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K ceedenuio wumamenelt HypHaLd

Jins NOMYdEHUs  [IOJIHOTO ~ KOMIJIEKTa XKy HaJ/a
«[1POBJIEMbI TEMATOJTIOT YU U NEPEJIMBAHHSA
KPOBH» TocynapcTBertoe H3LaTeNTbCTBO ME/LHLLMHCKOTT
AuTepaTypbl MPocHT Bac CBOEBPEMEHHO 0opMUTL NOJL-
[MUCKY Ha BTOPOE MOJYTOAHE 1963 r.

[MoAndcHas nnata Ha NoJayrojine 1 py6. 80 kom.

[loanucka TPHHUMARTCA B YHKTaX MOANKCKH «Coto3-
neudthy, nouTamTaX, KOHTUOpAxX H oT/1e/IeHHAX CBSA3H,
o6LIECTBEHHBIMH PACTIPOCTpAHHUTEAsIMY NicuaTH HA 3aBO-
aax ¥ habpukax, Wwaxrax, npoMeicaax H cTpoiikax, B KoJ-
X03aX, B yueOHbIX 33BEICHHSX H yupexxAcHHAX.

Pejlakiluy KYpPHAJIOB M H3AATEJbCTBO NOAMHCKY HA
’KypHasbl He NpUHUMAIoT. '

JKYPHAJIbI B PO3HUUHYIO APOAAXKY HE TTIOCTVIAIOT.

MENITH3
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NPUMEHEHHUE FJIYBOKOro XOJOIA
A8 AJHTEJAbHOIO KOHCEPBHPOBAHHSA KPOBH
B 3AMOPO)XEHHOM COCTOSSHHH

[Ipog. @. P. Bunoepad-Purxers, NOLEHT A. E. Kuceaes, ®. I'. I'unabype,
' JI. H. dedoposa, 3. H. Kayxauwmsuru

M LUentpaabhoro opiena JleHuHa MHCTHTYTA TEMATONOTHH R MepeJHBAHHA KPOBH
(amp.-— nouent A. E. Kuceien) Munhicrepcrea anpasooxpanenns CCCP

Paspa6oTka MeTOJOB COXpaHeHUs KDPOBH B 3aMOpPOKEHHOM COCTOSHHH
3aHMMaeT B HacToslee BPEMsi LEHTPasbHOe MeCTo B npoGreMe KOHCEpBM-
poBanus xpoBH. Muorue rofibl NoJyueHHe MKHUBLIX KJETOK, B HACTHOCTH
3PHTPOUMTOB, NOCAE 3aMOPAXHBAHMA M OTTAHBAHHA CYHTANOCH HEBO3:
MONMHIANM
| [>wiblLIOE [PAKTHUECKOE 3HHUYEHHE [AHHOTO BONMPOCA  3aKJIOHdercs
8 ToM. 4TO 6Jaro4aps MOJHOMY NMOAaBieHHI0 o6MeHa BelleCTs MpH TeMmne-

paType HHXe HyJs BO3MOXHO LJHTEJBHO (MHOrHe Mecslbl M AaXKe FOAb)
| XpaHHTb KN€TKH KH3HECMOCOGHBIMH, Uero Henb3s MONYHHTL npy HOJOXKH-
TeAbLHuW X TeMnepaTypax.

len ruruyThie B 3TOH 06/ACTH YCrexH CO3AAIOT yXKe ceityac boabluue
BOAMOAHOCTH [J5 3HAYHTENLHOIO YHJIHHEHHA CPOKOB XPaHEHHs KDOBH.
VCTaHOBAEHO, YTO COolepXKaliecs (¢ [VIHUEPHHOM) B 3aMODPOKEHHOM BHIE
8 TeueHHWe MHOTMX MecsilleB M fidXKe HECKOAbKHX JeT 3PHTPOLMTHI nocJye OT-
raMBaHH B OCHOBHOM OCTAITCH HEMOBPEXAEHHBIMH H COXPaHAIOT CBOH
pusnonoruueckue coiicraa [31, 47}, ‘ .

B wauane pa3paGoTku npobGneMbl, Korpa 3aMopaxKHBAaIH He6obWHE
06besi« KPOBH, aBTOPH! NMPEAJNArand 3TOT METOA AJs ANHTENLHOIO Xpahe
HH®  14W1apTHHIX 3PHTPOLMTOB, HEOGXOAMMBIX I/l OnpelefeHHs PEAKHX
rpyin xposH [30, 44].

B pane paGoT yxasbiBanoch [31, 47], uro aTOT METOA NMO3BOIHT AAHTENL
HO COXPaH#Tb KPOBb PEeAKHX rpynn Aias nepenuBanust GOJbHLIM HIH 3abna-
rompeMeHno 3arOT&BAHBATL TeMapHHU3HPOBAHHYIO KPOBb [ SKCTPAKOP-
nopaabHoro KporooGpaieHus.

(_4HTAIOT TAKXKe, YTO METO] AMHTENIbHOTO XpaHeHUsl KPOBH NPH OTpHUA:-
TenbHHWX TeMNepaTypax RnpHoGpeTaeT HCKIIOUMTENLHO BaXKHoe S3HaUEHHv
AJIA CO3AAHKR 3aMACOB KPOBH B OCOOLIX YCJIOBHAX (49, 50, 57].

Mbi CYMTaEM, YTO METOJ KOHCEPBHPOBAHHS KPOBH B 3aMOPUXKEHHOM
COCTORHHH 38CJAYXHBAET UIMPOKOTO BHEAPEHHS B MPAKTHKY yupex AeHHi
cayx6u KposH. B nepsyio ouepeib 3To HeOGXOAUMO ANS TOro, YTOGBI HC-
N0Aib30BaTh AJA MepenuBaHMsl OCTAlOLLHecs focjae 3aroTOBKH cyxo#l maas-
Mbl SDMTPORMTbI, CPOK XP@HEHHS KOTOPHIX NpH 4—6° orpaHHueH JIHILb
3—4 nenensmu. He HckAloyaercst npH 3TOM COXpaHeHHe KPOBH peaKHx
rpynn u pe3ycoTpHUATeNbHOH KPOBH.

Briepebie O BO3MOXHOCTH 3BMOP@HBHHMS H OTTaHBAaHMA SDHTPOLITOB Ges Hx 3na-
uHTenpHoro mnoBpexjenus coobwman H. W. dexopos ¥ Cuut [29, 52]. O npumeHeHny
SPHTPOLMTOB AJA Tpancysuit nocae XpPaHeHun B TeueHue HeckoMLKHX MecsiueB npu —10°,
—90° ykasmBaer psan astopoB {2, 3, 7. 21, 27, 28, 43, 44]; uMmeiotca TAKKE JAHHBC

0 33MOPaXXHBAaHHH KDPOBAHHX KJETOR 6ed HX pa3pyilleHHR B TeucHHe HeCKONMbKUX JeT
131, 47].
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VYenexaM B 06/1acTH KOHCePBHPOBAHHS KPOBH METOAOM 32MOPAXKHBAHHR 3HASNTENb
1O cnoco6eTBOBAN ROCTHXKEHHH COBPeMeHHON GHOJNOrHH B H3yYeHHH BOMPOCOS yCTOMUH:
BOCTH JKHBBIX KJETOK It APYFHX OMOJIOTHYECKHX OGBLEKTOB (BHJOTL 10 leAsx opra-
HU3MOB) K BO3AEfCTBHIO Xodoad, ITOT HOBHIl pazaes GHOJOrHK Ha3BaH KPHOGHOMOTHER.
Bbio oTMedeno Goabiioe pazvoobpasie peaklidit KJAeTOK W TKaHeil Ha BO3eNCTBHe X008
i yCTaHOBAEHO, YTO OTPHLATeNbHAs TeMNepatypa BnaoTh 40 —195° He BulanBaer npu onpe-
AdeJleHHBIX ycaoBHAX rubestd KiaeTok W Tkanedr. Ilocse c©Tosib CHABHOTO OXJAaXAeHHS OHH
OCTAIOTCH XKH3HECNOCOGHbLIMH, NPHAKHBAKT HPH TPEHCNNIAHTAUMH, A4IOT POCT 8 KyIsTypax
TKaneit, KpoMe Toro, 3HauMTe/bHblé YCMeXH JOCTHrHYTH B OMBITAX € CAYGOKHM oxiamae:
HHEM H OXHB/eliveM MNocje OTOI‘pEBBHH? HeablX UPpraHu3MoB KHBOTHBIX. ClOﬂl OTHOCRTCH
ONbITH € 33MOPAXKHBAHHEM HACEKOMBIX M ADYIHX KHBbIX OPraHHIMOB NPH TeMmnepatypax
1o —190° {18, 22, 23] Cmur ¥ coasropsl (46, 53] 8 1957 r. nokasa/ii, 4TO XOMAKH, 3aMo-
pOXeHHble B TeueHHe waca a0 -—5°, flocse o6orpeBaHHs € MOMOLIBIO THATEPMHH H HCKYC-
CTBEHHOTO AbIXAHHA OXMBAIOT H MONHOCTLIO BOCCTaHaBAHBAOT cBOH GyHkuud, Tlpn 3TOM
6bis10 OTMeueHO, YTO BBIKHMBAJM TOJBKO Te XXHBUTHHIE, Yy KOTOPHX MNpeBpallieHHe BOMM
8 KPHCTaJabl Jbla He npesuiiaiio 50% oOT o6luero koauyecTBa KHAKOCTH B OpPraHHaMe.
Kposanku u HexoTopale npuMathl (galago crassicaudatus) we nepenocwan nono6uoro 3amo-
PaXKHBSHHA: HECMOTPH Ha HACTYM4BLIEE HENOCPeACTBEHHO NOC/Ae OTOrPeBaHHS BOCCTAHOB-
fleHHe CepAeuHoN AeATeNBHOCTH H NPOH3BONLHLIX ABHIKEHHH, XKHBOTHbIE BCKOpe NOrHGaJH.
JTo TNOKa3biBaeT, YTG COBMECTHMOUTH JXH3HH UDraHH3Ma CO 3HAYHTE/bHLIM BtiMepiauneM
BOAW [JOCTHCHYTb TPYAHEE, UYEeM COXPEHHTH XHIHECNIOCOGHOCTL H3O/JHPOBANNMX KAETOK
M TKaHell B 3THX YCJOBHAX.

VYkasanuble peayabTaThl 3dCTABHIJIM MEPECMUTDETb MHOTHe T[OCNOACTBOBABLIHE pawee
B Hay4yHoll JWTepaType NPeACTABAEHHS O IPaHHUAX KHU3HH H npobieMe aHabuo3a, o RpH-
YHHAX MOBpEXKAAMiero AeHCTBHH rIyGOKOrO XOAOLZ H Ha OCHOBE 3TOFO HIYWaATH YCAOBNA,
TPH KOTOPHIX MOXHO COXpaHHThL MH3IHeCNoCOGHOCTD 3aMOPOKEHHBIX XHBHX KACTOR.

ITpesoxpaHnTs IPHTPOUHTH OT DA3PYUIEHHN OKA3ANOCh BO3MOXKHO ANMIL NOCAE Pa-
CKPHTHSl NPHYMH nOBpeXaawuwero AeHcTBHA npouecca 3aMOPaKHBAHHA. ITOMY CNOCcob-
CTBOBaJH MHOrOUHc/IeHHblE HCCNEAOBAHUN GHOXUMHUYECKHX H OHODHIHUECKHX H3IMeHEHHA,
NPOHCXOASAIHX B KJIETKaX, H Xapakrepd KPHCTANIH3AIKMH BOAW B KPOBH, moaseprawiuekcs
paaamunod crenend oxaamjewus [11, 24, 26, 35, 39, 42]. BoabuiHucTBO Hecaegomatesed
CYKTAe?, YTO TNOBpEXAeHHe S3PHTPOIHTOB SBJAETCH DE3YALTATOM ABYX (eHOMewos Tpan:
MHPOBaHMRt KPUCTa/JaMH JibA& W BO3AEHCTBHA THNEPKOHUEHTPHPOBAHHLIMK COACHMMH
pacTBopaMH, 06pasyiolMMHCH BHYTPU H BHe KJETKH B OCTaBLUIEHCH JKHIAKOR Macce npw
npespauleHdn BoAb B Jed. B 3THX YCAOBHAX SPHUTPOUMTH MNPOAOIKAIOT MPOTPECCHBRO
06e3BOXHMBATLCH HApALY ¢ YBEJIHUEHHEM OCMOTHUECKOTrO IPALHEHTA MEXKAY €ro BHYTpew
Heit 4 HapyXHoi cpenoH.

Jlosenok (367 HaGmofas HQeHaTypauuio JHNONPOTEHHOBLIX KOMIIEKCOB B MNPMCYT-
CTBHHM THNEPKOHUEHTPHPOBAHHHIX COJEBHX pacTBOpoB. OH yCTaHOBHA TaKXKe, 4TO, Kpome
Tpy6bLIX noBpexmeHHit Bo BPeMH pOCTE KPHCTaNNOB Jbka, 3aMOPaXKHBAHHe HApyllaer M
MOJIeKY/ISIpHBIe CBA3H B JKHBHIX KJGTKax W npexne Bcero — B Mem6panax. B cpese c mwmco-
KOM MOHHOH CHJIOH, NMOJYYaIOUWeHCH B peayibrate BO3PACTAHHA KOHUEHTPALHH COJeR, <8f:
3uiBaloHe KOMNOoHeHTH GoCchOMUNMAOE kJAeTouHol MeMOpadbl 0CJaGeBaOT, uTO weaet
K yBeauteHd}0 ee mNpoHHiaeMocT M Habyxauwio. [lpH nepexode TakoH KJAETKH (wosa
B (HIHOJNOTHYECKYIO CPeny NMPH OTTAHBAHHM HACTyNaeT HeMeNJsleHHbIH ee JIM3MC.

B pa3pyweHHH KJeTOK MOryT Hrparb pofib H JApyrue ellle He pacno3HaHHhue axro-
pH, Kak, Hanpumep, NOBPEKAEHHE 3H3HMATHUECKHX M APYIHX AKTHBHBIX CHCTEM B XN®OR
kaetke [46], HO NOMHHHpYIOILEH NMPHUMHON HB/RETCH UPe3MEPHOe H3BJedeHHe BOAM B WPO-
necce Kpucrainoobpasosanus. JKCHEPHMENTAAbHO ycTaHoBaeHo [38, 65), uto kpmcTaasoo6.
pasoBaHHe W, CIeAOBATENbHO, NOBPEXKAAIOLICE AEHCTBHE UTMedaeTcs GOJiblle BCEro B 30HE
or —3 no —40°. Dra obaacTh TeMllepaTyp Ha3BaHa MO3TOMY KPHTHUECKOH, HAH onacwofl,
3oHOH. Bpems Haxoxiewhis 3EMODEKHUBAEMHIX SPHTPOLHTOB B 3STOH 30He B OKPYMeHEW
FUNePKOHLEHTPHPOBAHHOTO CO/IEBOTO DACTBOPA BJHser Ha HX CTabH/ILHOCTL. Jlwofle
10Ka34J1, 4TO NPOXOXKAEHHE KPHTHUECKON 30HLI TEMNEpaTyp B TeYeHHe HeCcKOAbKHX MHJN-
CeKYH[l He OKa3bBaeT ryGHTENbHOro AeHCTBHA: eMY YAaBanoCh MONYYHTE MOPGOAOrHUECKYW
COXPAHHOCTb 3IPUTPOUHTOB NMPH OYeHb OGLICTPOM 3aMOPAXKHBAHHH KPOBH B TOHKOM CAoe
(Ha MetajgHueckol haactunke) npu —I196° [lpu yasHHeHHH 3TOrO BpeMenH, Hanpuwep
MpH OXJaX[leHHH GOJblIOil Macchl KPOBH B TEX }Ke YCNOBHAX, €3 NMPHMEHEHHS 38IRMTHMX
BemlecTs GOJbUIMHCTBG 3PHTPOUUTOB paspywaercs. 3HaueHHe BPeMEHH TMpeGLIBAHHA B XpH-
THUECKOfl 30He B TaKOfl Ke CTeneHH MOXHO OTHECTH H K MpoleccaM OTTaWBawWs KPOBH.

311 Guodu3nueckHe AAHHBIE JeIJtH B OCHOBY JIOKa3aHHOTO B HACTOsLUEe BpeMs M0JO-
JKEHHSl, YTG CKOPOCTb 3aMOPAXHBAHHS M OTTAaHBAHWA HrpaeT Belyllyld poJb B COXpane-
HHH 1eJJOCTHOCTH 3PUTPOLMTOB, BOLHAK (a3a KOTOPLIX B OCHOBHOM HAXOAMTCHA B CBOGOA-
HOM COCTOSIHHH W JIETKO NEPeXOAMT IPH OXNaKIAeHHH B KPHCTAJLIb Jbjd.

YcTaHoBAEHO, YTO MenJeHHoe 3aMOpPaMUBaHHE CONPOBCXKAAETCA SKCTPAUENNIOISPHLIM
obpa3zoBaHueM KPYNMHHIX KPHCTAINOE Jbfta; KoTopble He 00R3aTesibHO PAa3phIBAOT KJETKH
6iarofapst pAcliOOXKEHHIO HX B KaHajax MeXAy KPHCTAAnaMH CeTKH (OPMHpYloULero: s
abta. Oanako HacTynaiolide npH 3TOM JleruapaTauHs v KOHUeHTPaluus cOoJeH ChJbHee pa3py-
WAKT KAeTKy, YeM BHeKJetouHble KpHcratas. BossgeficTaysa BeulecTBami, CHAbHO CBA3bI-
BAIOLIMMH BOAY, MOXHO NPensTCcTBOBATL ee MEPeXOAY B KPHCTAMIB dbAa HAH MeliaTh HX
yBeauuetsio B pasmepax. C Apyrofi CTOpoHs!, GbicTpue 3dMopaxkHBaHHe BeseT k 06pado-
BAHKK) OueHb MEJKHX KPHCTaNMOB K HE CONPOBOMXIAETCH GONBUIMM H3BJeUeHHEM BOALI H3
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,pacTeOpa M ero runepkouuentpaudedr. [losTomy yewams uccaegoatededt Hsbexars tak-
TOPOB, MOBpEXAAOWHX SPHTPOUHTH NPU 3amMopa)kuBaHHM, HaNpaB/ieHbl KaK Ha CBA3biBaHHe
¢R00OAHOT BOAB! 10GAB/JCHHEM B KPOBL PAa3/HNIIBIX BelWecTs, HanpuMep r.aHllepHHa, caxa-
poB, KO/JIOHAHLIX BeLleCcTB, 3THJAOBOro CTHPTA, TadK H Ha YyBeJIHUYeHHe CKOPOCTH OXJdax-
ACHHA H OTTAHBAHHA.

Ha Bcex npuBeneHHbIX Bblllle TEOPETHYECKHX NPeAMOCHIAKAX W OCHO-
BAHbI B HACTOfllee BPEMs Pa3jHUYHble MOAXOAbI K PELICHHID Npo6JeMbl ANH-
“+JIbHOTO KOHCePBHUPOBAHHS KPOBH NMyTeM 3aMOPa>KHBaHHSI.

B CCCP 6bliv npeanpHHSITH MONBITKM COXPAHATL KPOBb NpH OTPHLA-
"JIbHBIX TeMnepaTypax 6e3 KpPHCTa/n006pa3oBaHus — B MHAKOM COCTOS-
~wH. llpeanoxenHble cneunanbHo Anst 3TOi e KOHCEPBHpYIOLIME pac-
'MODbI ¢ OFpaXKAaOLUHMH BEIECTBAMH [103BOJSIIOT XPAHHTL KPOBb NpH

‘Mnepatypax A0 —8° M HeCKONbKO HuXKe B JKHIAKOM COCTOSIHHH, Ges re-
OJIH3a, [IPHTOLHOR AN nmepenuBanus B cpeddem ao 100 nweit {1, 3, 4, 7,
21

Onuako Gosee MAHTENbHOE COXPaHeHHe KPOBM 6e3 reMoau3a B SKHI-
+oi dase He yaamasocb. [lasi KOHCEPBHPOBaHMsi KPOBH B TeueHHe MHOIHX
MeCSeB WK naxke Jer HeoOXOAHMBI NMOJNHOe noaaBjeHHe o6MeHa Be-
€CTB B KN€TKAX H OXJaXK/eHHe 10 NOJHOrG 3aTBePAEBAHN.

B HacTosilllee BpeMst NONYYHAM pacnpocTpaneHHe 1Ba NpPUHUMNG B pe-
JIeHHH NPo6JeMbl XpaHEHH KPOBM B TBEPLOM, 3aMOPOXKEHHOM COCTOSHHH.
O)IHH H3 HHUX — 3TO KOHCEPBHPUBaHHE IPHTPOLMUTOB C GOMBIIMMHU KOHUEHT-
paunamMu (10 50%) riiMUepHHa NpPH  yMePeHHO HH3KHX TeMitepartypax
vno —80° —120°). 3ToT TaK HasbIBAEMblii MeJMeHHbI MeTox 3aMOpaAXH-
"aHHA, paspabarTbiBaeMblii Ye okono 10 ner, neranbHo M3yuen B 3KCHEpH-
MeHTe M WHPOKO OCBellleH B JuTepatype {31, 43—45, 47, 51, 57]; Hakan-
'HBAeTCH ONMbIT KAHHHYECKOFO {IPUMEHEHHS TaKOil KPOBH. '

B nocnennne roas [32, 37] cranu. u3yuath npuMeHeHue AHMETHJICYh-
0OKCHAA, KOTOPHIH MO MexaHH3My 3alUTHOrO [eHCTBHA He OTNHUAETCS
‘T FNHUepHHA. 3alMTHOE JeHCTBHe TJIMUEPHHA Ha KJAETKY 3aKIIOY4eTcs
+ MpeloTBpallleHHH 06pasoBatist KPYMHbIX KPHCTAN/IOB Jbda BHe H BHYTPH
AeTok OGnaroaaps ero ¢notoGHOCTH OCOGEHHO CHJbHO CBS3LIBATE CBOGOj-
*vio 81y M NPOHHKATR B SPHTPOLMT. TakuM nyTeM FIHUEPHH CHUXKaet

TeNeHh FHNEPKOHLEHTPALUMH CONell W JaeT BO3MOXKHOCTb YAJIMHHTL BPeMs!
'peGBiBaHHA 3DHTPOLMTOB B OMNAcHON TemMnepaTypHON 30He Ge3 X MOBpEXK-
~HHSt [103TOMY K/IeTKH B NPUCYTCTBUM FAHLEPHHa MOXHO 3aMOpaKUBATE
eanenno. Tak, drakon unu naacrMaccosbii Mewok ¢ 500 ma cMecy 3pH-
POLHTHOH MacChl ¢ TIMUEPHHOM, NOMellleHHbI B pedpHKepaTop, NpHOGpE-
aer ero temnepatypy (-—80°) auwb depes 7 uacos [31). dror Metox
‘03BOIAET MHOTHE Mecsllbl COXPAHATh 3aMOPOXKEHHblEe 3PUTPOLMUTH ¢ He3Ha-
teabubiM (ot 2 10 10%) ux hospemnenueM nocae orrausamus. OfHaKo
1eTO NOKa elle Majno AOCTYNEH AN KJAMHHYECKOrO NMPHMeHeHHs B CBS3H
TPYAOEMKOCTbIO NpoLeccd U3BAeUEHHS 6OMIbIIMX KOHUEHTPauuii rHLUepHHa,
1bI3LIBAIOIUMX PE3KO BBIPAKEHHYIO THNEPTOHMIO B KJETKAaX, W HeoBGXOAH-
{0CTBIO HMETb CMelHaNbHyI0 annaparypy [45).

Idns o6pa6oTKH B CTePUILHLIX YCAOBHSIX rMUEPHHH3HPOBAHHON Kpo-
#H HECKOJbKHMH PaCTBOPAMH € NOCJIEA0BATENBHO CHHXAIOWEHCS KOHUEHTpd-
weil rauuepuna u coneit B CILIA cospaner noporocrosiune n oueds aedu-
HTHBlE pakuroHaTophi — nenTpudyrun Koua [31, 33]. Ho u ¢ ux noMowpio
'POLECC OTMbIBAHHA TJIHLEPHHA OTHUMaeT MHOro BpemeHH. [lepeauarts
Ya3MOpOXKEHHbIC IPHTPOLUTHI €3 OTMbIBAHHS TJIHLEDHHA HeAb3sl, TAK Kak
'PH TI€peBOJE HX B H30TOHHYECKYIO CPelly KpOBEHOCHOrO pycsia OHH GbicTpu
raspymatores. Ilpu npoueaype ormuiBanus NMPOUCXOAUT AONOJNHHTEJbHAS
'0TePsl HEKOTOPOH YacTH 3PHTPOLUTOB BCAEACTBHe UX Ju3uca. [lo nocaei-
MM 1aHHBIM [57], moTeps SPUTPOUMTOB NMOCAE HX XPaHEHHS ¢ TTHUEPHHOM
t OTMbIBAHHSl COCTaBJASET B CpeiHeM okoso 209,. -

Hpyrofi npununn — 3amMopausaHke KpoBu nyTeM ee cBepxGhIcTpOro
He 0o.1ee HECKONbKHX MHHYT) OXM4M/IEHHS NPH yJbTPaHM3KHX TeMmepa-
vpax 6e3 npHMeHeHHs TIHUEPHHA.
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[Mpu TaKkol CKOPOCTH CXAAKACHHR CHJBHO COKpaulaeTrcs BpeMs npe:
OLBaHHA KPOBH B HeGnaronpHsTHOM KpHTHuecKof TemmepaTypHOfl 30He,
T. €, CO3/AIOTCA TaKHe YCJOBHS, NPH KOTOPLIX BPEMS NPOXONKACHHSE 3IPUT-
POUMTOB Yepe3 ONAaCHYIO TeMnepaTtypHylo 3oHy Gyler MeHblie TOro, NpH
KOTOPOM NPOMCXOAHT MOBPEXJEHHE KJeTKH B 3TOH 30He. ITOT RyTb SBJISAET-
csl GoJlee nepCneKTHBHLIM H He TpebyeT MJHTebHOH 06paGOTKH KPOBH nocae
pa3sMOpa>KHBAaHHA, NMOCKOALKY B OrpaxiaicllHXx pacTtBopax, koTopbie npH
ITOM MeTOMleé TaKXe HeoGXOAHMb, MOXHO 0GOHTHCL Ge3 raHLepHHA.

3ToT npHHUMI, HanpasjeHHHN HA nojyyeHHe GECKPHCTAMIHYECKOrD 3d-
MeP3aHHA 3a CYeT BHICOKHX CKOpoCTel uXJNaX/eHHs, NOJNIOXKEeH B OCHOBY pas3-
pabGaThiBaeMOro B Hacrosiuiee BpeMs B LleHTpanbHOM HHCTHTYTe reMaToac-
MM M NepeHBaHHs KPOBH MeTOLd KOHCEPBHUPOBAaHHS KPOBH MpPH OTPHUA-
TENLHHX TeMIeparypax.

Cnoco6y 6picTporo 3aMOpdKHBAHMA KPOBH OTHaeT npeanouyreHue pajl
amepukanckux aptopos [40, 41, 48, 49, 55, 58]. 3Tu aBTOpH, TaK XKe Kak
M Mbl, TIPUMEHHIOT B UrpaxA4IOUWIMX pactsopax OoJsblliHe KOHUEHTPAUHH
VIVIEBOAOB M KOMJI0HAOB. MAst no anHHK 3aMeHbl B pacTBopax Hey10GHOIO
AJIf MPAKTHYECKDTD HCHOJAb30BaHUS [VIHUEPHHA APYTHMH CBA3bIBAIOLIHMH
BOAY M0GaBKaAMH, Mbl C CaMoOro Hauajda paspaboTKH npobieMbi 3aMOpaXH-
BaHH? KPOBM NMO/b30BAJHCh yKalaHHBIMK Beuiecrsamu [6—8, 10, 12, 14].

Huxe npusoiuTtcst Hall OnbIT lpUMeHeHust ray6okoro xonoad A
cBepXGBICTPOro  3aMOPaKHBAHHS KPOBH, €€ JOATOCPOYHOTO XpaHeHHH
H mocJelyiollero HCnoJb30BaHus B kKaukHke. Mbl noctasuan nepea coGo#
sagayy paspaboratb cnocofBl YcKOPEHHOIrD 3aMOpaXXHBaHHf TaKHX KUJH-
4ecTs KpOBH, KOTOpble IIPAKTHYECKH MNPUMEHHMBb [AA MepeauBaHHA
(250—500 MJs1). BOIMOXKHOCTEL COXpAHEHUSi 3PHTPOUHUTOB HHTAKTHHIMH [1OCNE
6LICTPOro 3aMOPAXKHUBAHMA B KUAKOM a30te Meabyaiunx o6beMos KpoBH
(okono 0,2 Ma) 6uiaa ormeuena Jliode ewe B 1949 r. [38] u noake nox-
TBepXaeHa B paborax Apyrux asropos [25], a takKe B HCcrenoBaHHAX npH
pas6puiarusanuu KpoBH B KuAkuil asor [12, 19, 40, 41]. Oanako ans noay-
YeHHs HENOBPEKHEHHHX IPHTPOUKTOB NPH GHCTPOM 3aMoparkupaHuu Godnb-
KX 065eMOB KPOBH, NPAKTHYECKH TPeOYIOWMXCH AAs nepeiHBaHHs, Heob-
XOAHMO 6blI0 H3HICKATh APYrHEe YCJIOBHS 4451 JOCTHXKEHHS GhCTPOro oxJaam-
aenusi. OaHoBpemenuo notpeBopanock coaaath H Gonee 3¢pQeKTHBHbE
pacTBOpb AN OrpaAcHHA 3aMOPaMHUBAEMblX K/AETOK OT pa3pylueHHs.

HecoMHeHHO paumoHanbHbIM SiBJserca NOCTHKEHHe cTOAb GHCTPOro uX:
AdXEHHS KPOBH, IPH KOTOPOM MOJHOCTLIO HCKJAIOuaeTcs KpHcTannaoobpa-
30BaHHE W HaclynaeT CTEKJOBHIHOe 3aTBeplieBaHHe, T. €. BHTPHDHKALMSi
(16, 17, 34]. TeoperHueckM AONyCKaeTcst, YTO BHTPH(PHKauua ™Moxer OuiTh
JOCTHTHYTA NPH pacnbiJeHHH OYEHb MeJKHX Kafelb KPOBH HeNOCPeACTBEHHO
8 Xuakuit asor (npu —196°), T4k Kak npu 3TOM HACTynaer MrHOBeWHoe
(no 100° B cexynay) oxaamaenue, [lonyckaercs Tdkxke, 4TO NPH XpaHeHHH
BUTPHPHUHPOBAHHON KPOBH NMpPH TOH Ke TeMMNEPATYPE MOXKHO HeOMpeeeH-
HO J0JIroe BpeMs COXpaHATb ee 6e3 peKpHcTaanH3alHH, T. e. 6e3 NoBpex-
NeHHs1 KJeTOK (06s3aTefbHbIM YC/OBHEM NBJARETCH CTOMb XKe ObicTpoe oT-
tausanue). [IposeseHtbe HAMH B 3TOM HaNPaB/JGHHH 3KCEPHMenTui
{12, 20} nokasaau, uto MeToa pACNELIEHHS KPOBH HENOCPEACTBEHHO B AN1-
KUl a30T MOXET CJYXKHTb OAHHM M3 crocobos BHTpHQHKauHK Go.inuin
06beMoB KpoBH, OAHAKO TaKo# OTKPHITHH €Noco6 3aMOPaXKHBAHHs i OI-
TaHBaHHA (NyTeM MOTrPYMKeHHs KPYNHHOK KPOBM B Temablid (HIHOI0THYE-
CKHil pacTBOp) He oO6ecledyHBaeT CTEPUABHOCTH KPOBH, MNpelHaiHaYeHHOH
nas nepenusanus GoabHbiM. [To3Tomy Oblia nocrasieHa 3ajgava — paspa-
paGotaTh cnocol cBepXOGLICTPOro 3aMOPEXXHBAHHY KPOBH, NOMELLCHHON B
3akpuiThit cocyd. Mocaenuust nonxen obecneudTh COXpaHeHHe (TepHAbLHO-
CTH KPOBH fIPH COIPHKOCHOBEHHH KOHTEHHEpA C OXJaXIaWHMK u BoccTa:
HaBJIHBAIOWHMH CPeUaMH. ‘

[lepexon Ha 3aKphITbIH CrOCO6 3aMOPaXKHBAHHA B KOHTeHHepe BbIIABH-
HYJ HOBBIE 3a/lauH, F1ABHON M3 KOTOPHX SBASJOCH CO31aHHE YCAOBHH L5
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'6LICTPOro OTBO/A Tellla OT KOHTeiiHepa ¢ Kposblo. TpyaHOCTH 3aKJloYa/HCh
B TOM, YTO OXJaxjJeHHe Goablliux 06bEMOB KPOBH NPOHCXOAHT BO MHOIrQ
paz MelJeHHee OXJaXItHHA Kaneab KPoBH.

IMpu pa3pa6oTke MeroJda CBEPXOLICTPOro 3aMOPaKMBAHHS KPOBH, NO-
veliaemofl B KOHTelHep, yuHThiBajaM caelyiouine (GakToOpH, BJAHAOLIKE HA
CKOpOCTb TemuootBoja: 1) MarepHan, H3 KOTOPOFO H3rOTOBJAEH KOHTefiHep;
2) TeMnepaTypy KHMEHHs H JpyrHe cBONCTBA oxJaxKaawuefi cpead; 3) reo-
vMeTpuyeckvio GopMy KOHTeHHepa M TOJLIHHY C10si KPOBH (3TH GaKTopbi
CBA3aHBl OTHOILEHHeM BHellHeH MOBepXHOCTH KOHTeliHepa K 06beMY KPOBH);
4) cBo#cTBA BellecTB, BXOAAILHX B Orpaxiaioilde pactsBopbl;, §) pa3sJuHu-
HVIO VCTOHYHBOCTb KPOBH K BO3JEHTTBHIO HH3KOI TeMnepaTyphi.

[lepBbie 4 vcaoBHA B GCHOBHOM COXPaHSAIOT CBOe 3HauyeHHe NOCTOAHHO,
4 flocJelHee, Kak NpaBu/ao, 3BBHCHT OT HHAMBHAVAJAbHBIX CBOHCTB KPOBH
101o0pa.

Yactuuno siitn 06bIcHROTCA Te KoJebGaHusi B pe3yabrarax, Koropble
1TOJY4AOTCS 110¢/e BOCCTAHUBAEHHS 3aMOPOXKEHHOH KPOBH, YTO OTMEUYEHO
MHOTHMH aBTOPAaMH.

[Tocne mcubiTanus pasiiHuHLIX MaTepHaJoOB Mbl OTAAJM NpeanoyTeHHe
AJIOMHHHIO, M3 KOTOporo OblIH ciesaHbl KOHTellHepbl A5 pa3HbiXx 06beMoB
KPOBH C Y4eTOM 3HA'UHMOCTH FEUMeTPHUeCKHX NMapaMeTpoOB, YCHAHBAIOWIHX
1e11J100TBOA.

Ipu HCnbITaHHW KOHTEAHEPOB Mbl cyIHaH o6 HX IlipeHMylliectse fec
CTelleHH BOCCTAHOBJEHHS 3aMopdKHBaeMbiX B HUX 3DHTPOUUTOB, O UEM CYy-
MAH N0 BeJHUYHHE TeMOJH3a, olpejesBUIErocs B HaACToe Pa3MOpOXKeH-
HOWl W ueHTpHPyrHpoBaHHOH KpPOBH. 3aMopaxKHBaliHe MPOH3BOAHAM HyTEM
IIOTPYKEHHA KOHTCHHepa € KpOBbIY, CMEWaHHOIl nonojaaM ¢ orpaXaRiouum
pacTBOpOM, B XHKHIT a30oT. [lpotiecc 3aTBep1eBaHHs KPOBH 3aKaHUMUBAJICA
yepdy 1—3 MHHYTB B 3aBHCHMOCTH OT o6beMa KpPOBH H BHAa KOHTefinepa.
das orranBaHus KonTeliHep GbLICTPO fepeHOCHIH B BOAAHYi0 GaHIO ¢ TeM-
nepatypoit 43—43°. BpeMsi oTTaHBaHHa KPOBH 1IPHMEPHO COOTBRTCTBOBAJNO
BpeMeHH 3aMOpaxkHBaHHA.

OctanoBuMcs Ha MexaiHame oTBola rtensd npu GbiCTPOM 3dMOpENKH-
HHH KPOBH B COYeTaHHH C pa3iHUYHBIMH 106aBJASeMbIMH KOMIOHEHTAMH M
npHHUKnNax BuiGopa xourefinepa.

B MoMeHT norpyxeHust KoHTeliepa B MHAKHH a30T NPOUCXOLHT HHTEH-
CHBHBWIH OTBOJ Tensa OT OBEPXHOCTH KOHTeHHepa, B KOTOPOM HAaXOAHTCA
KpOBb, M HayHHaeTcs NOAOIPEB MMpHJIeralolllMX c/oes a30Ta, B pe3yabrarte
yero BO3HHKaeT erc GypHoe Kunenue, Ha6aiojeHue nokas3biBaer, UToO
y3bIpbKH ra3006pa3HOro a30Td, BO3HWKAIOUME HA CTeHKax KoOHTefiHepa,
GLICTPO YBeJHYHBAIOTCH B o6beMe, OTPHIBAIOTCH M BCILILIBAIOT HA MNOBepx-
HOCTb MHAKOTO a30Ta; HOBble YACTHIL KHAKOI'O 430Td 3aHHMaAOT ocBobo-
AHBLIEeCs MeCTO M BXOIHT B CONPHKOCHOBEHHE ¢ KOHTeiHepOM. 3T0 ABJIEHHE
NOBTOpsieTcs A0 Tex nop, NoKa TeMnepatypd a3oTa M KoHTeHHepd He Bbl-
pasnuBaercs. K 3ToMy MOMeEHTY fipouecc TenjooTBOAa 3aKOHYEH, YTO Cay-
AKUT NPU3HAKOM 3aBeplUMBUIErOCS npouecca 3aMopaxXuBaHus. B panHHbIX
VCIOBHAX OXJaXKI1awuleil CPefoil CTauoBUTCH yKe He KHAKHH a3or, a cBoe-
o6pa3Has ra3o-*)KHIKOCTHasi CMeCh, UTO JHAYHTCIbHO YXYAUAET YCJAOBHAX
rennooTBofa. TeM He MeHee HCNONb30BAHMe MHIKOTG 430Td ocTdetcsd NOKa
¢JJHHCTBEHHBIM YAOGHBIM ¢rlocoGoM vlecnevenns GLICTPOrO 3aMOpaXKHUBAHHA
KPOBH.

[1pn 3amopakuBaHuu tenno, HanpasieHHOe OT LEHTPANLHOro CJ0R
o6beKkTa (KpOBH), NpeofdfesdeT TCPMHYECKOe CONPOTHBIEHHe CaeRyIOLUHX
3JIEMEHTOB: a) XKHAKOro ¢fost KpoBH, 6) 3aMODOXKEHHBIX CJ0eB KPOBH,
B) CTEHOK KOHMTeifHepa, r) raav-suakocTHoit cMmecu. [TostoMy npu BbIGope
OfTHMAJMbLHOrO KOHTefiHepa M3 YMcaa WCALITHIBACMBIX  pelyamllyio  podb
urpaer onpenenenuc Koshouurenra rengonepenauun (Kj.

Pacuetnoe 3nauefiie 310ro daktopa MOMKHO HOAVUHTH, HCHOABL3YS HA3-
BECTHOE YpdBHeHW¢ TehIonepenayy:
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&
\ . Q - K. F-At ()

rae Q - KOJHYECTBO Fenna, nepelasaeMoro B eAMHHLY BpeMeHH, F - 1o-
BEPXHOCTb TEMJioNepe1ayn (KOTOPasi JIErKO OfpejesisieTcsl 3KCMepHMeHTalb-
10): Af — pa3HOCTL MeX[y TeMNepaTypoil KPOBH H OXJa)[alolled cpednl
(xoTopas u3BecTHa). EAHHCTBeHHBIM (QAKTOPOM, BJHAIOLUIHM Ha BeJAHUHH)Y
§ Q. spaserca Kospduuvent Ten1onepesaun — K.

3 Koanuectso tensaa (Q), noadexatiiero yaaneHHIo, MOKHO ONpeseiHvb
H3 YpaBHCHHSA!

X Q== G[Cy- (— £) L Wk + Colty — t3)] o

rae (G- mec kpoBsiHoro o6pasta (B kr); Cy - renmaoeMKocTh He3aMOpoAeH-
HOH KpoBH (B KKaa/kr °C); Cj-— TENN0OMKOCThL 3aMOPOXKEHHOI  KpoBil
'B KKaJa/kr °C): {j — nepRoHayaNbhas TeMnepartypa KpoBH; f; - TemMnepary
pa Hauaja 3aMmep3aHus KpoBH; [, — KOHEYHAS TemmepaTtvpa ;ammﬁm«ennoii
kposu; Ww ---Bec abaa B | Kr 3amopuMeHHoii kpoBH (B Kr/Kr) CRPUI
Tas TenAoTa JAbA006pazoBaAHNS (B KKaJ/Kr).

[Moacrasus noayueHHoe 3HaueHHe Q M3 ypaBHeHHs (2) H Bce OCTaldb-
Hble cocTaBasione ypasdennst (1), MoxHo onpegeants K, 1. e. o6umii
Koshduuvent Tennonependun (xkaa/v? °C p.uac).

Oanako aas  sbibopa GopMbl  KonTeiiHepa  uMeeT 3Hauy€HHe He
TOALKO OMpefesenue obluero KosddHuHenTa rtennonepenaun, HO M BbiiC-
HeHHe BeNHYHHLI Ko3pdullMenta TennooTAaaun (ag) OT CTEHKH KOHTei'iHepa
K JKHOKOMY a30Ty (MOCKOAbKY WHTCHCHBHOCTL IBHKEHHA a30THO# rasd
AKHIKOCTHOR CMeCH 3aBHCHT OT (popMbl KOHTelHepa). IToT KoddduumeH!
MoXxeT 6BIThb onpefesed NpH BLIUUCACHHOM Bbilile 3uavenun K ua caeay-
lotteit GopMyABI (B cavyae MACCKO# CTeHKH KoHTeilHepa): P

I

Tttt T TS i3

rie a; — Ko3gduiiMenT Tenjonepesauu ot XHIAKOH KPOBH K 3aMOPOKEHHOI:
01 — o6ulas ToAUUINE 3AMOPUXKCHHBIX C10€B (3aMepaeMas OT UEeHTpa noliv-
PeuHOro teyeHus konreiinepa x nepudepun); Ay — KoIGHULUHCHT TeMNoNpo-
BOMHOCTH 3aMOPOKEHHLIX CJ1I0€B KPOBH: &; —TOJNLIMHA CTCHKH KOHTelHepa:
A2 — k03D PHUHEHT TeNJAONPOBOAHOCTH KOHTeRHEPA, a - KodhdHUHEHT Teit-
JIOOT1a4H OT CTEHKH KonTeHHepa K MuakoMy azory. Otkyaa

l 6‘ aq ‘ l 1 l l l‘ Ng

-4 BB = i o e Y = e el

ay ¥ 2o ay 24 K ay ), by

Takum o6pasom,

Ay ==

—
—
o2
-
>~ o7
[

kkan/m2 °C B vac [4].

M3 nonyueHuuix 3HaueHnit K #au «a; B HCOBITHIBAeMbIX KolTeiHepax
Mbi BbiGpaa# Te, KoTopblie o6ecriedHBasH MAKCHMaabHOE 3HAUCHHe 3ITHX
ko3 duunenToB. M3 oTo6paHHbIX TAKHM 00paloM KOHTEHHEPOB Hauayujuue
['€3yAbTaThl BOCCTAHOBJAEHHR 3IPUTPOLHTOB NOCAe 3aMOpaKUBaHUA H OT-
TAUBAHUA NOKA3a/MK KOHCTPYKUHMH KOHTEHHEpOB U Pa3BHTOH MOBEPXHOCTLIU.
Vv KOTOpHIX OTHOUIeHWe NUBEpPXHoctel TenaooTBodd K oObeMy 3aMopaxku-

BaeMoll KpoBH ( 7} 6bl0 HauBoAabLIKM. ITO MOTryT ObITh UMAHHAPHYECKHY, ;
Tpy6uaThie uau nnocxne NPSIMOVIOILHBIC coevabl (puc. 1).
R
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[Ipu MHOrouHcaeHHBIX ULITAN W VOC1HAKCL B TOM, 4TO 6BICTpOE
3aMOpaXXHBaHHE KDOBH B KOHTeAHepax ¢ pazBUTON NMOBePXHOCTBIO BCeraa
CONpOBOXKIANOCH HAMHOTU Jy4YLIMM BOCCTAHOBACHHEM 3PHTPOLHTOR f10CAEe
HX OTTaHBAHHMA, YeM 3aMOpaRHBAHHe B MALKHX KOHTeHHepax (Taba, | H2).

Puc. . O6pasithi HCHMTAHHHX a.1(OMHHHEBLIX KoHTeillHepoB
’ 1S KPOBH.

M3 taba. | BuaHo, uTo B GOAbUWHICTBE Ctaydaen fpH 3aMOpaxXKHBaAHUYU
HeGonbiinx (1o 40 Ma1) 06beMOB KpoBH B KOHTEHHepax ¢ pasBHTOH nosepx-
HOCTBIO (B HALUMX HCCNENOBAHWHX — ¢ pebpHCTOll NOBEPXHOCTBLIO) HE3dBU-
CHMO OT (popMbl KOHTEHHepa, ero ceueHust # obbeMa KPOBH HMEACs BhICO:

TaGanua |
BanAHKe MOBEPXHOCTH HA BOCCTAHOBAEHHE sputpountor (B %) nocae ux 3AMOPEKHBANHA
T T T T 7 N Pacrrop Ne 11, | PacTBop Ny 11, f Pacraop Ny H,i
OGveM au- -
KouTeitnep mopamusac- | __ noepxaCeTY
Moft Kposu
(8 Ma) pa3si- | riaf- | passk- | rnad- | passi- | raag-
Tas Kast Tas Kas Tasu Kas
KoasueBoit witmnap . . . . . ., 30 88 65 90 70 92 81
Toxe . .. . . . 30 84 65 91 68 92 76
L 2 30 82 70 90. 83
LI L N 30 81 62 93 72
Tpy6ka . . . . . . . 15 94 8l 93 53 93 78
» . 15 88 77 95 60 92 78
» 15 93 70 95 62
» “ v e 40 91 45 87 35 92 40
» e e e . . 40 90 40
9
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TaGanua 2
BoccTaHOBACHHE SPHTPOUNTOS, 3AMOPONKEHNEIX B Koureiepax g PAIBHTON NOBEPXHOCTHIC

npN PAIANYHOM IHAYCHHH OTHOUICHHA

BOCCTAHOBNIEHHE 3PH-

Koareduep , Pacuernoe TPOUKTOB (B %’p

e " 3HavueHHe Y

e el e

dopua S2MODRNN - v 11, L,

BaBmerocs

_ eaon o
PeGpuctast Tpy6Ka . « .« o+ . . 10 10 4,2 92 92,6
To ke . . + . . L. 10 10 4,2 94 92,5
I T SR 10 10 4,2 93 92,6
KonblieBoil peGpucTnift UMAHRAD . . . . 2 100 2,8 91 94
TOKE . « v 0 v v v v v e 2 100 2,8 90 91
L I - S T TS S S 2 100 2’8 86 93
» » o C 2 100 2,8 87 %0
» e e e e e e s e 2 30 2.6 93 9i
» » e . . 2 30 2,6 92 88
» » Ve e s e - Ve 2 30 2,6 88 I 88
POV e e e e e e s PN 2 30 2,6 84 ;o8

kit npouent (or 90 no 95) BoctTaHOBJAEHHS 3PHTPOUHTOB MOC/]E OTTAHB.
Hust KpoBH Ha pacteope Ne 11 u 11s. B KoHTelinepax e c r1a1KOHl noBep
HOCTbIO MPOIEHT BOCCTAHOBJEHHHIX SPHTPOUMTOB Obia dvallle B Mnpejenax
60—78 u naxe Huxke. 3Ta Pa3HHIA B KOAHYECTBE BOCCTAHOBJEHHBIX 3DH-
TPOLHTOB 3aKOHOMEDPHO OTMEYanach BO BCEX HAIIHX ONHTax (pHc. 2).

”

o 8o &' b ° ° %

i 2 2 , hd g

&F I @ [ 4

«}

b

204

b4 4 .

0 A N 3 - A Addd -
4 4 g 14 I/ 4 ‘24 ~ 2 2

Puc. 2. 3uauyenne DPEGPHCTON NHOBEPXHOCTH KOHTeAiHepa

Ceerabne KPYKKH — pebpHCTaR MOBEPXMNCT.  depAbe — F1aixan.

Ha ocu OPAHHAT - - NPOUEHT BOCCTAHOB.IrHMN SPUTPOUHTOB; H4a OCH

abcunce - BpeMs 3kcno3anudd (b yacac “OHCEPBHPYIOLUINM  pac-
TBOPOM Ne 1t w 11y (ofrew < 200 M1),

B Ta6n. 2 npeacTaBienbl JaHHbe, ( BHACTENbCTBYIOWMKE B NOIb3Y KOH
TeitiepoB ¢ GOJIBIIHM PaCyYeTHHIM 3HAYCHHEM omome}ém NOBEPXHOCTH Ter:

N00TBOAA K 06beMy 3aMOpa)KHBAEMOi KPOBH, T, € 77 , TaK Kak B It -

GoabLIeH CKOPOCTBIO MPOHCXOAMT OTBOA TeNJa OT 3aMOPaXKHBAeMOH Kpon

Ilns npubnmxenust merona k janpocaM mpakTHkH (06HeMbi KPOBH,
HpHUMeHsieMble B KJIHHHKE, npoctora MeToia, yAoGcTBa 3aMOpaKHBAaHHS M
XpPaHeHUs) NpPoBEJEHO H3yueHHe Bonpoca 06 ONTUMAJLHON BeJIHUHHe No-
NMepeuHoro ceueHus W pasMepa xoHreiinepa. CpaBHenWe DassMuibix cede:
nuit npu oamoll ¢opMe H EMKOCTH KOHTeHHEpd MUKasajo, uTo  JayuuiHe
pesyAbTaThl MOAYYAIOTCH MPH cedeHHH KOHTEilHepa 2 MM, Tak K4k B HeM
GuICTpee NPOUCROAHT TENA0UTBOL.

Tak, B ONBITaX C KPOBBK OAHOTO H TOFO Ke JNOHOPA B KOHTEHHEPC
eMKOCTbI0 100 Ma © nonepeudbim ceveHeM 2 MM MPOUEHT BOCCTAHOBAEH-

10

... Declassified in Part - Sanitized Copy Approved for Release 2014/04/28 : CIA-RDP80T00246A025000020001-1 - ®



Declassified in Part - Sanitized Copy Approved for Release 2014/04/28 : CIA-RDP80T00246A025000020001-1

HBX 3PHTPOUHTOB PaABHAACH 87 -94 B xoHrefinepe TAaKOH )Xe EMKOCTH
CeyeHHeM 5 MM BOCCTAHOBJEHHbie IPHTPOUHTH COCTaBJAAIH auins 62—87 %.
(B mepBOM cJayuyae KpoBb 3aMepsana 3a 25 CceKyHAi, BO HBTOPOM —3a
45 cexyHn). OnHako Aast CO3JAaHHUSA yao6HOro KOHTelHepa ¢ Godbluek em-
xocTbio (300—500 Ma) norpe6oBanoch YBEJNUUHTHL CEHEHHE KOHTeHHepa 20
15—20 MM, 4TO NPHBENO K YBENHUCHHIO TOJLIHHDI 3aMOpaXXuBaeMoro cJos
W. C/efOBaTeJAbHO, K YMEHBLIEHHIO CKOPOCTH OXJaXKIeHUS KPOBH. B pe-
JyAbTaTe 3TOTO MPOUEHT BOCCTAHOBJEHHLIX 3PUTPOLHTOB YACTO CHHXKAJCH.
flosToMy GbiiM MPHHATH MEPHl 110 YCOBEPLIEHCTBOBAHHIO TEXHHKH 3aMo-
paxusanusi H oTTauBanusl. K Hum OTHOCHTCSl MOMeIlMBaHHe KPOBH (foKa-
qHBAHHE WJH BCTPAXMBAHHE KOHTeHHepa) npu noOrpyxkeHHd B 8307 K oco-
Genno B BOASHYIO 6aHio. DTO yCKopsieT TemooTaady, Tak Kak Mmacca Xpo-
AM pasjensieTcs BHYTPH KOHTeiihepa Ha Gosiee TOHKHE MJAAacCThl, HacjKaH-
BalOLIHEcs MpPH 3aMep3aHHH Ha NPHCTeHOUHbBIE. dt1oT NpUeM NpPUBEA K He-
KOTOPOMY YJyUllIeHHIO Pe3yJbT4TOB. HO Gojee 3HAuuTebHOe BJHAHHE Ha
COXPAHHOCTb KJAETOK TPH 3aMOPaRHBAHHH TOJCTOTO CA0% KpPoBH UKa3bl-
BaeT XapaxTep H KOAHYECTBO BELLCCTB, no6aBaeHHbIX B KPOBb A 3dllH-
THl KJETOK.

Iast cBepXObICTPOTD aMopdAKHBaHHA GoablWHX 06bLeMOB KPOBH Mbl
NPUMEHHAM Pa3/HuHble BAPHAHTLI PACTBOPOB, paspa6oTaHHbIX Hd OCHOBC
penenta pacrsopa Ne 11, KoTopuiit 6Bl NPELNOKeH HAM¥ paHee jas pac
nblieHus kpoBM B kitAkuil asor (20). B ero coctaB BXOIMJH A10KO34
(KoHeyHas KOHUEHTpAIHS 4%), oaun M3 AHcaxapuioB — caxaposd, n4K-
To3a (Koneunas KouueHTpauus 2%) nan MaHHHT, KOMJIOHAB  (HOHTAI0-
KHH HAH anb6yMun). turpar Hatpus (0,4%) u 6pomuctoiii natpuit (0,1%).
YcoepleHcTROBaHHe PACTBOPA 3dK/104a/N0Ch B yBeqMyeHHH KOHUEHTpa-
unit yraesonoB (pactsop Ne 11,). TlosbillleHHoe colepXkanke caxapos
rAIOKO3W H ocobenno pucaxapuios (caxaposa, ndKrosaj, He NPUHHKAL-
UIMX B 3PHTPOLMTHL W CBA3BIBAIOULLIHX BoaAy B SKCTpaNeANIONsiPHOM
NPOCTPAHCTBE, NPENATCTBYET e nepexoly B KpHcTassbl JbAd. Baaropaps
3TOMy A06aBKH OGOJbIUINUX KOHUEHTPauUil caXxapoB YAJHHAIOT MEPHCA BOH-
MOXHOr0 Mpe6biBaHUs KAETOK HenoBpexAEHHHIMH B oracHolt Temneparyp-
HOll 30HE [0 HECKOJBKHX HECHTKOB cekVHI, B TO BpeMs Kak fea caxapos
OXJaXKerHe KPOBH B 3TOH 3d0HE A0KHO NMPUHCXOMHTL B A0NH CeRYHA ANA
noJayueHHs] HHTAKTHBIX KNeTOK.

Mb HCIBITAMH TaKiKe pudb 106aBjeHMs B PacTBOPbLI  yBEJHUEHHBIX
KOHUEHTPALMH KOMJOHAHBLIX NpenapaTtoB —— MNOJNHIJIIOKKHHA (MoJtexy s pHbli
gsec  60000—90000), MNONHBHHHANHPPOJIHLOHA (MonexynsupHblll - Bec
15000—25000). Iddexr or Ao6abjetns YKasaHHblx KONJOHAHLIX ipera-
patoB, TaKke OCHOBaHHbI Ha CBA3bIBAHHH cB060AHONH BOAL, NoJAYHaNT
MyTeM yMeHhiIeHUs KOMHUECTBA Oﬁpaiymmeﬁm Macts!  JAbld, N03TOMY
KOHLEHTpAls PACTBOPEHHBIX BEIECTB B MEKICAAHBIX KaHagabnas, rie
pa3MellaloTcs sPHTPOUUTH, He J0CTHTART cTeneHell, BPEAHLIN 7 MeMOpa
Hbi. Mi3BecTHO TakKe, 4TO KUMIOHIb, Osaronaps ajcopbun Ha HOBEPXHO
CTH KAeTOK. 3aULMAIOT Jerko fospexiaemylo MeMGpaHy 3pHTPOULHTOR

OLlHaK() Mbl 1IOKka HE OTMETHJIH HX .nylxmero 3AUIATHOTO AefiCTBH 1o
CpaBHeHHI» ¢ VIJeBOAAMH. HeobxomitMo npojosIKeHHe Hee e J0BaHUHA
nofaoGHbiMi BewlecTBaMu. Hedbast Takke OCTaBUHTL 6e3 BHHMaHWu Tpeho
BaHMs G6€30MacHLCTH BBeJAeHHH B OPFaHH3M 3THX BbHICOKOMOJEKVAAPHII
BellleCTB, CMEIIAHHLIX U KPOBLIO, MOCKOJbKY OHM MOTYT KOMIIEKCHPOBATH
¢st ¢ NpOTeHHaMM MiazMbl. MHUIHOJOrHYECKOe 3HAUCHHE 3TOli peakiti hov
fIEKCHPOBAHHS MOMJENHT VIVIYONCHHOMY H3YUCHHIO, U nMpUMeHEHHe ux B
KauecTBe A00ABOK K 3aMOpaKHUBAEMOIl KPUBH elle HeE MOXET BbITH pPeRn
MEHIOBAHO AJsl MIHPOKoH KAHHHUECKOH NPAKTHKH.

TakuM 06pa3oM, /st KJAHHHYECKOTO MpUMEHEHHS naubonee npuBepet
HBIMK H Ge3BpedHBIMH fiperapataMu noka ocTaiores caxapa. Spherrun-
HOCTb NOGABKH B 3aMOP@MKHBAEMYI0 KPOBb KaXKAOTO W3 NPUMEHAEMBIX cd-
XapoB OTMeuUa1ach B HAMIN OhTAN ¢ HEHIMEHROCTHIO, HU gadavaiie
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jlOK@3aTeJin BOCCTAHOBJEHHA 3PUTPOLUTOS TOC]E 3amMopaxHBahus (RO
93—95%) HaGJOAANHCL TDH COBMECTHOM MPHMEHEHHH FNI0KO3bl - caxa:
pO3bl MJIH JIAKTO3bI (puc. 3). : -
Kpome TOro, Ha BOCCTAHOBJIEHHE 3IPHTPOLHTOB OKA3HBAIOT BJHAHHE,
¢ OAHO#H CTOPOHbBI, 0GDbeM 3aMOpaXHBaeMOH KPOBH, C Apyrofi — pasjnuHe
YCTOHYMBOCTH 3PHTPOLHMTOB K
" BO3JeficTBHIO X0J0Aa Y pas-
b~ : HbIX [10HOPOB. ITO BJIMsIHHE
m\ MOHO HHMBEIHpOBaTh 1006aB-
=~ ‘ Koii B pacTBOp, NOMHMO Ca-
xapos, HeGO.bLIOrO KOoJiHue-
¢TBa rJalleppHa — 10 6%.
(pactsop Ne 1l3). 310 ueae-
coo6pa3Ho fenatb npu 3aMo-
paXKHBaHHH 3PHTPOLMTHOH
Maccel, oOcTaiouleics nocae
oraenenns naasmbl. Ha puc. 4
MPHBOAATCA Pe3y/bTaThl ONbl-
fa ¢ KpPOBbIO H 3PUTPOLHTHON
Maccoil OHOTO M TOro Xxe 10-
i 2 ) W0 HOpa, Ha PHC O — pe3yabTaThl
MHOTHX OfIBITOB IO 3aMopa-
Puc. 3. 3nauchuc 1006asieHHs yrACBOAOS. KHBAHHIO SPHTPOLHUTHOH Mac-

Ha ocu abeyuce — o6beEMH KPOBH (B Ma); HB OCH OPAH- Chl (Ha paCTBoan 'NQ llz H
HAT - NPOLEHT BOCCTAHOB/ICHHR apmpoum'os; 1 — pacTRop 113) or pasHbX JGHOPOB. o-
Ne 11;; 2-— pacteop Ne 11} #H JaKTO3a; \‘!»—xa’cmop Ne 11, 6aBKa TaKoro Heéonbmoro

R raokoza; 4 - pactrop Ne 11, ¢ hakTo3od H PNIOKO30HA.
KosMuecTBa TraHllepHHa  HE
Tpebyer nocjae OTTAHBAHHS 3pUTPO-
e UHTOB noc/eayioien aauTenbHol 06
“T pa6OTKH sl H3BJEUEHHA ranlepHHa
' . M3 KJETOK nocjie yAandeHHs HaACTOS.

wh % W3 pHCYHKOB BHAHO, 4TO OCHOBHAR

80

o2 Macca KJAETOK mocje cBepxObcTporo
80+ - 3aMopaxXHBAHHR H OoTTanBaHus 3py:
~ e TPOLHTHONH MACCH OCTaeTCA HEMOBPEX-
wl i S neHHoM. [1pn 3aMopaXuBaHHH Leab:
\\2; HO# KpOBH B TEX At OOABUIHX obbe-
MaX Mbl TOJyYasy MOMTH aHaNorui-
&y Hble JaHHbE.
B ta61. 3 npuBoasTCcst J1aHHBIE
57 ; . - . 0 BOCCTAWOBJEHHH 3IPHTPOUMTOB mOC
- .,
90-60 120- i< w0257 de 3avopaKMBAHMS W OTTaHBaHHs
[
paznuuunx 0bbemMoB 3PUTPOLHTHON
: - b
Puc. 4. 3uauenne Ao0aBjaCHH K pac Maccul # (1€ 1bHOH KPOBH € orpaxaaio-
tBopy Ne 11 weGosbuinx (5—6"/a) KO- U{HM pacTBOpOM Ne 11,
| Gﬂﬂqecmoémmlepﬂﬂa- [MoayueHnHble HaMH [0Ka3aTe.Til
a ocH & — 061 a): . .
opAMHAT —?‘!lg:)clfem aﬁ?ﬂuéﬁ.ﬂm}; zgu;’;? BOCCTAHOBJIEHHSA 3P"TP°“"TOB npH
wiron; /-~ pacTaop Ne Il 2 — pacteop cnepXxObicTpOM 3aMOpaAHBAHHH B
o 1l KPYXKM — 3PHTDOMMTHAR  Macca o -
TOUKH -- KpOBH. KoHTeliHepe GHM3KH K onyG.THKOB2H-

, HBM JPYrHMH aBTOPaMH {48, 56].

Tak Kak B OTTasHHOH KPOBHOGBIUHO MMeeTCs npuMech cBOOUIHOTO
reMorio61Ha H CTPOM, YTO CAYXKHT NPOTHBONUKA3aHHEM A nepeinBaHus
GosbHBIM, Mbl CUHTdeM MNOKa Helleseco0Opa3HLIM MOJIBEpPraTh 3aMOpaXH-
HAHMIO UEeJbHYIO KpoBb. Jlyumie XpaHwuTh B 3aMOPOKEHHOM COCTOSHHH A
fpUMEHEHHs: B KIWHMKE IPHTPOUHTHYIO maccy, B KOTOpo# -nHMeercs B TeX
e 0fbeMax BABOE GoJibliee KOJNHUYECTBO KIETOK, TEM caMbiM MOXHO pa-
HOHAMBHO YTHAM3UPOBATh OCTAIOWHECA MOCAE 34TOTOBKH NAa3Mbl 3pH-
TPOUMTHI.
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Mopdosnoruyeckne CBOHCTBA, a TaKKe Pu3nonorHueckas noaHonen.
HOCTb 3DHTPOUHTOB, NOABEpraBLIKXCS 3aMOPaXHBAHHIO. H  OTTAHBAHHIO,
MaJso H3IMEHSIoTCS,

JkcnepuMeHTanbHHE TPaHCY3HH DPa3MOPOMKEHHBIX SPHTPOLUHTOB A4-
JH XopowHe pesyabtaTh. [lepen nepeansanmem KHIKYI0 4acth, copep-
Aallylo FHNEePTOHHYECKHH pacTBop Ne |1, HeGOMbIYIO NPUMech cBOGOLHO-

-
%0
& ‘ﬁa u‘: ‘
K0 A“ a b .44
g :
-4 s ..s AA .."
a
70k L4
o, N
6‘0»
S0t
L1744
i -0 150 20 %50 L4

Puc. 5. Boccranosaenne SPHTPOUHTOB NPH PA3HHX 06BEMA\
S3PHTPOUHTHOH Macchl.

Ha ocH a6cumec — o6nhemur (B MA); Ha ocu OPAHHAT — NPOLEHT ROC.
CTAHOB.1EHMN SPHTPOLKTOBD; KDYXKKH — pactBop Me 1, TPEYrONbHHKH —
pacrrop Ne 11,

ro TeMorno6HHa W cTpoM, cuuMmalor. Hdas sToro SPUTPOLHTHYIO  Maccy
fipefBapuTenbHo pasbasastior cepueil pactBopos  (uuTpaT-1aKTO30-cOMIE-
BbiX) pa3auuHOM (ICMOTHYECKOH KOHLEHTPALHH, OLHOKPATHO ueHTpuyru-

Ta6auua 3
Boccranosaenne SpUTPOLNTOB (B */s) NOCAE 3aMOpammuBaHHA (cpemmg Rannble 160 onmros)
B T O6beM (B M) —
C
pesa 75—100 150—200 ) 200300
IpuTpounTHan Macea . L, , L, L L, , . e 91 88 86
lle.nbnaﬂxpoab.......:..—..... 93 92 87
!

PYIOT, HAaACTOR YRANAIOT M 3aMewaior (2o HOpMaabHOro réMaToOKPUTHOTO
obvema) H300CMOTHYECKUM Caxapo3o-coJieBLIM PacTBOpoM uAM  roMoJo-
FHYHOI nuasmoi. [locae Takof) 06paGoTKH 3DHUTPOLUTHI CTAHOBTCS OCMO-
THYECKH CTaGUAbHBLIMU A5 BBEJEHHN B KPOBEHOCHOE pycJ0.
Ans kaunuueckoro NPHMEHEHHs pPa3paGoTaH METOX MOLrOTOBKY 3pH-
 TPOUHTOB, NO3BOAS 0L M NPOH3BOAHTL GBICTPO ¢ cobJI0geHHeM CTepPHIbHO-
CTH HX 06paGoOTKY npu OTCYTCTBHH annapara  aasi  GppakUHOHHPOBAHHS
* KpoBH. M nonbayeMcst aas sTol neay CABOEHHBIMH NJIACTHKATHBIMYH Mell-
. K8MH, H3 KOTOPbIX nocje UeHTPHDYTHPOBAHUS MOXKHO aCenTHYHO 3aKPhi-
! THIM CHOCOGOM OTZEeNHTh HancTOH ROGABHTL M/1a3MO3aMeHS IOLLM pac-
- TBop. B atom pacreope SPHTPOUUTHYIO B3BECh MOXHO HECKONLKO AHef
¢ XPAHHTL B MPUTOAHOM AAS NepenHBanus COCTOsIHHK npu 4-—6°,

i © Ha puc. 6 nana cxema acenTHYeCKOH NOAroTOBKH K nepeiHBaHui0
Pa3MOPOXEHHbIX 3PHTPOLUHMTOB M yKasaua nocsief0BaTeNbHOCTL NPOBOAH-
MbIX 3Tanos.

_ Takum o6pasom, NPHBELEHHBIN B HacTosLleM coob1eniy Matepuad
NOKa3bIBaeT BO3IMOXHOCTD PEIeHUA npaKTHYeCKO# 3agauy CBEPXGLICTPOro

1
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) 3aMopaXKHBaHHs BoabLinx 06beMOB 3PHTPOLNTHONH Macchi ¥ KpoBy AR
' ROATOCPOYHOrO XPAHEHHS.
C 3710i1 ueabw O6uno paspaboTaHO HECKOALKO KOHCTPYKUMR aAIOMH-
HHEBLIX KOHTEHHEPOB ¢ ONTHMANbHBIMH IeOMETPHUECKHMH napaMeTpamH,
8 KOTOPbX KPOBb NPH NOTPYKEHHH B 30T 3aMep3aeT B TeueHHE 1—2 mu-
uvt. Paspa6oranbl Takxe crelHanbHble Orpaxiawouixe pacTBopnl K&k
149 UeJqbHOH KPOBH, Tak W 14 3pHTPOLHTHON Maccel. OGecneuyenue cre-
PUABHOCTH M (PHIHONOTHUECKOH MONHOUEHHOCTH peluaer BOMPOC WX NpH:
FOAHOCTH 1% KJAHHHYCCKOro HpuMeHeHHs.

Pue. 6. CxeMma acentuvecKofl NOATOTOBKM Pa3MOPOXKEHHOR KPOBH.

! aaxpuiteft tiepenni paaMopoKeHHoOH BIRECH MY KolTeliHepa B MIACTHAATHHIC
mewmky; [ -~ nocaeiopate bHOE ao6anaeHue K IPHTPONMTHOR B3Becn pas6aBIR0-
mux pacteopon: 11— nepesoit JaKPHTHM CMOCo6GOM HAACTOS B ¢BOOOAKKA we-
oK noc.ae lL(‘HTpm‘byer(maHHﬂ; 1V - npbapacuie K IpHTPOLHTAM nJaasmorame
niatoltery pactropal - kontefiHep € KPoRbR; 7 -— MelllkH ¢ KPOBbLIN: § 0N CTHY
MOIIKH, DBpeaHasHaucnlible AR 38KpHTOrD UTACICHHS JKHJIKOCTH OT <pRTDumion
nocae  wentTpadyruposanun; pasbapiRiuue  PACTRODH: A N3AMOIAM AR
fituft pacThop.

Myl Hie KacaeMcsi B 1aHioM COOOLIEHHH HPAKTHUECROID OCVULECTRAC:
U8 ACATOCPOUHOro XpaHeHHs 3AMOPOKEHHOR KPOBH H KAHHHUCCKOTO 1IPH:
MEHEHHSt Takoil KposH. DTH BONPOCH HBSTCH NpeIMETOM OTACALHBIX CO0D-
jeHHil, VKaXeM Jiilib, YTO VCHellHOe npopelende Npoueccos OBLICTPOrG
saMopaxupanus obeClieunBaeT peliieipe TOALKO HOJOBHHLI fOCTABAEHHOIM
nmepe] HaMu sajgaus. Uto6l H36ekath NOBPEKICHUS KAETOK NPH [afbHel-
ileM Xxpatienuy ur BOIMOMKHOH  PeKNUCTANIHIALUMH, HEOOXOAHMO XPAHHTH
AAMOPOKEHHbIC 3PHTPOUHTH TAKKE NPH CBOPXHUAKHX TeMneparypax. Mbi
naGaleaamt, HTo XpaHenHe KPORH TIPH TeMileparypax, Gauakux K —-196°
(B AKHAKOM &30T€), NOUTH i RICHET 14 Co60il 1anbHeRINX HOBPEK ACHHH
spirpottitton. Q6 3TOM CRILICTCARCTRYIOT H TEOPETHUECKHE PEANOCHITKH.

B HacTosuiee BpeMs 1pefreTes paspelllenne TeXHHACCKIY npohaem
o culnauKio cneithaabHoro o6upyloRaRUR A AOAFOCPOMHOTO XPAHEHHA
KpOBH B AAMOPUNKCHHOM  COUTUSIHHH U CREePNITHIKHX  TeMmueparypax,

14
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Hosasn xHuza

JIT. Tatra NPUMEHEHHE W30TOIIOB B FEMATOJIOTHH.

[lepes. ¢ anr.a.

ABTOp -— OAHH H3 OCHOBOMOJUKHHKOB NPHMENUCHH niotonue B MEIH-
e, B CHCTEMAaTH3HPORAHHOT, MOHOPP 3 PHUECKOUI dopMe _oH  Hzaaraer
cOBPEMEHHBIE BONPOCH HCMUAbIOBANHH PaMOAKTHBHLIX H3UTOMOR AR Le-
1¢il AKArHOCTHKH pa3d iHuHbIX fuaesHed KpOBM H HaydHLIX Heede108aHui
1O pasHbIM npoGneMa\!rEMarunurHH H llepe/MBaHHA KPUBH

Ecag yuecTb, 70 B Juirepatype 10 HACTOAWEro BpeMeHH HMEJUCH
JHiL OTAedbHbie CTAThLH, flocesillehHble HCMOAb30BAHHIO HIOTONDE B re-
MATOJOMHH, TO JaHHYI0 MOHOrpadHio caelyer npuskarh yHHKEJbHOH,

Boabluoe, ecan He LCHOBHOE, BHHMaHHe Yic.1eHU aBTOpoOM OfUCAKHIO
MOTOANK MCHIOABL30BAHHSE H3OTONOB B KAHHHYETKHX ycauBHAX, UTO npupder
pabore ucubyl LUEHHOCTD.

HeeMoTpst Ha To 4TO H 110 HadBaHHIO, H 1O cojepAiadnio KHUra otpa-
AT NIPHMCHeHHE H30TONUB B reMaToONOrMK, ona npeicrasmier MHTEPEC
H4as APYTHX cHelHanbHoCTed MedMIHHCKOR HaykH, kak, wanpumep, Guo-
CHMHS!, Di3M0A0THS, FHCTOJAOTHS, KAHHHKA BHYTPeHHHX GoanesHell u xupyp-
(us. Mimeetcst B BHAY NPHMCOHEHHE W3N0KEHUbIX MeTOAWK /A4d HCCAeA0Bd-
UM OGMEHHBIX NPOLECTOB, MeXauuiMa jfeilcThis Tpadcty3nil npenaparos
KPOBH, AKH3HeCnocoGHoTTH H nposudepatupHoil  akTHBHOCTH  PA3JHUHDBIX
KAETOUHBIX KaTerophil, HJst OUEHKH (YHKIHOHANLHOTO CUCTORHUA reMo-
1033a NpH pasiuunblx 3aboseBaHnux, onpeienenunit obteMa UHPKYAHPYIO-
titeit KpoBH, HaMeHeltHil coCyANCTOil NPOHHIaEMOCTH | AP,

Ilena Kuury 24 K.

M3AATEARCTBO KHUIW HE BbICHLIAET

MEATHA
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JL JI. Wenyro. BOMNPOCHI IUAJIEKTHUECKOTO MATEPHA-
JIU3MA-U MEJIMUMHA.

B paGore ocsewaiorcs orzenbnbie npobaeMbl TeopeTHYecKoR H. npax: _ "_';
THYECKOH MEIHUMHLI B CBETE HAYYHOH MeTON0JOTHH NHaNeKTHYECKOTO - M&- .
TE€pHAJIH3MA: MApDKCHCTCKan (HIAOCODHS H MeaHUMHA, ¢dunocodpckue son- I
POCHl TEOpHH, RATOJOTHH H AMArHo3a (O COBPeMEHHBIX TEOPHSX MATO/MOTHH; b
UYBCTBEHHAs CTOPOHZ MpPOLECCA MO3HAHHMA -B JAHATHOCTHKe — aHamHes H

- lepBHYHOe O6Csie/loBaHHe, a6CTPAaKTHOE: MblllleH e B TIpoLecCe AMATHOCTH- ‘

KH, POJIb IPAKTHKH B Npolecce MO3HAHHS 6onesnn). - ' ;
Kuura paccunrana ua PAKTHYECKHX Bpauei, aCHPaHTOB H ~ HayM-

WbIX PaGOTHHKOB M MoXeT OBITb HCTIO/IB30BaHA KaK yueGHHMA Majrepil&i-a;i‘f

IPH NPOBEAGHHH 32HATHH N0 1HANEKTHUECKOMY MaTepHaJIu3My. o

llena 76 «.
SR ‘ U3JATE/IbCTBO KHUATH HE BbICBIJIAET -
P, MEArM3 ,
L _ , LB
i et . - R € L1 o O
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STAT

Problemy Gematologii i Perelivaniya Exor¢i
(Problems of Hematology and Blood Transfusiéa)
Vole 5, (entire issue pp. 3-16) 1963

(inside cover is a notice to subscribers about subscriptions)
USE. OF DEEP-FREEZING FOR THE PROLONGED PRESERVATION OF BLOOD IN THE

- FROZEN STATE

By: Prof. F. R. Viograd-Finke, Assoc. Prof., A. E. Kiselev,
F. G. Gingburg, L. I. Federova, E. I. Kaukhchishvili

‘Institute of Hematoiugy and Blood Tranafusion of the Order of Lenina
(Director, Assoc. Prof. A. E. Kiselev), Ministry of Health
of the USSR

At the present time the development of methods for preserving blood
in the fpozen state occupies a central place in the field of blood
conservation., For many years living cells, erythrocytes in part-
icular, could not be maintained following freezing and thawing,

The great practical importance of this problem lies in the fact that
owing to the complete suppression of metabolism at subezero temperatures
it is possible to keep the cell viable for long periods (many monthse
and even years). This cannot be accomplished at positive temper-
atures.

The advances made in this field open up, even now, great possibilities
for a significant extension of the periéd over vhich blood can be pre-
served, It has been established that eiythrocytea that were kept

(in glycerol) in the fpozen state for a period of many n§nths and

even several years, after thawing remain basically intact and retain

their physiologic#l properties [31,47],
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When work on this problem was begun small quantities of blood were
frozen, and the authors proposed this method for the prolonged
storage of standard erythrocytes necessary for determining rare blood
groups( 30,4k,
In a number of papers it was pointed out {31,47]) that this method
makes it possible to preserve bl100od of rare groups for long periods
for transfusion or for preparing heparinized blood in advance for
extra-corporeal circulation.
It is also thousht that prolonged preservation of blood at sub-zero
temperatures becomes of very great importance in creating blood re-
serves in special conditions (49,50,57)e
We believe that the preservation of blood in a frozen state should
gain wide use in the practical work of blood service institutions.
In the first place, this is necessary for use in transfusions of
erythrocytes remaining after the preparation of dry plasma, the period
of storage of which at 4-6° is limited only to 3-l weeks. Under
these circumstunces it was possible to preserve blood of rare groups
and Rh-negative blood.
I. I. Fedorov and Smith (29,52] were the first to report that it is
possible to freeze and thaw erythrocytes without considerable im-
pairment to them. Several authnors have reported the use of erythro-
cytes for transfusion after storage of several months at -10, -20°
(2,3,5-7,21427,28,43,444]; there are aiso data on the freezing of
blood cells without damage to them for pericds of zoyeral years [31,47].
Advances in the field of blood preservation by freezing have sub-
stantially aided modern biology in the study of the stability of
living cells and other biologzical objects (up to the level of entire

organisms) to the action of cold. This new bramch of biology is
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called cryobiology. Cells and tissues have been found to exhibit a
great variety of reactions to the action of cold and it was found that
negativ§ temperatures as low as -l95° do not brimg about death of cells
and tissues under certain conditions. Following such a high dogro§ of
cooling they remain viable, they "take™ in transplants, and exhibit
growth in tissue cultures. In addition, significant advances have
been made in tests with deep freezing and revival folloiing warming of
entire animal organisms. These experiments include £h0 freesing of
insects and other living organisms at temperatures dowa to -190°
(18,22,23]. 1In 1957 Smith and associates (46,53] showed that hamsters
frozen for an hour at -5°. survive following war-ing.by neans of dia-
thermy and artificial respiration and they completely regain their
function. In connection with this it was noted that only those animals
survive in which the conversion of water to ice crystals did not exceed
50% of the total amoumt of fluid in the organism. Ribbita and certain

primates (galago crassicaudatus) did not endure such freesing: in spite

of the restoration of cardic activity and voluntary movements immed-
iately following warming, the animals died soon thereafter. This in-
dicates that it is more difficult to reach compatibility of the life
of an organism with a considerable degree of freesing of water, than
to preserve the viability of isolated cells and tissues under these
conditions, |

These results necessitated the review of many previously dominant
conc¢epts in the acientific literature on iho boundaries of l#to and
the problem of liabioais, the causes of the damaging actiom of deep
freeosing, and on the basis of this it beeame necessary to study the
conditions umder which it is posaible to meintaim the viability of

frozem live cells,
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It was found possible to protect erythrocytes from destruction only
after studying the causes of the injurious action of the freezing
process., In this respect there were numerous investigations of the
biochemical and biophysical changes occurring in cells and the nature
of the crystallization of water in blood subjected to various degrees
of cooling [11,24,26,35,39,42], The majority of investigators believe
that the damage to erythrocytes is the result of two phenomena: the
trauma by ice crystals and the effect of hypemconcentrated salt
solutions formed intra-cellularly and extra<cellularly in the remain-
ing living substance upon conversion of water to ice. Under these
conditions erythrocytes undergo progressive dehydration along with
an increase in the oasmotic gradient between their internal medium
and their external medium.
Lovelock [36] observed the denaturation of lipeprotein complexes in
the presence of hyper-concentrated salt solutioms., He also found
that in addition to gross damage during the periocd of growth of ice
crystals, freezing also destroys the molecular bonds in the living
cells and most of all in membrames. In & medium with a high ionic
strength obtained by increasing the salt concentration, the binding
components of the phospholipids of the cell membrane are weakened
which results in increased permeability and ewelling. Upon transfer
of such a cell back into a physiological medium, & slow lysis sets
in upon thawing.
Other not yet known factors may also play & role im the destruction
of celis, such a8 the damage to enzymatic and atber‘active systems
of living cells [46], but the dominant reascm is the extreme extraction

of water during the process of crystal formation. It has been estab-

lished experimentally (38,55] that crystalligetion and, consequently,
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its Barmful action is observed most of all in the -3 = -40° zone.
For this reason this temperature range is called c¢ritical or danger-
ous, The period during which the feerzen erythrocﬁtea are in this
zone in an environment of hyper-concentrated salt solution affects
their stability. Luyet (38] showed that when the critical temperature
zone is passed over in a period of several liliiseconds no lethal
effect is found: he succeeded in preserving the morphology of erythro-
cytes by very rapid freezing of blood in a thin layer (on a metal plate)

" at -196°, When this period becomes longer, for example, when cooling
a large amount of blood under the same conditions, without using pro-
tective substances the majority of erythrocytes are destroyed. The
period that the cell spends in the critical zone is equally important
during the thawing of the blood,.
These blophysical data served as the basis of the now-proven position
that the rates of freezingz and thawing play an important role in pre-
serving the integrity of erythrocytes, the water phase of which ias
present primarily in the free state and is readily transformed to ice
crystals upon cooling,
It was found that slow freezing is accompanied by extra-cellular forma-
tion of large ice crystals which do not necessarily rupture the cells
owing to their position in the canals between the crystalling lattice
of the forming ice. But the resulting dehydration and concentration
of salts have a more powerful deétructive effect on the cell than the
extracellular crystals. By using substances that strongly bind waser
it is possible to prevent its transformation into ice crystals or to
interfere with their growth in size. On the other hand, rapid freezing
leads to the formation of very fine crystals and is not accompanied by
a large extraction of water from the solution and does not render it

hyper-concentrated. Therefore,in trying to avoid factors that result inm

&
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damage the investigators directed their efforts toward both binding
the free water by adding various substances to the blood, such as
glycerol, sugars, colloidal substances, and ethyl alcohol, as well as

toward increasing the rate of cooling and thawing.

The various modern approaches to the solution of the problem of pro-
longed preservation of blood by freezing have also been based on the

above theoretical premises,

In the USSR attempts have been made to preserve blood at negative
temperatures without the formation of crystals - in the liquid state,
The preserving solutions with protecting substances proposed especially
for this purpose make it possible to preserve blood at temperatures of
-80° and somewhat lower in the liquid state without hemolysis, so that
it remains suitable for transfusion om the average for 100 days (1,3,

4,7,9,21J.

However, it was not possible to preserve blood in the liquid phase
without hemolysis for longer periods. Preservation of blood for many
months or even years necessitates complete suppression of metabolism

in the cells and cooling to a complete solidificati on.

At the present time two concepts are bing widely used in the solution
of the problem of the storage of blood in the solid frozen state. One
of these is the preservation of erythrocytes with high concentrations
of glycerol (up to 50%) at moderately low temperatures (-80°, -120°].
This so-called slow freezing, developed about ten years ago, has been
sub jected to detailed experinental studies and it has been widely

discussed in the literature [31,43445,47,51,57], Clinical experience

with the use of such blood is accumulatinge
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In recent years [32,37] they began to study the use of dimethylsul-
foxide which is similar to glycerol in terms of the mechanism of its
protective action. The protective action of glycerol on the cell
lies in preventing the formation of large ice crystals outside or within
the cells owing to its especially strong ability to bind free water and
to penetrate into erythrocytes. In this manner, glyerol lowers the
degree of hyper-concentration of salts and makes it possible to extend
the period that erythrocytes can exist in the dangerous temperature
zone without damage to them., Therefore, the cells can be frosea
slowly in the presence of‘glyc;rol. Thus a flask or plastic bag with
500 ml, of a mixture of erythrocytes and glycerol placed in a refriger-
ator reaches this temperature (-80°) only after seven hours [31]¢ This
method makes it possible to preserve the frozen erythrocytes for many -
months with insignificant (from 2 to 10%) damage to them following
thawing. However, tnis method is not yet readily accessible for
clinical use due to the aimbersome nature of the extraction of high
concentrations of glycerol causing sharply expressed hypertonia in the

cells and due to the need for aspecial apparatus [45],

For the treatment under sterile conditions of glycerolized blood with
several solutions of successively decreasing coﬁcentrationa of glycerol
anu salts there have been build in the U.S.A. costly and very ineffic-
ient fractionators, the so-called Cohn centrifuges (31,33], Even with
these fractionators the washing out of glycerol takes a great deal of
time, The defrosted erythrocytes cannot be transfused without washing
out the glycerol, because upon transferring them into the isotonic

\ medium of the blood stream they are rapidly destroyed. During the
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washing out procedure an additional loss of a certain portion of the
erythrocytes occurs as a result of theip lysis., According to recent
data [57] the loas of erythrocytes following their storage with
g8lycerol and washing amounts on the average to about 20%,
The otler concept is the super-higﬁapeed cooling(requiring not more

than several minutes) to ultra-low temperatures without using 8lycerol,

At this rate of cooling the time spent by blood in the unfavorable
critical temperature zone is greatly reduced, i.e,, conditions are
created under which the Period of transition of the erythrocytes through
the dangerous temperature zone will be less than that necessary for
damage to occur to the cells in this zone. This method is more prom-
ising and it does not rejuire the lengthy treatment of blood after
thawing, since in the protective solutions that are also required in

this method one can do without glycerol,

This method directed at obtaining crystal-free freezing as a result
of high rates of cooling has been used as the basis of the method of
preserving blood at negative temperatures worked out recently at the

Central Institute of Hematology and Blood Transfusion,

Rapid freezing of blood is favored by a number of American authors
[ho,h1,h8,#9.55,58]. These authors, as well as the authors of this
paper, used high concentrations of carbohydrates and colloids in the
protective solutions, Working along the line of replating in these
solutions glycerol which is impraciical to use, by other water-binding
substances, we¢ have been using the above substances vight from the

start of the studies on the freezing of blood [648, 10,12,14],

: 00020001-1
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We are presenting below our experience in connection with the use of
deep-freezing in the ultra-highspeed freezing of blood, its long-term
storage and subsequent clinical use, We have worked on the problem
of rapid freezing of such quantities of blood that are pra;tically
applicable to blood transfusion (250-500 gl.). The possibility of
preserving erythrocytesiin an intact condition, after rapid freezing
in liquid nitrogen of minute quantities of blood (around 0.2 wl.),
was noted by Luyet as early as 1949 (38], Later it was confirmed
by other authors [25], and also in studies in commection with the
spraying of blood into liquid nitrogen [12,19,#0.41]. However, in
connection with obtaining undamaged erythrocytes with rapid freezing
of large volumes 6f blood required in tramsfusion, it was necessary
to search for other conditions for achievimg rapid cooling. Simul-
taneously it was necessary to dzvelop more effective solutions for

protecting the frozen cells from destruction,

It vould bé undoubtedly efficient to achieve such a rapid cooling of
blood which completely excludes the formation of crystals and results
in glasey solidification, i.e., vitrification [16,17,34], It is
thought theoretically possible to achieve vitrification by spraying
very small blood droplets directly into liquid nitrogen (at -196°)
since the result is instantaneous cooling C{up to 100 per second),
It is also thought that by storing the vitrified blood at the s@no
temperature it is possible to preserve it without recrystallization
for an indefinitely long period, i.e:s, without damage to the cells
(rapid thawing is again/necessary condition). The experiments we
carried out in this direction [12,20] showed that the spraying of

blood directly into liquid nitrogen can serve as one of the ways of
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vitrifying large amounts of blood. However, such an open freezing
and thawing (by immersion of.blood granules into a warms physiological
solution) does not gquarantee the sterility of the blood destined for
transfusion purposes, Therefore, the problem was to work out a method
of super-highspeed freezing of blood placed in a closed vessel, The
Jatter must maintain the sterility of the blood upon contact of the

container with the cooling and the regenerating media.

Going to tine ¢losed method of freezing in a container posed new prob-
lems, the major one being the creation of conditions for the rapid
elimination of heat from the container containing the blood. The
difficulty lay in the fact that the cooling of large amounts of blood

proceeds at a much slower rate than the cooling of blood droplets.

In working out a method of super-highspeed freezing of blood placed

in the container, we took into account the following factors affecfiﬁg
the rate of elimination of heat: 1) material of which the container is
made, 2) boiling point and other properties of the cooling medium, 3)
geometric shape of the container and thickness of the water layer (these
factors were related to the ratio of the external surface of the con-
tainer to the volume of blood), 4) the properties of substances used

in the protective solutions, 5) the varying stability of blood to the

action of low temperatures,

The first fomme conditions are constant, but the last one does, as a

rule, depend on the peculiar properties of the blood of the donor.

This frequently explains the variaticns in the results obtained

fol.owing recovery of frozen blood, as noted By many authors.
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After testing various materials we selected alukinum, and made aluminum
containers of different capacities keeping in mind the importante of

geometric parameters that promote the eltmination of heat,

In testing these containers we judged the advantages offered by then
through the degree of recovery of erythrocytes subjected to freesing

in them, using as a criterion for this the extent of hemolysis deter-
mined in a definite sample of thawed and centrifuged blood. The freez~
ing was brought about by immersing the container with the blood, mixed
half and half with the protective solution, liquid nitrogen. Solidi-
fication of the blood was completyd in 1-3 minutes, depending on the
volume of blood and the shape of the container. In thawing, the con-
tainer was rapi.:ly transferred to a water bath at h3-45°. The period
of thawing of the blood corresponded approximately to the period of

freezing.,

The following is a discussion of the mechanism of elimination of heat
with rapid freezing of the blood in conjunction with different com-

ponents added and the selection of the container.,

At the moment of immersion of the containmer in liquid nitrogen, inten-
8ive elimin.tion of heat is taking place from the surface of the con-
tainer containing the blood and there begins a warming up of the ad-
jacent layers of nitrogen, as a result of which nitrogen begins to
undergo violent boiling. Observations indicate that bubbles of nitrégon
gas arising on the walls of the container rapidly increase in volume,
break away and float to the surface of the liquid nitrogenp new particles
of liquid nitrogen occupy the place freed in this manner and come into
contact with the container. This process is repeated until the

temperatures of the nitrogen ani the container are wualized, Ab=tbits
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At this time the process 9f elimination of heat is completed thereby
servin: as am indication of the completion of the procoaé of freezing,
Under these conditions the cooling medium is not liquid nitrogen any
more but a peculiar gas-liquid mixture which considerably impairs the
conditions of the elimination of heat. Nevertheless, the use of liquid
nitrogen remains the single convenient method of achieving rapid freez-

ing of blood.

During freezing, the hgat directed from the central layer of the ob-
ject (blood) overcomes the thermal resistance of the following elements:
a) a layer of liquid blood, b) frozen layers of blood, c) walls of the
container, d) gas-liquid mixture., Therefore, in selecting the optimal
container from a number of containers tested an important role is

played by the determination of the coefficient of heat tramsfer (K).

The numerical significance of this factor may be demonstrated by using
the well-known heat tranafer equation

Q, = KeF+ 4t (1)
where Q « amount of heat transferred per unit time; F - surface of heat
transfer (readily determined in experiments); gt - difference butween
the temperature of blood and the coolin; medium (a known quantity). The
only factor that affects the value of Q is the coedficient of heat trans-

fer 4 Ko

The amount of heat (Q) that is to be removed can be determined from

the equatioh

Q= Gl e(ty = t)) «+ WR + Cy(%, - t:’i)] (2)

where G - weight of blood sample (in kg.){ C1 « specific heat of non-
frozen blood (in kcal/kg °c); C, - specific heat in fpozen blood (inm

‘ kcal/kg. °C); t1 - initial temperature of blood; ta « temperature at the
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beginning of freezing of blood; t3 - final temperature of frozen
blood; Ww - weight of ice in a kilogram of frozen water (in kg/kg);

R - latent heat of ice formation (in kcal/kg.).

By substituting the value obtained for ; from equation (2) and all
the remaining terms into equation (1), one can determine K, i.e., the

the overall coefficient of heat transfer (kcal/l‘2 % per hour),

However, in selecting the shape of the container not only the deter—
mination of the overall coefficient of heat transfer is importamt, but
also that of the value of the coefficient of;:::ieaion (az) from the
wall of the container to the liquid nitrogem (since the intensity

of movement of the nitrogen gas-liquid mixture depends on the shape of
the container). This coefficient can be determined using the value

of K calculated above from the following formula {(in the case of

a flat-walled container)

K = * (3)

where a - coefficient of heat transfer from liquid to froszem lbod;
'“l - total thickness of frozsen layers (measured from the center of
the cross section of the container to the periphery); Al ~ coefficient
of thermal conductivity of the frozen layers of blood; 82- wall thick-
ness of container; ‘\2 - coefficient of thqrmal conductivity of the

container; « - coefficient of heat emission from the wall of the

container to the liquid nitrogen. From here

. . £ y
2 * ’?‘ 062 o __}_ = 2 or -%-' = P -1 -2 - 2
*1 TR a, K 2 K &y Ay As
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Therefore,
a, = 1
2 1 1 Ql ’2
Y

kcal/maOC per hour (4], From the values obtained for K or a, for

the containers tested, we chose those that provided the highest values
for these coefficients, From the containers selected in this manner
the best results in the recovéry of erythrocytes following freezing
and thawing were obtained with containers with a built-up surface

in which the ratio of surfaces of elimination of heat to the volume

of frozen blood ( %) was the highest. These may be cylindrical,

tubular, or flat rectangular vessels (Fig. 1).

In numerous experiments we established that rapid freezing of blood
in containers with a built-up surface was always accompanied by a
considerably better recovery of erythrocytes after thawing than freez-

ing in smooth containers (Tables 1 and 2)

Figure 1 ~ Aluminum blood-c¢
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It is seen from Table 1 that in the majority of cases in freezing
small amounts of blood (up to 40 ml.) in containers with a built-

up surface (we used covrugated surfaces in our studies), independent
of the shape of the container, its cross section, and the volume of
blood, the percentage recovery of erythrocytes was high (from 90 to

95% after thawing blood in solutions No. ll2 and 115. In the same

Table 1

RN
INFLUENCE OF THE SURFACE ON THE RECOVERY OF ERYTHROCYTES
(in %) FOLLOWING FREEZING

V' Volume of ' |
blood . So.ution no. 111[301ution No., 11

2 Solution No, l%}
Container frozen .
(in Ila) n - surfac.‘ T T -
u11t-u;i$nooth Buglt-up! Smooth .Built-up | Smooth
Circular ! ;
container 30 + 88 . 65 9 .70 .92 81
n 30 84 65 91 | 68 92 76
" .30 82 7 i 90 83
" 30 81 62 g | 93 72
Tube s E RN U B R B 78
" L 15 8 ., 77 | 95 60 ' 92 78
" 15 93 | 0 95 62 |
" 4o 91 b5 87 35 . 92 | o

" . ’40 _ ' ! 90 ] !40 ‘ i

A : i

containers with smooth surfaces the percentage recovery of erythrocytes

was moast frequently 60-78% and even lower,
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Table 2
BEGENERATIOK OF ERYITHROCYTES FROZEN IN CONTAINERS WITH A BUILT-UP
SURFACE AT DIFFERENT VALUES OF THE% RATIO
Container Calculate- Regeneration of erythro-
Gage size ed value cytes (in %)
(in mm,) Volume ot -
Shape (thickness) of! in 'S llioluti 2 N;;bor -
frozen layer | ml, v " : 2
T :
Corrugated : ;
tube 10 .10 b2 P 92 92.5
" 10 L 10 b2 .94 92.5
" .10 10 b2 ' 93 92.5
Circular § !
corrugated : 7 '
cylinder 2 ’ 100 2.8 91 94
" 2 100 2.8 © 90 93
" | 2 100 | 2.8 - 86 93
" 2 100 2.8 87 ; 90
" E 2 30 2.6 92 ; 88
" ' 2 30 2.6 88 : 88
" 2 30 2.6 84 : 88

This difference in the amount of regenerated srythrocytes was regularly

observed in all our tests (Fig. 2).

E 4

gt 8o ° ° %

ML d ® ¢

W e e g g — — —— - T —— e

& .

.fp...__l'...._.,.‘.l_.a._...l..l..._-—_.—.._—e.za_.

F7]%

JOt

F48

o e N
P ¥ ” 72 X LA 24

Figure 2. Importance of corrugeted surface of container.
Hollow circles - corrugated surfuce; dark circles -
smoothy Ordinates: per cent recovery of erythrocytes;
abscissas - period of exposure (in hours) to preserving

sclution No.

2

and 11

3

(Volume 150-200 ml.).
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In Table 2 there are presented data that favor containers with a
large calculated value of the ratio of the surface of elimination of

heat to the volume of frozen blood, i.es, g since the elimination
.V

of heat from the froien blood proceeds at a greater rate in them.

In order to adapt the method to the requirements of practice (blood
volumes used in clinical work, simplicity, convenience of freezing
and storage) we made a study of the optimal value of the cross
section and Bize 6f the container, A comparison of varlous cross
sections with the same form and capacity of the container showed

the best results are obtained in a container of 2 mm. cross section,

since it provides for a faster elimination of heat.

Thus in experiments using blood from the same donor in a 100 ml,
container with a 2 mm. cross section the percent recovery of erythro-
cytes was 8§7-94, In a container of the same capacity with a 5 mm.
cross section only 62-87% of the erythrocytes wer: recovered (in

the first case blood froze in 25 seconds, in the second iﬁ ks seconds).
However, in order to make a convenient container with a large capacity
(300-500 mls) it was necessary to increase the cross section of the
container t6 15-20 mm. which resulted in an increase in the thickness
of the layer to be frozen and consequently in a decrease in the rate
of cooling of the bloode. This frequently resulted in a reduction of
the percent recovery of erythrocytes. Therefore, measures were taken
to improve tie technique of freezing and t nawing. These included the
stirring of the blood (swinging or shaking of the container) upon

immersion in the nitrogen and especially in the water bath., This
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speeds up the emission qf heat since the blooa is divided inside the
gontainer into thinner films stratified onto the layers near the wall
during freezing. This measure did result in a certain improvement
but a more siznificant influence is exerted on the preservation of
cells in the case of freezing a thick layer of blood by the nature and

amount of substances added to the blood for protecting the cells.

For the super-highspeed freezing of large volumes of blood we used
various versions of solutions worked out on the basis of the composi-
tion of solution No. L1 which we proposed earlier for spraying blood
into liquid ni¢rogen L[20]. This solution included glucose (final
concentration 4%), one of the disacchar.des- Sucrose, lactose (final
concentration 2%), or mannitol,colloids (dextran or albumin), sodium
citrate (0,4%), and sodium bromide (0.1%)s The improvement of the
solution involved an increase in the concentration of the carbo-
hydrates (solution No. 1{90 A higher content of sugars, glucose and
especially disaccharides l[sucrose, lactose), not permeating the
erythrocytes and binding water in the extra-cellular space, prevents
the transformation of water to ice crystals. Accordingly, the addi-
tion of large concentrations of sugars extends the period, that the
cells may spend in the dangerous temperature zone without injury, to
several tens of seconds, at the same time that without sugars the
cooling of blood in this zone must occur in a fraction of a second

in order to obtain intact cells,

We also studied the effect of the addition to the solution of in-
creased concentrations of colloidal preparations - dextran (molecular
weight 60,000-80,000), polyvinylpyrrolidone (molecular weizht 15,000-

25,000)s The effect of the addition of these colloidal preparations,
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also based on binding free water, is the result of reducing the
amount of iee formed, therefore the concentration of the dis-
solved substances in the tiny channels betweén the ice crystals where
the erythrocytes are located does not reach levels that are harmful
to the membrane, It is also known that colloids, due to adsorption
on the surface of the cells, protect the readily permeable membrane

of the erythrocytes,

However, we have not yet established whether their protective action
is better than that of the chrbohydrates. It is necessary to con-
tinue the investigations using similar substances. One should also
make mention of the requirment that the introduction into the organ-
ism of these high molecular weight sub&tances mixed with blood haé
to be harmless, inasmuch as they may form compléxes with plasma
proteins. The physiolggical significance of the tomplex formation
is the subjec¢t of detailed study, and their use as anadditive to
frozen blood cannot as yet be recommended for large-scale clinical

practice.

Therefore sugars still remain the most proven and harmles§@repara-
tions for clinical use. The effectiveness of the addition to frozen
blood of each of the sugars used has been invariably observed in our
experiments, but the optimal indices Qf recovery of erythrocytes
following freezing (up to 93-95%) were obtained by combined use of

glucose and sucrose or lactose (Fig. 3).

In addition, the regeneration of erythrocytes is influenced on the

one hand by the volume of frozen blood, and on the other by the
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Figure 3 -~ Importance of adding carbohydrates

v Abscissas p volume of blood (in ml.);
ordinates - per cent recovery of erythrocytes;
1l - solution No, 112: 2 - solution Noe. 11l and

lactose; 3 - solution No. lll_ and glucose;

4 - solution No. 11, with lactose and glucose.
difference in the stability of the erythrocytes to the action of
cold in different donors. This influence ecould Be equalized by the
addition to the solution, outside of sugars, of a small amount of
glycerol, up to 6% (solution No. 11), This ¢an best be done upon
freezing the erythrocytes remaidlng aft;r separation of the plasma,
In Figure 4 there are shown the results of an experiment using the
blood and erythrocytes of the same donor, and in Figure 5 the
results of many tests of freezing the erythrocytes (in solutions
No. 11, and 115) of various donors. The addition of such a small
amount of glycerol does not necessitate, after thawing of the

erythrocytes, subsequent lengthy treatment in order to remove

glycerol from the cells after removal of the sample (%),
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Figure 4 - Importance of addition to solution No. 11,

of =mall amounts (5-6%) of glycerol.
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These figures indicate that following ultra-highspeed freezing and
tnawing of erythrocytes, the main portion of the cells remains
unharmed. Nearly analogous dota were obtalned by freezing whole

blood in the same large volumes,

In Table 3 there are given data on the recovery of erythrocytes follow-
ing freezing and thawing of different volumes of erythrocytes and whole

blood with protecting solution No. 113.

The indices of recovery of erythrocytes we obtained with super~high-
speed freezing in a container are close to those published by other

authors (48, 56],

Since in defeosted blood there is usually a mixture of free hemo-
globin and stroma which is a contraindication for transfusion, we
believe that for the time bdng it is not advisable to subject whole
blood to freezing. ft is better to store erythrocytes in the frozen
state for clinical use which contains twice the number of cells in
the same volume, whereby it is possible to use erytinrocytes left over

after the prepération of plasma.

The morpholosical properties and the physiological integrity of eryth-

rocytes subjected to freezing and thawing underwent little change.

Experimental transfusions of defrosted erythrocytes gave good results.
Before transfusion of the liquid portion containing hypertonic solu-~
tion No. 115. the small impurity of free hemoglobin and stroma are
removed., For this reason the erithrocytes are previously diluted with
a series of solutions (citrate-lactose-salt) of different osmotic
concentrations, they are centrifuged once, the sample (?) is removed

and replaced (to the normal hematocrit volume) by an iso-osmotic
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sucrose-salt s6lution or by homolozous plaszma., After such treatment
erythrocytes become osmotically stable for introduction into the
blood stream.

Table 3

RECOVERY OF ERYTHROCYTES (IN PER CENT) AFTER FREEZING (AVERAJE
OF 160 EXPERIMENTS)

Volume in ml,

Medium
75-100 ~ 150=200 200300
Erythrocytes ; 91 ; 88 ; 86
Whole blood § 93 i 92 2 87

For clinical use we worked out a method of preparing erythrocytes
that makes their rapid and steriletreatment possible without the need
for a blood-fractionating apparatus. For this purpose we use double
plastic bags, from which, after centrifuging, it is possible to
aseptically separate the sample (?) by the closed method and to add
the plasma-repliacing solution. In this soiution the erythrocyte:
suspension ¢an be stored for several days in a atate suitable for
transfusion at 4-6°,

In Figure 6 there is shown the scheme of the aseptic préparation for
transfusion of defrosted erythrocytes, showing the sequence of the

various stages.

This material presented in this paper indicates that it is possible
to solve the practical problem of the super-highspeed freezing of

large volumes of erythrocyteés and blood for prolonged storage.

To achieve this we built several aluminum containers having optimal
geometric parameters, in which, when immersed in nitrogen, blood

freezes in l«2 minutes, We also developed special protective solu-

tions for whole blood as well as for erythrocytes., Securing the
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Figure 6 « 3cheme of asceptic prepar.ition of defrosted bloode

I - ¢losed transfer of defrosted suspension from container
to plastic bags; II - successive addition to the
erythrocyte suspension of diluting solutions; III =~
¢losed transfer of saaple (?) to the free bag after
centrifusing; IV- addition to the erythrocytes of
plasma-replacin: solution: 1 =« contaiaer with blood;

2 - bag wita blooly % - empty bags for closed separa-
tion of ligqui! from erythrocyles after centrifuging;
4 - diluting solution; 5 ~ plasms—replacing solutions
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sterility and the physiolozical competancy makes these suitable for

clinical use,

In this paper we have not discussed the practical realization of
prolonged storage of frozem blood and the clinical use of this blood.
These problems are the subject of separate reports., We wish to note
only that the successful conducting of précesses or rapid freezing
solves only half of the problem facing us. 1In order to avoid damage
to the cells during prolonged storage as a reéesult of possible re-~
crystallization. it is also neéessary to store frozen erythrocytes
at ultra-low temperatures. We observed that the storage of blood

at temperatures near -196° (in liquid nitrogen) involves almost no
furtier harm to erythrocytes. This is also indicated by theoretical

considerations.

At the present time it is necessary to solve the technical problems
related to building special equipment fo¥ the prolonged étorage of
blood in the frozem state at ultrerlow temperatures.
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