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Investigation of Placenta Tissue Saturation with Glycerol

and 1,2-Propane Diol

E.N. BoBrOVA, A.V. ZINCHENKO, M.I. SCHETINSKY
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of Sciences of the Ukraine, Kharkov

Merogamu nuddepeHIUIBHON CKaHUPYIOMeH KaJOPUMETPHU H SAEPHOT0 MAarHUTHOTO PE30HAHCa IPOBEACHO HCCIICHAOBAHNUE
HACBIIIEHHS 00Pa31oB IUIACHTH UIepruHOM U 1,2-npomananonom (1,2-I1/1). O6pa3usl mianeHTs BeiAepxuBanu B 10, 40, 60 macc %
pactBopax rmunepuna u 1,2-I1]1 B reuenne 20, 60 muH 1 24-x gacos. [Ioka3aHo, 4TO B TKaHH IDIaLEHTHI 00pa3yroTcs pactBopsl 1,2-11/1
OoJiee BRICOKHX KOHIIEHTPANUi IS BCEX HACHIIIAIONINX PACTBOPOB, copeprkanux 1,2-I1] 1o cpaBHEHHIO ¢ aHAIOTHYHBIMU PacTBOPaMH,
cofeprKalluMy TIHNeprH. B mianenTe 3a oxHO U TO e BpeMs sKkBuiIHOpanuu B cpene ¢ 1,2-I1]] o6pasyercst Gonplree KOJINIECTBO
CTEKII000pa3HOM (a3bl.

Kniouegwie cnosa: nuddepeHnnanbaas CKaHAPYIOMas KaTOpUMeTpus, Gpa3oBble MepexoIsl, CTEKIOBaHUE, IUIAIICHTA.

Meroznamu audepeHuialbHOl CKaHy04Y01 KalopUMeTpil i SIepHOr0 MarHiTHOTO PE30HAHCY IPOBEACHO JOCIIKCHHS HACHYCHHS
3pa3KiB IUTAeHTH DIinepuHoM i 1,2- mpomanionom (1,2-I1]1). 3pa3ku mianent ButpuMysanu B 10, 40, 60 Mac % po3unHax TIinepury
i 1,2-I1J] na mpots3i 20, 60 xB i 24-x rogun. [lokazaHo, 0 B TKaHUHI TUIALCHTHA YTBOPIOIOTHCS po3yuHU 1,2-T1]] Ginbln BUCOKHX
KOHLICHTPALIH AJIS BCIX HACHIYIOUUX PO3YHHIB, 110 MicTATH 1,2-11]/] MOpiBHSAHO 3 aHAIOTIYHUMHE PO3YMHAMHE 3 TIIILIEPUHOM. Y TUIAIICHTI
3a OJIUH 1 TO¥ ke "yac ekBumiOpanii B cepenopumti 3 1,2-I1/1 yTBoproeThes OibIna KiTbKICTh CKIOMOAIOHOT (asu.

Knrouoei cnosa: nudepernianpHa CKaHy09a KaIOpUMETPis, pa30Bi epexou, CKITyBaHHs, TUTALCHTA.

Using differential scanning calorimetry and nuclear magnetic resonance methods we investigated placenta samples’ saturation with
glycerol and 1,2-propane diol (1,2-PD). Placenta samples were exposed in 10, 40, 60% (w/w) glycerol and 1,2-PD solutions for 20, 60
min and 24 hrs. It was shown that in placenta tissue there was the formation of 1,2-PD solutions of higher concentrations for all
saturating solutions with 1,2-PD in comparison with those with glycerol. A big amount of vitreous phase is formed in placenta for the

same equilibration time in 1,2-PD-contained medium.

Key-words: differential scanning calorimetry, phase transition, vitrification, placenta.

Oco0eHHOCTBI0 MOATOTOBKM TKaHU K HHU3KO-
TEMIEPaTypPHON KOHCEPBALIUH ABJIAETCS TO, UTO U3-3a
MEJUIEHHOTO NMPOHUKHOBEHHS KPHUO3AIHUTHOTO
BEI[ECTBA B TKaHb TpeOyeTcs BpeMs ISl IKBHIIUO-
panmy ee B KpHO3aIUTHOM PacTBOPE IS JOCTIKEHHUS
HeoOxoauMon KoHIIeHTpanuu kpuornporekropa (KIT)
B TKaHU. Bpems sxBunubparun 3aBucut ot Buja KII
Y TEMIEPaTypbl U CHIBHO OTJIMYAETCS AJISl Pa3HBIX
TkaHel. Crenens Hacwimenus Tkanu K11 u omaOpOIT-
HOCTb €70 paclpeieeH s ONPEENAI0T yCTONYHBOCTD
TKaHU OT pa3pyLIeHHs, 0COOEHHO MEXaHUYECKOTO, TIPH
KpHOKOHCEpBHpOBaHUH. Bo MHOTHX ciydasx dakTop
MEXaHWUYECKUX PAa3pyIICHUH OKa3bIBAETCsl CUIIbHEE,
yeM apyrue ¢akropsl. Hanpumep, npu 3amopa-
JKUBAHUM apTEPUN OTMEYANIOCh UX PaCTPECKUBAHUE
[3]. CumbHBIC MEXaHIYECKHE TTOBPEKACHUS, BUIUMBIC
BH3yaJIbHO, HAOIONAIVCH TIPY 3aMOPAKUBAHUH TIOYKH
[4], mosToMy KmHeTHKa HacwimeHus Tkanu KII
JNOJKHA YYUTBHIBATHCS MPH MOATOTOBKE TKAHU K
KOHCepBUpOBaHMIO. [IpuHUMast B pacyeT CHIBHYIO
3aBUCUMOCTbH mpoiiecca Hacbimenus Tkanu KII ot
Buaa Tkanu, Buga KII u Temmepatypsi, npouecc

The peculiarity of tissue preparing to low
temperature preservation is the need of a certain time
for its equilibration in cryoprotective solution to achieve
the necessary cryoprotectant (CP) concentration
because of a slow penetration of cryoprotective
substance into the tissue. Equilibration time depends
on CP type and temperature and significantly varies
for different tissues. A degree of tissue saturation with
CP and the homogeneity of its distribution determine
the tissue resistance against destruction, especially
mechanical one during cryopreservation. In many
cases the factor of mechanical destructions occurs to
be stronger than others. For examples, the arteries
fracturing was observed during their freezing [3]. Huge
mechanical impairments were visually observed during
kidney freezing [4], therefore the kinetics of tissue
saturation with CP should be taken into account when
tissue is prepared to preservation. Taking into
consideration a strong dependency of tissue saturation
process with CP on type of tissue, cryoprotectant and
temperature, the saturation process in each specific
case is experimentally determined. The method of
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HACBIIIEHHUS B KQKIOM KOHKPETHOM CIIydae ompee-
JISIFOT 3KCIIepUMEHTaNbHO. Meton i depeHiansHoi
ckanupytomeii kanopumerpuu (JCK) u meron
SIIEPHOTO MarHUTHOro pe3oHaHca (IMP) sBrstoTcst
JIBYMS B3aUMOOIOJIHSAIOIUMHI METOaMH, KOTOpBIE
MPUMEHSIOTCSI B KPHOOHOJIOTUHN IJIsl UCCIIEAOBAHUS
HacelmeHus Tkaned KII, komuuecTBeHHOrO omnpene-
JIEHVsI KOHLIEHTPAIUi U BpEMEH, TIO3BOJISFOLMX ONUCATh
npouecc npourkHoBeHus KII B TkaHb.

Ucmnons3oBann Bo3MoxkHOCTH MeTonma SIMP nnsa
YHCIEHHOTO OIPeeNIeHIs KOHIIEHTPALH IPOHUKAFO-
miero B Tkaub KII u metona JICK mis ompenenenms
TEMIIepaTyp CTEKJIOBaHUS, BETMUNH CKadKa TETIONOT -
JIOIIEHHS TIPU CTEKJIOBAHHH, a TaK)Ke TeMIIepaTyp
(ha30BbBIX MEPEXOIOB.

Lenb paboTsl — HccneroBaHue TMHAMUKY IIPOHUK-
HOBEHHS B TKaHb KPHUONIPOTEKTOPOB B 3aBUCUMOCTH
OT BPEMEHH M COCTOSIHUS KPHUO3AIUTHOTO BELECTBA
B TKaHHU.

Matepnanbl 1 meToAbI

[lepen xoHCepBHUPOBaHHEM IUTALICHTY OTMBIBAJIH
0,9%-M pacTBOpPOM XJIOpHIa HATPHUS OT CIIN3U U KPOBH,
OTJICIISUTH ITYTIOBUHHBIN KaHATHK ¥ aMHHOTHYECKYIO
000JI04KY, CKaJbIIeJIeM cpe3alil pparMeHThl TKaHH C
MaTepUHCKOW CTOPOHBI B OOJIACTH JIOJIEK pa3MepoM
2%2 c¢M 1 Maccor 1 1.

OO6pa3upl IaneHTH TOMEIA B Cpeibl SKBUIHO-
pamuu, npeacTaBisiomue coooi pacteopsr 1,2-11)] u
[IMLEPHHA, IPUTOTOBICHHBIE HAa (PU3UOJIOTHYECKOM
pactBope. Konnenrparuu KII: 10, 40 u 60%. Bpemsa
SKBIWIIMOpanuy 00pa3LoB MIIALCHTH B yKAa3aHHBIX
pactBopax coctaBisuio 20, 60 MuH u 24 4, TeMmre-
patypa sxBunbpanuu 4°C.

Konnenrpanuu KII B o0pasmnax omnpemessin
metozoM 'H SIMP na cniekrpomerpe Tesla BS 567A
[2].

B paGote ucnons3oBanu audepeHnnanbHbII
CKaHMpYIOUMi Kanopumetp [1], mpuHIUI paboTHI
KOTOPOT0 OCHOBaH HA PETHCTPALIMHY TEIIOBBIX IOTOKOB,
MOCTYMAaIOUIMX B 00pasel] B IpoLecce ero HenpephIB-
HOTO HarpeBa. B oTimuue ot 00baHOTO MuddhepeH-
LUATbHOTO TEPMHUYECKOIO aHAIN3a, UHTETPaIbHbIN
TEIJIOBOM MOTOK PETUCTPUPYETCSI OJHOBPEMEHHO BO
Bcex Toukax oopasua. OcoOeHHOCTh pa3paboTaHHOTO
mpubopa B TOM, YTO €ro pabouyro Kamepy MOXKHO
peaBapuUTEIbHO OXJIAAUTEL A0 JIF000W 3amaHHOMN
TeMnepatypsl B nuamnazone —196+0°C, a 3atem
IIOMECTHTH B Hee o0paser], KOTOPBIA OBbLT MpeBapH-
TEJIBHO OXJIAKICH C JTF0001 HEOOXOAMMOM CKOPOCTHIO.
3T0 MO3BOJIAET UCCIIEA0BATH 00PA3IIBI, OXJIAXKIEHHBIE
¢ BeICOKHMH ckopocTsamu (15-16,6(6)°Cxc™!). s
OXJIAKACHHS KaJIOPUMETPUYUECKHE STUCHKH ITOTpyKaIu
B XHUAKUNA a30T. CpeaHsas CKOPOCTh OXJIaXKACHHUS
obpasios cocrapnsna 3,3(3)°Cxc’!, TepMorpaMmsl
PETHCTPUPOBAIIH IIPU HATPEBE 00Pa3LIOB CO CKOPOCTHIO
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differential scanning calorimetry (DSC) and that of
nuclear magnetic resonance (NMR) are two
complementary methods, applied in cryobiology for
studying the tissue saturation with CP, a quantitative
determination of concentrations and times, enabling to
describe the CP penetration into a tissue.

There were used the possibilities of NMR method
to quantitatively determine the concentration of CP
penetrating into tissue and those of DSC for finding
vitrification temperatures, values of heat absorption jump
at vitrification and phase transition temperatures as well.

The work was aimed to research the dynamics of
cryoprotectant penetration into a tissue depending on
time and state of cryoprotective substance in it.

Materials and methods

Before cryopreservation placenta was washed-out
of mucus and blood with 0.9% sodium chloride solution,
umbilical cord and amniotic membrane were separated,
2x2 cm and 1g tissue fragments were cut with scalpel
from mother’s side in lobule area.

Placenta samples were placed into equilibration
media, representing 1,2-PD and glycerol solutions,
prepared with physiological solutions. CP concen-
trations were 10, 40 and 60%. Equilibration time of
placenta samples in the mentioned solutions made 20,
60 min and 24 hrs, equilibration temperature was 4°C.

CP concentrations in samples were determined
using "H NMR method with Tesla BS 567A spectro-
meter [2].

In the work we used differential scanning calorime-
ter [1], which operating principle is based on recording
heat fluxes, coming into a sample during its continuos
heating. In contrast to usual differential thermal
analysis, an integral heat flux is recorded simultaneously
in all points of sample. The peculiarity of the designed
device consists in the fact that its working chamber
can be pre-cooled down to any fixed temperature
within the range of —196+0°C, then the preliminarily
cooled sample with any necessary rate can be placed
in it. This enables to investigate the samples cooled
down with high rates (15-16.6(6)°Cxsec™). For cooling
down we immersed calorimeter wells with samples
into liquid nitrogen. An average rate for samples’
cooling made 3.3(3)°Cxsec’!, the thermograms were
recorded under samples’ heating with 8.3(3)%10°Cxsec’!
rate. An absolute error in determining temperatures
for vitrification phase transitions made +0.5°C.

Results and discussion

Fig. 1 shows thermograms, recorded during
placenta heating, exposed in equilibration medium with
60 mass% 1,2-PD initial concentration depending on
equilibration time, and in Fig. 2 there are thermograms
of placenta, exposed in glycerol-contained medium
under the similar conditions.
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8.3(3)x103°Cxc!. AGcomroTHAs MOTPENIHOCTH
OTIpeNIeJICHHS TeMIlepaTyphl (pa3oBBIX MEPEXOI0B
cTekinoBaHus cocTabmsuia +£0,5°C.

Pe3yAbTathl M 00CyXXAeHHe

Ha puc.l mpuBeneHbl TepMOTpaMMBI, CHSTHIE
IpH HarpeBe IUIALICHTHI, BBIIEPKAHHOU B cpeje
SKBUJIMOpAIIUU C UCXOHOH KoHIIeHTparuen 1,2-11]]
60 Macc % B 3aBUCHMOCTH OT BPEMCHH KBUIHUO-
pamuu, a Ha pHUC. 2 — TEPMOTPAMMBI IIJIAICHTHI,
BBIICP)KAaHHOW B Cpejie ¢ DIMICPUHOM TP aHaJIo-
THYHBIX YCIOBHUSAX.

CTpenkaMu MOKa3aHbl XapaKTEepHBIE CKAYKU
TEMJIOTOTIOMCHHS, DHIO- U IK30TEPMHUUECCKUE
3¢ (heKThI, KOTOphIe KIacCH()HUIIMPOBAHEI B COOTBET-
CTBUU ¢ (POpPMOI KPUBOW U TUATIA30HOM TeMIIEpaTyp
cnenyromuM obpasom [3]: cxauox mennonoznouje-
nus 1 (t,) — MpoIece mepexosia BEMIECTBA U3 TBEPJIO-
amMmopdHOTO (CTEKJIOOOPA3HOTO) COCTOSIHUS B
COCTOSIHHE NIEPEOXIIAKICHHOM XKUIKOCTH; IK30mep-
Mmuyeckuti nux 2 (t,)) — KpUCTAIUIH3AIAs JIbAa U3
MIePEOXTAKICHHON XKUIKOCTH; PA3MbIMbIL IK30-
mepmuyecxuti nux 3 (t,) — 3aBepIICHNE KPUCTaI-
JIU3AIUY JIBJA TIPU HATPEBE; dHOOMEPMUYECKUL NUK
4 (t,) — TIaBIICHUE 3aKPUCTAJIM30BAHHOW CMECH,
TEeMIlepaTypa NHKa 3aBHCHUT OT KOHI[EHTpPAIUHU
nponukmiero B mianenty KII.

[IpoBeneHHbIl aHANTU3 TEpMOrpaMM TOKasal,
YTO B IJIALlEHTE, BeIepxkaHHOU B 10%-M pacTBOpe
rnunepuna u 1,2-I1J[, oTMeuaeTcs TONBKO CKauOK
TEIJIOMNOMIONIEHHUSI B TEMIIEPATYPHOM JIHAIMa30HE
crekinoBanus, a B 40%-M pacTBope, HabmgaeTCs
Pa3MBITHIA 3K30T€PMHUUYECKUN NUK 3, COOTBET-
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Puc. 1. Tepmorpammsl 60%-ro pactBopa 1,2-I1J[ Ha
¢usuonorunyeckom pacteope (I); 00pasIoB mIaeHTsI MOCIe
skcrozummy B 60%-m pacteope 1,2-ITJ1 20 mun (IT); 1 u (IIT);
244 (IV).

Fig. 1. Thermograms of 60% 1,2-PD solution with physio-
logical solution (I); placenta samples after exposure to 60%
1.2-PD solution during 20 min (I); 1 hr (III); and 24 hrs (IV).
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With arrows we showed characteristic heat
absorption jumps, endo- and exothermal effects,
classified by the curve shape and temperature range
as follows [3]: heat absorption jump 1 (t,) is the
process of substance transition from solid-amorphous
(vitrified) state into that of overcooled liquid;
exothermic peak 2 (t,) is ice crystallisation from an
overcooled liquid; vague exothermic peak 3 (t,) is
ice crystallisation completing during heating;
endothermic peak 4 (t,) is the crystallised mixture
melting, the temperature of which depends on
concentration of penetrating into placenta CP.

The performed analysis of thermograms demon-
strated, that in placenta, exposed to 10% glycerol and
1,2-PD solutions the only heat absorption jump within
a temperature range of vitrification was noted, but a
vague exothermic peak 3, corresponding to crystal-
lisation process completing under heating after 20, 60
min and 24 hrs exposure, was observed in that, exposed
to 40% solution.

In thermograms of placenta, exposed to 60%
1,2-PD (Fig. 1) and glycerol solutions (Fig. 2), along
with the mentioned above peculiarities, an intensive
exothermic peak 2, corresponding to crystallisation
process from amorphous state (devitrification) is
recorded. Tables 1 and 2 show the temperature values
of phase transitions and vitrification in placenta tissues
after equilibration in 1,2-PD and glycerol solutions of
the mentioned above concentrations. It is seen that in
placenta tissues the CP concentration in both glycerol
and 1,2-PD solutions occurs, that is indicated by a
decrease in melting temperature with the equilibration
time augmentation. However in placenta tissue the
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Puc. 2. Tepmorpammbl 60%-ro pacTBopa IHIleprHHa Ha

(usnonormueckom pactsope (I); 06pa3IoB MIANEHTH OCIe

sxcnosunmu B 60%-m pactope 1,2-T111 20 mu (I1); 1 w (I1D);

244 (IV).

Fig. 2. Thermograms of 60% glycerol solution with physio-

logical solution (I); placenta samples after exposure to 60%
1.2-PD solution during 20 min (II); 1 hr (III); and 24 hrs (IV).
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CTBYIOIIUN 3aBEPIICHUIO TIPOIlecca KPUCTA-
JU3aIUY TIPU HarpeBe IOCJe DKCIO3UIIHHN B
teuenue 20, 60 MmuH u 24 4.

Ha tepmorpaMmmax mianeHThl, BhIAEPKaH-
Hoii B 60%-M pactBope 1,2-I1]] (puc. 1) u
runepuna (puc. 2), HapsAIy ¢ yKa3aHHBIMH
BHIIIE OCOOEHHOCTSMH PETHCTPUPYETCH
WHTEHCUBHBIM 3K30TEPMUUYECKUNA MUK 2,
COOTBETCTBYIOIIUN MPOIECCY KPUCTATTU3AIINH
13 aMop(HOTO cOCTOSIHUS (eBUTPUDUKAIIUH).
B Tabn. 1 u 2 nmpuBeeHB 3HAYCHUS TEMIIE-
patyp (a30BBIX MEPEXOJ0B M CTCKJIOBAHUS B
TKaHAX IJIALEHTHI IOCJIe KBHJIMOpAIUU B
pactBopax 1,2-I1J1 u runeprHa yKa3aHHBIX
BhIIlIE KOHUEHTpauuil. BugHo, 4To B TKaHIX
IUTaleHThl npoucxoauT koHueHTpauus KII B
pacTBOpax Kak ImuuepuHa, tak u B 1,2-I1]1,
Ha YTO yKa3blBAeT CHUXKEHUE TeMIIepaTyphl
IIJIaBJICHUS C YBEIUYCHUEM BPEMEHH IKBUITNO-
pauuu. OHAKO B TKAHU IUIALEHTH 00pa3yroT-
cs pactBopsl 1,2-T1]] 6osee BBICOKUX KOHIEH-
Tpamuid, 0 94eM CBUIETEIbBCTBYIOT OoJiece
HU3KHE TEeMIIepaTyphl IJIaBICHUS IS BCEX
Hachlmawmux pactsopoB ¢ 1,2-IIJ] mo
CPaBHEHHUIO C aHAJIOTUYHBIMU PacTBOpPaMHU,
COZIEP KAINMHU TIIUICPUH.

Ha puc. 3 u 4 moka3aHbl 3HAa4YEHHUS CKadKa
Temtonornomenus AC, B 3aBUCHMOCTH OT BDEMEHH U
koH1eHTpaiuu. [ToBpienue kak konueHTpauuu KI1 B

Ta6auma 1. Temnepatypa (Ga3oBbIX IEPEX0I0B U CTEKIOBAHUS B
o0pasnax IIaeHTHI OCIIe YKBIIINOpanuy B pactBopax 1,2-I1]]
Table 1. Temperature of phase transitions and vitrification in
placenta samples after equilibration in 1,2-PD solutions

Temneparypa, °C

KoHnenTpanus Y
KIT, macc % Bpemsa Temperature,”C
CP concentration, Time
% (W/w) t t

Tkanb 6e3 KpUONIPOTEKTOPa
Tissue without cryoprotectant

- - - -1

20 MuH/min - — - —-23

10 1 u/hr —103,0 - - —-35
24 u/hrs —103,0 — - —4,0

20 mua/min | —103,5 — — 76,0 —16,3

40 1 u/hr —102,2 — — 76,9 —20,0
24 a/hrs —105,0 — — 715 —31,0

20 MuH/min —104,5 — — 74,0 —21,0

60 1 9/hr —103,4 — — 73,5 —29,1
24 u/hrs —103,0 —95,5 - — 47,5

1,2-PD solutions of higher concentrations are formed,

CMECH, TaK U BPCMCHHU ISKCIIO3ULUU O6p33HOB

TUTAEHTBI IPUBOAUT K YBCIIMYCHUIO CKadyKa TCILIO-

Tabaumna 2. Temneparypa Gpa3oBbIx IEPEX010B U CTCKIIOBAHHUS B
00pa3iiax IUIaleHThl MOCIie SKBUITMOPALMH B pACTBOPaX IIUIEPUHA

Table 2. Temperature of phase transitions and vitrification in
placenta samples after equilibration in glycerol solutions

Kommermpatas KIL| TomperaturerC.
CP concentration,% Time
(w/w) t, t, t, t
TKaHL 6§3 KPHUOIPOTEKTOPa _ _ _ 1
Tissue without cryoprotectant
20 MuH/mMin - - - —-25
10 1a/hr —99,0 - - —10,0
24 u/hrs —99,0 - - —11,0
20 mps/min | —100,0 - —723 —13,0
40 1 a/hr —102,5 - — 74,6 —157
24 u/hrs —102,6 - — 71,0 —17,0
20 muH/min | —102,4 - —71,5 —27.8
60 1 a/hr —101,4 - —728 —28,1
24 u/hrs —117,0 —113,1 - —333
KPMOBHONOTMM 150
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that is testified by lower melting temperatures for all
saturating solutions with 1,2-PD in comparison with
those glycerol-containing.

Fig.3 and 4 show the values of heat absorption jump
AC, depending on time and concentration. An increase

in both CP concentration in mixture and
exposure time of placenta samples result in the
augmentation of heat absorption jump. This fact
indicates to the strengthening of glycerol and
1,2-PD concentration in placenta and, corres-
pondingly, to an increase in the amount of
vitrifying mass. However, a certain difference
in penetration character of glycerol and 1,2-PD
molecules into placenta tissue from time is
observed, that is seen by the values of heat
absorption jump, ACP (Fig. 3 and 4). Thus, for
placenta, exposed to 60% 1,2-PD-contained
solutions for 20 min, the amount of vitrified
material during cooling was nearly the same
value for placenta, being 24 hrs in glycerol
solution of the same concentration. The amount
of a vitrified phase during placenta freezing,
exposed to 60% 1,2-PD solution for 24 hrs
nearly 2.5 times exceeds the same value for
placenta, exposed in 1,2-PD solution for 20 min
and in 60% glycerol solution for 24 hrs.

Thus, the amount of a vitrified phase, formed
during placenta freezing after equilibration is
much higher in 1,2-PD solutions than in glycerol
ones.
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Fig. 3. Heat absorption jump AC, during vitrification in
placenta samples (by the DSC data) after exposure in
glycerol solutions: H—20 min; l— 1 hr; 00— 24 hrs.

nornomeHusi. 9ToT (GakT ykKa3zplBaeT Ha POCT
KOHIIeHTparnuu mmnepuna u 1,2-I1]1 B turanenTe u
COOTBETCTBEHHO Ha YBEJIHWYEHHE KOJIMYECTBA
crekaymoouieiics maccel. OgHako HabnogaeTcs
HEKOTOpPOE OTJIMYHE B XapaKTepe MPOHUKHOBEHUS B
TKaHb IJIAIEHTH MOJICKYN TunepuHa u 1,2-I1J1 ot
BPEMEHH, YTO BHJHO 10 3HAYEHHUSIM CKauKa TEIlIo-
MHOMJIOIIEHUS ACP (puc. 3 u 4). Tak, AN TUTALICHTHI,
BBIIEP)KAHHON B pacTBopax, coaepxkamux 60%
1,2-11J1 B Teuernne 20 MHUH, KOJIUYECTBO 3aCTEKJIO-
BaBILIErOCs MaTepuaja MpH OXJaKAECHUU MpHOIu-
3UTENBHO COOTBETCTBOBAJIO TAKOMY )K€ 3HAUEHUIO AJIS
IUTAllEHTHI, HAXOAMUBIIEHCS 24 9 B pacTBOpE IINIIEPHHA
TO ke KoHIeHTparun. KonmngaecTBo cTexkiooOpa3zHon
(ha3bl py 3aMOPaKMBAHNH TIALIEHTHI, BBLACPKAHHON
B 60%-M pactBope 1,2-I1J1 B Teuenue 24-x 4acos,
npuOIU3UTENRHO B 2,5 pa3a MPEeBHIIIAET 3TO K€
3HAYEeHHE IS TUTALICHTHI, BBIEPKAHHON B pacTBOpe
1,2-I1J1 20 mu=a u B 60%-M pacTBOpe DIHLEpPUHA B
TeueHue 24-X 4acos.

Takum 06pa3oM, KOJUYECTBO CTEKIO00Pa3HOM
(hazb1, 0Opa3yromIeHcs TPH 3aMOPAKUBAHIH TLIATICHTHI
nocine >KBUIMOpanuu B pactBopax 1,2-I1J1, 3Hauu-
TEJIHO OOJIbIIE, YEM B PaCTBOpaX IVIMLIEPHHA.

Mertonom 'H-SIMP cnekrpockonmuu onpenesiin
koHueHtpauuu KII B oOpasuax mmameHTHl HocCie
SKBWIMOPALIMY UX B YKa3aHHBIX cMecax. B 1abmn. 3 u
4 mpuBeACHBI 3HAYEHUS UCXOMHOM KoHTIeHTparuu KI1
B cpenax 3KBHIMOpalWy W KOHEYHOH — B IIJIAICHTE
IIOCJIE DKCITO3UIINH UX B TeueHne 20 MuH 1 24-X 4acoB
B 10-, 40- u 60%-x pactBopax 1,2-I1/] u muneprna
COOTBETCTBEHHO. Kak BHAHO M3 MpPUBEAEHHBIX
pe3ynsTaToB, B TeueHue 20 MHH SKCHO3UIHU
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Fig. 4. Heat absorption jump AC, during vitrification in

placenta samples (by the DSC data) after exposure in 1,2-PD
solutions: H—20 min; M- 1 hr; 024 hrs.

Using the 'H-NMR spectroscopy method we
determined CP concentrations in placenta samples after
their equilibration in the mentioned mixtures. Tables 3
and 4 show the values of initial CP concentration in
equilibration media and the final one in placenta after
exposing them for 20 min and 24 hrs in 10, 40 and
60% 1,2-PD and glycerol solutions, correspondingly.
The results demonstrate that during 20 min exposure
a considerable saturation of placenta tissue with 1,2-
PD occurs and its concentration in 24 hrs practically
achieves the value of initial solution concentration. The
equilibration of placenta samples in 60% 1,2-PD
solution for 1 day results in a gradual placenta tissue
saturation with CP up to 37% (w/w). During
equilibration in 10% glycerol solution placenta tissue
saturation occurs more slowly. In 20 min glycerol
concentration makes just 2% of saturating solution
initial concentration, but it is 3% after 24 hrs. In 40
and 60% glycerol solutions the tissue saturation reaches
higher values for the same time period, but lower than
during equilibration in 1,2-PD solutions (Tables 3, 4).

Conclusions
Combined researches using DSC and NMR
methods of placenta samples’ capability to be CP
saturated demonstrated, that in placenta tissue there
were formed the 1,2-PD solutions of higher
concentrations for all 1,2-PD-contained saturating
solutions, in comparison with those glycerol-containing.
In placenta for the same equilibration time a big amount
of vitrified phase is formed in 1,2-PD-containing
medium, that is explained by a higher 1,2-PD vitrifying
capability in comparison with glycerol.
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MPOUCXOAUT 3HAYUTENbHOE HACHIIIEHNE TKaHU
mianeHTsl 1,2-11/1  KoHIeHTpaus ero 4yepe3 CyTKH
MpaKTUYECKHU AOCTUTAET 3HAYEHUsA KOHIIEHTpaluu
HCXOAHOTO pacTBOpa. DKBUIMOPUPOBaHUE 00pa3LIOB
nnaneHTel B 60%-M pactBope 1,2-I1J] B TedueHue
CYTOK IIPUBOJUT K TOCTENIEHHOMY HACBILIEHNIO TKAaHU
mwtanedTsl KIT no 37 macc %. Ilpu sxBunuOpanuu B
10%-M pacTBOpe TIUIEpUHA HACBIIIEHUE TKaHU
IJTAIleHTHl TPOUCXOTUT Oonee memieHHo. Yepes 20
MHH KOHIICHTPAITUs TIIUIEPHUHA COCTaBIIAET Bcero 2%
OT ICXOJJHO} KOHILIEHTPAIMY HACKIIIAIOIIETO PacTBOPA,
a gepe3 24 1 — 3%. B 40- u 60%-x pacTtBOpax
[JIUIIEPUHA 3a 3TO K€ BPEeMs HACHIIIeHHE TKaHU
JIOCTUTaeT Oojee BHICOKMX 3HAYEHUH, OHAKO OHU
MEHBLIIE, YeM NPH SKBIIIMOpanun B pactBopax 1,2-1171
(Tabmn. 3, 4)

BbiBOADI

Kommnekcueie uccnegoanust merogamu JICK u
SAMP cnocobHOCTH 00pa3LIOB MJIALIEHTHI HACKIIIATHCS
KII nokasanu, 94TO B TKaHH IUTALIEHTHI 00pa3yroTCs
pactBopsl 1,2-I1]1 Oosiee BBICOKMX KOHIIEHTPAIMH IS
BCEX HACHIIIAIOIINX PACTBOPOB, coaepkammx 1,2-11/],
M0 CPaBHEHHUIO C AHAJOTUYHBIMH PAacTBOpPAMH,
COZIepKallliMU TIHIEPYH. B maneHTe 3a 0JJHO U TO
e BpeMs dKBrinOparun B cpene ¢ 1,2-11/1 obpazyer-
cs1 OoJbIee KOJIMUECTBO CTEKJI000pa3HO (a3bl, 4To
00BsCHSETCS OoJiee BBICOKOW CTEKIO0Opasyroniei
cnocoOHoCThIO 1,2-I1]] Mo cpaBHEHUIO C NIULEPUHOM.

Jlutepatypa
3uH4yeHko A.B. WccnepoBaHue das3oBbix nMepexonoB
HV3NYECKNX COCTOSIHUIA BOAHbLIX PACTBOPOB MHOrOaTOMHbIX
cnupToB B AguanasoHe Temnepatyp —196+0°C: ABToped.
avc. ... kaHa. dus-mat.Hayk.— Xapbkos, 1983.— 22 c.
A. c. Ne 1642342 MKW 0124/08,33/483. Cnocob oueHkn
NPOHWKHOBEHWSI BELWECTB B KNEeTOYHble CycrneH3un /
B.0. 3uH4yeHko, M.UN. WeTtnHckuin, B.N. MycaTos, B.A.
Moucees. 3asiBneHo 08.01.88. Ony6n. 15.04.91. Bion.Ne14.—
C.171.
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Taonauuna 3. 3HaueHNs KOHIICHTPAUH, TTOTy4YeHHbBIS
MeToz0M SIMP B 00pa3iax miameHTs ocie
SKBIIHOparmu B pactBopax 1,2-IT]1.

Table 3. Values of concentrations obtained using NMR
method in placenta samples after equilibration in 1,2-PD

solutions
Kounnenrpanus KIT,%
Bpemst CP concentration,%
9KBUAUODAI NI
Exposure time B cpeae BTKAHU
in medium in tissue
20 muH/min 10=+0,2 9+0,5
24 u/hrs 10=+0,2 10+0,5
20 muH/min 40+0,5 15+0,7
24 u/hrs 40+0,5 19+0,7
20 muH/min 60=+0,7 29=+1
24 u/hrs 60+0,7 37+1

Taonauua 4. 3HaueHNs KOHIICHTPaUi, TTOTy4YeHHbBIE
MeToz0M SIMP B 00pa3iax MmiameHTs mocie
SKBIJIHOPAIINH B pacTBOpax IIIHIIEPUHA

Table 4. Values of concentrations obtained using NMR
method in placenta samples after equilibration in glycerol

solutions
Konnenrpanusa KIT,%
Bpemsa CP concentration, %
3KBUAUOpAI U
Exposure time B Cpeae BTKaHU
in medium in tissue
20 muH/min 10=+0,3 2=+0,5
24 4/hrs 10=0,3 3=+0,5
20 muH/min 40=+0,7 14=1
24 4/hrs 40=+0,7 15=+1
20 MuH/min 60=+1 19+13
24 a/hrs 60=+1 32+1,3
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