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Meronom nuddepeHnualibHON CKAHUPYIOIIEH KaJOPUMeTPUY HCCIef0Bau (has3oBble TePeXOIbl U CTEK-
JIOBaHME MHOTOKOMITOHEHTHBIX KPUOBAIUTHBIX cpel, BKJaouaomux NaCl, rumerunsicyab(oKCcu, caxapo-
3y, MOJUBUHUJIINPPOIULOH, IeKCTPAH U I'MAPOKCUITUINPOBAHHLIN KpaxMaJl, I KPUOKOHCEePBUPOBAHMS
SKCILIAHTOB ILJIAIEHTAPHOM TKAHU, a TAKKe ee MOP(OJIOrMYeCKYI0 COXPAHHOCTh IIOCJIe KPHUOKOHCEPBUPOBa-
HUA B 9TUX CPeJax C IeJbI0 aJeKBAaTHOr0 Moa00pa KOMIIOHEHTOB.

AHanu3 mOoJyYeHHBIX TEPMOIPAMM IIOKAa3aJj, YTO BO BCeX MHOTOKOMIIOHEHTHBIX KPHOBAIIUTHBIX Cpe-
Jlax, 3aMOPOKEHHBIX C BEICOKOM CKOPOCTHIO, YACTh PACTBOPA IIEPEXOJUT B CTEKJIO00Pa3HOE COCTOAHME, IIPU
HarpeBe OTCYTCTBYIOT KPUCTAJINIAIUA Jbja 13 aMoP@HO (haskl 1 IIaBleHre 00JIacTell pacTBopa C 9BTEK-
TUUYECKUM cocTaBoM. MuHMMAaJbHASA WHTEHCUBHOCTH 9HIOTEPMUUECKOTO 3ddeKTa IJIaBJeHUS JbA,
a TakiKe HaWJaydmias MOPPOJOrnuecKasi COXPaHHOCTD ILJIAIeHTAPHOUN TKaHU HAGJI0AaeTCsa B MHOTOKOMIIO-
HEHTHBIX PacTBOpax, comep:kamux 5% gumeruiacyiabdorcuga u 6,8% caxapossl uiau 5% rUgPOKCUITUIIN-
POBAHHOI'O KpaxMaJjia B (U3U0JIOIMUYECKOM PACTBOPE. OTU PACTBOPSI CIAEAYET CUUTATDH ONTUMAJIbLHBIMY IJIA
KPUOKOHCEePBUPOBAHNUA SKCILIAHTOB ILIAIEHTAPHON TKAHU, & UX COCTAB PEKOMEH[yeTCA NUCII0JIb30BaTh IIPU
CO3IaHUU CJOKHBIX KPUOSAIIUTHBIX CPES.

Kniouegvie cnosa: MHOTOKOMIIOHEHTHbBIE PacTBOPLI, q)aBOBI)Ie IIepexoanl, CTeKJIOBaHUE, KPUOIIPOTEKTOPHI,

9KCIIJIQHTHI IIJIaIl€HTHhI.

BuorexHosorus co3aHUS 9SKCIJIAHTOB
TKaHU IIJAIleHThI A8 MeIUIIUHCKOTO IPUMeHe-
HUS OCHOBBIBAeTCS TJIABHBIM 00pas3oM Ha IIpo-
1mecce KPUOKOHCEPBUPOBAHNUA, B KOTOPOM yUU-
TBIBAIOTCA BCe (AKTOpPBI, BJIUAIOINE Ha
COXPAHHOCTb MAaHHOTO OMOJIOTMYECKOTO 00b-
exta. Baxxuedmum u3 9Tux (PaKTOPOB ABJIAET-
cs cocraB KpuosaruTHbeIx cpen (KC).

MsBecTHO, UTO (husuUecKue MpPeBpAIeHUS
Kak IIpU 3aMOpasKMBaHUM, TaK U IPU Harpese
KC BBI3LIBAIOT HOBPEKIEHUS, CHUKAIOIIIE
JKMB3HECIIOCOOHOCTh OMOJIOTUYECKUX OO0BEKTOB
B IIpoIlecce KPMOKOHCEPBUPOBAHUA U CBSA3AH-
HBIE, B IEPBYIO 0Uepelb, ¢ KPUCTAII000pa3oBa-
HueMm. Cumraercda, UTO OMOJIOTUUECKUE OO0B-
eKTHI B IpOIlecce 3aMOPaKUBaHU S, XPAHEHU S U
OTOTPeBa B CTEKJYIOIUXCS Cpelax IIOBPeK-
IaoTcsA MUHUMAJBHO [1], TOCKOJBKY B TaKUX
cpefaX WMHTEHCHUBHOCTH KpPHCTaJJI000pasoBa-
HUA CHUJKEHA B CBA3U C II€PEXOJIOM YaCTU pac-
TBOpa B CTeKJ00OpasHoe (aMOp(dHOE) COCTOs-
Hue. IIpu mocTaTOYHO OBICTPON CKOPOCTU
oxaaxkaeHusa KC MOKHO IIOJIYUYUTDH B CTEKJIO00-
pasHom coctoaHum [2]. Kpome Toro, B Kpuo-
OMOJIOTUM WKCI0Jb3YIOT KPUOIPOTEKTOPHBIE
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BeIllecTBa, KOTOphbIe IIpu mobasiaeHun ux B KC
CIIOCOOHBI CHUIKATH WHTEHCHUBHOCTH KPUCTAJI-
JIoo0pasoBaHUA KaK BHYTPU, TaK U BHE KJIETOK,
cosmaBasd 0oJiee IPOUYHBIE CBA3U C MOJIEKYyJIaMu
BOJbI IO CPABHEHUIO CO CBA3AMU UX MEXKIY
cob6oii [3—5]. HekoTophle 3 3TUX BEIIeCTB CIIO-
COOCTBYIOT CHUMIKEHWIO KOHIIEHTPAIMU CoJeit
IPU OCMOTUYECKOM CTpecce, UTO AelaeT MUHU-
MaJbHBIM DPUCK MOBPEKIEHUS MTPOTEUHOBBIX
cTpyKTyp [6], a TakKe CIOCOOHBI OOpPas3OBBI-
BaTh CBSBU CO CTPYKTYPHBIMU KOMIIOHEHTAMU
MeMOpaHbI KJIETOK, IPEJOXPaHsIA UX OT paspy-
MIeHUsA KPHUCTAJLJIaMU IIPU 3aMOpPakKMBAHUU
[7-9]. OgHako 40 HACTOSAIIEr0 BPeMEH OCTAETCA
aKTyaJbHOH IIpobJjeMa ONTHMHU3ANUN 0MOTeX-
HOJIOTUY CO3JaHUsA KPUOKOHCEPBUPOBAHHBIX
9KCILJIAHTOB TKAHU IJIAIEHTHI U ITOUCK HambOo-
Jiee IpUEMJIEMbBIX AJs1 9Toro coctaBoB KC.

ITenpro paboTel OBLIO HccaemoBanme (aso-
BBIX W (DUBUYECKUX COCTOSTHUN MHOTOKOMIIO-
HEHTHBIX PAaCTBOPOB AJA KPUOKOHCEPBHPOBa-
HUSA OSKCIJIAHTOB IIJalleHTapHOl TKaHU,
a TakyKe ee MOPQMOJOTHMUECKOH COXPaHHOCTHU
mocjie 3aMOPaKUBAHUSA C IEJbI0 aJeKBaTHOTO
moxbopa KOMIIOHEHTOB.



Experimental articles

Marepuaabl M METOIbI

TkaHb IIJIAEHTHI HOJyYaJ Il BO BpeMs OIle-
paluu KecapeBa CeUeHUs, TPAHCIOPTUPOBAIHU
B cTrepuibHOM cpene DMEM/Ham’s F-12 (PAA
Laboratories GmbH, ABcTpus), pparMmeHTHpPO-
BaJiu 1o pasmepoB 0,5x0,5 cm, ”HKYyOMpPOBaAIH B
uccaenyemoin KC B Teuernue 15 MUH u mepeHo-
CUJIM B IJIACTUKOBBIE KPUOAMIIYJbI ITPOU3BO/I-
crBa ¢pupmbl NUNC (CIITA) o6bemom 1,8 mur.
3aMopasKUBaJIu IOTPYIKEeHUEM B :KUIKUHN a30T
CO cpeaHeli CKOPOCTBIO OXJIaKaeHuA 3,3 rpa/c.
Yepes 30 MuH KproaMOyJibl ¢ 00pasiaMu pas-
MOpasKMBaJ1 Ha BOOAHOM OaHe (TeMIlepaTypa
Boabl + 40 °C), mocjse yero TKaHb B TeUEHUE
15 muH or™mbIBaJIiM B cpege DMEM.

CocTaB cpel U KOHIIEHTPAI[UIO KOMIIOHEH-
TOB BHIOMPAJIN, PYKOBOJACTBYSCH OMITUMUIAIIH-
eli KOMOMHAIIUU SHIO- U SK30IeJII0JIAPHOTO
KpuonpoTrekTopoB [10, 11], nanHBEIMET O cTabu-
JAUBUPYIOIIeM OeHCTBUU COJIell M caxXapoB
B Ipollecce KPUOKOHCEPBUPOBAHUA pPas3indy-
HBIX OwuoJsioruuyecKkux o0BeKToB [12, 13],
a TaKiKe COBPEeMEeHHBIMU CI0CO0aMu KPHUOKOH-
CepBUPOBaHUS OPraHoOB u TKaueii [14—16].

Hna npuroroByierus oopasmnoB KC ncmoss-
30BaJIU allTeuHble (h)OPMBI AUMETUICYIbPOKCU-
na — IIMCO («[Iumercun», Ykpauna), M = 78;
(usmoaornueckoro pacrasopa (0,9% -it pacTBop
NaCl, VYkpauna), M = 58; moIuBUHUIIUPPO-
augona — IIBIT («I'emomes», ¥YxpauHa),
M = 8+2000; nexcrpana («IlomuramoKun»,
VYxpauna), M = 54 000-66 000; rugpoKcusTH-
aupoBaHHOTO Kpaxmana — ['OK («Pedopran»
200/0,5, 6%, Berlin-Chemie, I'epmanusn),
M = 200 000; caxapossl Mmapku XY (Ykpauua),
M = 384. O6Gpasipl TOTOBUJIU OOHEMHO-BECO-
BBIM METOJOM Ha (puspacTBope.

1 KPUOKOHCEPBUPOBAHUS DKCILJIAHTOB
MJIAIEHTAPHOM TKaHW WHCIOJb30BAJIN MHOIO-
KOMIIOHEHTHbBI€ KPHUO3aIIlUTHBIE CPEe/IbI:

KC1 — 5% OMCO B Gpu3uoa0oruaecKoM pac-
TBOpE (IMCO, husmosornuecKkmii pacTBop);

KC2 — 6,8% caxapossr, 5% IIMCO B ¢du-
3MOJIOTUYECKOM pacTBope (caxaposa, IMCO,
(usroIOrnUecCKuil pacTBop);

KC3 — 5% IIBII, 5% OMCO B ¢pusuosioru-
yeckoM pacteope (IIBII, IMCO, ¢pusuosoruye-
CKUU pacTBop);

KC4 — 5% nexcrpasna, 5% IMCO B ¢usuo-
Jornyeckom pactBope (mexcrpan, [IMCO,
(GUBUOJIOTUUECKUHA PACTBOP);

KC5 — 5% T'9K, 5% OMCO B (pusmosoru-
yeckoM pactBope (I'OK, IMCO, ¢pusuosoruye-
CKUI pacTBop).

O6paser; KC o6bemMoM 1 My moMmeIraau
B CTaKaH M3 HEPIKABEIOIIEHN CTaIN C TOJIITNHON
crenok 0,1 mm. Oxiaakgenme obOpasioB KC
MPOBOAMIN ITyTEeM IOTPYKEeHUS B JKUIKUH a30T

(T= —196 °C) co cpegHeli CKOPOCTHIO OXJAMKIE-
Husa 3,3 rpan/c. TemmepaTypy paccTeKJI0BaHUA
7 (Pa3o0BBIX IIEPEXO0I0B OMPEHeIAI Ha OCHOBA-
HUY TePMOTPaMM, IOJYUEeHHBIX IIPU HaTrPeBe COo
ckopocThio 8,3:107° rpaxn/c ma muddepeHITn-
aJbHOM CKAHUPYIOIIEM KajJopuMeTpe, paspa-
00TAHHOM U MBTOTOBJIEHHOM B VIHCTUTYTE IIPO-
O6sieM Kpuobuosoruu um Kpuomemunuuabl HAH
Vxpauns! [17].

MopdosIornyecKyo COXPaHHOCTb MCCJIENO-
BaJIN, UCIIOJIB3YSA JIA00PATOPHBINA TPUHOKYJISAP-
HBIHT MuKpockon XSP-139TP (fdmomuma —
Kurait). @uxkcupoBaHHBIE TOpemapaThl dKC-
IJIAHTOB IJIAIIEHTAPHON TKAHW OKPaINBAIU
reMaTOKCUJIMHOM 1 303uHOM [18].

Pe3yasTaTsl U 06Cy:KAeHIE

Meronmom muddepeHIIATBHON CKAHUPYIO-
el KaJOpUMeTPUU HCCIeTOBAHBI MHOTOKOM-
noueuTHble KC [ KPMOKOHCEPBUPOBAHUS
SKCILJIAHTOB ILJIAIleHTAPHON TKAaHU, B COCTaB
koropeix BxomaT NaCl, IMCO, caxapoaa,
IIBII, gexcrpau u I'OK.

Ilpu pasmopasKMBaHUU pPACTBOPOB OT
T = -196 °C ma TepMorpamMMax pPerucTpupoOBa-
JIY TUKY U CKAaUKU TerionorJoiierus (puc. 1),
CBsI3aHHEBIE C U3MeHeHUeM (Da30BBIX U (pusuue-
ckux cocrosaHuii oopasmos KC. IIpu Temmepa-
Type crekgoBanud (Tg ) Ha TepMorpaMMax Bcex
HCCJIeIOBAHHBIX PACTBOPOB HAOJIIOJAeTCA CKa-
YOK TeIJIONOTJIOeHu s (0003HaUeH CTPeIKOi 1),
COOTBETCTBYIOIIUI IIPOIIECCY IIEPEXOA BACTEK-
JIOBABINIUXCA IIPU OBICTPOM OXJaKIeHUU 00JIa-
cTeil o0pasiia u3 TBepao0aMOP(MHOTO COCTOAHUA
B COCTOSHVE TIEPEOXTIAKIEHHON JKUIKOCTHU 1 000-
3HAUYaeMbIil TEDMUHOM «paccTeKJoBaHme» [19].

PaccrekJioBaHe CBSA3aHO C PACTOPMAKHUBA-
HUeM BpalllaTeJbHOTO W TPAHCISAIMOHHOTO
IBUKEHUSA MOJIEKYJ U ABJIAETCA (QUSUUECKUM
cocTosIHIEM, a He (as3oBbIM mepexogom [20].
B mporiecce paccreksioBanusa aMmophHbIe 06Jia-
CTH PACTBOPA, HAXOAUBIITHECS B CTEKJIO00PAa3HOM
coctoauuu HUKe Tg, MepexXomsaT B COCTOSHUE
TePMOAMHAMUUECKY HeCTAOMIHLHON IIePeoXIak -
IEeHHOH KUIKOCTU, BA3BKOCTH CHUCTEMbBI PE3KO
majaer.

Hnsa wmccinemoBaHHBIX 00pasnoB Tg mmeer
ciaenyromiue 3Havenuma: —125°C (KC1),
-104,5 °C (KC2), —105 °C (KC3), —-101,5 °C
(KC4), —100 °C (KC5). OueBugno, uto Tg pac-
TeT C YBeJITUYeHUEeM MOJEeKYISPHOM Macchl KOM-
noHeHTa, mobasaennoro B KC, xoTtopas comep-
skut JIMCO Ha ¢QuspacTBOpe U 00ycCJIOBJIEHA
XapaKkTepoM CBs3eil KOMIIOHEHTOB B PaCTBOpE.

IIpu manbHeHIIEM TOBBIIIEHUN TEMIIEPATY-
pul (Bbite Tg) B 3aMOpPOKEHHBIX C BBICOKOM
crkopoctrio KC, Kak mpaBuiio, HabJmogaeTcs
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Puc. 1. TepmorpaMMbI MHOTOKOMIIOHEHTHBIX
KPHMO3aIUTHBIX cpex npu Harpese or T=—196 °C
(mosicHEeHUs B TEKCTE)

KPUCTALIN3ANUAA JIbJa U3 IePEeoXJIaKIeHHOMN
JKUIKOCTH, KOTOPAas MOYKET MIPOUCXOIUTH
O0ypuo (;taBuHOOOpPasHo) [21, 22], mpoBoIUPYA
MOBPEKIeHUA OHOJOTUUECKUX OO0BEKTOB.
HanbHeimuiit HarpeB o6pasiia OOBIYHO COIIPO-
BOXKJaeTcda 9HAOTepMuUYecKUM 3dderToM
B Y3KOM [Aualia3oHe TeMIlepaTyp U COOTBET-
CTBYyeT ILJIaBJIEHUIO KPUCTAJJIOB YacTu obpas-
114, UMeIel 9BTeKTUYECKUH COCTAaB.

AHnanus TepMorpamMM BCeX KCCJIETOBAHHBIX
mamu KC mokasajs, 4YTo TOpuU HArpeBe OT
T = -196 °C Ha HUX OTCYTCTBYIOT HUKHU, COOT-
BETCTBYIOIIMEe KPUCTAJNJIU3AIUUA JbJa U3
amopdHOI (Gaskl U IJIABJIEHUIO obJjacTeil pac-
TBOpA C 9BTEKTUUECKUM cocTaBoM. OTCyTCTBUE
ILIaBJIEHUsT 00JIacTell C 9BTEKTUYECKUM COCTa-
BOM HaOJOfaNu IMpu mo0aBIeHUU K (ochaTHO-
coseBoMY Oy(epy 1 GU3UOJIOTHIECKOMY PACTBO-
Py MaJbIX KOHIIEHTPAIIUHA KPHUOIPOTEKTOPOB
[23]. IIpenmoJiaraioT, YTO MPUYKUHA OTCYTCTBUSA
YKasaHHBIX TepMoamHamMuuecKux s(hQeKToB
B TOM, UTO MOJIEKYJbI CaxXapo3bl U COJieil CBs-
3pIBaoTcA ¢ moaexkyaamu JIMCO, «crabuinsu-
pys» CTPYKTYPY pacTBopa, B Pe3yJbTaTe Yero
obpasoBanue KpucramaiaoB IIMCO B cucreme
CTaHOBUTCSA TEPMOAUHAMUYECKN HEBBITOTHBIM,
¥ 00J1aCTHU C 9BTEKTUYECKUM COCTaBOM He o0pa-
gyiorcsa [24]. Ilo mamapiMm [25], 1 moaekryia
caxaposbl CIIOCO0HA COeqUHATHCA BOJOPOIHBI-
MU CBA3SIMU C 5 MOJIEKYJIaMU BOJbI, YMEHbIIIAsA
TaKuM 00pas3oM KOJUYECTBO CBOOOTHON BOJbI B
pacTBope u cHmxadA cnocobuocts KC, comepaxa-
X caxaposy, K KPUCTAII000pa30BaHMIO.

IIpruumHa OTCYTCTBUSA KpPUCTAJLIU3AIUT
Jbaa u3 aMopdHOI (Gashkl U IJIaBJIEeHUs 00Jia-
CTell ¢ 9BTeKTUUYECKNM COCTABOM B 00pasIiax ¢
BBICOKOMOJIEKYJISIPHBIMU KOMIIOHEHTaMU
(IIBII, mexcrpan, I'OK), mo HamemMy MHEHHIO,
00'bsACHAETCI UX CIOCOOHOCTHIO CBA3BIBATH
00JIBITIOe KOJUYECTBO MOJIEKYJ BOJABI Ha OMHY
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MOJIEKYJIy BeIllecTBa U CIeInn(pUIecKoil CTPYK-
TYypo#i PAaCTBOPOB BBICOKOMOJIEKYJIAPHBIX
BelriecTB [26—28], 4TO IPUBOAUT K HUBEJIUPO-
BaHUIO YKAas3aHHBIX TepMOAUHAMUUYECKUX
a(peKTOB.

Taxkum o0pa3oM, B MCCAE€LOBAHHBIX MHOTO-
KommoHeHTHBIX KC B mIpoitecce 6bICTPOTO 3aMO-
PasKMBaHUA TIPU OMUPENEJeHHON A KaKIoTO
obpasta Temneparype Tg moABIAOTCA 00JIaCTH
CO CTEKJI000Pa3HOM CTPYKTYPOil. Y CTaHOBJIEHO,
YTO IIPOIlecCchl IIaBJIeHMUsT objacTeil pacTBopa
C 9BTeKTHUUYECKUM COCTABOM, a TaKiKe KPUCTAJ-
JoobpaszoBanua U3 aMOpP(HON (as3bl He Pa3BU-
BalOTCs, TeM CAMBIM YCTPAHAIOTCS BO3SMOIKHBIE
(haxToOphl TOBPEXKIEHUA OMOOOBEKTOB B IIPO-
mecce KPUOKOHCEPBUPOBAHUA.

Bce TepmMorpaMmbl mcciaeqOBaHHBIX 06pas-
IIOB UMEIOT HeOOJIBITION Pa3MbIThIN, PA3JIUYHBIN
10 WHTEHCUBHOCTU dK30TepMuuyecKuii nmux II
B nuamasoHe Temieparyp —95 °C +-71,2 °C,
KOTODBINI OTBeYaeT B3aBEPIIEHUIO0 IIpoliecca
KPpUCTAJLIN3aNuY BOALI U mogobHo Tg cmermra-
eTcs B o0JslacTh 0ojiee BBHICOKUX TEMIIEpaTyp C
yBeJIUYeHNeM MOJIEKYJISAPHOM Macchl KOMIIO-
HEHTAa, UMeIoIero 6oJiee BBICOKYIO MOJIEKYJIAP-
HyI0 Maccy. [IprunHa aBJIeHUA JOKPUCTAJIN-
3aIluu B TOM, UYTO KPUCTAJLJIN3AIINA BOAbI IIPU
OBICTPOM OXJIAXKJIEHUHU OO TeMIIepaTypPbl KUI-
KOTO a30Ta He 3aBeplllaeTcd IMOJHOCTBHIO, TakK
KaK IIPU POCTe KPUCTAJJIOB JbJA MPOUCKXOIUT
KOHIIEHTPUPOBaHNE PACTBOPEHHBIX BEINECTB U
BO3pacTaeT BSBKOCTh pacTBopa. IlosTomy mpu
HarpeBe JI0 OIIpeieJIEHHOM AJIA KaKI0Tro 00pas-
a TeMIepaTypbl KPUCTAJIJIU3AIUSI BOILI BO3-
00HOBJISAETC.

MaxkcumanbHBIN SHIOTEPMUUECK U 9 deKT,
coorBercTByOIuil tuky III m oTBeuarommit
MJaBJeHWI0 JbJa U IIepexoay o0pasioB
B COCTOSIHUE JKUIKOCTH, HAOIIOTaeTCs B CCIe-
IOBAHHBLIX cpeJax IIpU TeMIeparypax
-6 °C +-7,8 °C. KoauuecTBO IIOTJIOIIEHHOI'O
IpU IJIaBJIEHUU TeIlja, a cJeJoBaTeJbHO, J0JId
00pasyIomuxcs B IIPoIlecce OXJaKIeHUA KPU-
CTaJIJIOB JbJa B o0pasie meubiire B KC2 (caxa-
posa, OMCO, dusuosorudecKuii pacTBOP)
u KC5 (I'9K, OIMCO, ¢usuomormuecKkuii pac-
TBOP) IO CPaBHEHHWIO CO CpelaMu C APYTUM
COCTaBOM.

Takum 00pasoM, M3 BCeX HCCJIEeTOBAHHBIX
KC nns KproKoHCepBUPOBAHUS SKCILIAHTOB
IJIaleHTapHOW TKaHW MHOTOKOMIIOHEHTHBIE
pacTBOpPBI, comepskamme momumo JIMCO
u (Qusuosornueckoro pacrsopa I'OK uam caxa-
po3y, caeayeT CUNTATh ONITUMAJIbHBIMU.

WccremoBanubie KaJOPUMETPUUYEeCKUM
MEeTOZOM Cpebl IPUMEHSIIN A KPUOKOHCEP-
BUPOBAHUS 9KCILIAHTOB IJIAIeHTAPHON TKaHU.
ITocse pasmopakuBaHUS OIEHUBAJIU MOP(OJIO-
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TUUYECKYI0 COXPAHHOCTL €e CTPYKTYpPbI, obec-
meuymBaloIleii MeKKJIeTOUHBIE B3aWMMOIEN-
CTBUSA U IIeJIOCTHOCTDH CUHITUTHOTPOGobIacTA.

YcTaHOBIEHO, UTO CTPYKTypa TKaHU ILja-
meHTsl, nHKyOoupoBanHoii B KC1, comepskaiieii
OMCO u NaCl, npakTuuecKu He OTJINYAIaCh OT
HaTuUBHOM (puc. 2).

a (9]

Puc. 2. MuxkpodoTtorpaduu 3KCIIaAHTOB
ILUIAIeHTAPHOM TKAHM:
a — HATUBHON; 6 — nHKyOouposauHoii B KCl
(AIMCO, pusuosornuecKuii pacTBOP).
OxpamiuBaHre TeMaTOKCUINHOM U 303uHOM. X200

T'ucrosmornuecku mpu KPHUOKOHCEPBHPOBa-
HUU SKCIJAHTOB IJIANEHTAPHOU TKaHU 0e3
WCTIOJIb30BaHUS KPUOIPOTEKTOPa HAOGIIOMAIOT-
cs ciKaTue TePMUHAJIbHBIX BOPCUH, JecKBaMa-
mus TpodobiacTa, paspuIBbl COeIUHUTEIbHOMN
TKaHU, IUKHO3 AepP ee KJIETOUHBIX 9JIeMEeHTOB
(puc. 3, a).

KpuokoncepBupoBauue B cpene, comeprka-
mreit [IMCO, IOJHOCTBIO He IIPeZOTBPAIIAJIO
paspyllleHusa CTPYKTYPbl TKAHT, HAOIIOAAINCD
KPUOIIOBPE:KJeHUS B BUle PA3PHIBOB U IeCKBa-
Manuu cuHImuTuorpodoodaacra (puc. 3, 6). ITO
00'bsICHSIETCSA BBICOKOU CIIOCOOHOCTHIO BMOPMO-
HAJbHON Me3eHXWMBbI K HAKOILJIIEHUI0 BOABLI U
TeM, UTO B IIpoIlecce KPUOKOHCEePBUPOBAHUS B
KC1 mons amop@dHBIX obJiacTeil MaJjia OTHOCH-
TeJIbHO KPUCTAJJINYECKOH YaCTH UCCIeLyeMOTro
obpasma. OmnucaHHBIE TOBPEKIEHUS TKAHU
IJIAIeHThl MOTYT BOBHUKATH BCJEICTBUE KPU-
cTajamoo0pasoBaHuA KaK Ha sTame 3aMOpasKu-
BaHUsA, TaK U B IPOIlecce OTOrpeBa.

Puc. 3. MuxkpodorTorpaduu 3KCIIAHTOB
NJIalleHTaPHOH TKaHHU, KPHOKOHCEePBUPOBAHHBIX:
a — B ()U3UOJIOTUYECKOM pacTBope (KOHTPOJIb);
0 — B KC1 (IMCO, ¢pusuosornuecKkuii pacTBop).
OkpalnrBaHre reMaTOKCHJINHOM 1 903uHOM. X200

s mpemoTBpallieHus KPUCTALI000paso-
BaHUSA B HCCIedyeMble cpenbl T00aBISAIUN
coeInHEeHUsA ¢ OOJIBINON MOJIEKYJIAPHON Mac-
coii: IIBII, mexcrpan u I'OK. BeicokOoMOJIEKY-
JISIPHBIE BeIlecTBa, He NPOHUKAA B KJETKWU,
CBSA3BIBAIOT BOAY B MEKKJIETOUHOM IIPOCTPAH-
CTBe, IIPEHATCTBYSA POCTY KPUCTAJJIOB BHEKJIE-
TouHOro Jbaa. OmpemesneHo, YTO HAMMEHBIIIEH
TOKCUUYHOCTBHIO TIPU WHKYOUPOBAHUU B MCCJIE-
nyeMbIx cpemax obaamaior KC, B cocTas KoTo-
prix kpome [IMCO u (pusmosiornyecKoro pac-
TBOpa BXOAAT caxaposa uiu ['OK (puc. 4).

IIpu rucTOIOrMUYECKOM UCCJIEeOBAHUU IIpe-
mapaToB SKCILIAHTOB ILJIAlleHTapHON TKaHW,
nHKyOupoBauubix B KCbH, oOHapy:keHO, UTO
CTPYKTYPBI IIJAIleHThI M3MeHeHbl He3Hauu-
TeJbHO: OTCJOEHUMEe CHUHIUTHOTpodobIacTa
HaOJIrogaoch KpaliHe pPeaKo, SHIOTEJIUNA KpPOo-
BEHOCHBIX COCYZOB COXpaHeH. B 1ejoM CTpyK-
Typa 9THUX 00pasI[0B IPAKTUUECKN He OTJINUa-
Jach OT HATUBHOM ILIaleHTHI (puc. 4, 0).

IIpu nHKYOHMPOBAaHUY SKCIJIAHTOB IIJIAIleH-
rapuoii Tkanu B KC2 mabionasoch HEKOTOPoOe
VILIOTHEeHME CTPYKTYP ILJIAIleHThI, YMEeHbIIIeHIe

a 0

Puc. 4. MukpodoTtorpadun 3KCIIAHTOB
ILUIAIEHTAPHON TKAHU:
a — HaTUBHOU, NHKYOMPOBAHHOM B cpeiax;

0 — KC5 (I'9K, IMCO, ¢pusuosorudecKui
pactBop); 8 — KC2 (caxaposa, [IMCO,
dusuosornueckuii pacraop); 2 — KC3 (IIBII,
OMCO, ¢pusuomsornueckuit pactsop); 0 — KC4
(mexcrpan, [IMCO, ¢puspacTBop).
OkpalruBaHue reMaTOKCUJINHOM 1 903uHOM. X200
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MHTEPBUJLJIE3HOr0 IPOCTPAHCTBA 3a CUeT COJIu-
JKEHUSA MEJKHUX TepPMHUHAJBHBIX BODPCHUH.
OTMeueHO MyKOUAHOe HabyXaH1e CTPOMBI BOP-
CHUH, Anpa CUHIUTHOTPoGO0OIacCTa M CUHIIUTH-
aJbHBIX Y3JI0B TUIIEPXPOMHEI (puc. 4, 8).

NakybupoBaHre SKCIJIAHTOB ILJIAIleHTap-
HoM TKauum B KC3 mpuBoAMIO K 00pa3soBaHUIO
IMOJIOCTell B TEPMHUHAJIBHBIX BOPCHHAX MEXKIY
KOJIJIar€HOBBIMU BOJIOKHAMY CTPOMBI, AUJIaTa-
U KPOBEHOCHBIX COCYZOB, OTCJIONKE CUHIU-
TuoTpodobiacra (puc. 4, 2). Ilomro6HbIE U3Me-
HEHUA TMPOUCXOAUJIN U TPU HKCIOSUIUU
SKCIIJIAHTOB IIJalleHTapHoW TKauu B KC4
(puc. 4, 9).

ITociie KPMOKOHCEPBUPOBAHUS 9KCILJIAHTOB
miarenTapuoi Tkaau B KCH oTciioeHue cCuHINI-
TroTpodobacTa HabII0AAT0Ch KpaiiHe pemaKo.
fnpa curnuTHOTpOdOO6IACTA M CHUHIUTUAJD-
HBIX y3JO0B OBLIM HECKOJbKO yBEJIUUYEHBI U
TUIIEPXPOMHBI, TaK K€, KaK U AApa KJIETOUYHBIX
2JeMeHTOB cTpoMbl. OTMeUeHO cOxXpaHeHUe
SHIOTEJINSI KPOBEHOCHBIX COCYZIOB (puc. 5, a).

IIpy KPUOKOHCEPBUPOBAHUU 3DKCIIJIAHTOB
miaarenTapuoii TkaHu B KC2 cTpyKTypHI IjIa-
IeHThl IIOBPEKIAJINCh HEe3HAUUTEJNbHO, B
OCHOBHOM Ha0./II0a10Ch OTcJoeHue TpodobdIia-
cTa, pa3pbIBbI Me3eHXUMBI (puc. 5, 8).

Puc. 5. Muxpogororpadum 5KCILJIAHTOB ILIAIEeHTAPHOI
TKaHH, KPHOKOHCEPBUPOBAHHOM B cCpeax:

a — KC5 (I'9K, IMCO, ¢pusuoorudecKuii pacTBop);

6 — KC2 (caxaposa, IIMCO, ¢dusuosornyeckuii

pacTBop);
6 — KC3 (IIBII, OMCO, ¢dusuosornuecKkuii
pacTBop);
2 — KC4 (mexcrpan, IMCO, dusmuomormuecKuii
pacTBop).

OkpalruBaHue reMaTOKCUJINHOM 1 903uHOM. X200
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KpuokoucepsupoBanne sKCIJIAHTOB ILja-
nmentapHoil Tkanu B KC3 mpuBOgmIO K TOMY,
YTO B TEPMHUHAJBHBIX BOPCUHAX XOPHUOHA KOJI-
JIareHOBBbIE BOJIOKHA CTPOMBI YaCcTO OBLIU (ppar-
MEHTHPOBAHbBI, MEXKIY HUMU 00pPa30BLIBAIUCH
HeOOJIBIIINEe TOJIOCTH; KPOBEHOCHBIE COCYIbI B
0oJiee KPYIHBIX BOPCUHAX OBIJIN JIAIIIEHBI DH0-
TeJUsA, YaCTO OTMeUaJiaCh OTCJIONKA CHHIU-
TuotTpodobdaacra (puc. 5, 2).

IIpu KpUOKOHCEPBUPOBAHUU HSKCIJIAHTOB
miaarenTapuoi Tkanu B KC4 o0HApyKeHo, UTO
TepMUHAJIbHBIE BOPCUHBI B OOJIBIIIMHCTBE CJIY-
yaeB ObLIM CXKaTbhl, HAOJIONAJINCH NCTOHUYEHIE
U Pa3BOJIOKHEHME KOJIJIAT€HOBLIX BOJIOKOH
COeIVHUTEJIbHOTKAHHON CTPOMBI BOPCHUH, B
pesyJabTaTe uero B HuX 00pas3oBBIBAJINCEH II0JIO-
cTu. B MeJKuX BOpCHMHAX IIPOMCXOMMJIA KOH-
CTPUKIUSA TeMOKAIUJIIAPOB, a B KPYIHBIX,
HaOpPOTHUB, AUJATAUA, HNPUUYEM 3DHIOTEJIUN
COCYIOB OBLT JAecKBaMupoBaH. Mectamu o0Ha-
PY/KHMBaJIach OeCKBaMaIlllsid CHUHIIUTHOTPOdO-
OJsiacta ¥ MUKHO3 Axep (puc. 5, 9).

Takum obpasoM, IIPpU KPHUOKOHCEPBHPOBA-
HUU B cpefax, cogepsramux, kpome JIMCO u
NaCl, IIBII u gmexcrpaH, CTPYKTypa TKaHU
coxpaHdAJgach JHUIIL yacTuuHOo. Hawmbosbiias
COXPaHHOCTh ILJIAIIEHTApPHOII TKAHU JOCTHUra-
Jack mpu BBemeHuu B coctaB KC, momumo
OMCO u NaCl, I'oKa uau caxapossbl.

ITo pesyabraraM KaJOPUMETPUUECKUX
HCCJeNOBAHNII BO BCE€X MHOTOKOMIIOHEHTHBIX
KC, 3aMopo:XeHHBIX C BBICOKOM CKOPOCTBIO,
YacTh PacTBOPa IIEPEXOJUT B CTEKJIOO0pasHoe
COCTOsSIHUE, IIPU HarpeBe OTCYTCTBYIOT KPH-
cTaIN3aIuA Jba n3 aMop(HO# (hasbl U IIIaB-
JleHUe o0JiacTell pacTBOpa C SBTEKTUUYECKUM
cocTaBOM. MUHWMAJIBHBIA SHIOTEPMUUECKUN
9 (peKT ILIaBJICHU JbJA HAOJII0gaeTcd B cpe-
max, comepskamnux, kpome NaCl u JIMCO, caxa-
posy uinu I'OK. KpuoxkoHcepBUpPOBaHUEM B
STUX Cpefax AOCTUTAETCS Hauaydiinas Mopdo-
JoruyecKas COXPAaHHOCTh IJalleHTapHOU
TKAHU.

Takum 00paszoM, OJsi KPHOKOHCEPBHPOBA-
HNSA SKCILIAHTOB ILIALEHTAPHOM TKAHU OITH-
MaJIbHOM ABJSETCA MHOTOKOMIIOHEHTHAS
cpena, comepskamias 5% IIMCO u 6,8% caxa-
posel mwiau 5% I'OK B (pusumosiornueckoMm pac-
TBOpPE, UTO II03BOJIAET PEKOMEHIOBATL KOMIIO-
3UIMHU 9TUX BEIECTB B KAUECTBe KOMIIOHEHTOB
ILSI CO3AHUS CIOKHBIX KPUO3AIUTHELIX CPE/I.
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MeTtomom nmudepeHIiiiHOI CcKaHyBaJdbHOIL
KaJyiopuMeTpii mocirigsxyBasiu (pa3oBi mepexonu Ta
CKJIyBAaHHSA 0araTOKOMIIOHEHTHUX KPio3aXMCHUX
cepemosuiil, 1o mictsaTb NaCl, numeruicyab(ox-
cujm, caxapoasy, IOJIiBiHIJITipoJIifoH, AeKCTpaH
i rizpokcieTnILOBaHU KPOXMaJIb, I KPiOKOH-
CepBYBaHHSA €KCILJIAHTIB IIJIalleHTapHOI TKaHUHU,
a TakoK ii Mopodosioriuny 36eperkeHicTh Imicisa
KPiOKOHCEepBYBaHHS B IIUX CEPEIOBUIIAX 3 METOIO
aeKBaTHOTO MiA00Py KOMIIOHEHTiB.

Amnajis omep:KaHUX TepMoTrpaM IIOKAasaB, IO
B yCix 6araTOKOMIOHEHTHHUX KPiOo3aXMCHUX cepe-
JIOBUIIAX, 3aMOPOXKEHNX 3 BUCOKOIO IIIBUIKICTIO,
YaCTHUHA PO3UUHY IEePeXOAUTh Yy CKJOIMIOMiOHUHA
cTaH, ITiJi yac HarpiBaHHA BiJCyTHiI Kpucrajisa-
1ig abony 3 amopdHoi (hasu i miIaBJIeHHA JiTAHOK
PO3UMHY 3 €BTeKTHUUYHUM cKJaazoM. MiHimMaibHa
iHTeHCUBHICTH €HJOTEePMiUuHOTO e(heKTy IIIaBIeH-
HA JIBOY, a TAKOK HaWKpaia mopgoJioriuua 36e-
pesKeHicTh IIaleHTapHOI TKAHWHU CIIocTepira-
€ThCsA B 0AraTOKOMIIOHEHTHHX PO3UYMHAX, IO
mictare 5% mgumeruiacyiabporcuny ta 6,8%
caxapoau abo 5% rigpoKcieTHIbOBAHOTO KPOXMa-
a0 y ¢isiosoriunomy posumui. I1i posdumnm ciaixg
BBaKaTU ONTUMAJbHUMU I KPiOKOHCEPBYBAaH-
HA eKCIJIAaHTiB IJIAIleHTAapHOI TKAHWHU, a 1XHIi#
CKJIAJ AOITiJIbHO BUKOPUCTOBYBATHU 3 METOIO CTBO-
PEeHHA CKJATHUX KPiO3aXMCHUX CePEemIOBUIII.

Knwuoei cnoea: 6araToKOMIIOHEHTHI PO3YMHU,
(dasoBi nmepexonu, CKIyBaHHSA, KPiOIPOTEKTODPH,
eKCIJIAHTHU IJIAIleHTH.
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CREATION OF THE OPTIMAL MEDIA
FOR PLACENTAL TISSUE EXPLANTS
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Phase transitions and vitrification of multi-
component cryoprotective media including
NaCl, dimethyl sulfoxide, sucrose, polyvinyl-
pyrrolidone, dextran and hydroxyethylic starch
for cryopreservation of explants of placental tis-
sue as well as its morphological integrity after
cryopreservation in these media with the aim of
adequate selection of the components were stu-
died by differential scanning calorimetry.

Analysis of the obtained thermograms has
shown that in all multicomponent cryoprotective
media, frozen with a high rate, the part of the
solution transforms into a vitrified state during
warming ice crystallization from amorphous
phase and melting of solution area with eutectic
composition are absent. Minimal intensity of
endothermal effect of ice melting as well as the
highest morphological integrity of placental tis-
sue is observed in multicomponent solutions con-
taining 5% dimethyl sulfoxide and 6,8% sucrose
or 5% hydroxyethylic starch in physiological
solution. These media should be considered as
optimal ones for cryopreservation of placental
tissue explants, and their composition is recom-
mended to be used when designing complex cryo-
protective media.

Key words: multicomponent solutions, phase
transitions, vitrification, cryoprotectants, pla-
cental explants.





