepcus BapHalun BEIOOPKH
Index Sample A Standard Confidence Variance Variation Amountof
verage o : - .
deviation interval coefficient sampling
CBIBOpPOTKa 67 6 4 32 0,08 12
OOmuit 6enok, /A
Total protein, g/1
DK 57 5 3 27 0,09 12
ChIBOPOTKA 4,0 0,7 0,5 0,6 0,19 12
Caxap, MMOAB/A
Sugar, mmole/1
DK 4,5 0,6 0,4 0,4 0,13 11
CBIBOpPOTKA 0,37 0,04 0,02 0,001 0,14 12
OCTPaAuoOA, HMOAB/A
Estradiol, nmole/1
DK 0,18 0,05 0,03 0,002 0,27 11
CBIBOpOTKa 1,0 0,2 0,09 0,02 0,15 12
TecToCTepOH, HMOAB/A
Testosterone, nmole/1
DK 0,17 0,04 0,03 0,002 0,23 11
CBIBOpPOTKa 13 4 4 16 0,32 6
TIporecTepoH, HMOAB/A
Progesterone, nmole/1
DK 160 12 12 142 0,08 6
AuaMerp QoAMKyAa, MM - 20 2 1 5 0,11 11
Follicle diameter, mm
O6BeMm OIK
B q’ISIQ‘AHKY"e' M - 2,4 0,7 04 03 0,29 15
volume
in the follicle, ml
YacroTa
AUIAEKTPUIECKON
peAaKcanyy MOAEKYA
Boaw! (f,) BOIK, I'ny - 14,7x10° 0,3x10° 0,2x10° 8x10'° 0,02 9
Frequency of dielectric
relaxation of water
molecules (f) in FF, Hz
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TOJIOM Tellb-XpoMaTorpaduu
OBLTIO OOHAPYKEHO JTOCTOBEP-
HOE pa3In4Ke B OTHOCUTEILHOM
conepxxanuu Oenka B ®XK ma-
JIBIX 1 O0NBIINX (DOJUTUKYIIOB BO
¢dpakusax ¢ Haubosee BBICOKO-
MOJIEKYJISIPHBIMH O€JIKaMH MOJIe-
KynsapHoi Maccel 600-800 x/{a
u Boime (puc. 1). VI3 mpuBeneH-
HOW JMarpaMMbl BUIHO, YTO B
@K, nonydyeHHONW U3 MaibIx
(hONITNKYIIOB, TOJIT BBICOKOMO-
JIEKYJSIPHBIX OENKOB OOoJbIIe.
XapaktepHast 0cOOEHHOCTb (hoJI-
JIMKYJISIPHOH KUAKOCTH — HAJU-
Yhe B HEH BBICOKOMOJIEKYJISIP-
HBIX IPOTEONNTMKAHOB. OHU Mpet-
CTaBJISIFOT COOOM yIieBOA-0e-
KOBBIC KOMILJICKCHI, B KOTOPBIX
MoJIncaxapuaHble LeNH KoBa-
JIEHTHO CBsI3aHBI ¢ O€JIKOM, 3a-
HUMAIOIIMM B MOJIEKYJIE IIeHT-
pansHOe onoxkenue [20]. [Ipo-
TEOTIIMKAHBl UMEIOT OONBIION
OTpUIIATENILHBIN 3apsaa U3-3a
3HAYUTEIHHOTO KOJINYECTBA JIa-
TEpabHBIX MOJMAHUOHHBIX 1Ie-
neil. OTH yHUKaJIbHBIE CTPYKTY-
PHBIE CBOMCTBA MTO3BOJISIIOT CBS-
3bIBaTh OOJIBILIOE KOJIMYECTBO
BOJABI U 00ECIIEUUBAIOT BBICO-
KYyIO TUAPATAOHHYIO EMKOCTb
nporeonivkaHoB [21]. [Tomyuen-
HBIE METOJIOM TelIb-XpOMaTo-
rpaduu JaHHBIE MO3BOJSIOT
MPENOIOKUTh, YTO B MaJbIX
(honnuKynax OTHOCHUTEIBHOE

Taoauuna 2. Koah GuipeHTs! Koppessiiuy MEX1y pa3TndHbIMH ONOX UIMHYCCKUMHU
u ¢pusnueckumu rmokaszaressiMu OXK 1 CHIBOPOTKH KPOBH

Table 2. Correlation coefficients between different biochemical

and physical indices of FF and blood serum

TTokasareanb
Index

Koaddunuent
KOppeAsanun
Correlation
coefficient

YpoBeHb
3HAUYMUMOCTH
KOPPeAsIiu

Significance level
of correlation

OOBbeM BEIOOPKA
Amount of
sampling

Octpapnor OXK u o6bem OIK
dorrnkyaa
FF estradiol and FF volume in the
follicle

—0,78

0,005

11

Tectoctepor @)K n o6sem OIK
dorrnkyaa

FF testosterone and FF volume in
the follicle

—0,57

0,07

11

YacToTa AMIAEKTPUIECKON
PpeAakcaru MOAGKYA BOARL (f,) 1
o6beM OXK dorrukyra
Frequency of dielectric relaxation of
water molecules (f) and FF volume
in the follicle

0,91

0,0008

Beaok 1 caxap CBIBOPOTKHU
Serum protein and sugar

0,68

0,02

Benaok u acrpapuonr OIK
FF protein and estradiol

—0,71

0,02

11

Ocrpaauoa u tecrocrepor OXK
FF estradiol and testosterone

0,03

11

YacToTa AMIAEKTPUIECKON
peAaKkcaru MOAGKYA BOARBI (f,) 1
G6erok OXK
Frequency of dielectric relaxation of
water molecules (f,) and FF protein

0,68

0,14

YAEeABHBIM AeKpeMeHT
AMDAEKTPUYECKOH IIPOHUIIAEMOCTH
u o6veM OIK dorruKkyara
Permittivity specific decrementand
FF volume in the follicle

—0,97

0,002

YAEABHBIN AGKPEMEeHT
AUSAEKTPHUYECKON IIPOHUIIAEeMOCTH
u pramMeTp (POAAMKYAQ
Permittivity specifi c decrementand
the follicle diameter

—0,998

0,0001

CoJiepKaHUe MTPOTEOTNIMKAHOB BBIIIE, YEM B OOJIBIIIHX.

PenakcaunonHnbie cBoiicTBa MoeKyn Boasl B DK
TaKXe CYLIECTBEHHO 3aBUCAT OT pa3Mepa (osumkyna:
c ero yeenudyenuem sHadenue f, @K Bospacraer
(ko3¢ duruent koppensuuu 0,91 npu ypoBHE 3HAYH-
moctu meHee 0,01) (tabn. 2). [lonmydyennsle HaMu
JAHHBIE COTIIACYIOTCS C TAHHBIMU 3aBUCHMOCTH BSI3-
koct DX ot pasmepa dommukymna [29]. ITo Jlebaro
BSI3KOCTh M 4acTOTa AMIIEKTPUUECKOH pellakcannuu
MOJISIPHOM JKUIKOCTH, COCTOSLIEH M3 CHEepUUECKUX
JUIoJIeH, UMEIOT oOpaTHyto 3aBucuMocTs [5]. Cor-
nacHo pabote [29] Ba3kocTh DX, momydueHHoM U3
Oosiee KpyNHBIX (OJITUKYIOB, UMEET TEHACHLUIO K
YMEHBIICHHUIO, YTO MOKET OBITh CBSI3aHO CO CHIDKE-
HUEM KOHLEHTPALUU HEKOTOPBIX KoMIoHeHT ®XK un
YBEIMYEHUEM COICPKAHHS CBOOOTHON BOBI.

B ®X BbIsiBIIEHBI OEITKH TUIA3MBI, CTEPOUIOCBSI-
3BIBAIOIIUI O€JI0K, GEepMEHTHI, MYKOIIOHCaXapHIbI,
CTEpOU/IbL, TOPMOHEKI THI0(h13a, HECTEPOUIHBIE OBapHa-
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glycans [21]. The data obtained using gel-chromato-
graphy allow assuming that the proteoglycan relative
quantity in small follicles is higher than that in big ones.

The relaxational properties of water molecules in
FF also depend greatly on a follicle size: the bigger a
follicle is, the higher the FF f, value is (the correlation
coefficient 0.91 with the significance level less than
0.01) (Table 2). The results obtained are consistent
with the data on the dependence of the FF viscosity
upon a follicle size [29]. According to Debye viscosity
and frequency of dielectric relaxation of a polar liquid
consisting of spherical dipoles are in an inverse relation-
ship [5]. In the work [29] the viscosity of FF obtained
from bigger follicles tends to decrease, which can be
due to a decline in concentrations of FF certain compo-
nents and a rise in the free water content.

Plasma proteins, a steroid-binding protein, enzymes,
mucopolysaccharides, steroids, hypophysis hormones,
nonsteroid ovarian factors efc. are found in FF [13,
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neHbIe (akTopsl u np. [13, 26]. CocraB ®XK Bapbu-
PYET B 3aBUCHMOCTH OT TOPMOHAJIBHOTO CTAaTyCa )KCH-
IIVHEBI, CTJMH CO3PEeBaHMUs (DOJUTHKYJIIA U IIEJIOTO psijia
npyrux (paxkTtopoB. Bee 3To MOXKeT 0Ka3bIBaTh CYIIECT-
BeHHOE BausAnue Ha f, ®IK. B Hammx ucciaenoBanusax
13 BceX (DOJUTMKYITOB OBLTH MOTYYESHBI 3PEITbIe OOIHUTHI,
a KOHIIEHTpalH NoJoBeIX ropMoHOB B ®XK u chiBo-
POTKE KPOBH MALIMEHTOB COOTBETCTBOBAIN HOPMAaJIb-
HBIM ITOKA3aTeJIsIM [T 3TUX OUOJIOTrHUECKHX KHIKOC-
Tei. [103TOMy MOXKHO TPEIOI0KHUTh, YTO PA3ITAIUS
B 3HaueHusx f, @K pasHbix mo pasmepy GoILTHKYIO0B
CBSI3aHBI C cofiep KaHneM OOJIBIIEeTo KOJMIECTBA CBO-
Oonnoii Bonel B @K Gonee KpymHBIX (HOJUIUKYIIOB.
JlaHHOE ITPEeATIoNoKEeHHE COTIACy€eTCsl C yMEHbIIEHHEM
KOHUEHTPALUUU CTEPOUHBIX TOPMOHOB IPHU YBEIU-
yeHnn pasmepa oimukyna. Kpome Toro, cormacHo
JaHHBIM padoT [25, 27] ¢ yBenuueHueM pazmepa (oi-
nukyna B ®XK yMmeHbllaeTcss KOHLIEHTpaLMs Kaus,
XJIOpUAA, JaKTaTa, MOYEBUHBI U TpUrIULEepunoB. Of-
HAaKO KOHIIEHTPALMSI TUX KOMIIOHEHT HAMHOT'O MEHb-
11e KOHIICHTPAIMH 0eJKa, TOATOMY BKIIAJI OCIICHETO
B u3MeHenue f, @K Oyzer Oonee CyIeCTBEHHBIM.
[Ipenmomnaras, uro Bkiaz 6eIka B ”3BMEHEHHE COC-
TosTHUS BOJBI B DK SBISETCS OMPENEISIONINM, MBI
MPOBEJIN OLIEHKY CTETIEHHU rMaparaiui KoMnoHeHT OXK
HEIMOCPEICTBEHHO 110 YMEHBIIICHUTO TUDJICKTPUICCKOI
MPOHUIIAEMOCTH UCCIAEAYEMON CUCTEMBI ITO OTHOILIE-
HUIO K YUCTOH BONE (IEKPEMEHTY AMIICKTPUUECKON
nponuriaeMoctn). Merox CBU-nuanekrpomeTpuu oc-
HOBaH Ha TOM, YTO AURJIEKTPUUECKAs IPOHULIAEMOCTh
BOJHOT'O pacTBOpa MPONOPLUUOHAIbHA YUCITY HECBSI-
3aHHBIX MOJIEKYN BOIbI [23], a cTemeHb ruapaTanuu
PacTBOPEHHOTO BEIIECTBA MPONOPLUOHATIBEHA YAEIIb-
HOMY JE€KPEMEHTY AUIICKTPHISCKON IMPOHUITIAEMOCTH
(mexpeMeHTYy, MOJIeIEeHHOMY Ha KOHIIEHTPAITHIO PacT-
BOpeHHOTO BemecTBa). Hanbomnee TecHas B3ammo-
CBsI3b HAOMIOMACTCS MEXKIY YACIBHBIM JEKPEMEHTOM
JAJICKTPUYIECCKOM TPOHUIIAEMOCTH U JMaMeTpoM (oJI-
skyia (koadgurmeHt koppessiuun —0,998 rmpu ypoBHe
sHaunmoctu menee 0,01). B maHHOM citydae MOXHO
BBISICHUTHh (DYHKIIMOHAILHYIO 3aBUCUMOCTh CTETICHU
rugparanui komrmoneHT XK ot nnamerpa dommkyia,
YTO CBUAETEIBCTBYET O €€ CYIIECTBEHHOU POJU B
(domukynorenese. [lonyueHHbIe pe3ynbTaThl corlia-
CYIOTCSI C OTHOCUTEIBHO BHICOKUM COJEPKaHUEM IIPO-
TEOTJIMKAHOB B (DOJUTHKYJIaX MEHBIIETO pa3Mepa.
Taxum 0Opa3om, Habmonaemslii poct f, ®K ¢ yse-
TUYeHUEM pasMepa (pojmuKyma MOKHO OOBSCHUTH
CHIDKEHMEM KOHLIEHTpalMu CBs3aHHOM BoJbl B DK
BCJIE/ICTBHE YMEHBIIIEHUS OTHOCUTEIFHOTO COepKa-
HUS BBICOKOMOJICKYJIIPHBIX ITPOTEOTIIMKAHOB,
VYuactue BOAB B MEXMOJIEKYISIPHBIX B3aUMO-
IeHcTBUAX 00yCIOBIMBACT HHTEPEC K UCCIICIOBAHUIO
€€ COCTOSTHUS B OMOJIOTUYECKHX YKHUIKOCTSIX, TIOABEPT-
HYTBIX JEHCTBUIO 3aMOpaXUBaHUSI-0TOTpeBa. Mbl
HCCIEAOBANN BIUSHUE 3aMOPAKUBAHUS MIPU CaMOM
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CopepxaHue 6enka, %
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Puc. 1. Cozeprxanrie 6eka B BBICOKOMOJIEKYIISIPHBIX (hpak-
LHUSX C MOJEKYsipHOM Maccoit, k/la: 1 — 800 u Gonee; 2 —
750; 3 —600; O — mansie Gpomukyast; O — 6onbiime dhomu-
KYJIBL

Fig. 1. Content in the high-molecular fractions of protein
with molecular weight of (kDa): 1- 800 and higher; 2 —750;
3 —600; 0 —small follicles; O —large follicles.

26]. The FF composition varies depending on the
hormone status of a woman, a stage of a follicle matu-
ration and a number of other factors. All those can
affect considerably the FF /. In our study mature
oocytes were obtained from all the follicles, and the
sex hormone levels in the patients’ FF and blood serum
corresponded to the normal values for these biological
fluids. That is why one can assume that differences in
the FF f, values for follicles of different sizes are
associated with a higher amount of free water in FF
of bigger follicles. This assumption agrees with decrea-
sing concentrations of steroid hormones as the size of
a follicle increases. Besides according to the data [25,
27] the bigger a follicle is, the lower potassium, chlo-
ride, lactate, urea and triglyceride concentrations in
FF are. Nevertheless, the concentrations of these
components are much lower than the protein concen-
tration, so the latter contributes to the FF f, changes
more considerably.

Surmising a determinative contribution of proteins
to changing water state in FF we assessed directly the
hydration of FF components judging by a reduction in
the dielectric permittivity of the studied system related
to pure water (the dielectric permittivity decrement).
The UHF-dielectrimetry method is based on finding
that dielectric permittivity of an aqueous solution is
proportional to the number of non-bound water mole-
cules [23], and hydration extent of a dissolved substan-
ce is proportional to the specific dielectric permittivity
decrement (the decrement normalized to concentration
of dissolved substance). The closest relationship is ob-
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IaAgIeM Uit OMOMaKpOMOJIEKYT PEXKUME 10 TeM-
neparypsl xxuakoro azora (—196°C) u xpaneHus npu
3TOM TeMIepaType B TEUEHUE MecAlla Ha pejakca-
LHUOHHBIE cBOicTBa BOJbI B DIK.

B npouiecce uccnenoBanms ObIJIO yCTaHOBIEHO, YTO
cpeanue 3nadenus f, ®XK npu 3amMmopaxuBaHMH-
OTOTPEBE U MIPH XPaHEHUH 00Pa3LIOB B )KUIKOM a30Te
noctoBepHO (p = 0,05) HOHMXAIOTCS IO CPABHEHHIO C
koHTponeM (HatuBHas D)), He3aBUCHMO OT pa3mepa
(hoNTHKYIIOB, B TO K€ BpeMsI MEK/y CPETHUMH 3Haue-
HUSMH [, 00Pa3I0B OCIIE 3aMOPAKUBAHHUSA-OTOTPEBA
¥ XpaHEHHUs OTINYni He Habmronanocs (puc. 2). Cre-
JIyeT OTMETUTD, YTO TUCTIEPCHsE CPEAHUX BEIUYHUH [,
B HATHBHOH W MOJIBEPTIIEICS 3aMOpPaKMBAHUIO-OTO-
rpeBy @)X oarHaKOBa, 4TO MOATBEPIKIACT OTCYTCTBHE
VHIUBUIYaJIbHBIX TPOSIBICHUI BIUSHHS 3aMOpa-
YKUBAHUS U [UTUTEITLHOTO XPAaHSHHS TIPYU HU3KUX TEM-
nepaTypax Ha 5tv nokasarenu. [lonmxkenue f, ®XK npu
3aMOpaXMBaHUH CBHUICTEILCTBYET 00 YMEHBIICHUH
KOJMYECTBAa CBOOOJHOM BOABI B CHCTEME, YTO MOKET
ABIISITHCS PE3yJABTATOM TIOBBIIICHUS CTETIEHN THAPaA-
TaIlUH OTACIbHBIX KoMoHeHT DK, Hanpumep OeKoB
[8]. D10, BeposiTHO, 0OYCIIOBICHO MOSIBJICHUEM OO
HUTENBHBIX YYaCTKOB CBA3BIBAHUS [T MOJIEKYJ BOJIBI,
YTO MOXET OBITH CIIEJICTBUEM WU3MEHEHHS KOHQOp-
MaIlM{ MaKpOMOJIEKYIT ITPH AEHCTBUN HU3KHUX TEMIIepa-
Typ. HcciienoBanre MeToIOM reib-xpomMaTorpaduu
oenkoBoro cocraBa O mocie 3aMmopakuBaHUSA-0TO-
rpeBa MOKa3ayo, YTO KakK I MaJIbIX, TaK U OOJBIIIX
(dbonnukyn HaOmOMaeTCsI CHUIKEHHUE COJACPIKAHUS
BBICOKOMOJIEKYJISIPHBIX (ppaKiiuii Oenka. ITo Mo3BO-
JISET MPEATIOIOKHUTH, YTO HEKOTOPHIE MOJIEKYJIbBI C BbI-
COKOW MOJIEKYJISIPHOM Maccoil ne3arperupyror. Bos-
MOKHO, TAKOBBIMHU SBJISFOTCSI TPOTEOTTIMKAHBI, KOTO-
pBIE MOTYT JAOCTATOYHO JIETKO JETIOIMMEPU30BaTHCS
IIPU U3MEHEHUH YCJIOBHM OKpPYKAOLIEH Cpelbl, B
YaCTHOCTH TPH TIOBBIIIICHUN KOHIICHTpanuu costeit [30].

K ocHOBHBEIM (hakTOpaM, JIeKAIIUM B OCHOBE KPHO-
MOBpEXIEHUH OelKoB, (hepMEHTOB, TOPMOHOB Oell-
KOBOI IPUPOIBI, BXOASALIMX B COCTAB OMOIOTHUECKUX
XKHUAKOCTEN, OTHOCATCA cHMKeHue pH u runparanun
[24], u3MeHeHne TOHUYHOCTU CpPEAbl, OBBIIICHUE
KOHIIEHTpauuu coieit [15, 17]. Ananus nureparypsl o
BIIMSIHUM HU3KHUX TEMIIEPATYyp HAa H30JIMPOBAHHbBIE WIIN
BXOJSIIIKE B COCTAaB OMOJIOTMYECKUX CHCTEM IIPOTEU-
HBI MTO3BOJISIET 3aKIIOYUTh, YTO Hambojee Kpuomia-
OMJIBHBIMH SIBIISIFOTCS OETKH, MMEIOIINE YeTBEPTHY-
HyI0 CTPYKTYpY [16]. OmHo m3menenue pH MoXeT BBI-
3BaTh JiecTabuin3anuio OCIKOB C YETBEPTHUHOM
CTpyKTypoii [ 12, 13], a 06pa3yroIuiics mpH MOHMKCHUH
TEMIIepaTypbl B MUKpoda3ax 3aKpUCTAJIIN30BAB-
Ieiicst MaTpUIbl KOHIIEHTPUPOBAHHBIN pacTBOp coei
Y METabOJIMTOB — pacmajl 0enka Ha CyObeTUHHIIBI [ 24].
Kpome Toro, HapylieHre CHCTEMBI MENTHIHO-BOIO0-
POAHBIX CBA3EH MOXKET U3MEHUTb CTPYKTYPY O.-CIIH-
payeil B HanpaBJIEHUU CTATHCTUYECKOTO KiryOka [8].
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served between the specific permittivity decrement and
the follicle diameter (the correlation coefficient made
—0.998 with the significance level less than 0.01). In
this case it is possible to ascertain a functional depen-
dence of the hydration of FF components upon the
follicle diameter, which attests its considerable role in
folliculogenesis. The results obtained are consistent
with a relatively high proteoglycan content in smaller
follicles.

Thus, the rise in the FF f, observed as the follicle
enlarges can be explained by a reduction in the con-
centration of bound water in FF owing to a decline in
high-molecular proteoglycan relative content.

Participation of water in intermolecular interactions
determines interest to studies of its state in biological
fluids subjected to freezing-thawing. We studied the
influence of freezing under the most permissive for
biomacromolecules regimen up to the temperature of
liquid nitrogen (-196°C) and storage at this tempera-
ture for a month on relaxational properties of water in
FF.

It was established that the average values of the
FF f, after freezing-thawing and storage of the samples
in liquid nitrogen decreased significantly (p =0.05) in
comparison with the control ones (native FF) regard-
less of the follicle sizes. At the same time there were
no differences between the average values of the FF
f, after freezing-thawing and those after storage
(Fig. 2). It should be noted that the variances of the
average values of the f, for the native FF and the FF
subjected to freezing-thawing were the same, that

15

14,95 -
14,9 4
14,85 -
14,8 -

;14,75 - 2
3

x10°, 'y,
x10°, Hz

o, T

f
f

14,7 4
14,65 -

14,6 -
14,55 -

14,5

O6pasupbl PXK
FF samples

Puc. 2. YacTora AM3IEKTPUUECKON peslakCallid MOJIEKYI
BozibI HaTMBHOM DK (KOHTPOIIB), 3aMopoxkeHHOH 110 —196°C
U XpaHMUBIIEHCA MeCAIl: 1 — KOHTPOIb; 2 —3aMOpakKUBaHHUE;
3 —XpaHeHue.

Fig. 2. Frequency of dielectric relaxation of water molecules
in native (control), frozen to —196°C and stored for a month
at—196°C FF: 1 — control; 2 —freezing; 3 — storage.
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OTH IpoIIeCCHI COMTPOBOXKIAIOTCA MTEPETPYIITHPOBKOI
OTAENBHBIX 3JIEMEHTOB MaKPOMOJIEKYJI, YTO IPHUBOAUT
K YBEJIMYCHHIO KOJMYECTBA MECT CBSI3BIBAHUS IUIS
MOJIEKYJI BOABI M TIOBBIIICHUIO CTENICHH TUAPATALUH
MaKpPOMOJIEKYII.

BbiBOAbBI

[IpoBeneHHbIe UCCIEIOBAHMS MTOKA3AIH BO3MOXK-
HOCTH HCIIOJIb30BaHUSI PAINOPU3INIECKHX METOJIOB
JUTS U3YYIEHUS] MEXaHU3MOB KPHOTIOBPEXKICHUST OHOIIO-
THYECKUX )KUIKOCTEH IPY HU3KOTEMIIEPaTyPHOM BO3-
JNEHCTBUU. YCTAHOBJIEHO, YTO OBICTPOE 3aMOpakH-
BaHue 10 —196°C u xpaHeHHe B KHUJIKOM a30Te MPH-
BOJIAIT K MOHMKEHUIO YaCTOThI IUAIEKTPUIECKO pe-
Jakcanuu MoJieKyl Boasl B DX, uTo MOXeT OBITH
pe3yabTaTOM YBEJIWYEHHUS CTENEHU TUIpaTaluu €e
KOMITOHEHT B pe3yJbTare KOH()OpMaIlMOHHBIX U3MEHe-
HUW MaKpOMOJIEKYJI, KOTOPbIE, OJTHAKO, HE IPUBOIAT K
CYILIECTBEHHBIM OBPEKACHUSIM UX CTPYKTYpbI. Xpa-
Henue XK B TeueHUe Mecsia HE OKa3bIBAET BIUSHUS
Ha €€ JUAICKTPUYECKUE XapaKTEPUCTUKH 110 CpaBHE-
HUIO ¢ 00pa3Iamu 1ociie 3aMOpaKUBaHUSA-OTOTPEBa.

OOHapy>XeHO yBEIWYCHUE YaCTOTHI TUAJICKTPHU-
yeckol penakcauuu Moiiekys Boabl B DX ¢ poctom
pasmepa Qoirkyna. BeisBieHa TecHas 3aBUCUMOCTD
ruparanyy komrnoneHT XK ot nuamerpa dosnkysa.
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confirms the absence of individual displays of freezing
and long low temperature storage effects on these
parameters. A decline in the FF f, after freezing attests
a decrease of free water amount in the system, that
can be a consequence of an enhancement in hydration
of FF certain components, e. g. proteins [8]. It is likely
to be due to emergence of additional loci binding water
molecules, which can be caused by macromolecule
conformation changes affected by low temperature.
Gel-chromatographic analysis of the FF protein com-
position after freezing-thawing revealed a reduction in
high-molecular protein fraction contents for small
follicles as well as for big ones. This allows contemp-
lating the disaggregation of some molecules with high
molecular weights. They may be proteoglycans, which
depolymerize easily enough when environmental
conditions are changing, particularly when salt con-
centrations are rising [30].

A decrease in pH and hydration [24], changes of a
medium tonicity, a rise in salt concentrations [15, 17]
belong to the main factors underlying cryoinjuries of
proteins, enzymes, proteinaceous hormones, which are
parts of biological fluids. The review of literature on
low temperature influence upon isolated proteins or
proteins as parts of biological systems allows conclu-
ding that quaternary structure proteins are the most
cryolabile [16]. A pH change itself can destabilize qua-
ternary structure proteins [12, 13], and a concentrated
salt and metabolite solution forming in microphases of
crystallized matrix can result in a protein degradation
into subunits [24]. Besides disruption of peptide-hydro-
gen bonds can change o-helical structures towards
random coils [8]. These processes are accompanied
by a realignment of certain elements in macromolecu-
les, which leads to an increase in the amount of loci
binding water molecules and a rise in the macromole-
cule hydration.

Conclusions

The investigation carried out demonstrated a possi-
bility of using radiophysical methods for studying cryo-
injury mechanisms of biological fluids under low tempe-
rature impact. It was ascertained that a rapid freezing
to —196°C and storage in liquid nitrogen led to a reduc-
tion in the frequency of dielectric relaxation of water
molecules in FF, which could be a consequence of an
increase in the hydration of its components. That, in
its turn, was a result of macromolecule conformational
changes, which, however, caused no conspicuous
damages of their structure. One-month storage of FF
had no effect on its dielectric characteristics as com-
pared to the samples before freezing-thawing.

A rise in the frequency of dielectric relaxation of
water molecules in FF as a follicle enlarges was found.
A close dependence of the hydration of FF components
on a follicle diameter was discovered.
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