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Puc. 3. PeHTreHorpama xBopoi KiHLiBKN:
A - MNig yac nepBUHHOrO AocnigXeHHs. Npoekuis 3HIMKY He 403BONSE BCTAHOBUTU HAABHICTb MOPGOCTPYKTYPHUX 3MIH
KicTku. B — MNicns 3giiicHeHHs noaaTkoBoi peHTreHorpadii. [Jobpe BupaxeHi BianoM Ta BOrHuLLa 3ananeHHs oKicTa
NIOCHEBOT KiCTKM.

JikyBanbHi 3axoam KoperyBanucs 3
ypaxyBaHHAM KIiHIYHUX NOKasHUKiB Ta nepebiry. Ha 35-
40 poby o3Haku nnaHTapHOT donekcii Mamxke 3HUKNu. Ha
Uen vac KiHb 3HaxoguTbCA nig Harnsgaom daxisuis
BeTepuHapHOT MeauLNHN.

BucHoBKMu
1. Pesynbtatm pgocnigxeHb cBig4aTtb, L0
JiarHoCcTnka 3axBOplOBaHb JTOKOMOTOPHOrO anapaty y
KOHEl € [O0CTaTHbO CKNagHow i notpebye pisHMX
peTenbHUX, AK KMiHIYHUX, Tak W cneuianbHUX MeToaiB
JocnigXeHb.

2. [ocrtoBipHa AiarHOCTMKa 3aXBOPIOBaHHSA
KiHUIBKM KOHS, Yy AaHOMy Bunagky, Oyna AocsarHeHa
3aBASKM  NPOBEAEHHI0  peHTreHorpadii B ABOX
npoeKkuiaX, LWo AO3BOMWIO BUSBUTM NepiocTanbHy
peakuito i Bignam KiCTKu.

3. JlikyBaHHS KOHell 3  TpaBMaTU4HUMWU
MOLUKOXEHHAMM FIOKOMOTOPHOro anapaty 3
ypaxyBaHHAM iX KMiHIYHUX ¢opM MposiBy, aHaTOMO-
disionorivHoil Oynosu Ta yHKUiT NOBWHHI
34ilCHI0OBaTUCA 3riAHO A4OCTOBIPHOrO AiarHosy.
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THE METHODS OF CRYOPRESERVATION OF RED BLOOD CELLS OF ANIMAL
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Nowadays, the method of blood transfusion is
often used in veterinary practice. Hypothermic storage
allows to save blood cells for a limited time, while
morphofunctional parameters are getting worse.
Cryopreservation allows to save and receive high-
quality cells for the use in veterinary practice.
Therefore, the development of reserves of donor blood
is possible with long-term preservation in the frozen
state. The use of cryopreservation makes it possible to
avoid a number of problems: finding a donor at the right
time for transfusion, the cost of maintaining the donor,
etc. These days high therapeutic efficacy of using

cryopreserved red blood cells was confirmed in
intensive therapy and hematological diseases.

The survival of biological objects under
cryopreservation conditions is due to the ability of cells
to withstand a complex of negative factors, including:
the formation of crystals, an increase in the
concentration of salts and osmotic pressure,
dehydration of macromolecules and phase transitions of
membrane lipids. Fundamental studies of
physicochemical processes in cell suspensions under
cooling and freezing conditions revealed important
patterns that determine the basic principles of damage
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and protection of biological objects. The safety of cells
under the influence of factors of low-temperature
exposure is ensured by the use of special agents -
cryoprotectants. Cryoprotective agents belong to
different classes of organic compounds and are able to
protect cells according to endo-and exocellular
principle. However, the high efficiency  of
cryopreservation of red blood cells is achieved mainly
by using endocellular compounds which must be
removed after thawing from cell suspensions in order to
maintain osmotic stability of cells under physiological
conditions. Alternative to this may be cell-free cell
cryopreservation methods developed on the basis of
exocellular cryoprotectants. It should be noted that the

cryoprotective properties of different compounds
selectively manifest themselves depending on the type
of cells.

Biological preservation of erythrocytes for the
use in veterinary practice is based on technologies for
achieving  biological  stability —and, accordingly,
preserving a viable state after prolonged storage. This
article reviews the mechanisms of cryodamage of
erythrocytes, the cryoprotectants used in
cryopreservation, as well as the existing Jlow
temperature storage methods.

Key words: red blood cells of animals,
cryopreservation, cryoprotectant, transfusion.

CYYACHI YABNEHHA NPO METOAU KPIOKOHCEPBYBAHHA
EPUTPOLIUTIB TBAPUH

O.M. OeHucoBa, T.l. AkumeHKo, B.B. BalweHko, I.®. XKeryHoB, B.O. NMpuxoaueHko, H.I. Fnagka
Xapkiecbka Oep)xagHa 300e8emepuHapHa akademis, Xapkie, YkpaiHa
syn. AkademiyHa, 1, cmm. Mana [arnunieka, [epaaviecbkull palioH, Xapkiecbka 0611., 62341.
E-mail: denisova78@yahoo.com

KpiokoHcepsysaHHA epumpouyumie meapuH 0o3gornse 3bepieamu ma ompuMysamu SKICHI KimuHU 075
sUKopLUCMaHHs 8 eemepuHapHil npakmuli. B cmammi npedcmasneHo 027150 nimepamypu CMOCO8HO KPIOrNoWKOOXeHb
npu HU3BLKomemepamypHoOMy 6riUgi, KpiornpomeKkmopis, sKi 8UKOPLUCMO8YombCs Npu 3bepieaHHi KITIMUH y piOKomy

as3omi, a maKkoXx ICHyrHUM MemoodaM KpPIOKOHCEep8y8aHHS.

Knroyoei crioea: epumpouumu meapuH, KpioOKoHcepgysaHHs, Kpioripomexkmopu, mpaHcy3is

KpiokoHcepByBaHHA — Le npouec 3b6epexeHHA
BioNorYHUX CTPYKTYP | (YHKUIA XMBMX cUCTeM 3a
OONOMOrold  3aMOpoXyBaHHA | 3bepiraHHa  npwu
yNbTPaHU3bKNX  TemnepaTypax. Hmxue  -150°C
BioNoriyHO 3HaYUMI peakuii i 3MiHM  Di3NKO-XIMIYHUX
BNacTUBOCTEN Yy XUBWUX cUcCTemMax BiacyTHi. disionoria
epuTpouMTa NpU  KPIOKOHCEPBYBaHHI, BKIIOYaoun
CTPYKTYpPYy remornobiHy i mMemOpaHuW, eHepreTUYHWi
noTeHuian KNiTUHU 3arnWaeTbCca B HE3MIHHOMY CTaHi.
KpioKOHCepBYBaHHA €pUTPOLUTIB € TEXHONOrIEW, Lo
no3ponde 3abesnedyBaT GionorivyHi yHKUiT ex vivo i
3bepiraTu KNITUHW TpMBanuia Yac.

Ha paHni momeHT poBroctpokoBe 3bepiraHHA
epuTpouMTIB  TBaApWH €  MEHW  pPo3pobrieHo
npobrnemoto, HiXK 30epiraHHa epUTPOLUTIB JICANHMN,
X04Ya PO3BUTOK BETEPUHapil CTBOPIOE NepeaymoBu And
BnpoBagxeHHa uiei TexHonorii (Feldman, & Kristensen,
1995; Kaufman, 1992; Obrador, Musulin, Hansen,
2015). Yacto BMHMKaOTb cuUTyauii HeobxigHOCTI
npoBefeHHss remoTpacdysii ANA  XBOpPOi TBapUHW,
30KpeMa, NpW rocTpid BTpaTi KpoBi, pi3HOI eTionorii
aHeMifx, TpomboumToneHii i iHwnx. MemoTpaHcdyasia €
BMCOKOE(MEKTUBHMM METOAOM IHTEHCMBHOI Tepanii,
He3aMiHHMUM MeTOAOM IiKyBaHHSA MpK BaxKKUX dopmax
6abesiosy, BaXKNX iHPEKLiINHNX 3axXBOPIOBaHHAX, Taknx
AK Yyma i iHdeKUiiHniA eHTepuT. Tomy Ha paHui
MOMEHT iHTEPEC A0 KPIOKOHCEPBYBaHHA epuTpouuTis
TBapWH 3pocTae gefani SinbLue.

EpuTpounTn ccaBuiB maloTb cBOT 0COGNUBOCTI:
SAK CTPYKTYpHi — OGynoBa memMOpaHHO-LWTOCKENEeTHOro
Komnriekcy, docdoninigHoro cknagy membpaHu, Tak i
perynsuii ioHHoro romeoctasdy (Agar, & Board, 1983).
3oKkpema, B MemMOpaHi epuTpoLMTIB KOHS BIACYTHI AesKi
Binkun yntockeneTy (6inok cmyrun 4.2), eputpounTtn brka
MaloTe 0cobGnMBOCTI  NiMigHOrO  cknagy MembpaH
(Bucoknin  piBeHb  cdpiHromieniHy).  OcobnueicTio
epuTpoumnTiB cobaknm € BiAMIHHa Bi4 epuTpouuTIB
TIIOAVHN KOHUEHTpaUia ioHIB 30BHI | BcepeAuHi KniTUH
(Benuka KOHUeHTpauia ioHiB HaTpito B KriTuHax). Lle

GaraTo B YOMy BM3Ha4yae iX Pi3HYy peakuito Ha gito
KpIONPOTEKTOPIB | Ha NPoLEC KPIOKOHCEPBYBaHHA. Tomy
ONs epuUTPOLMTIB KOXHOrO BMAY TBapWH HeobxigHo
po3pobnNATU  CcBOI  TEXHOMorii  KPiOKOHCEpBYBaHHSA.
Po3BUTOK TakMx TexHomnorii Aactb  MOXUBICTb
CTBOPUTU OaHKW KpoBi TBapWH i 3aBXxaW MaTu 3anac
KpIOKOHCEPBOBAHMX KMiTUH. 3 iHWOro GOKY, BUBYEHHSA
peakuii KNiTUH Ha Aito YNHHWKIB HW3bKOTEMMepaTypHOI
il AacTe MOXMUBICTbL 3pPO3yMiTWU 3arasfibHoBionoriyHi
3aKOHOMIPHOCTI TX NOBEAIHKN B CTPECOBUX YMOBaX.
KpiornowikodxeHHs1 epumpouyumie. BrBueHHs
NOLUKOAXKEH b KNiTUH, o BUHMWKaIOTb npw
HU3bKOTEMNepaTyPHIl Ail, a TakoXX MexaHi3aMiB 3axucTy
KNITUH KpionpoTeKkTopaMy rpae UeHTpasrbHy pofb B
PO3BUTKY METOAIB KPIOKOHCEPBYBAHHA €pUTPOLUTIB AN4
KNiHIYHUX | gocnigHuybknx uineih. B paHnid vac agnsa
NosiCHEHHs1  npoueciB, Wo  BigbyBalwTbca  npu
3aMOPOXyBaHHi epuTpoumTiB KepyoTbes
aBodakTopHoto Teopieto (Mazur, Leibo, & Chu, 1972).
3rigHO 3 Helw  7IpuU  [108iTbHOMY  OXOSTOOXKEeHHI
BiaOyBaeTbca (popMyBaHHA NO3aKNiTUHHUX KpucTanis
nboay i BiAGyBaeTbcA Aerigpatalis  eputTpouuTie, WO
NPU3BOANUTE A0 3MEHLUeHHs ob6'emy KniTuHW. Lli disnyHi
npouecn Mpu3BOAATbL A0 KpionowlkoaXeHb: “edekt
ynakoBkn”  (MexaHiYyHi  NOLUKOAXKEHHA), NOopyLIeHHs
NPOHUKHOCTI membpaHn, BTpaTa ioHIB. [Tpu weudkomy
3aMOpOXKyeaHHI BMHMKAE TOKCWYHA f[iss  pPO3YUHIB

(BioXiMiYHi  NOLUKOAXKEHHA) | BHYTPILUHBOKMITUHHE
BUHUKHEHHSA KpucTanis neoay (MmexaHivHe
MOLLKOAKEHHS).

Mpwn 3aMOPOXKyBaHHI epuTpouunTiB y

disionoriyHux ymoBax BiAOyBaeTbCcsl  3ameps3aHHsA
no3akniTUHHOI BoaW, B pesynbTaTi 36iNbLIyeTbeA
KOHLEHTpaUia po3YuHIB He3aMOpoXeHoi dpakuii. Mpn
noaanblUOMy OXONIOJXKEHHI hOPMYTbCA KpucTanu
NO3aKNITUHHOrO nboAy, WO MPW3BOAWTL A0 3HAYHO!
aerigpartauii KniTuH. AKWO WBWAKICTE OXONOAXKYBaHHSA
noBinNbHa, TO pyx BOAW u4eped MembpaHy Oyae
nigTpumyBaT XiMiYHy piBHOBary. Takum YUHOM, MNpw
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MOBINBbHIA  LUBMAKOCTI  OXONOMXKEHHA  BiabyBaeTbcA
aerigpartauia eputpouuTie, 06'eM KMITUH 3MEHLLYETHCA
i 30iNblUyeTbCA BHYTPILLHBLOKMITUHHA KOHLUEHTpaLis
PO3UKHY. Mpn UbOMY MNOLUKOAKEHHS epUTPOLMTIB
KopenoTb 3 BUHWKHEHHAM exiHounTosa
(3mMopLyyBaHHA  epuUTPOLWTIB) | TOKCWYHOW  Jieto
30inblLUEHHA KOHLEeHTpaLii po3unHiB (“edekT po3umnHia’).
MoLKOAXKEHHSA MPU NOBINIbHOMY OXOMNOAXEHHI 3anexaTb
Bi4 3MIHW  cKnmagy  pPoO3YMHY | BrnacTMBocTel
KpioKOHCepBYtoUoro cepegosulja. lNepuwi podotn Gynu
3pobneHi xencom Jlaenokom (Lovelock , 1953) B 1953
poui, Ae Oyno nokasaHo, WO npu A KPUTUYHKX
TemnepaTyp KOHUeHTpauisa 30BHiLLUHbLO- i
BHYTPILUHLOKMNITUHHUX coneil pgocsarae 0,8 mone/n nig
yac 3aMOpPOXyBaHHS, L0 NPU3BOAWUTL A0 HE3BOPOTHMUX
3MiH epUTPOLWTIB Nicna Tpuanoi Aii 3aMopoXKyBaHHS |
BigirpiBaHHsA. [MisHiwe, B 1960 p., MepimaH (Meryman,
1960) nepepbaumB, WO  epUTPOLUTM  MOXYTb
nigTpymMmyBaTU OCMOTUUHY piBHOBary 4O MiHiManbHOMO
ob'eMy KMiTWH, A[OCATHYBLUM SAKOro BigbyBaloTbCA
HE3BOPOTHI 3MiHW B NPOHWKHOCTI MemOpaHin, BUTIK iOHIB
i BUXig X B MDKKNITUHHE cepepoBule. Y cydacHoMy
YABMEHHI NPO KPIOMOLLKOAXKYIOUY Ait0 NpU NOBifIbHOMY
OXONOAXEHHI, OKpiM “edeKTy pO3dMHIB”, iCHYIOTb
MOLUKOAXEHHS, WO BWHUKaOTb Mpu B3aemoaii 3
Kpuctanamu nbogdy i npu  “ynakoBui epuTpouuTiB”’ y
HE3aMOpPOXEHUX KaHarax.

[MPOHUKHICTE MemMBpaHn Ana BOAW 3aneXnTb Bif
Temnepatypn (Mazur, 1963). Konn eputpouuTn
OXONOAXYIOTb LUBWAKO, KpUcTanu nbody ¢opmyloTbes
Nno3aKniTUHHO | KOHLEHTpauiss po3yunHiB 30iNbLUyeETLCA
HabaraTo wWBuAaLle, HK BWXig BOAWM 3 KMITUH. FKWO
uutonnasma KiTUHU OXONOAXKYETbCA HWKYE 3a TOUKY

3amep3aaHHs, BiAOyBaeTbCcA dhopmyBaHHsA
BHYTPILUHBOKMITUHHMX KpUcTaniB neogy. Ller mexaHiam
dhopmyBaHHA ao KiHLA He BMBYEHWIA.
BHYTpPiLWHBbOKNITUHHI Kpuctanm nooay MaloTb

netaneHUn  pesynbTaT AN epuTpounTIB, | LbOro
noTpibHO YHUKaTW. JerigpaTauii, 30inbLIeHHA
KOHUEHTpaUii po34mMHIB | NOLIKOAXKEHHSA MeMBpaHn npu
3aMOpPOXYBaHHI MOXHa YHWKHYTYW, BUKOPWUCTOBYHOUM
cneuianbHi YMOBU OXOSOAXKEHHS.

JocTaTHe BMXUBaAHHA epuTpouuTiB MOoXe ByTu
JOCANHYTE BUKOPUCTAHHAM ONMTUMAaribHUX LUBUAKOCTEN
OXONOAXEHHs, WO npuBede A0  MiHiManbHOro
NOLUKOAXKEHHA Big “edekTy po3unHiB” i hopmyBaHHA
BHYTPILUHBOKMITUHHUX KpucTanis neogy. OnTumankcHa
LWBUAKICTb OXONOAXEHHS 3anexuTb BiA
3aMOpPOXKYBaAHOIo PO3UNHY | MOXe ByTn mogudikoBaHa
npu poAaBaHHI  KpIONpPOTEKTOopIB. 3amMopoXKyBaHHSA
€pPUTPOLMTIB NPW NOBIMbHWX LUBUAKOCTSAX OXONOAXKEHHS
(1°C/xB.) npusBoante Ao 95% remonidy. PiBeHb
remonidy 3HayHO  3HWXKyeTbcss npu  3BinbLUEHHI
wBnaKkocTi  oxonogxeHHs po 2300°C/xe  (Rapatz,
Sullivan, & Luyet, 1968).

OKpiM onucaHnx KpionoLwKoAXeHb, Y AaHWA Yac
obroBoptoeTbcsl  6e3niy  iHWKWX.  CYMNepOoXOonoKeHHs
uMTonnasMy, Hykneauiss nbody | 3pOCTaHHA Roro
KpucTaniB, OCMOTUYHWUIA CTpec, peKkpucTanisauia nig vac
BiATalOBaHHSA Ta iHLLiI.

Kpionnpomekmopu. KpionpoTekTopu, o
BUKOPWCTOBYIOTbCS ans KpioKOHCepBYBaHHS
epuUTPOLMTIB, MO iX XiMIYHIA Aii i NPOHUKHOCTI Yepe3
membpaHy noAinAalTb Ha ABi rpynn:. NpoHWKatodi i
HenpoHukatoudi Kpiab membpaHy (Pushkar', & Belous,
1975).

nonisiinniponigoH — MNBIM), ebekTBHI B MiNiMonapHux
KOHUEeHTpauiax | 3abesneudyloTb 3axucT  LUNAXOM
aerigpartauii KNiTMH NpyY  3aMOPOXKYBaHHi, 3HIKYIOUYN
KINTBKICTb BHYTPILUHBOKTITUHHUX KpUcTanie neoay, i npu
BEITMKIX LIBUAKOCTSAX OXOSOAXKEHHS KMiTUHN
3amMep3alTb A0 AOCATHEHHS  KPUTUYHOMO  PIBHA
30inblUeHHA po3unHiB conel. Kpim Toro BBaxatoTb, L0
BOHU cTabiniayloTe membpaHy i NiATPUMYIOTE KNITUHW B
HaTUBHOMY CTaHi.

[poHuUKatodi  KpionpoTekTopu — rAidepon i
anmetuncynedokens (AMCO) npoHuKkaloTe BCepeamnHy
KNiTWHW. BoHn 3anobiraioTb 3MeHLIEHHIO 0B'eMy KIITWH i
30iNblUEHHIO neTaneHOl KOHUEeHTpauii enekTponiTis,
SHWXYKOUM  TemnepaTypy, npu Sk JocsraeTbcs
KPUTWYHA KOHLEHTpaUis coneil, ToBTO BOHW 3HUXYIOTb
TOUKY 3aMep3aHHsl pPOo34MHy, Lo NpusBoAWUTE JO
3HIMKEHHSA KINIBKOCTI ¢pOpMyBaHHA KpucTarniB nNbogy B
KNITUHI.

[nidepon € KnacuyHUm i KpaLwjum
KpiONPOTEKTOPOM AN €pUTPOUMTIB JIOAUHUN, OCKINbKA
BiH HETOKCUYHWIA NPU BUCOKMX KOHLUEHTpPAUisX i LUBUAKO
npoHnkae B KNiTMHm npu  37°C. T[lpoTe neped
BXXMBaHHAM B  KMiHIYHIA npakTudi 1Khoro noTpibHo
060B'A3KOBO  BUAANATW 3 KINITUHU ANA  YHUKHEHHS
BHYTPILUHBOCYAUHHOrO remonidy, a Lue HabaraTo
yCKnagHe npoueaypy MiAroTOBKA AeKOHCepBOBaHMX
KNiTWH A0 TpaHcdyail.

Memodu  KkpiokoHcepsysaHHs  epumpouyumis
meapuH. MeToan KPIOKOHCEPBYBaHHA €pUTPOLMTIB
PO3PI3HAITECA no BXXMBaHHIO KpionpoTekTopiB
(NpoHKMKatoui i HENPOHKKatoUi), @ TakoXK Mo LUBUAKOCTAM
OXOJTOAXKEHHSA KNiTUH. OnTumansHa LIBUAKICTb
OXOSO[XKEHHS 3anexuTb BiA TUNy 3aMOpPOXyBaHUX
KMTiTUH | BUKOPUCTAHOrO KpPiONPOTEKTOPHOrO PO3UMHY.
ToMy MeTOAW KPiOKOHCEpPBYBaHHA YMOBHO MOAINSIOTh
Ha OCHOBI BUKOPUCTAHHS NPOHMKaUNX i
HEMNPOHMKaUNX KPIONPOTEKTOPIB.

Memodu  KkpiokoHcepsysaHHs  epumpouyumis
meapuH 3 NpOoHUKaroYuMu Kpiornpomexkmopamu. MNepLui
poGoTW MO KPiIOKOHCEPBYBAHHIO €pUTPOLUTIB TBapWH
onybnikysanun JloBnok Ta iHwWw. (Lovelock, & Bishop,
1959), «Aki BMBYANM KpiONPOTEKTOPHI BNacTUBOCTI

rmigepona i aumetuncynbdokengy (AMCO) Ha
eputpoumTax OGuka. [lokasaHo, WO rniyepon He
3aaTHUi Hagatu 3axucHol it npw

HU3bKOTEMNepaTypHIA Aii, WO KOpene 3 HWU3bKUM
NMPOHUKHEHHAM HOro B KNiTUHW. Husbka NPOHUKHICTL
rniyepony B eputpounTy Brka nigTeepaxeHa poboTamm
Mazur P. et al. (Mazur, Miller, Leibo, 1974; Zhegunov, &
Denisova, 2010). [deski peyoBMHW MNPOXoAATb 4Yepes
KNITUHHI MemBpaHn 3 WBUAKICTIO ANdYa3ii, WO 3Ha4YHO
nepeBvLlye LWBWAKICTE 4epe3 ninigHui  Biwap.
3abeaneyeHHsA i perynauia X nepeHeceHHs
30IACHIOETECA BOAHMMI KaHanamy (akBanopuHamm), aki
MatloTb BMOBIPKOBICTb 40 NpoHuKkatounx monekyn. Cepeg,
13 Bigomux akBanopuHis (AQP) ccaBuis 6ynu BugineHi
AQP3, AQP7, AQP9 i AQP10 gk ciMmeilcTBO
akBarniyeponopuHia,  34iGHNMX 40  NEpPeHeceHHsA
rnigepony (Liu et al.,, 2007, Yang, Ma, & Verkman,
2001). AQP3 igeHTudikoBaHNA K BaxUIMBUIA KaHan
AnNsi TpaHcnopTy rrileporly B epuTpouuTax JOAWHN i
wypiB. WBnakicte agndysii rmidepona yepe3 membpaHy
3anexnTb Big CKMagy XWPHWX KWCMOT (TeKy4yocTi
memMOpaH) i HasABHOCTI cnevjianbHOro BOAHOMO KaHany —
aksanopuHy-3 (AQ 3). B eputpounTax IOAMHN,
MOPIBHAHO 3 I[HWUMK BUAaMW cCaBLUiB, TeKyYiCTb

HenpoHukatodi  KpionpoTekTopn  —  LYyKOp, ninigHoro OGiwapy Bulle, TOMYy | LWBUAKICTE AWdya3ii
nonimepn i Kpoxmane (nonietunenrnikone — TET, rmigepony udepes ix membpaHy Buwa. EputpouunTn
rigpoKcmeTunLoBaHun Kpoxmarnb - MEK, Muen He matTb AQP3, ane ronoBHUM KaHanom Ans
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TpaHCnopTy rniueporly B uUuxX kniTmHax € AQP 9.
MoxnnBo, B iHWWX BWAIB TBapWH BIACYTHI NoAibHI
Binkosi kaHanu abo BOHW He € akBarmiyeponopuHamum,
o MOXEe 3YyMOBMIOBATW HU3bKY MNPOHUKHICTL TX
membpaH Ana Monekyn rriyepony.

OMCO B koHueHTpauii 10 i 15% 3axnwae
KNITUHW Bif NOLIKOAXEHb MPU KpiokoHCepBYBaHHi. Npu
LbOMY SKBINiGpauia B pO3YMHI  KpionpoTekTopa 4O
3aMOpOXyBaHHA MPOTAroM 2 roAWH HaHOCWUTb bBinblue
NOLKOAXeHb, HK npoTarom 30 XBUNUH.

Valeri C.R. et al. (1983) pocnigxysanu
3aMOpOXKyBaHHA | 306epiraHHa epuUTPoOLUTIB KOHA Npu -
150 °C. byno nokasaHo, wo 20 %-i rmiuepon sgaTHuiA
3abe3neunTn NPUAHATHUIA piBEHbE 3aXUCTY KMITUH Mpwn
HU3bKOTEMMepaTypHOMYy 36epiraHHi BNpoAoBX S pokiB.
[Npn BMBYEHHI 30epexeHHs epuTpoLmnTiB Makak (rhesus
macaques) npu KpiokoHcepyBaHHi (Valery et al., 1983)
BOHW AiAwnn BucHoBky, wo 40% rniyepon Bonogie
KpionpoTeKTOPHUMU BMaCcTUBOCTAMMU npw
3amoporkyBaHHi go -80 °C. Mpwn ubomy 3bepiraeteca 87
% KMITUH, NOCTTPaHCKY3iHe BMKMBAHHA NpoTsarom 24
roanH — 85 %, a TpuBanicTb XUTTS AEKOHCEPBOBaHUX
epuTpouunTiB — 13 gHIB.

BiagHocHO epuTpouuTiB cobakn Byno BUABMEHO,
Lo rrigepon moxe 0yTn eeKkTUBHUM Npn 3BepiraHHi 1x
B piakomy asoTi (Aktaran, & Ozcan, 2016; Contreras et
al., 1979, Kim et al, 2004). Tlpu usomy
BMKOPUCTOBYBaNM MOro BUCOKY KoHueHTpauito (40 %) i
3amopoxyBaHHA 3gilicHioBann o -80 °C. OuiHka
Mopd 0-PYHKLiOHaNBbHUX NOKAa3HWUKIB Taknx epUTpoLUTIB
CcBiAYUTE NPO Te, WO OCHOBHI  (bYHKLiOHasnbHI
napameTtpun — piBeHb 2,3-API i AT® Bigpasy nicna
PO3MOPOXKYBaHHS He BIiAPI3HAIOTLCH Bif KOHTpOMio, a
dopma KMiTUH 3a ymoBM iX dikcauii  rnyTapoBum
anbgerigom npeacraBnexa, B OCHOBHOMY,
auckountamun. [lpu  BUKOPUCTAHHI UbOro MeToAay
noTpibHa BMCOKa KoHLUeHTpauisa kpionpotekTtopa (40 %),
Lo CTBOPIOE CKMagHily npoueaypy BuganeHHs noro 3
KNiTH.  |Hwumn  aBTopamu  (Denysova, 2006;
Pogozhykh et al.,, 2017) nokasaHo, wWo rniyepon B
KOHUeHTpauii 5 — 20 % He 3gaTHUA 3abea3neynTu
3aXUCT EpUTPOLMTIB KOHA | cobaku npu LWBUAKOMY
3amopoxyBaHHI Ao -196°C. Lia HeBignoBigHiCTb mMoxe
Oyt  3B'A3aHa i3 3aCTOCYBaHHAM  CKNagHOro
BGaraToeTanHoro npouecy AoAaBaHHA KpionpoTekTopa
B CYCNEH3ito KNITUH nepes 3amopoxxyBaHHAM (Contreras
et al.,1979). BxuBaHHA Takoro nigxody pe3oHHE B
€KCNepuMMeHTanNbHUX YMoBaX, MNPOTE EKOHOMIYHO |
TEXHIYHO ManoedeKTMBHE B YMOBaxX CTBOPEHHS
KpiobaHKy.

Bucokuih  BigcoTok 3bepexxeHHa  KNiTUH
(eputpouyntn  cobakn, KoHa, Buka) npu  4il
HU3bKOTEMNEpPaTypPHUX YUHHWKIB JocdaraeTbes
BukopuctaHHam OMCO (Denisova, Zhegunov, &
Babijchuk, 2005). Epwutpouutn, KpiokoHcepBoBaHi 3
OMCO, nposBnAlTe BUCOKY CTilKICTE Y pidionorivyHumx
yMoBax 3 MiATPMMKOK  HOpMarbHOi  OCMOTWMYHON
KpuxkocTi. [lpoTe, MOXMBUIA NPOSAB TOKCUMHOI Al
OMCO. Tomy noTpiGHO 3 ocobnmBolo 0BepexHicTIo
BiAHOCWUTUCH A0 NpoLeaypu BUAANEHHS KpionpoTekTopa
nepen npouecom TpaHcdyaii.

Memodu KpiokoHcepsysaHHs epumpouumie Ha
OCHO8I  HerpoHuKatouux  Kpionpomekmopis.  [pn
CTBOPEHHI  KpioBaHKiB BWKOPUCTAHHA  MPOHMKaKUNX

KpionpoTekTopiB CTBOpIOE neBHi TEXHOMOrIYHI
npobnemu. OcmoTuYHa aKTUBHICTb BUKITMKaE
HeobXigHICTb IXHbOro BUAANIEHHS Nepes NepeHeceHHaMm
B i30TOHIYHI YMOBW 3 METOIO 3anobiraHHs Ni3ncy KNiTUH.
Ha BigmiHy Big HWUX HENPOHWUKaloudi KpionpoTekTopnu B
HEBENMUKMX KINTbKOCTAX MOXYTb OyTW BHeceHi Ao
KPOBOHOCHOIO pycna peuuvnieHTa B npoueci TpaHcdyaii
OEKOHCEpPBOBaHOI KPOBi Yepe3 Marny iX TOKCWMYHICTb. Y
3B'A3KY 3 UMM aKTUBHO po3pobnsaloTbes TexHonorii 6e3
BUAarEeHHS KpionpoTEKTOPY, BUBYAIOTLCA Pi3HI CNOMYKK
woao X npuaaTHOCTI AK HenpoHMKao4mx
KpioNpOTEKTOPIB.

Pag aetopiB (Graham, Meola, Kini, & Hoffman,
2015; Kim et al., 2004; Kim et al., 2005; Pervushina,
Zhegunov, & Denisova, 2014, Pogozhykh et al., 2017)
BUKOPUCTOBYBaNN B CBOIX AOCHIAXEHHAX B SAKOCTI
KpionpoTekTopa epuTpoLmMTIB cobak
rigpokcueTunboBaHuin kpoxmane (FEK) m.m. 200 B
KoHUeHTpauii 25 — 35 %. 3amopoxyBaHHA 34icHIoBanu
X 3aHypeHHsAM B pigkunii asoT. [pu ubomy 3bepiranocs
no 80 % kniTuH. na eputpounTiB KypeW nokasaHa
BUCOKa BWKMBaHICTb KNITWH NiCNs KpiOKOHCepBYBaHHSA 3
MEK B koHueHTpaujii 15 — 25 %. lNpoTe, HesanexHo BiA
KoHUueHTpauii MEK, cnocTtepiraeTbca BWUCOKWIA piBEHb
anonTtody i 3armbenb KMiTUH. [lepenuBaHHA TaKWx
OEKOHCEPBOBaHHMX  KMITWMH  MOXe npuBecTM A0
nocTpaHcdy3iMHOMo remoniay y ntuuj.

Bucoke 30epexeHHs KNITUH  micna  WWKY
3aMOpOXyBaHHA-BIAIrpiBaHHA AocaraeTbcs npw
BukopuctaHHi nonietunedrnikonsa (MEC m.m. 1500) ak
KpionpoTeKkTopa ANsi epUTPOLMTIB KOHS, Buka i cobaku
(Denysova, 20086). KpionpoTekTop AoAaloTb 4030BaHO,
npotsarom 40 XBUMKWH, B XonogHUx ymoax. [pn Lbomy
BWKUBAHICTb KNITUH cknagae Ao 97 %. [Ansa ycniwHoro
nepenuBaHHa KNITUHW MalTb OyTu cTtabineHUMK y
chisionoriyHnx ymoBax, BOSOAITU AOCTaTHIMA MeXaHo-
€nacTUYHUMK BNACTUBOCTAMU AN MNPOXOAXEHHS MO
kaninapax. Mpn ouiHYi UMX napameTpiB nicnsa LMKy
3aMOpOXyBaHHA-BIAIrpIBAHHA  MNOKasaHo, L0 BOHMW
CTaloThb BinbLU KPUXKUMW | MEHLL eNacTUYHUMMN.

BucHoBKu
Y BeTepuHapHii MeauuuHi  ICHye Bemnwuka
HeobXiaHiCTb y O OBrocTPOKOBOMY 3bepiraHHi

EpUTPOLMTIB TBapWH i3 30epexeHHAM iX UuinicHocTi |
chisionoriyHoi aKTUBHOCTI. Xoua TexHonorii
KPIOKOHCEPBYBAHHA  €pUTPOLUTIB  NIOAWHU  AOCUTb
PO3BWHEHI, ane BIAHOCHO epUTPOLWTIB CCaBLiB € nuile
NOOAWHOKI  AOCRHiIAXeHHs. HepocTaTHBO BUBYEHOO
3annWaeTbCcs MOBEAiHKA epUTPOLMTIB pPISHUX BUAIB
ccaBUiB B ymoBax Aii  HW3bKUX Temnepatyp |
KpionpoTeKkTopiB. YCNiX KPIOKOHCEPBYBaHHA 3anexuTb
Big, BaraTbox dhakTopiB: npaBUNbLHWIA BUGIp
KpionpoTekTopa, WOro KoHueHTpauii, cnoci®é oro
AofaBaHHA [0 KIITUHHOT  CcycneHsii, npogOBXeHHs
€KCMOHYBaHHA Ha eTani HacU4eHHS KpionpoTEKTOPOM.
AKTyanbHUM € BUBYEHHA KPIOMPOTEKTOPIB  Pi3HMX
mMexaHiamiB Al i X KOHUeHTpauii Ha mopdo-
bYHKUiOHanbHi  MOKa3HUKK, a TaKoX TecTyBaHHSA
OEKOHCEPBUPOBAHMX  KMITUH  Ha  byHKUiOHarnkbHY
aKTUBHICTb  NICNA  3aMOPOXYBaHHA-BiZirpiBaHHA |
po3pobka Ha LUiA OCHOBI ajeKBaTHWX METOAIB
[OBroCTPOKOBOIro  30epiraHHs  AOHOPCLKOT  KpoBi
AOMaLLIHIX TBapWH.
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