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BausaHHUE JUCIIEPCHOTO KPEMHE3EMA HA ITHAPATAILHIO
msicHOTO (hapiua

JI. A. CbI4
000 “Tloauc”, 2. Beaas Llepxosb

B. H. BAPBUHYEHKO, B. K. [IOI'OPEJILIH, B. B. TYPOB
Huemumym xumuu nosepxrocmu HAH Yxkpaunwt, 2. Kues

Effect of Dispersed Silica on Hydration of Force-Meat

L. A. SYCH
Polis Lid., Belaya Tserkov

V. N. BARVINCHENKO, V. K. POGORELY, V. V. TUROV
Institute of Surface Chemistry of the national Academy of Sciences of Ukraine, Kiev

Metogom 'H AMP cnexTpockomo: B COMETAHKM C METOMKOH BRIMODAMMBARMA ROUTKOM hasnl ONpeNeneH:l XaPaKTEePHCTHIH CI0Es
CBAZAHHOMA BONL! B MCXOMHOM macHoM dapme u ¢ gobasxoll prcnepcHOro KpesmHeszema. YCTAHOBISHO, 9TO BBEJeHME IHMCIOepPCHOTO
KpeMHEE3IeMa B MACHOH (apill Ha CTROMM ero NPMIOTOBJIEHMA NPHMBOOMT K yBenanserino ofmero xomv4ecTsa CBABAHHON BOILL

Metonos 'H AMP criexTpockorii ¥ NoeAMamii 3 METOZMKOI0 BMMOPOMCYBAHHA DLIKOl (asM BMIHAYEHO XAPAKTEPHMCTHIN IDApiB
38 A3aHO] BOAM ¥ BMXLIHOMY M acHOMY dapim Ta 3 gobasxow DMCOepCHONO KpesmuedeMy. Beranmomneno, mo BRefeHHA JMCOEpPCHOND
KpemMHe3eMy B wm AciUl apm Ha crami fioro BMIOTOBNEHHA COpMAE 3DLTLIIEEN0 KOHLERTPALI] 38 A3aH0l BOM.

A method of 'H NMR spectroscopy, combined with a method of the liquid phase freezing-out, was used for determination of
the characteristics of layers of bound water in the original beef force-meat and force-meat with added dispersed silica. It was found
that admimistration of dispersed silica into the beef force-meat at the stage of its production results in the rise of the total amount

of bound water.

ConepxkaHe BOAL B MACE ABJAETCA OAHOM M3 OC-
HOBHBIX XapaKTePHCTHK, KOTOPbIE ONPEAESAIT TEXHO-
JIOTMYeCKHe M BKYCOBBIE CBOHCTBA MHOIMX MACHBIX
npoaykros [1, 4], Jlernaparaiua MACHOTO ChIPbA NPH
ero obpaboTke M XpaHeHHH NPHBOAHT K CHHKEHHIO
BBIXO/1A roTOBOMH NMpoaykuuu. [lepcnexkTuBHbIM Hanpas-
NEHHEM B YAYYIIEHMHM CBOHCTB MACHBIX NPOAYKTOB
ABJIAETCA BBEAEHHE B HMX OMOJIOrMMECKH MHEPTHBIX
MHHEPAJIBHBIX ,ﬂDﬁEBDK. EH{}EDﬁ-Hh]I MOBBIIIATE KOH=-
HEHTPALMI0 CBA3aHHOH BOMbI M HE JONYCKATh €€ Bhi-
X0Ma M3 NMPOAYKTa B MPOLECCE €ro XPaHeHHA H M3ro-
TorNeHHA. OfHOI M3 TaKMX MUHepanbHEIX nobaBok
MOMET CAYHHTD JHCTIEPCHEIH KpeMHe3eM, KOTOpBIH 1IK-
POKO HCNOJIB3YETCHA B Ka4UeCTBE MCﬂ;ﬁEHTB H HAloJ-
HWTEeNIf BO MHOIMX JIeKapCTBeHHBIX npenapatax [2, 3].

Passuran noBepxHOCTb AHCHEPCHOIO KpeMHe3eMa
¢ GONBIIMM KOJMHYECTBOM CTPYKTYPHBIX FMADOKCHJIb-
HeIX rpynn obecrneuyHBaeT BHICOKOE CPOACTBO KaK C
MOMIEKYIAMY BO/BI, TAK H GHONMOJIMMEDHBIMH MOJEKY-
namu [6, 8], a ero GuosOrHYECKAA MHEPTHOCTb B JMa-
Mna3aoHe pH, HPHHEPHDM ATH HEEJT}',I],B'—[HG-KH[HE‘-I HOIMD
TPaKTa, MPHBOANT K €ro NOJHOMY BLIBEJICHHIO M3 Op-
raHHiMa B NOpolecce XH3HEeAeATCJIbHOCTH. ME,EI.HKIJ"
BHONOrHYecKHe MCIBITAHKSA MOKA3AIH NOJHOE OTCYT-

[Ipobaemnr xpuobuonorun, 2000, Ne 4

The amount of water in the meat is one of the basic
characteristics, which define technological and gusta-
tory properties of many beef products [1, 4]. Dehydra-
tion of beef raw products during their processing and
storage reduces the yield of ready-made products. A
promising trend in improving the properties of beef
products is incorporation into them of biologically
inert mineral additives, capable of increasing the con-
centration of the bound water and prevent its dis-
charge in the process of their storage and production.
One of these mineral additives may be dispersed silica,
which is widely used as an adsorbent and filling agent
in many medicinal drugs [2, 3].

The developed surface of dispersed silica with a
large amount of structural hydroxyl groups provides
for a high affinity both to the water molecules and
biopolymer molecules [6, 8], while its biological inertia
in the range of pH, characteristic of the gastro-intes-
tinal tract, results in its complete elimination from the
organism in the process of vital activities. Medical-
biological trials demonstrated that silica is completely
void of any toxic properties and does not inflict any
harm to the organism even when applied in high doses
and for a long time [2].

Problems of eryobiology, 2000, Ne 4



CTBHE ¥ KpCMHE3EMd TOKCHYCCKHX CBOHCTB H BpEAHO-
ro BJAHAHMA HA OPraHUaM faxke npu GOMBUIMX NO3aX H
ATHTEAbHOM HCNONb30BaHHM [2].

Hanbonee HameXHBIM METOZOM ONpeldeNeHHA Xa-
PAKTEPHCTHK CJIOEB CBA32HHOH BOJABL! B ﬁHDEHE‘T'EHEI
M BONHLIX AMCTIEPCHAX KPEMHE3EMa ABJAETCH METOL

'H aMPp CHEKTPOCKONMKH B COMETAHMH C METOAWKOM
BRIMOpaXHBaHKA xuakoit dasw [6-9]. Jror meton
MO3BOJSET ONPefeauTh 06IIYID KOHUEHTPALMWIO CBS-
3aHHOH BOALI B CHCTEME, PACCUHMTATh KOHUEHTPALHIO
CHABHO- M CnaboCBA3aHHON BOABI, H3AMEPUTHL BEJIWYH-
Hy cBobomHOW nosepxHOCTHON 3HepruM aacopbeHTOB
M MOJYYHTh 3aBHCHMOCTH KOHLEHTPAalUMH Hesamep-
3aiolleii BOALI OT TEMMNEPATypPhl NPH OXJAKIEHHH 00-
pasiia B TemneparypuoM umutepsane 200< T< 273 K.
MeTton ocHOBaH Ha TOM, YTO NPH TEMIEpPAType HHKE
273 K vacts BoABI, KOTOpas He Y4acTBYET BO B3aUMO-
neHCTBHM ¢ GUOMONEKYIaMM MIH MOBEPXHOCTBIO ajl-
copOeHTOB, 3aMEP3aeT M NMEPECTaeT PEruCTPHPOBATHCS
B cnexktpax AMP Bricokoro paspemenus ua-za Gosb-
IHIOTO PAa3/iM¥HA BO BPEMEHAX PEeaKcalny NPOTOHOB B
BOJE W BO Jiby. B HesamepalieM COCTOAHMH OCTaeTCH
TONBKO Ta 4acTh BOAB, CBODO/HAA IHEPrHA KOTOPOM
MOHWXKEHA a/JCOPOIMOHHBIMH  B3AUMOJEHCTBHAMM,
YcnoereM nepexofa MOJEKyn BOAb W3 ancopbupo-
BaHHO# dassl B TBepayw ¢asy Jiblla ABIAETCA PaBEH-
cTBO cBOOOAHBIX IHEPrHil MOJICKY BOJbI M JibAa NPH
TeMnepatype uamepenns. Yem cuabhee aacopbumoH-
Hele B3auMoaeiicTeua, TeM npu Gosee HU3KOH Temre-
paType MpPOMCXOAMT 3aMep3anue aacopOMpoBaHHOM
soanl. Ucnonways npubamxenne pasencrsa csobo-
HbIX 3Heprui sipga Ha MexdasHoil rpaHMUe C aAcop-
6GupoBaHHOH BONOIl M B ofbeme, Mo TeMMEpaTypHOI
3aBMCHMOCTH CBODOIHON IHEPrHH Jbja yilaercs pac-
CHHTATh BEJHYMHY NOHMMKEHHA cBOOOAHOW 3HEpPrumM
ancopOUpOBaHHOH BOAB IS KAXIOH TEMIIEPATYPLL.

Obpasubi Macuoro dapia (CBMHHHA) U3METbYATH
Ha BOJIMKE C JHaAMeTpoM oTBepcTHi peweTkn 2-3 MM
u obpabatmsanu Ha xyrtrepe. Mayuanu cpasuutenn-
Hbl€ XapaKTePHCTHKH HCX0AHoro ¢apia u ¢apuia, co-
nepskaiero 1%-# gucnepcblit KpeMHelem (2 HITHKC)
¢ yaeabHoit nopepxuocTsio no asory 300 M°/r, 10 H
nocne TemnepatypHoit obpaborku (BoasHas OGaHa
373 K, 1,5 4). Bnarocogepxanue B MacHoM thapine,
NepPeCctiHTAHHOE OTHOCHTEIbHO CYXOTr0o BemecTBa, OMm-
pefessan Nno cTaHAapTHOH Metoauke [1], ono cocras-
nsno 69%.

Cnexrpul 'H IMP cummanu na AMP CNEeKTPO-
METPe BEICOKOTO paspemienunsa mapku WP-100 SY
dupmur Bruker (Tepmanmua) c¢ paboueit wacToToil
100 MI'u u nonocoit nponyckanua 50 kl'u. Temnepa-
TYPY B JaTYHKe CNEKTPOMETPa PEeryjiMposain ¢ To4-
HOCTBIO * 1 rpan ¢ NOMOUIBK TEPMONPUCTABKH
BVT-1000. VM HETEHCHBHOCTE CHTHAIOB ONpeIensiy
aNeKTPOHHBIM MHTerpatopoM. TouHOCTs MHTErpHpO-
Batnsa cnekTpos AMP cocrasnana + 10%.

Kounentpaunio Hesamepsawoniei soas B obpasuax
HIMEDAMH CJ[E‘.EI}’IGH.I,HM ﬂﬁpﬂﬂﬂh& anpejensajii HHTEH-
cuBHOCTH curHana 'H AMP ofipasua npoaykra, nome-

[Mpobnems: kpmobuomorug, 2000, No 4

The most reliable method for determining the fea-
tures of the layers of the bound water in biological
systems and aqueous dispersions of silica is a method
of 'H NMR-spectroscopy, combined with a technique
of the liquid phase freezing-out [6-9]. This method
enables to determine total concentration of the bound
water in the system, calculate concentrations of
strongly and poorly bound water, measure the value
of free surface energy of adsorbents and obtain de-
pendencies of concentrations of the unfrozen water on
temperature when cooling the sample in the tempera-
ture range of 200 < T'< 273 K. This method is based
on the fact that at temperatures below 273 K a part
of water, which is not involved into the interaction
with biomolecules or surfaces of adsorbents, freezes
and stops being registered in the NMR high-resolu-
tion spectra due to great differences in the durations
of relaxation of protons in water and in ice. Only that
part of water remains unfrozen, the free energy of
which is lowered by adsorbent interactions. The con-
dition for transfer of water molecules from the ad-
sorbed phase into solid phase is the equality of free
energies of water and ice molecules at the temperature
of measurement. The stronger are the adsorbent inter-
actions, the lower is the temperature at which the
adsorbed water freezes. Using the approximation of
the equality of free energies of ice on the interface
with the adsorbed water and within the volume, it is
possible to calculate the value of lowering of free
energy of adsorbed water by the temperature depen-
dence of free energy ice for every temperature point.

The samples of force-meat (pork) were minced
with a whirlabout with the diameters of holes in the
grid of 2-3 mm, and processed with a cutter. Com-
parative characteristics of the original force-meat and
the minced meat, containing 1% of dlspersnd silica
(Silics), with the specific surface of 300 m?/g by ni-
trogen, were studied prior to and after temperature
treatment (water bath 373 K, 1.5 hours). The content
of moisture in the force-meat, as calculated with re-
spect to the dry substance, was determined routinely
[1], and 1t Lﬂmpnsed 69%.

The 'H NMR spectra were registered with a
WP-100 SY NMR-spectrometer of high resolution
(Bruker, Germany), which has an operating frequency
of 100 MHz and a bandwidth of 50 kHz. The tem-
perature in the sensor of the spectrometer was regu-
lated with the accuracy of +1 degree with a BVT-
1000 thermostage. The intensity of signals was
determined with an electron integrator. The accuracy
of integration of the NMR spectra was + 10%.

Concentrations of the unfrozen water in solutions
were measured in the following manner: the intensity
of the 'H NMR signal of the sample product, placed
into a 5-mm measuring ampoule, was determined.
Then the temperature in the NMR sensor of the spec-
trometer was lowered down to 215 K, followed by a
staged heating of the sample up to 265 K with regis-
tration of the intensity of the signal of the unfrozen
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HIEHHOTO B NATHMWUIMMETPOBYH H3IMEPHTEAbHYIO
ammymy. 3atem Temnepatypy B gatuuxe AMP cnexr-
pomeTpa moHmkamm 1o 215 K, nocne wero npoussoau-
W cTyneHdYaTelii Harpes o0pasua A0 TeMIepaTypel
265 K ¢ perucrpaiyeit HHTEHCHBHOCTH CHIHAJIA He3a-
Mepsaioled Boanl yepea Kaxawe d-10 rpaa. Ilo ua-
BECTHOH HHTEHCHBHOCTH CHTHAJIA BOJBI /10 3aMOPayH-
BaHHMA M COAEPIKAHHIO CYXOro BenlecTBa B obpasue aia
KaXJIoH TeMnepaTyphl pacCYHTHIBANH KOHLEHTPALHIO
Hesamepaatouiedt Boa (Cyy (), OTHECEHHYIO K eIHHH-
i€ MacChl CYXOro BemEﬂTﬂi Harpesanue nﬁp:ﬂunn B
Npoliecce H3MepeHMA TEMIEpPaTyPHLIX 3aBHCHMMOCTEH
HCTIOIB30BAIOCH JUIA TMpeRoTBpawenus obpasosanus
meTacTabunbabx has, BO3MOXKIONO NPH 3aMOpaXKHBAa-
HHH BOJHBIX CHCTEM.

Ha puc. 1 noxasassl 3aBMCHMOCTH KOHUECHTpPaLKWH
Hesamepaawieil BoAsl B ofpasuax oT TeMNeparyphl, a
Ha pMC. 2 — paccuMTaHHBIE Ha MX OCHOBE 3aBHCHMOC-
TH H3MeHeHHs CBODOJHOW 3HEPTHHM CBA3AHHOH BOJKI
OT ee KOHLUEHTDALHH. Pacuern NpOBOAHJIH B COOTBET-
CTBHM C MeToAMKOH, onwcanHoi B [7, 9). Ilpu atom
sBesiHdMHa AG paBHa DPa3HOCTH MEXKAY BEJIHYHHAMH
ceobonnoil snepruu nbga npu 273 K ¥ npu temnepa-
TYpe H3MepeHHH. JTy BEIHYHHY /IS KaXI0oH Temie-
paTyphl PaCCYHTLIBAJIM HA OCHOBaHHH TabTHYHEIX 3Ha-
YeHHH TepMOJIMHAMMYECKMX mapameTpoB asma [5],
BEJIHYMHY CHID Onpexesaan CpaBHEHHEM WHTEHCHB-
HOCTH CHTHaJiA Hesamepaawoileid BOABI ANA KAXKIOH
TEMNEPATYPHOH TOYKH C HHTEHCHBHOCTBK) CHTHAIA

mrir
Cui0* mgig

400

300 -

| T T T T | i
200 210 220 230 240 250 260 T, K
Puc. 1. 3aBHCHMOCTS OT TEMDEPATYPS! KOHLUEHTPAIMK HEIaAMEepaan-
uled Boaw 8 obpasuax: 1 — ucxoanoro dapiia; 2 — HCXOAHOMD
thapuia, cosepxcamero 1%-# 5i0,; 3 — dapma nocne repmoobpabor-
K, 4 — dapua + Si0), nocae repmoobpaborim.

Fig. 1. Dependence of the concentration of unfrozen water in the
samples on the temperature of. 1 — original force-meat; 2 — original
force-meat, containing 1%-Si0,; 3 — force-meat after thermal treat-
ment; 4 — force-meat + Si0, after thermal treatment.

[Ipobnems: kpuobuonorus, 2000, Ne 4

water every 5-10 degrees. The concentrations of un-
frozen water (Cyy ), related to the unit of the dry
substance, were calculated for every temperature point
by the known intensity of the signal of water prior to
freezing and the content of the dry substance in the
sample. Heating of samples in the process of measuring
temperature dependencies was used for preventing
formation of metastable phases, which may occur
during freezing of aqueous systems.

Fig. 1 shows the dependencies of concentration of
the unfrozen water in the samples on temperature, and
Fig. 2 displays the dependencies of changes in free
energy of the bound water on its concentration. The
calculations were done by the method described else-
where [7, 9]. Here the value of AG is equal to the
difference between the amounts of free energy of ice
at 273 K and at the temperature of measurements. For
every temperature point this value was calculated on
the basis of the reported (table) values of the thermo-
dynamic parameters of ice [5], the amount of Cy
was determined by comparing the intensity of the
unfrozen water signal for every temperature point
with the signal intensity of water prior to freezing.
Curves 2, 4 (Figs. 1, 2) correspond to the force-meat,
containing the additive of dispersed silica, curves 17,
3 — without it; the curves 7, 3 belong to the samples
prior to thermal treatment, and curves 3, 4 — after it.
The submitted dependencies characterize changes in
free energy of water molecules on the interphase of
food product/water. The obtained dependencies
AG = f(Cy o) differ from the respective dependency
for aqueou$ suspension of dispersed silica [7, 8]. Middle
parts of the dependencies demonstrate inflections,
characteristic of the samples with heterogeneous sur-

AG, "Baiuons
24
1- -
u | | L L L L ] L I |
100 200 300 400
C mrir
H°" mg/g

Puc. 2. JaBHCHMOCTS HIMEHeHHA CBOOOAHOR IHEPrHH CBAIARHON
BOAbI OT €€ KoHUeHTpauun: 1 — Ais uexoanoro dapua; 2 — nexod-
noro gapiua, conepxauero 1%-it 5i0,; 3 — dapma nocre Tepmood-
pafioTiu; 4 — dapa + Si0, nocne Tepmood KH.

Fig. 2. Dependence of changes in free energy of bound water on its
concentration for: 1 — original force-meat; 2 — original force-meat,
containing 1%-Si0,; 3 — force-meat after thermal treatment; 4 —
force-meat + 5i0, after thermal treatment.
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BOAK A0 3amopaxuBaHus. Kpuswe 2, 4 (puc. 1, 2)
COOTBETCTBYIOT MACHOMY (apily, colepiauleMmy 1o0-
DaBKYy OMCMEepCHOro KpemHesema, KpuBbie 1, 3 — He
cofepakalleMy ero, NpH 3ToM KpHBe 1, 2 oTHOCATCH
K obpasuam 1o, a 3, 4 — nocsie tepmooOpaborku. lpu-
BeleHHbIE 3ABMCUMOCTH XapaKTepH3YIOT H3MeHEeHHe
cBOOONHONH BHEPrHH MOJEKY1 BOABI Ha MexXdasHoi
rpaHuue nuiesoil npoaykr/soja. [loayyennsie 3aBu-
cuMocTH AG = ﬂEH,O) OTAMYAIOTCA OT COOTBETCTBYIO-
1Iei 3aBUCHMOCTH L1 BOAHOH CYCNeH3HN IHCNepeHo-
ro xpemHesema [7, 8]. B cpenneit yacti aasucumMocTei
nHabmogaoTcea neperubsl, XxapakTepusle 118 obpaslos
¢ HeogHopoaHo# nosepxuocTeio [10]. Ha ocnoBanum
aaBsMcHMoOcCTel AG = f({l'H o) MoryT GbITb OnpeeaeHsl
KOHUEHTPalHK CHILHO- H *c1a60CBA3ANKOI BOJBL. ITpu
aToM caabocna3aHHoNi BOLOH MOXKHO CHUTATH TY HacTh
CBA3aHHONH BOAM, A8 KOTOpPoH ceofoanas sueprus
MOJIEKY]l JIHIIb HE3HAYMTENbHO NOHMKEHa afcopbuu-
OHHBIMH B3aUMOJEHCTBUAMM ¢ TBepHoit (nomumep-

HOH) ¢asoit. Jta BOAA PacloNOKeHa C BHEIUHEH CTO-
poHBl THApaTHOH oboioYKM M ee Temmeparypa
3aMep3aHHA TMoHWXKeHa He Oosee, veM Ha 10-15 rpan.
Ha puc. 2 crabocesasannoit Bojoi obyciaoBneH yuac-
TOK 3aBMCHMOCTH AG = f(CH 0)» PACHOJIOXKEHHBIH Npa-
Bee TOUKM MOCHEAHEro nepernba, IKCTPANONALMSA
3TOTO YYacTKa 0 nepecedeHHs ¢ ochio abcumce noa-
BOJIACT ONPEAEIHTh MAKCHMAIBHYI0 KOHIEHTPALKIO
Hesamepaaloueil BO/IbI (Cﬁ“f}) a K OCH OpAHHAT —
MAKCHMATBHOE HAIMEHEHHE EBﬂ&JﬂHﬂH JHEDPIrHH B CJoe
cnabocsazannoit sBoasl (AG™). TomuuHa CI0A CHMb-
HOCBA3AHHOH BO/LI (Ci{ o) onpeaessercs IKCTpaio-
nauueli K ocH abeuficc  ydacTKa  3aBHCHMOCTH
AG = f{EH o) JIeKAILIEro Jeseé TOYKH MOCJAEIHErO
UE])E['HE'E.. CooTBeTCTBEHHO MAaKCHMANBHOE H3MeHe-
HiHe cBODOAHOW BHEPrUM B CJIOE CHJIbHOCBA3AHHOMN
Boawl (AG®) onpeaensiercs 3KCTPanoJsllMei 3aBHCH-
moctH AG = f(Cy o) x oci opaunat. KonuenTtpaunio
cnabocpasannoit Boasl (C‘ﬁ () PaccuuTHIBaNK 1O bop-
myne Cfi o=Ciro- Ci; - XapakTepuCTHKH C/I0eB
ancopbu BaHHO# BOZBI AN BCEX M3YYEHHBIX CHCTEM
CYMMHpOBaHBI B Tabauile.

Banaaue nobaBoK AMCHepCHOND KPpeMHE3eMa U TepMood-
paboTKM HA XAPAKTEPMCTHEM CJ0EB CBA3AHHON BOALI B
MAacaom dapie

Obpaset Cﬁuu I C:Hﬂ L AG™ | AG®
L | ke Tl

_wmr/r | x]lx/mons

Mexomnsii gapi 240 i 260 15 | 2,75
®apui ¢ aobasxoit 1%-ro Si0, | 260 300 | 1,6 2,75
Mapm nocae repmoobpaboren | 390 | 210 1,25 3.0

| E
TepmoobpaboTannuii dapin 200 | 180 I 1.6 |« 28
¢ aofaskoi 1%-ro Si0, 5

=]

Ha ocHoBanuM NaHHEIX TabAMIBI MOXHO 3aKIH-
9HTh, 4TO NPH AoDaBNeHUH AHCNEPCHOTO KpeMHe3eMa
B WCxoaHui obpasen MacHoro ¢apula xapakTepucTH-
KH CJIOEB CBA3AHHOH BO/IbI CYUIECTBEHHO W3MEHHAIOTCS,
IIpoucxoauT 3ameTHOE YBEJAHYEHME KOHUEHTPaLMH
oboux THNOB cBA3aHHOH BOAbL CrnemosatensHo, A0-
basneHHe KpEMHE3eMa NMPUBOAMT K obuiemy yBenute-

[IpoBnems: xpuobuonorum, 2000, Ne 4

face [10]. Concentrations of strong and poorly bound
water may be determined on the basis of dependencies
AG=f(C 1,0)- Here such part of water is considered
poorly botind, for which free energy of molecules is
only slightly reduced by adsorptive interactions with
a solid (polymeric) phase. This water is located on the
external side of the hydrate cover and its temperature
of freezing is lowered not more than by 10-15 degrees.
Poorly bound water is responsible for the section of
the dependency AG =f(C H, o), located to right of the
point of last inflection in Fig. 2. Extrapolation of this
section to its intersection with the abscissa axis per-
mits to determine maximum concentration of the un-
frozen water (Cij'¢ 10 and with the ordinate axis —
maximum alteration in free energy in the layer of
poorly bound water (AG™). The thickness of the layer
of strongly bound water (C} G} is determined by
extrapolation to the abscissa axis of the section of
dependency AG = f(C} O located to the right of the
point of the last inflection. Respectively, maximum
alteration in free energy in the layer of strongly bound
water (AG') is determined by extrapolation of the
dependency AG = I{Cﬂ o) to the ordinate axis. The
concentration of poorly’ bound water (C% ,0) Was cal-
culated by the formula Cjj Eﬂ“ -C o- Charac-

teristics of the layers of the adsnrbed water for all the
studied systems are summarized in the Table.

Action of the dispersed silica additives and thermal
treatment on the characteristics of the layers of bound
water in beel [orce-meat

Sample L_C;‘ﬂ._ﬁi’?.h._iﬂr A"

| ma/g | kj/mol
Original force-meat 240 | 260 15 | 275
Force-meat with added 1%-Si0, | 260 | 300 | 16 | 275

390 | 210 | 125 | 30
200 | 180 | 16 | 28

|
L= | |

Force-meat after thermal treatment

Thermal treated force-meat with
added 1%6-510,

It may be concluded from the Table that addition
of the dispersed silica into the original sample of the
beef force-meat results in significant alteration in the
characteristics of the bound water. There occurs a
considerable rise in the concentrations of both types
of bound water. Hence, addition of silica brings about
a total increase in the concentration of bound water
in the sample. Apparently, this is due to the fact that
particles of silicas relatively poor interact with ingre-
dients of beef force-meat. In the process of mixing the
powder of dispersed silica with the beef force-meat,
silica binds a considerable amount of that water,
which remained in a free state in the original force-
meat and which froze at the temperature of 273 K.
Addition of a 1%-dispersed silica to the beef force-
meat increased the concentration of the bound water
by 15-20%.

A strikingly different situation developed in the
process of thermal treatment of the products, when
the silica particles actively interact with the beef
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HHUI0 KOHLEHTPAlMH CBA3aHHOM Bojael B obpasue. llo-
BHAHMOMY, 3T0 00YC/IOBJIEHO TeM, YTO YACTHIBI KpeM-
He3eMa OTHOCMTENbHO cnabo B3aMMOIEHCTBYIOT C
HHTpeAHeHTaMH MsAcHoro dapma. B nmpouecce nepemMe-
IIHBAHHA NOPOIIKa JHCNMEPCHOND KpPpEeMHE3leMa ¢ MAC-
HEIM (apieM KpeMHEe3eM CBA3LIBAET 3JHAYMTEBLHOE
KOJIMYECTBO TOH BOABI, KOTOpas B MCXoAHoM dapure
ocTaBajach B CBODO/THOM COCTOAHMM W 3aMep3ana npu
temnepatype 273 K. [lobasnenue k macuomy apuy
1%-ro aucnepcHoro KpeMHe3eMa MPHBEJIO K YBEIHYE-
HMI0 KOHUEHTPAUKHH CBA3AHHOH BOAW Ha 15-20%.

CoBepiieHHO WHAS CHTYAllMA WUMEET MECTO B Ipo-
uecce TepMooOpabOTKM NPOMNYKTOB, KOTAAa YacTHIIbi
KPEMHE3eMa AKTHBHO B3aWMOJEHCTBYIOT ¢ KOMITOHEH-
TaMH MsAcHOro dapma, B pes3y/ibTaTe 4Yero pPesko
yMeHbIIAeTCs KOHUEHTPAUMs CBS3aHHON BoAw B 00-
pasue. [lopobuuiit addext nabmoganca HamH paHee
NpH H3YYEHHH B3aUMOAEHCTBHMS OHCNEPCHOTO KpeM-
He3eMa C MOJIEKYIaMM CBIBOPOTO4HOro ansbymuna [8].
YMmeHbImIeHHe KOHUEHTPALMH CBA3aHHOW Bogb 00y-
CNOBJIEHO pa3pyllieHMeM ruapaTHnXx obosoyex Kak
KpeMHEIEMA, TAK H ﬁHDHDJ]HMEth]l MOJIEKYJL B IIpO-
necce (GOPMHPOBAHKA ALIYKTOB MHHEPATbHBIX YACTHII
HAa MOBEPXHOCTH KOMNOHEHT MAcHOro dapuia.

Taxkum obpasom, eBegenmne HebonslIMX HO06aBOK
JAHCIIEPCHOTO KpeMHe3eMa B MACHOH (apin Ha cTaauu
€10 NPHIMOTOBJEHHA YBEIHYHBAET KOHLUEHTPAUWIO CBA-
3aHHOW BOJBI, YTO MOMKET YMEHBIIMTH [OTEPH BO/LI
MPpH €ro XpaHeHWH. ITO JIOJXKHO CKA3BIBATBCA Ha
YAYYLIEHHH TEXHOJOrHYecKMX NapaMeTpoB M ToBap-
Horo BMaa npoiaykra. B To se Bpemsi peskoe ymeHb-
leHHe KOHUEHTPAUMM CBSA3aHHOH BOALI B TOTOBOM

MPOAYKTE MOXET YMEHbIIMTL Bpema TepmoobpaboTiy,
HeoOXoauMOoe /IS IIPHTOTOBJIEHHA MACHBIX IPOAYKTOB

JJIHTENBHOIO XpaHeHHA,
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force-meat components, resulting in a reduction of the
bound water concentration in the sample. The authors
observed a similar effect earlier [8] when studying the
interaction of dispersed silica with molecules of serum
albumin. A decrease in the concentration of bound
water is due to destruction of the hydrate covers of
both silica and biopolymer molecules in the process of
formation of adducts of mineral particles on the sur-
faces of the beef force-meat components.

Thus, administration of small additions of dis-
persed silica into the beef force-meat during its prepa-
ration increases the concentration of bound water,
which may reduce the losses of water during its stor-
age. This should result in the improvement of techno-
logical parameters and marketable air of the product.
At the same time, rapid reduction of the concentration
of bound water in the ready-made product may short-
en the duration of thermal treatment, which is re-
quired for production of beef foodstuff, capable of
long-term storage.
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OnpeneneHue ONTHMAIbHON KOHIEHTPAIHH
KPHOIIPOTEKTOPA, O0ECIIE€IHBAIOLIECH BHICOKYIO COXPAaHHOCTD
3MOPHOHOB MBIIIH, 32AMOPOKEHHBIX IIPH CBEPXBBICOKHX
CKOPOCTAX TEIUIOOOMEHA

JI. B. TOPBYHOB, HU. A. MOPO30BA, H. J1. BE3VIJILIN
Xapwxoscxuil SuomexHonozuueckuid yenmp, noc. Kyauxumw

Determination of Optimum Concentration
of Cryoprotectant, Providing for High Survival of Murine
Embryos, Frozen with Suprahigh Rates of Heat Exchange

L. V. GORBUNOV, I. A. MOROZOVA. N. D. BEZUGLY
Kharkov Biotechnological Center, Kulinichi

YeTaHOBAEHE BENMYMHEB CROpOCTER TennooliMeRa MIACTHROBLIX KaTBULTAPOR, MMEOIIMX PAalIHMYHLl Hapyasi mamerp (1,8; 1;
0,5, 0,3 MM), OpH MOTPYMMEHMM B MHMIKMHA a30T M crnMproeyw Gamo. Yeemmuermwe cropocTd Donee e B 10 pas OTHOCHTEMBEO
obmenpuraToro cnocoba suTpuuxawod (B, =30 °C/c) nano BOIMOMHOCTE YMEHBIUNTL KOMUSHTPALMIO KAK IKBMIMGPHPYIOWEro, Tax
M BHTPHOMUIMPYIOWErND PACTBOPOR XPHMOMPOTEXTOPA Ha 15% M YRENrOfTs COXPAHHOCTE IeBHTPHMMIMPOBARHEX AMOPHOHOR MBIIIIH OT
73,32 no 97,8%. OnpeneneHs! BeDMYMHLE MMHMMATLHONR KOHIEHTPALM BHTPHHOMRALMOHEON PACTBOPA, CONEPHGANIETD IMIEDMH M
caxapoay, cnocobeTeywmedi BOIRMKEOBSEMIO 3D(EKTa CTEXNOBAHMA CPelkl, B MMPOKOM IMANA30HE CROPOCTER 3aMOpaRcMBaAHMA-0T-
rausaEnA [lokasaso, 970 MMHMMATEHAA BEMMMEA KOHLSHTPALMK 3KBLHOPHDYIOWETD PACTRODAa KpHONpoTeRTOpa, obecneuMBaman
BRICOKMA YPOBeHL COXpaHBEOCTH 3MDpuoBROR MuniumM, gomena bDurre npubmiawrensie Ha 40% MeEbme semroERl O0INeR KOHLUSHTPALMEH
BMTPHOMIMPYIOIEro pacTBOPa KPHMONPOTEKTODE NPH BLICOKHX M CBEPXBBICONMX CKOPOCTAX TemmoobMera.

Beranopneno BemMMMHM DIBMIKOCTER TernoObMINY MIACTHROBMX EAMUMADIR, AKXl MawOTh pIaEMA soRHimEIR mamerp (1,8; 1; 0.5;
0,3 v}, npu 3anypenrnl y pyupoat azor abo covprony Gamo. 3ousmensa mwesxocT: Orbin qis y 10 pasis RigHOCHD 3AralbHOBIIOMOrO
meTony siTpubirauii (B, ~30 °C/c) nano MomusicTs SMEHIIMTH KOHUEHTPaLO ax exsimibpyioworo, Tax i sitpudixyioworo poswmis
KpionporexTopa Ba 15%, mo noasomano 36imsimeTe nivieTs aesiTpudizosanee embpionis meomi pig 73,3 ao 97,8%. Buanavero senwrnoam
MIHIMATRHO] KOHUEHTPAW BITPMQIKAIIIHOID POIYMHY, M0 MICTHTL MILEPHME T2 IIYKPO3Y, AKl COPMAIOTE BHHMKHERHID SMeKTy CRIy-
BANEA CEPENOBHING ¥V MHPOKOMY TAaNas0Hl IBMIKOCTEH JaMopoyBanEa-eigTasares. [loxasano, oo MiEIMATERA BETHYMHEA KOHIIEHT-
pauii exsinibpylogoro poaumEy kpionpoTexTopa, Axa 3aleaneyye aucoxui piseHt ninocti embBpionis My, nosurERa Gy npubiano
Aa 40% smemmne pemrpom sarafsHO] KOHUEeHTpamii BiTpudikaifEON0 POIYMHY KPIONPOTEXTOPE OPHM BMCOKMX Ta HAABMCOKMWX IBMI-
ROCTAX TennooDMiny.

The values of the rates of heat exchange of plastic capillaries with different external diameters (1.8, 1.0, 0.5, 0.3 mm) were
determined after plunging into liquid nitrogen and alcohol bath. Acceleration of the rate by more than 10-fold as compared with
a commonly accepted method of vitrification (B, =30 °C//s) permitted to reduce concentrations of both equilibration and vitrification
solutions of the cryoprotectant by 15% and increase survival of devitrified murine embryos from 73.3 to 97.8%. The authors
determined the values of minimum concentrations of the vitrification solution, containing glycerol and sucrose, which facilitates
development of the effect of vitrification of the medium, in a wide range of freeze-thawing rates. The minimum value of the
concentration of the equilibration solution of the cryoprotectant, providing for a high level of murine embryo survival, was shown
to be by approximately 40% lower as compared with the value of the total concentration of the witrification solution of the
cryoprotectant under high and suprahigh rates of heat exchange.

[Ipumenerne HENPOHMKAIOIIMX KPHOMPOTEKTOPOB
B COCTaBe BHTPH(PUIIMPYIOIMX PACTBOPOB B HEKOTO-
poil CTeMeHH CHMMXKAET X nary0HOe OCMOTHYECKOE W
TOKCHYEcKoe BoaaeiicTBue Ha ODuoobuekt, obyciaos-
JieHHOe BEICOKHMHM KouueHTpauusamu [1, 6]. Oarmum 13
Hanbosee adubexTHBHBIX crocobOB NMOHHMEHHS KOH-
LEeHTPAIIMH KPUONPOTEKTOPa ABJIAETCA MCIOJb30Ba-
HHE CBEPXBRICOKHX CKOPOCTEH OXJAXKMEHHA H OTOrpe-
Ba. ¥ BeJIH4eHHe CKOPOCTH 3aMopaXkuBanus B 2,5 pasa
OTHOCHTEbHO OOLIENPHHATHIX METON0B BHTpHbMHKa-
WHM TOBBILIAET YPOBEHB COXpaHHOCTH 3MmOpHOHOB
MK 0 95% [5] u cnepMueB wenosexa no 89% [4].
[Ipobaema onpeseneHHAs BEPOATHOCTH KpucTannioob-
pa30BaHKA B IMHPOKOM IHANA30HE CKOPOCTell 3aMopa-
HKHBAHHA-OTTAMBAHMA, A TAKKE YCTaHOBNEHHA obuiei

IIpobnembr kpmobuonorisu, 2000, No 4

Application of non-penetrating cryoprotectants
within vitrifying solutions to some extent reduces
their hazardous osmotic and toxic action, caused by
high concentrations [1, 6]. One of the most effective
methods of reducing the concentration of the cryopro-
tectant is application of suprahigh rates of cooling and
warming. Acceleration of the rate of freezing by 2.5-
fold as compared with routine vitrification methods
increases the level of survival of murine embryos up
to 95% [5] and of human spermatozoa — up to 89%
[4]. The problem of determining the probability of
nucleation within a wide range of freeze-thawing
rates, as well as of defining total minimum concentra-
tion of the cryoprotectant and its composition does
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MHHHMATbHOH KOHIEHTPAllHH KPHOKOHCEPBAHTA W €ro
COCTABA He INO3BOJSET B NOJHOH Mepe ONTHMH3HPO-
BATH TEXHONOTHIO BUTPHHKaUKMKH broobbexTa.

[lens panHol paboThl — YCTAHOBUTH MHHHMMAJib-
HYK KOHLEHTPALHK PACTBOPOB [MMIUEPHHA M Caxapo-
3bl, MpHBOAAIYIO K 3ddekTy BUTPHOHUKAUHK Cpeflbl,
MPH CBEPXBBHICOKHUX CKOPOCTAX 32MOPaXKMBAHMA-OTTAM-
BAHWA.

B xavectse KOHTEHHEPOB /UA CPEbl, COAEpPKANIIEH
OHOOOBEKT, MCIIONB3OBAIM ILTACTHKOBhIE KANWJLIAPLI
C pasHbIM HapyxHbIM gHametpom: 1.8; 1,0; 0.5; 0,3 MM,
OTH KalHUSAPL! MOJYYAIH ¢ NOMOLIBIO HArPeBaHHA M
BHTATHBAHHA HDJIHCTHPDJ]GBEII H MNMNacCTHEOBLIX COJI0O-
MMHOK. JaMopaXkMBaHHe OCYLIECTBJIAJH NPAMBIM 110-
rPYKeHHeM KANHJUIAPOB B XWIKMH a30T, a OTTaMBa-
HHE — B CIIMPTOBYI0 HaHIO, HArPETYIO /10 TEMIIEPATYPHI
40 °C (ons nepeMeniMBaHWS TEIIOANEHTA MCIIOJIb30-
BA/M MarHWTHyw Mmemanky). [Ipu 3amopaxusanuM-
OTTAMBAHWH KANMKWLUIAPOB, MMewwMx auamerp 0.5 u
0,3 MM, nNpUMeHANH TEPMO3AUIMTHBIE YeXJbl JUIA
NPeJOTBPAlIEHHA PEKPHCTAIM3ALMH TIPH NepeHoce
KOHTeHHEepOB M3 XHAKOTO 430Ta B CNUPTOBYI HaHIo.
Ilpn onpeneneHHH CKOPOCTH 3aMOPLKHMBAHWA-OTTaH-
BAHHS VYHTHIBAIH WHTEHCHBHOCTH 3/IEKTPOIPOBOI-
HocTH AnA 6,5 M pacTsopa raunepsHa, YTo NO3BOTHIIO
CHH3HTbL 00 MHHHMYyMa BJIHAHHE CPEeACTB H3MePeHHH
Ha BEH4YMHY cKopocTu Temnoobmena [2]. CkopocTs
CHMIKEHHMSA TEMIIEPATYPhI IPH 3aMOpPaKHBAHHH BBIMKC-
JIAMY B [AMaNa3OHE 30HBI IBTEKTHKH HCIOAb3YEMOro
pacTBopa, a IIpM OTTaHBaHMM — B TeMIEPaTypPHOM
30He peKpHCTAIM3alHH. PexuM CHHIKeHHS TemIlepa-
TYPHI PerHCTPHPOBAIH NPH NomoulH rpadonocrpouTe-
na H-307, nopxnodensoro x IBM uepea ananoro-
undposoit npecbpasosares.

Hanuuve waM OTCYTCTEHE POCTA KPHCTAUIOB BO
BHEKJIETOYHOI cpelie ONpefeNsand BH3YalbHEIM METO-
noM [10]. Crexnywommecs cBOHCTBa PaCTBOPOB IHle-
PHHA H CAaXapO3H YCTAHABJTHBAMH NMPH KOHIEHTPALHAX
(V/V) 30, 35, 40, 45, 50, 55, 60%. Ilony4enusle pe-
3y/bTaThi ObLIKM cTaTHCTHYecKH obpaboTaHbl B COOT-
BETCTBHM C ODIIENPHHATEIMM MeTogaMH. IMODHOHMH
MBIUIK MONMYyYany Ha CTaJuM TO3AHEH MOPYJIBI WIH
paHHeil 61acTOUMCTH OT caMOK, 0OpaboTaHHLIX nepen
oceMeHeHHeM FOPMOHATbHEIMH TIpenapaTaMH 1o Kiac-
CHYECKOH cXxeMe [IA MHAYKUMM CYNEPOBYAALHH C
EJIbI0 YBEHYEHUA KoJWYecTBa SMOPHOHOB Ha H3y-
4aemoii ctagnuy passuTua [8). YposeHs xuanecnocob-
HOCTH HCIIOJb3YEMBIX B 3KCNepHMeHTax 3MOpHOHOB
MbILIH OMpEeNeJAaH C NMOMOUIbI0 MOP(OJOrHYECKOro
cnocoba ouenky [7]. [Ipumensembie A1 nposeeHms
paboTsl cpeanl OLUIH NMPHrOTOBJEHEI HA OCHOBE pac-
tBopa [lwonsbekko (PBS), conepxamero 10% tens-
gbell deranbHON CRIBOPOTKH.

,I]].il'l.'ll ONnpeEacIEHHA EKD[K}CTEII"T TE‘HJIDEﬁHEHH EalmHa-
JIAPOB C PAa3THYHLIM HAPYXXHBIM JHAMeTPOM NPH 3a-
MOPaskMBAHHH [PAMBIM NIOTPYAKEHHEM B KHIKHH a30T
M OTTaWBaHMM B CIHPTOBOH DaHe nMpoBeAeHbl MccJie-
JOBaHHA, Pe3yJbTaThl KOTOPBIX HI:NEI[ETH.BHEHH B
'I"ﬂﬁﬂ 1. nﬂﬂ]?‘l'EHHHE JAHHBIE MOKA3BBAKT, 4TO 3dBH-
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not allow to fully optimize technology of vitrification
of the biosystem.

The aim of the given research was to select mini-
mum concentrations of the solutions of glycerol and
sucrose, resulting in the effect of vitrification of the
medium, while applying suprahigh rates of freeze-
thawing.

Plastic capillaries with different external diameters
of 1.8, 1.0, 0.5, 0.3 mm were used as containers for the
biosystem-containing medium. These capillaries were
obtained by warming and stretching of polystyrene
and plastic straws. Freezing was done by direct plung-
ing of capillaries into liquid nitrogen, and thawing was
performed on alcohol bath, heated up 40°C, with
magnetic mixer for mixing of the thermal agent. During
freeze-thawing the capillaries with the diameters of
0.5 and 0.3 mm were used with thermal protective
covers for preventing re-crystallization after transfer
of containers from liquid nitrogen into the alcohol
bath. When determining the rates of freeze-thawing
attention was paid to the intensity of electroconduc-
tivity for 6.5 M solution of glycerol, which permitted
to maximally reduce the influence of the means of
measurement on the value of the heat exchange rate
[2]. The rate of temperature lowering was calculated
within the zone of eutectics of the applied solution
during freezing, and while thawing — in the tempera-
ture zone of re-crystallization. The mode of tempera-
ture lowering was registered with a N-307 graphic
plotter, connected with a PC via the analogue-digital
converter.

Availability or absence of the crystal growth in the
intercellular medium were visually detected [10]. Vit-
rifying properties of the solutions of glycerol and su-
crose were determined under the concentrations
(V/V) of 30, 35, 40, 45, 50, 55, 60%. The results
obtained were routinely statistically processed. Murine
embryos were harvested at the stage of late morula or
early blastocyst from the females, treated prior to
insemination with hormonal preparations by the clas-
sic scheme for inducing superovulation, with the aim
of increasing the number of embryos at the studied
stage of development [8]. The level of viability of the
experimental murine embryos was determined mor-
phologically [7]. The experimental media were pre-
pared on the basis of Dulbecco's solution (PBS) with
addition of 10%-fetal calf serum.

To determine the rates of heat exchange during
freczing by direct plunging into liquid nitrogen and
thawing on alcohol bath of capillaries with varying
external diameters the research was done, the results
of which are shown in Table 1. The data obtained
testify to the fact that the dependence of a change in
the rate of heat exchange on the external diameter of
the capillary is of the nature. close to a hyperbolic one.
Minimum inner diameter of the capillary is limited by
dimensions of the biosystem and comprises
200 + 20 pm, and outer diameter is 350 + 20 um, taking
into account thickness of the capillary walls. Maxi-
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CHMOCTb H3MEHEHHsA CKOPOCTH TersiooOMeHa OT Ha-
PYXKHOIO AHAMETPA KANKWLIADA HMeeT Xxapaktep, bma-
kuit Kk runepboauueckoMy. MuHuManbusiif BHYTpEH-
HUA AHAMETD KAMMANApa OrpaHHYMBAETCA Pa3MepoM
6uoobbexta u cocraaser 200+ 20 mkMm, a Hapyx-
Huiii — 350+ 20 MKM C VUE€TOM TOMMIMHBE CTEHOK
Kanmuiapa. MakcuManbHas ckopocTh Tenaoobmena
YCTAHOBJIEHA [PH MUHHMATLHOM AMAMETPE KallMJLns-
pa 0,3 mm (B, =307 °C/c, B, =286 °C/c). Beanuuna
CKOPOCTH OTTaMBaHMA Kamwuisapos awaMerpoM 0.3 u
0,5 MM, peanu3yeMas Ha BO3AYXe NPH NEPeHOCe HX U3
KMAKOrO asora B cnuproByw 0aHo, cocrasiser
150 °C/c. C oauoii cTopoHki, 9Ta BEJIHYHHA HACTOJIBKO
6ombmasn, yto 3a 0,5 ¢ Temneparypa suTpHdUUHDYE-
MOI{ Cpe/ibl JOCTHraeT 30Hbl PEKPHCTALTH3ALMM, HO, C
JIP}TDﬁ - OH4 HEe JOCTATOYHO BENMHKA LA CacepaKHBa-
HHA pOCTa KpHCTAJUJIOB. B cBsiau ¢ 3THM NpUMEHACTCH
CreuuaibHbIA TEPMO3ALIMTHRIN YexXon B BMAE AONOJI-
HHTEJLHOH IUJIACTHKOBOH TpPYOKM 18 CHHXKCHMH
CKOPOCTH OTTaMBaHMsA Ha Bosayxe. Kanunasp ¢ buo-
00BEKTOM TNOMEIAETCH B TJIACTHKOBYID COJOMMHKY
avaMeTpoM 1 MM, a B Ipollecce 3aMopakMBaHHA-0TTa-
HBAHMA BRIBOJAMTCHA M3 Hee Ha LTHHY paboueil 30HBI.
ITpu 3amopaxuBaHHH-OTTAMBAHHM OHOOOBEKTOB B
Kalu/LIsApax ¢ HapyXHbiM JrameTpoM bonee 1 Mm oT-
CYTCTBYeT HeoOXOAHWMOCTh B NPHMEHEHMH TepMOo3a-
HTHOTO YeXJa, TaK KaK BeJMYHHLl CKOPOCTeH Tenno-
obmena cocrasasior: B, =104 °C/c, B, =93°C/c.

Tabauuma 1

SABMCHMMOCTE CKOPOCTH TelooliMena NIacTUKOBOro Ka-
MWLIAPA OT BeJMYMHBI €10 HAPYKHOIO JMAMETDA

= =y

T

i Cropocts TE'IIJI[H-ﬁMEHu H“{:,.-"{'

=

JaMopaxHBaHHe OTranBanue B CIIHPTOBOH
[namerp B XWIKOM a3oTe | Bane (= 40 *C)
KanHAAR- | . e | haas
pa, MM | Henepesme- | Ilepeme- Foppee 1. MRy
I HBACMBIHA ITHBACMbIH
INMBAEVLLY | dIBICMLN Teiio- TEILIOHO-
kol JATERT | socurenn CHTEND
0.3 307, 7+£17.1| 4121+20,5 2B63+14 | 38027
0,5 198+7,2 | 258+14.8 1B0 =8 { 2161127
1,0 104+45 | 15171 | 9343 | 126+64
1.8 277424 | 46+32 | 26+18 | 42127

[Tpn nepemeltMBaHUKM XnafareHTa M TENJAOHOCHTE-
NS C TMOMOUIBI MarHMTHOH Memanku wHabionaercs
yBeJIHYeHHe CKOPOCTeil OXJIaXIeHHA W OTOrpesa A
Kanuanapos auamerpom 0,3 mm ot 307 no 412°C/c n
ot 286 no 380 °C/c cooTBercTBEHHO.

YBesMdeHHe CKOPOCTH OTTaMBaHMSA OTHOCHTEJIBHO
CKOpOCTH 3aMopaxusanusa B 1,3 pasa nossonsier uc-
KII0YHTb MPOLECC PEKPHCTA/LIHIALMH PacTBOpa KpHO-
NpoTexTopa npH oTTauBaHHH. JlanHoe ycnoBue
BBITOJIHAETCA NMPH 3aMOPAKHBAHHH KANTWIJIAPOB NpHA-
MBIM MOTPYXKEHHEM B XKHIKHH a30T, a NpH OTTAMBA-
HHH — B cnuproByio GaHio, HarpeTyio 10 Temnepary-
pal 40 °C (¢ HCMONbL30BAHHEM MATHHTHON MENIaiKH).

Ilns onpeneneHus MHHHMATbHOH KOHUEHTpPaLHM
PacTBOPOB IJIHIIEPHHA W CaXapo3sl, NPUBOLAILEH K adh-
(eKTY CTEeKJIOBAaHHA Cpellhl, B IUMPOKOM AHANa30He
cKopocTell 3aMOpaKMBaHWA-OTTAWBAHHA MPOBEIEHE

Mpobnems: xpuobuonormu, 2000, No 4

mum rate of heat exchange is determined with the
minimum diameter of the capillary of 0.3 mm
(Bg. =307 °C/s, By}, = 286 °C/s). The magnitude of the
thawing rate, realized upon transfer of the capillary
from liquid nitrogen into alcohol bath, is
B, = 150 °C/s. On one hand, this value is so high that
in 0.5 s the temperature of the medium being vitrified
achieves the zone of re-crystallization, though, on the
other hand, it is not high enough for inhibiting the
growth of ice crystals. Hence, a special thermoprotec-
tive cover in the form of additional plastic tube is
applied. A capillary with a biosystem is placed into a
plastic straw with the diameter of 1 mm, and during
freeze-thawing it is extracted out of it at a length of
the working section. Freeze-thawing of biosystems in
the capillaries with the external diameter of more than
1 mm does not require application of the thermopro-

tective cover, since the rates of heat exchange are
B =104 °C/s, By, =93 °C/s.

Table 1

Dependence of the rate of heat exchange of the plastic
capillary on the value of its external diameter

| Rate of heat exchange B, °C/s

Freezing in liquid

! Thawing on alcohol bath

Capillary _ :
diameter,|  nitrogen = | = (¢=40°C)
mmo o Mixed | Non-mixed | Mixed
l:;mlin ok cooling | heat-transfer | heat-transfer
. & age agent | agent : agent
03 | 3077171 | 41213205 | 2863 %14 | 380+27
0.5 | 198 £7.2 | 258148 ; 1808 2161127
1.0 | 104 +45 | 151 %71 93+3 126 £ 6.4
18 | 217+24 | 46232 | 26418 | 42427

When the cooling agent and heat carrier are mixed
with a magnetic mixer the rates of cooling and warm-
ing are accelerated for the capillaries with the diame-
ter of 0.3 mm from 307 to 412°C/s and from 286 to
380 °C/s, respectively.

Acceleration of the rate of thawing by 1.3-fold as
compared with the rate of cooling permits to avoid the
process of re-crystallization of the cryoprotective so-
lution during thawing. The given condition is fulfilled
during freezing by direct plunging of capillaries into
liquid nitrogen, and during thawing — by placing onto
alcohol bath, heated up to the temperature of 40 °C
(using a magnetic mixer).

The experiments were staged in a wide range of
freeze-thawing rates, aimed at determination of the
minimum concentrations of the solutions of glycerol
and sucrose, resulting in the effect of glass-transition
of the medium. Their results are submitted in Table 2.

To check on the glass-transiting properties of su-
crose with glycerol the authors staged an experiment
on determining the extent of nucleation of various
volume ratios of glycerol and sucrose in a wide range
of freeze-thawing. The ratios of the volumes of glyce-
rol to sucrose were 1:3, 1:2 and 2:3 with the rates of
freezing 28 and 205 °C/s.
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IKCNEPHMEHTRI, PE3YIbTATEI KOTOPBIX NMPEACTABNEHb! B

Tabn. 2.
Tabawua 2

KpuTHueckne KOHUEHTPAUMM PACTBOPOB TAMIEPHHA M
CaXapo3bl, BhIZbBaKOMKHe 3dderT CTEKJNOBAHUA CPe/ibl, B
JABRMCHMOCTH OT BENHYMA EIE‘[I]'JDE"I‘Eﬁ JAMOpaKHBAAMWA -
OTTAWBAHMA

| MummansHas KOHUCHTPALIMA

PACTBOPA KPHOMPOTEKTOPA,
Cxopocts teiLmolfimena B, °C/c | obeciesupaouas sdxberT BHT-
| pucpuiaumn cpeasi C, % [V/V]
o B Y MLLEpHNa E CAXaposkl
27,7424 45+25 55+ 2,5
| 104+45 4025 50+2.5
i L] I ;|
&"anMHHE' 198+ 7.2 : Jot25 | 40+ 25
o 307,7£17,1 | 30:25 | 40£25
42+2.7 025 | 60+ 2.5
126 +6,4 4525 | 55%25
trinmme | 216 £12,7 4025 I D+2.5
. 380 + 27 35+25 | 45+25

HIns nposepku crexnywumHXcs CBOMCTB PacTBopa
Caxapo3nl B KOMILIEKCE C IIHLEPHHOM NMPOBEJEH OMbIT
Mo ONpeAcNeHHI0 CTENEHH KpHMcTauioobpasoBaHus
pasnHYHBIX 00BEMHBIX COOTHOLIEHHH IJIKIEPHHA H Ca-
Xap03bl B LWIHPOKOM JHANA30HE CKOPOCTEH 3aMODaXH-
BaHHA-oTTauBaiKA. OTHOWEHHe 00BEMOB TAMLIEPHHA
K caxapose cocrasmno: 1:3; 1:2 u 2:3 npu ckopocrsax
samopaxuBanna 28 u 205°C/c.

IMonyyennsie pesynbTaThl YKa3wiBalOT Ha TO, YTO
PH yBeJHYeHHH o0beMa IJIHIepHHa B PacTBOPE KPHO-
KOHCEDPBAHTA [IPH PasH4YHBIX CROPOCTAX 3aMODAAH-
BaHHA-OTTanBaHHA Habuwoonaercsa daszoebiff CABUI Be-
POSITHOCTH CTeiloBaHuA B obnactes Donee HUIKHMX
KonueHTpauuid. CreneHb BHTPHOHKAUHH pacTBopa
KPHOKOHCEDBaHTa NPAMO NMPONOPUHOHANbBHA COAEDPHKA-
HHIO B HEM T/IHIEpHHA M B Bosbiliel CTeneHH 3aBHCHT
OT BEJWYHHBI CKOPOCTH OTTaHBaHH$, 9eM 3aMOPaXH-
BaHuA. Ha ocHOBaHMM NOMYYEHHBIX JAHHBIX NPELJIO-
xeHa hopMyia OLeHKH MUHHMANBHOH KOHIIeHTpaLuH
KPHOKOHCEPBAHTA, COCTOANIETO M3 KPHONPOTEKTOPOB €
pasjin4yHOH CrOCOBGHOCTBID K CTEKTOBaHMIO, MPH pa3-
HBIX CKOPOCTAX

C min(B) =% Z C;(B),
=1

[fie i — KOJM4YECTBO BHUIOB KPHOMPOTEKTOPOB, BXOLA-
WHX B COCTaB KpHOKoHcepBanTa; C(B) — MuHMManb-
Has KOHLEHTPallMA PacTBOPa KPHONPOTEKTOPA NpPH 3a-
OaHHOH cKOpOCTH TemoobMena B,

Pacyer BeNMYMHRI MHHHMATLHON KOHIIEHTPALMH
PacTBOPOB IVIMIIEPHHA W CaXapoabl MPOBOAWIH C OMO-
MBI YPaBHEHHH, NOTy4eHHBIX METOL0M PEeTrpPeccCHOHHO-
ro aHAIH3a.

C..(B)=ay+a, B2, rne ay=57,63; a; =-1,15;
ay=0,5026 (R = 0,998);

[Ipobremur xpuobuonormn, 2000, Ne 4

Table 2

Critical concentrations of the solutions of glycerol and
sucrose, resulting in the glass-transition effect, depen-
ding on the values of freeze-thawing rates

=| Minimum concentration of the

| cryoprotective solution, pro-
Rate of heat exchange B, °C/s | viding for the effect of glass-tran-

| sition of the medium C, % (V/V)

Glycerol Sucrose

977+ 24 45+ 25 55 % 2.5

L 104+45 | 40+25 | 50+25

FHecxing 198472 | 35+25 45+25
_ 301.7£171 | 30£25 | 40%35 _

| 42427 | 50+25 | 60%25

; 126 + 6.4 45+25 i 35+25

Thawing 916+ 12.7 4025 | 50+25

380 + 27 35+25 | 45+25

The results obtained testify to the fact that an
increase in the volume of glycerol in cryoprotective
solutions at various rates of freeze-thawing is accom-
panied by a phase shift in the probability of glass-tran-
sition towards the region of lower concentrations. The
extent of vitrification of the cryoprotective solution is
directly proportional to the content of glycerol in it
and stronger depends on the value of the thawing rate
as compared with the freezing rate. On the basis of
the data obtained a formula for evaluating minimum
concentration of the cryopreservative, comprising
cryoprotectants with varying abilities to glass-transi-
tion at different rates, was proposed:

n
CoinB) =1, 2. C;(B),

i=1

where n is the amount of the types of cryoprotectants,
incorporated into the cryopreservative; C{B) is a mini-
mum concentration of the cryoprotective solution
under the assigned rate of thawing (B).

The values of the minimum concentrations for the
solutions of glycerol and sucrose were calculated on
the basis of the equations, obtained with a regressive
analysis.

CgE(B} =a,+a, B%,
where ay=57.63; a; =-1.15; a,=0.5026
(R=0.998):
C.,(B)=ayB*~a,B+a,,
where a,=7.43310"; a, =7.613107% a,=63.16
(R=10.999).

The authors believe the proposed formulas for cal-
culating minimum concentrations of the vitrification
solution with different volume ratios of glycerol and
sucrose, which provide for the effect of vitrification of
the medium within a wide range of freeze-thawing

rates, may facilitate optimization of technology of cryo-
preservation of mammalian genital cells and embryos.
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Cop(B)=0ayB*-a, B+a,, tne ay=7433-10";
a,=7613-107% a,=63,16 (R = 0,999).

Monaraem, urto npeanoxenssie hopmysl pacyera
MHHMMANLHOH KOHLUEHTpPalMH BHTPU(HLHPYIOLIErD
pacTBOpa ¢ pasHYHBIMH 0OBEMHBIMM COOTHOILEHWA-
MM [JIHUEPHHA W CaXapo3sl, KOTOphle obecneunBaior
atbdext BuTpUdHUKALIMK CPEAbl B LIMPOKOM AMANa3zoHe
CKOpoCTeil 3aMOpakKHMBaHMs-OTTaHBaHHsA, MOTYT CIIO-
cobCTBOBATL ONTHMM3ALIHK TEXHOJIOTHH KPHOKOHCEPBa-
IIMH TIONOBLIX KJIETOK M 3MOPHOHOB MJIEKONHTAIONIHX.

Cornacno [3, 9], MakcuManbHad COXPaHHOCTL Je-
KOHCEPBHPOBaHHKX 3MOPHOHOB MJIEKONMTAIONIMX, 3a-
MOPOXEHHBIX TPAAMUHOHHEM crnocobom BHTpHOHKA-
UMK (NpAMOE NOTrpyXeHHe COJIOMMHOK AHaMeTPOM
1,8 MM B XMIKMH a30T), AOCTHraeTCa B c/y4ae MpH-
MEHEHHA B KA4YeCTBE KPHOKOHCEPBAHTA PACTBOPOB
MPOHHKAIOWHX KPHONPOTEKTOPOB B KOMIUIEKCE C He-
npouukaomuMi. OnTuMansHoil koMOMHaLKel KpHo-
3AUMTHBIX BEUECTB ANA SMOPHOHOB MJIEKOMHTAONIHX
SABJIAETCH COYMETAHMe PACTBOPOB IMIHIIEPHHA W caxapo-
3bl, MCMIOMB3YEMBLIX B COOTHOWEHHH OOBEMHBIX KOH-
HeHTpaumit npubauautensto 3:2 [3, 9].

[lo anamoruu ¢ onpeneneHHeM ONTHMAIBHOTO CO-
OTHOWEHHS OOBEMHBIX KOHIEHTPAUMA IIMIEepHHA M
caxaposul [6, 9] ¥ Ha ocHoBanumu aHaimm3a cobcrTBen-
HblIX SMIHDHYECKHX DPEIVIBRTATOR, XOPOIUO COrJacyi-
MKUXCA € HUMH, YCTAHOBJEHO ONTHMATLHOE COOT-
BETCTBHE KOHLEHTpauuit 3kBMIHOpUpyHOLIEro M
BHTPH(QHLHPYIOUICTO PAacTBOPOB, NPHMEHAEMBIX MPH
a30THRIX ckopoctaX oxnaxaenus (B, =30°C/c).
Cornacso 3ToMy BeJIMYHHA KOHLUEHTPALMH 3KBUANG-
PHPYIOLIETO pacTBOpa AoJKHA 6uiTh NpHban3HTE/IBHO
Ha 40% HMKe KOHUEHTPAUMM BHTPU(MHIMPYIOUIETO
pacTBOPA.

Tak Kax BHeKJMETOMHHBNH Jel MHHLUHHPYET pOCT
BHYTPHKIETOYHBIX KPHMCTALIOBR, TO Npeanojaraercs,
YTO XapaKTep BHYTPHKIETOMHOrO KpHcTa/uioobpaso-
BaHMHA, OTPAXAIIHH IMHAMMKY POCTa KPHCTALIOB BO
BHEKJIETOYHOI cpelle, HMeeT MoJobHYI0 3aBHCHMOCTE
B QHANa3oHe CBEPXBLICOKMX CKOPOCTEH 3aMOpaXKHBa-
Hus-orrauBanus (B=80°C/c). Ha ocnHopanum nan-
HEIX pacCy®JeHHii HaMH ObUla BRUIBHHYTA CleIyIO-
mas runoresa. /lna obecriedeHHs BbICOKOTO YPOBHS
EﬂIpﬂHHDETH 3Mﬁ]JHﬂH'EIB MIEKONMHTAKIIHX, KPHOKOH-
CEPBHPYEMBIX B VCAOBMAX CBepXOBICTPOro oxjaxie-
HHA M OTOrpeBa, MHHHMaJ/IbHAA BEIMYHHA KOHLEHTpa-
UMK SKBUAMOpHpYIOero pacTBOpa KPHONPOTEKTOPA
nomxHa OsiTs npubauanTensHo Ha 40% Menbiue Benn-
yHHE 06lell KOHIEHTpauMH BUTPHGHIUMPYIOLLETO

PaCTBODAa KPpHONPOTEKTODA
C:n':n{B) = Cfnin{ﬂ) -40,

rae Cf,, — KOHUEHTpalus BUTPHUIMpYOWero pac-
TBOPA KPHOTMPOTEKTOPA.

CumTtaeM, 9T0 NONYYEHHAA AHATUTHYECKAS 3aBHCH-
MOCTb TI03BOJIET ONPeie/isiTh MUHHMAALHYI0 KOH-
LeHTpaluio IKBHINGPUPYIOLEro W BHTPUDHINDYIO-
eroc pacTBOPOB KPHONIPOTEKTOPA, obecneMHBaolyio
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As reported elsewhere [3, 9], maximum survival of
thawed mammalian embryos, frozen with a traditional
vitrification method (direct plunging of straws with
the diameters of 1.8 mm into liquid nitrogen), is
achieved when the solutions of penetrating cryopro-
tectants together with non-penetrating cryoprotec-
tants are applied as cryopreservatives. The optimum
combination of cryoprotective substances for mam-
malian embryos is a combination of solutions of gly-
cerol and sucrose, used in a 3:2 ratio (volume concen-
trations) [3, 9].

Similarly to determining the optimum ratio of volume
concentrations of glycerol and sucrose [6, 9] and ana-
lyzing the authors; own empirical results, nicely cor-
relating with the above, the eptimum correspondence
of the concentrations of the equilibration and vitrifi-
cation solutions, applied under nitrogen cooling rates
(Bs =30°C/s), was found. According to it the value
of the concentration of the equilibration solution
should be approximately 40% lower as compared with
the concentration of the vitrification solution.

The intercellular ice initiates growth of the intra-
cellular crystals, since it is supposed that the nature
of the intracelluar nucleation, which reflects the dy-
namics of crystal growth in the intercellular medium,
has a similar dependence in the range of suprahigh
rates of freeze-thawing (B = 80 ®*C/s). On the basis of
these speculations the authors hypothesize on the fol-
lowing. To provide for a high level of survival of
mammalian embryos, cryopreserved by snap cooling
and warming, the minimum value of the concentration
of the equilibrating solution of the cryoprotectant
should be approximately 40% lower as compared with
the value of total concentration of the cryoprotectant,
comprising the vitrification solution,

Coin(B) = Crjn(B) — 40,

m

where CT.  is a concentration of the vitrification so-
lution of the cryoprotectant.

The authors believe that the obtained analytical
dependence permits to determine the minimum con-
centration of the equilibration and vitrification cryo-
protective solutions, providing for a high level of
survival of devitrified mammalian embryos, cryopre-
served in a wide range of freeze-thawing rates. To
verify the above assumption the authors staged a re-
search on murine embryos vitrification in plastic capil-
laries with different external diameter. The embryos
were divided into four groups according to the se-
lected number of types of the capillaries (Table 3).

Murine embryos in the amount of 45 £ 5 pcs were
frozen in every group. A reduction in the concentra-
tion of the intracellular cryoprotectant by 5% in
groups 1, 2 and 3 resulted in the decrease in survival
of biosystems down to 70.8 (34/48); 73.3 (33/45);
87.7% (43/49), respectively, thus indicating the opti-
mum selection of the magnitude of the vitrification
solution of the cryoprotectant in the authors’ experi-
ments.
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BBICOKMI{ YPOBEHb COXPaHHOCTH JIEBHT-
pHOHMLAPOBAHHLIX SMOPHOHOB MJIEKO-
MHTAIHX, KPHOKOHCEPBHPOBAHHBIX
B IIHPOKOM AMaNa30oHe CKOpPOCTeH 3a-

Table 3

Dependence of survival of devitrified murine embryos on the concentra-
tions of the equilibration and vitrification solutions of cryoprotectants in
a wide range of freeze-thawing rates

MOpaXXHBaHHA-OTTauBaHHuA. /[Ina noa- i — Concentration of the cryoprotectant

TBEDHKIEHHA NPAaBHJABHOCTH HAlllero 5 e o T e .

i i 5 pon ~ Amountof | freezing Eqmllhll'al.mn Vitrification solution Survival of
PEANOJOXKEHHA MTPOBEIEHR HCCaea0 : aolmition - :

embryos | (thawing) B, Glveerol | S c | embryos 5, %

BaHHA 110 BUTpHGHMKAUNK >MODHOHOR oC/s (glycerol) C,, % yee ucrose L. |

MBIIIH B TUIACTHKOBHIX KAaNMJUIAPAX, | (V/V) B V)| % (v (M) |

HMCKOIIHX pPadjHy HBIH Hﬂp}'.?ﬁﬂhlﬁ 45 : 28 (42) 15 _. 30 25 (0.73) | 13.3%

auameTp. CorsacHo BuGpaHHOMY Ko- 48 104 (126) 10 | 30 20 (0.58) T?.L""

JIHYECTBY THNOB Kanwanspos aMOpHo- 20 | 198 (216) | 3 f 25 20 (0.58) 80 Z

Hbl OBLIH pasfesieHsl Ha YeThIpe TPyIi- 15 L S =" 1904 L

nsl (Taba. 3).

Note: similar superscripts denote the values, which do not significantly differ. Dif-

ferent superscripts show the values, which differ significantly with the probability

JaBMCHMOCTE COXPARHOCTH JAeBHTPHDHMIIMPOBAHELIX MO PHOBOER MBIIIM OT KOHIEHT-
panMM AKBAAMOpHpYIOWEre W BUTPHOUMIMPYIOINEr0 PACTROPOER KPMOMPOTEKTOpPa B
HMPOKOM AMANA3I0HE CKOPOCTel JaMOpaKHBAHMA-OTTAMBARMA

For elimination of the cryo-
protectant the devitrified mu-
rine embryos were placed into
the solution of the non-pene-
trating cryoprotectant (su-

Tabaupa 3

.I'EﬂHEIEHTD-H.I.IHE KPHONPOTEKTOPA

T

| CkopocTs : o — crose) with the concentrations
Kaairiectno paopaxaarinn JxamnGpupyomut | Burpupmunpyouoe pactoop | SE LICEE of 0.7; 0.6; 0.5; 0.3 M, respec-

e (DTLS"::;"H} | mﬁgpﬁf?;ﬁﬁ}p“"} rauuepun | caxaposa C,, % | 5, % tively, for every group.
L ,: | D GxVM| ymMy | The results of the investi-
:g ﬁ: Fi?ﬁ 12 gg ;-g:g-;g-‘; T?-ﬁ‘b gations conducted support the

104 (126) 1 : A ; .

50 198 (218) 5 95 | 20(0,58) gobc  authors’ assumption on the
46 | 3%0(380) | — 25 | 15(0.44) 978" dependence of the nature of

Mpumeaanwe. OTMHAKOBLIMM CYTIEDCKPHITTaMK 0DO3HAYMERR! IHAMEHMA, KOTOPhIE JOCTOREPAD He
paADraleTCA Memny cobofi Paspne cynepexkpMiThl BRLAENAIOT ZHAYMEHMA, KOTODAE pPajmMda-

the intracellular nucleation on
the concentration of the cryo-

KTCH Mesay coboil AoCTOBREpHD ¢ BEPOATHOCTRI) He Menee gem (0,95

B kaxnoii rpynne 3amopo3uau no 45 = 5 ambpuo-
HOB MBILIK. ¥ MEHbIIEHHE KOHUEHTPALIMH BHYTPHKJIE-
TOYHOrD KpHOmpoTekTopa Ha 5% B 1-, 2- u 3-it rpyn-
nax NPUBEJI0 K CHHXXEHHIO COXPaHHOCTH 6Ho00BeKTOB
no 70,8 (34/48); 73,3 (33/45); 87,7% (43/49) coor-
BETCTBEHHO, YTO CBUAETENBCTBYET 06 ONTUMATLHOCTH
BaibOpa BeNHYMHBI 3KBHMODHPYIOLIEro pacTBOpa
KPHOIPOTEKTOPA B HAIMX SKCIEPUMEHTaX.

Jlna BhIBEEHMA KPHONPOTEKTOPA AEBHTPHQHLIH-
poBaHHbIe IMOPHOHBI MBI NOMEIATH B PACTBOP He-
MPOHHMKANIEr0 KpHONpoTeKTopa (caxapossl) KOH-
uentpaumeit 0,7; 0,6; 0,5; 0,3 M cooreeTcTBEHHO AaA
KaXA0H yCTAHOBJIEHHON rpyIiibl.

Pesysnbratel npoBefeHHBIX HCCAEIOBAHMA IOJ-
TBEDKAAIOT NPAaBWIBHOCTh HALENO NPENOJIOKEHHA O
3aBHCHMOCTH XapaKTepa BHYTPUKIETOYHOIO KPHCTALIO-
o0pa3oBaHiA OT KOHIEHTPALMH KPHOMPOTEKTOpa W CKO-
pocTeii 3aMOpaXkKMBaHHUA-OTTaMBaHHA (THCTOIPaMMa).

[TonyyerHble Pe3yaAbTaTH XOPOWO COIMACYIOTCA C
DaHHBIMH, NpeacTaBieHHbIMH B [6, 10]; B Hux 3amopa-
AKUBAHHE IMOPHOHOB MJIEKONHTAWILMX NPOBOAMIIM
NMpAMLIM  [MOrPYXEHHEM  COJIOMHMHOK  JAHAMETPOM
1,8 MM B xuaxuit azor. OgHAKO NIPH COMOCTaBJIEHHH
BEMYHH CKopocTell TennoobMeHa, yCTaHOBJIEHHBIX
NpH 3aMOpaKHBAHHH-OTTAMBAHHH IMOPHOHOB MJIEeKO-
NUTAUIKX B Kanwigpax auametpom 0,8 MM, ¢ nure-
PaTYPHBIMH JAHHBIMH HabII0a€TCA PACXOX/IeHUE KaK
M0 CKOPOCTAM, TaK H M0 KOHUEHTPallHAM KPHOTNPOTEK-
topa [11]. 310 HecooTBeTcTBHE ObBACHAETCA NpUMe-
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S %

1004 T II

40

m-

40 45

Cor % VNV

VY poBels COXPAHHOCTH JIEKOHCEPEMPOBAHLIX IMOPHOHOB MbIH S,
3AMOPOREHHO-OTTAAHILIX TP PAINHYHEIX CKOPOCTAX TenaooiMeHa
M KONUeHTpauMAaX sKkeuaubpupyoieny C; u sHTpHdUUMPYIOIErD
C, pacTeopos kpwonporexktopa, %: 1 — G=0; 2 — (;=5; 3 -

C.=10, 4 — ;= 15. Cropoctn samopaxusanms (orramsanus) B,
°C/c: 1 — B, =320 (B =380); 1l — B, =198 (B, =216); III -
B, =104 (B, =126); V'~ B, = 28 (B, = 42).

Level of survival of the thawed murine embryos §, frozen-thawed at
various rates of heat exchange and concentrations of the equilibra-
tion €, and vitrification C, solutions of the cryoprotectant, %: 17—
C= 0;2 — C=53—- l'.'.'.'—lﬁ 4—C,=15. Eal:esnffmezmg(thnw
ing) B °C/c: 1 — B, =420 (B, =380); 11 — B, = 198 (B,, = 216);
1T B, = 104 (B, = 126); IV - Eﬁ,—EE{Bmzﬂ}-
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HEHHEM pa3HWX cnocobOB HAMEPEHMA CKOPOCTEH M
MOJAYIMIUPHYCCKHM MOAXOAOM K BeIBODY MHUHMMANL-
HOH KOHLEHTPAUMH 3KBHIMOPHPYIOIIETD pacTBOPA.

Takum 00pa3oM, yBeIHYEHHE CKOPOCTH Temnoob-
MEHa TIACTMKOBOro Kanuanspa 6onee wem B 10 paa
OTHOCHTENBHO obmenpuHsAToro cnocoba suTpuduKalLinm
(B, =30°C/c) nano BO3MOXHOCTb YMEHBIIHTb KOH-
HEHTPAUMIO KaK 3KkBUAHOpupyoniero, Tak u surpudn-
IIMPYIOIEro pacTBOPOB KpHonpoTekTtopa Ha 15% u
YBEJIMYHTh COXPAHHOCTb AEBHTPHMOHIHPOBAHHEIX aMb-
pHOHOB Mbinik ot 73,3 xo 97.8%.

MuHUMaNEHAA BEJHYMHA KOHUEHTPALMM SKBH-
aubpHUpyIoIlero pacTBopa KpPHONpoTekTOpa, obecne-
YHBaIOLIaA BBICOKHII YpOBEeHb cOXpaHHOCTH ambGpuo-
HOB, AO/DKHA OITh npubausuTensHo Ha 40% Menbmie
BETHYHHB! 0buelt KoHUeHTpauH BUTpHHLMpPYIOLE-
ro PacTBOPa KPHONPOTEKTOPAa B IIMPOKOM AHANA30HE
CKOPOCTEH 3aMOpPaXKHBAHHA-OTTAHBAHMA.
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protectant and rates of freeze-thawing (histogram).

The results obtained nicely correlate with the data,
reported elsewhere [6, 10], when freezing of mammalian
embryos was done by direct plunging of the straws
with the diameter of 1.8 mm into liquid nitrogen.
However, a comparison of the rates of heat exchange,
determined during freeze-thawing of mammalian em-
bryos in the capillaries with the diameter of 0.8 mm,
with the reported data shows diversification in the
values of both the rates and concentrations of the
cryoprotectant [11]. This discrepancy is probably due
to the application of various methods of measuring the
rates and semi-empiric approach to selecting the mini-
muim concentration of the equilibration solution.

Thus, acceleration of the rate of heat exchange of
the plastic capillary by more than 10-fold as compared
with a routinely accepted method of vitrification
(B;. =30°C/s) permitted to reduce the concentra-
tions of both vitrification and equilibration cryopro-
tectants by 15%, thus increasing survival of devitrified
murine embryos from 73.3 to 97.8%.

Minimum value of the concentration of the vitri-
fication solution of the cryoprotectant, providing for
a high level of embryo survival, should be by approxi-
mately 40% lower as compared with the value of the
total concentration of the vitrification solution of the
cryoprotectant in a wide range of freeze-thawing.
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Investigation of Amides Reacting with Ethylene Oxide
for Optimization of Cryoprotectant Composition.
I. Adducts of N-acetyl Ethanolamine

V. V. CHEKANOVA, L. A. KHANINA, V. I. LOUGOVOY

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkou

Hecaegosan ka9ecTEEHHLI M KOJMHMECTESHELIR cocTas 00pasnos KPHMONPOTERTOPE — ORCHITIWIMpOBaHROro N-aneTwisTanonaMmHEa
(03 N-AnJA), nonyweHHEIX Npi BaDHAIHMM YCAOBMH PEaKIDiM oXCHITHIMpoBamuA Onpefeness ONTHMANLHLIE YCNOBMA NMOJYHeHnA

KPHMOIIPOTERTODA.

Hocmimpeeno AKICHMA | KUIBKICHMA CHIal 3paskis KPIONPOTEXTOpPA — OECHMeTHIboBaHOr0 N-anermneranonaminy (OE N-AuEA),
OAEPHCAHIX MPH BAPIALI] YMOB PEeaKiil OXCHETHIOBAHEA. Buanavyeno onTHMANLED YMOBM OTPHMANHA KPIOOPOTEKTOPA.

The authors investigated qualitative and quantitative compositions of the samples of the cryoprotectant oxyethylated N-acetyl
ethanolamine (OE N-AcEA), obtained when varying the conditions of the oxyethylation reaction. The optimum conditions for

synthesizing the cryoprotectant were determined.

Brnepseie aMHIn HH3KOMONEKYJSPHBX anudarTu-
geckux kHonor (HMAK) kak KpHO3anMTHEIE COEMH-
HeHHA uensitadsl B 50-e roan [14]. Oanako mimpokoro
pacnpocTpaHeHHs TakHe KPHOMPOTEKTOPHBLIE COEIM-
HEHHS, KaK MHOrOATOMHBLIE CIHPTHI, HE TNOJYYHIH
BCJIEAICTBHE MX TOKCHYHOCTH KaK Ha OPraHHU3MEeHHOM,
Tak ¥ Ki1eto4HoM ypoBHsAX [1]. B [2] 610 nokazaxo
HHTOTOKCHYecKoe neficraue amuaos HMAK. W3 6onb-
MIOr0 KOJMYECTBAa YKa3aHHOTO KJAcca CoeTHHEHHH
HallUIH TNpPHMEHEHHE NPH KPHOKOHCEPBHPOBAHMH
CepMBI NTHL TOALKO MOHO- M AMMETH/I3aMelleHHbIe
AMH/IbI MYPaBbHHOK M YKCycHOH xucuor [5].

Beenenne B N-anerwisayo rpynny Hosee TAOKeTbIX
ATKHIBHEIX pagukanoB (N-atwnaueramui, N-mponui-,
N-OYTHN-), KAK H HCIOMb30BAaHHE AMMIOB MKHPHBIX
KHCHIOT ¢ Donee ANMHHHBIMH LensAMH (ITPOMHOHOBOM,
MACJAHOH ), IPHBOIHT K VYBEIMYEHHID LIHTOTOKCHYHOC-
TH AMMJIOB ¥ DPaspylUEHMI0 KIETOK KOCTHOIO MO3ra,
SPHTPOLIMTOR ellle HA cTaauH sxBHbpaumu 7).

AMUIE KapOOHOBHIX KHMCHOT ABAAKTCA ya0bHBIM
obbexToM 1A MOTH(DHUKALINH HX CTPYKTVPLL, PU3HKO-
XHMHYECKHX M, CJIeN0BaTe]bHO, KPHONMPOTEKTOPHBIX
CBOHCTB, a TaK/Ke TOKCHYHOCTH.

Hccrenosanusd, nposeaernHse B obnactu Moaudu-
KauuHu cTpykTypsl amuaos HMAK u ux xpuoszanmr-
HBIX CBOWCTB, CBHJETEJIbCTBYIOT O TOM, YTO B3aHMO-
fedcTBue WX ¢ oKcHAoM 3tHaeHa (09) mossoaser
NOJY4HTh BEUIECTBA C PA3IMYHON MOJIEKYIAPHO Mac-
coi ¥ HM3KOH TokcuyHoctsio [9, 10], a aro genaer
Momuduunposannse aMuasl HMAK nepcnexrnsrbi-

[TpoBaesmur kpuobuonorum, 2000, Ne 4

For the first time amjdes of low molecular aliphatic
acids (LMAA) were tested as cryoprotective com-
pounds in the 50ies. However, such cryoprotective
compounds, as multiatomic alcohols, were not granted
wide application due to their toxicity at the organis-
mic and cell levels [1]. Some researchers reported on
the cytotoxic action of LMAA. Out of the huge
amount of the above class of compounds only mono-
and dimethyl-substituted amides of the formic and
acetic acids were applied for cryopreservation of the
bird spermatozoa [5].

Injection of the heavier alkyl radicals (N-acetyl-
amide, N-propyl-, N-butyl-) into the N-acetylic group,
as well as application of fatty acid amides with longer
chains (propionic, butyric), increase cytotoxicity of
amides and destruction of bone marrow cells and red
cells already at the stage of equilibration [7].

Amides of carbonic acids are a suitable model for
modifying their structure, physical-chemical and, conse-
quently, cryoprotective properties, as well as toxicity.

The research, done on modification of the structure
of the LMAA amides and their cryoprotective proper-
ties, demonstrate that their interaction with ethylene
oxide (EO) permits to obtain substances with diffe-
rent molecular mass and low toxicity [9, 10], thus
making the modified LMAA amides very promising
for synthesizing new exocellular cryoprotectants.

The interaction of amides with EO is complicated
by occurrence of certain side effects/reactions, and it
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MM TIPH CO3JaHHH HOBLIX IK3OLEJLNIONAPHBIX KPHO-
MPOTEKTOPOB.

Baaumoaeictere amugon ¢ 09 ocioxieHo npore-
KaHWeM psfa nobOYHBIX peEakiHil, ONpPeaeNseTcs
CTPYKTYPOil M NMPHPONOH aMHlia, TEMIEpaTypoi mnpo-
BEAEHUA PeaKlHH, NOJAAPHOCTBIO CPelbl W CTENeHbID
oxcusTuposanua [12). Bapuauueii ykasanusix napa-
METPOB PEaKLMHM MOKHO NMOJYYHThE ITOKCHJIATH aMH-
NOB, OTIMYAIIIHECHs HEe TOJbKO ANUHOM uenu (T.e.
MOJIEKYJIAPDHOH MACCOH ), HO W MOJICKYIAPHO-MacCOBRIM
paciipee/ieHHeM OJTMIOMEPrOMOJIOTOB B MX COCTABE.

B uccnenoBaHMAX, BRINONHEHHBIX B OTAeNe KPHO-
nporektopor MIIKuK HAH Yxpawunst, 6uiim nokasa-
Hbl 3aBHCHMOCTH HPH'DHFOT'EHTGPHDﬁ AKTHBHOCTH
noaumMepa (I130-400, stokcunara N-AudA) ot mone-
KYJISPHO-MAaccoBOIO pacnpejgenenus B obpasue wu
nenecoobpasHocTb cTabHIN3allMK ero cOCTaBa VIS 110-
JAY4EHHS ONTHMANbHLIX Pe3yJbTaTOB KPHO3ALWThI
KJEeTOYHBIX cycneHadi [B].

Ilna onpenenenys napaMeTpoB pPeakilHM CHHTE3a
atokcuaaTa N-AuJA ¢ MaKCHMATBHEIM BBIXOJIOM HM3-
KOMOJIEKYIAPHLIX NoJuMeproMosioros (n=3 u n=4)
H3Y4€HbLI KHHETHYECKHE MMaPDaMETDhl DEAKIHH B3aHMO-
neiticreua N-AudA c 03.

B cooTBeTCTBMM C JAHHBIMH O MEXaHHM3MeE PeaKiiHH
OKCHATHAMpOBaHuA | 13] npouecc nocaeaoBaTeNbHOTO
npucoeannenna O3 k ucxogHomy N-Au3dA moxHo
NPeACTABMTEL CXeMOil:

is determined by the structure and nature of the amid,
temperature of the reaction staging, polarity of the
medium and extent of oxyethylation [12]. By varying
the parameters of the reaction one can obtain etoxy-
lates of amides, which differ not only in the length of
the chain (i.e. molecular mass), but also in the molecu-
lar-mass distribution of oligomer-homologues within
their composition.

The research, staged earlier at the Department of
Cryoprotectant of the Institute for Problems of Cryo-
biology and Cryomedicine of the National Academy
of Sciences, demonstrated the dependence of the eryo-
protective activity of the polymer (PEO-400, N-AcEA
etoxylate) on the molecular-mass distribution in the
sample and the expediency of stabilizing its composi-
tion for obtaining the optimum yield of cryoprotection
of cell suspensions [8].

With the aim of determining the reaction parameters
of synthesis of the N-AcEA etoxylate with the maximum
yield of low molecular polymer homologues (n=3 and
n = 4) the authors investigated kinetic parameters of the
reaction of interaction of AcEA with EO.

In accordance with the data on the mechanism of
the oxyethylation reaction [13], the process of succes-
sive adjunction of EO to the original AcEA may be
represented as follows:

O o
| K, |
CH,— € — N — CH,CH,OH + H,C — CH, ~ CHy;— € — N — (CH,CH,0),H
|
| N/ |
H o H
o) 0
| X |
CH,— C— N— (CH,CH,0),H +H,C — CH, ——— CH,— C— N — (CH,CH,0),H
| N i |
H o H
o
| i |
CH,— C — N — (CH,CH,0);H + H,€ — CH, ——— CH,— C — N — (CH,CH,0) H

| N _/
o

H

Peaxinio N-ALDA MpoBoiUTH B aBTOKIABE EMKOCTBIO
0,1 1 no meronuke [6]. [Ipo6u orbupanyu uepes kax-
awie 10 muu. O6 oKOHYAHWM peakUHH CYAMJIH TI0
NnajgeHHw JAaBJEHHMA B aBTOKNABE A0 MCXO0AHOIO
(1-2 aT™).

[Monyuennnle npobei, copepxawmune aaykre QI
N-Au3JA, aHamM3MPOBAIH HA FA30KHAKOCTHOM XpoMa-
torpade JIXM-80 ¢ nnameHHO-HOHHIAUMOHHBIM JI€-
TekTopoM. [lpu cobmionenun yenosuit paspaboranHo-

Mpobaesms: kprobuonormy, 2000, Ne 4

|

H

The reaction of N-AcEA was staged in the auto-
clave with the volume of 0.1 | as described elsewhere
[6]. The samples were taken every 10 min. Termina-
tion of the reaction was verified by the pressure drop
in the autoclave down to the original level (1-2 atm).

The collected samples, containing the adducts of
EO with N-AcEA, were analyzed with a LXM-80
gas-liquid chromatograph with a flame-ionizing detec-
tor. Providing the conditions of the developed method
of analysis were observed, which was described else-
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ro MeToja aHanu3a, onucarHoro B [11], xpomatorpam-
Ma IPEACTABIEHA B BHAE YETKO PA3IENICHHBIX CHMMET-
PHYHBIX [MHKOB, COOTBETCTBYIOUIHX TPHMETHJICHIIMIb-
HBIM 3UpaM aJTYKTOB 3TOKCHJIATA.

Koaugecrsennwil ananmu3a xXpoMartorpadHyecKux
MMMKOB MMPOBOIHJICA 1O METOLY BHYTPEHHEH HOPMAaJH-
saumu [3]. Oxcua 3THiieHa, OCTaTOYHBIE KOJIHYECTBa
KOTOPOro B BMAE He BCTYIHBIIETO B PEaKI[HI0 BelecT-
Ba JI0JUKHE HAXOAMTHCA B JanHOl npobe, ucnapsica
B NpPOLECCe e¢ MCCIeI0BAHWUA KAaK CHIBHOJIETYYee Be-
mectBo (L, = 10,7 °C). ITosromy macca xpomarorpa-
(huyeckoro seuiectsa (%) He COOTBETCTBYET pealbHOMN
Macce:

Lyp=ny+ng+..+n;+ 13T + TIT + Terpa,
Zyp=nytny+..+n+ 12T + TII + terpa + 09,

rge ﬂ1 ﬂl,- = OKCHOTH/IHPDOBAHHEE MMOJTHMEDIOMOJIOH
¢ i-M 4YHCJIOM OKCH3THABHHIX 3Benses;, [3I, T3II,
TETpa — JAH-, TPH-, TETPAdTHJIEHIJIMKOAb COOTBETCT-
BeHHO, %.

Toraa maccy xpomarorpaduyeckoro obpasua (r)
MOXHO paccyMTaTh no gopMmyne

Lp =

B-100%
ny = ng(Myy/Myp) + (M /M) = .. n{ My /M)

rae B — Koau4ecTBOo McxogHoro amuaa; M, .. M, —
MOJIEKYJISIPHBIE MACChl NOJHMepProMosioros, r. Peans-
HAsd Macca KAWJIOro KOMIOHeHTa cMecH () pacCyMThI-

Baerca 1o dgopmy.e

e

Mn,
My =T100% “x0-

E}'HHHPHEIH Macca KOMIIOHEHTOB CMeCH
Mcl]= HIXI+MHEX2+"‘+MMXI+
-i‘-Mﬂ JI'.'I +Mr2}i'.'2+ ,,.+Mﬂ-xf1

rae M,; — MoJjekynapHas Macca NMoJIMMEProMoJIOroB
¢ i-M YHCJOM OKCHITHJIBHEIX Trpynn; X — macca xpo-
martorpaduueckoro obpasiia, r; M,; — MoseKyiapHas
macca [19T.

B ocroBse pacdera MCIONB3OBAHO NPEANONOKEHHE
0 PaBEHCTBE CKOPOCTeH Mocaef0BaTeNbHO-Mapanieib-
HBIX PeakilMii npolecca OKCHITHIMPOBaHUA N-AuIJA,
HauuHaA co BTOpoit (Ky>>K;#Ky=K3=..=K;). B
ITOM CJIy4Yae YpaBHEHME pacyera cOCTaBa IOJHMEpPro-
MOJIOrOB MMEeT BH, NpeACcTaBAeHHk B [4].

[To sxcnepuMeHTAIBHAIM AaHHBIM OJIYHEHb! 3aBH-
CHMOCTH H3AMEHEHHA KDHR’EHTP&HHH HUJ]HHEPI'{]MME‘

roB N-AudA u [13T (B MoJBHBIX J0/18X) BO BPEMEHH
npu Temnepatype 90-120°C (rabu. 1). Taxum obpa-
30M, JAHHBIC KHHETHYECKHX IJKCNEePHMEHTOB mpei-
cTaBnsAoT coboit HAbOp KOHIEHTPAUMH KOMIOHEHTOB
pearupymoueil cMCTeMbl B MOJIBHBIX JOJAX NPH pas-
JIMYHBIX 3HAYEHHAX BpeMeHH (PHCYHOK).

B tabn. | npuBeseHnl 3HAYEHMS KOHIEHTpaLuii
KOMMOHEHTOB B 3TokcHnatax N-AnJA, nomyyeHHBIX

[Ipobnemer kpuobuonorum, 2000, No 4

where [11], the chromatogram is represented in the
form of clearly cut symmetrical peaks, corresponding
to trimethyl silyl ethers of the etoxylate adducts.

Quantitative analysis of chromatographic peaks
was done with the method of inner normalization [3).
Ethylene oxide, the residual amounts of which in the
form on the non-reacted substance should be present
in the given sample, evaporated during the research,
being a strongly volatile substance (¢, =10.7 °C).
That is why the mass of the chromatographic sub-
stance does not correspond to the real mass:

Zp=ny+ny+..+n+DEG + TEG + tetra,

C

Ly=ny+ny+..+n,+DEG+ TEG + tetra + EQ,

where n, ..n; are the oxyethylated polymer homo-
logues with an i number of the oxyethyl links; DEG,
TEG, tetra are di-, tri-, tetraethylene glycol, respec-
tively, %.

Then the mass of the chromatographic sample (g)
may be calculated with the formula

Lep =

B-100%
ny = oMy /M) + na(My /My3) — .. ndMp /M)

where B is the amount of the original amid,
M, ... M,; are the molecular masses of polymer homo-
logues, g. The real mass of every component of the
mixture (g) is calculated with a formula

s’
Mﬂm"—" 100% E'El'l :

—
—

Summary mass of the component of the mixture is
Mﬂ\'ﬂ =Mﬂ_‘; .X1 +Mﬂ2x2+ b +Mm-xl-+
+M X+ My Xo+ ..+ M; X,

where M,; is a molecular mass of polymer homologues
with the i number of oxyethyl groups; X is a mass of
the chromatographic sample, g; M, is a molecular mass
of PEG.

The calculation is based on the assumption of the
equality of the rates of successive-parallel responses of
the process of oxyethylation of AcEA, starting from
the second one (Ky>> K, #K;=K3=..=K;). In this
case the equation for calculating the compositions of
polymer homologues is of the form, described else-
where [4].

The experimental data obtained permitted to de-
termine the time-course dependencies of changes in
the concentrations of polymer homologues of AcEA
and PEG (in molar shares) at the temperature of
90-120°C (Table 1). Thus, the data of the kinetic
experiments represent a set of concentrations of the
components of the reacting system in molar shares at
different periods of time (Figure).

When analyzing the results of synthesis of OE
NcAE, performed at 90 °C in the presence of a CON
catalyst with a molar ratio of OE:amid of 4:1, it should
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Tadbamna 1 Table 1
3aBMCHMOCTL MOJIEKYAAPHO-MACCOBOrO pacnpefefienMa MOAMMEProMoaoroR B sTokcuaatax N-AudA ot ycaosuh
CHHTE3a
Dependence of the molecular mass distribution of polymer homologues in AcEA etoxylates on the conditions of
synthesis
VeaoBHA CHHTEL .C(L’lfll;!;ﬂﬂ He HII'I_H;I::}_H-EHT“CI_B-{ n, };.DEJ H—huﬁﬂ-i-: flﬁf}}l ML
Conditions of synthesis Content of components (n,), molar share of EO N-AcEA (PEQ)
" B & : S ~1 ey S5 | 1|
Karanwsarop | ammp:03 | Temnepatypa, °C | Bpess, wn | ) ' ’ ‘ s | g ; "
Catatyst Ratioof | Temperature, °C | Time, min | | g .
anid £0 | : | T
90 100 | 0,1(0,04) |0,11(0,04)]0,15(0,04)| 0,14(—) | 0,06(—) | |
. -4 100 : 70 0,08 (0,03) | 0,12 (0,03) 0,14 (0,05) | 0,16 (0,05) | 0,08 (—) . ;
’ 110 60 0,07 (0,04) | 0,15(0,05) | 0,15(0,04) | 0,08(—) | 0,05(—) | |
120 50 |0,07(0,14),0,09(0,14) | 0,09(0,14) | 0.06(—) | 0,02(—) | | -
90 120 | 0,28(0,1) | 0,37 (0,09) | 0,24 (0,06) 0,12 (0,12) | 0,02 (0,02) i
KO 1:4 100 70 0,18 (0,03) | 0,4(0,07)  036(—) | 0,12(—=) | 0,01 (—) |
R 110 40 0,15(0,06)| 02(—) | 032(—) | 02(— | 0,15(—)
= ' 16 50 180 0,12 (0,1) ﬂ,ﬂﬂl[ﬂ.ﬂi]lﬂ,ﬂﬂm.ﬂﬁ]. 0,08 (—) ?D,liiﬂ,ﬂﬁ}!ﬂ.lﬁiﬂ.ﬂ?} 0,12(0,07)
. - 100 90 L 007(—)  013(—) | 017({—) | 017 (—) |0112Il],1.3_]. 0,1(0,14) [ 0,12 (0,09)

TIPH Pa3NTHYHBIX COOTHOWEHUAX ero ¢ O B HHTEpBANE
90-120 °C.

[Ipoananuanposae pesynbrarhl cuuTesa O N-AudA,
nposeaeHHoro npi 90 °C B npUCYTCTBHH KaTaM3aTO-
pa KOH ¢ monpueiM cootHomennem OJ:amuaa 4:1,
CJIeLyeT OTMETHTB, YTO NMPH JaHHLIX YC/IOBHAX B Teve-
Hue 120 muu Habsamogaercs yBesMuYeHHE COAEpPKAHHA
NOJMMEPrOMOZIOTOB CO CTENMCHBID TOJHMEPH3aLNH
n=2 no 0,2839, n=3 — no 037 u n=4 — no
0,24 momsHux fgoneii. OTmeueno obpasoBaHne MOJH-
MEDPIOMOJIOTDB CO CTENEHBED NOJHMEPH3AIIHH 1 = 5 H
n =6, HO comepXaHHe WX HE3HAYHUTENBHO,

[Ipu nposemgesuu peakuuu npu 100°C maxcw-
MajibHOE cofepkaHHe TOJHMEProMoJIoToOE n=3 H
n=4 gocturaerca 4epea 70 MHH OT HaYasa peakliuu M
cocraBaser 0,39 u 0,36 mMonbHBIX AONEH COOTBETCT-
peHHO. Cneayer OTMETHTh YMEHbIICHHE COAEPKAHMA
B PeakUHMOHHOH CMECH NOJHMEProMOJIOIOB CO CTele-
HbIO TIonuMepuaauuu n=2, 5, 6. Jlansueiimee ysenn-
yeHue Temnepatypul peakiuu g0 110°C npusomut x
obpasosanuio 8 nosmmepromonoros 03 N-AudA.
Copepxasue OCHOBHBIX KOMMOHEHTOB ¢ n=23,4 (06-
NaJaoIlHX MAKCHMAIbHOW KPHO3AalIHTHOH aKTHBHOC-
TBIO) 3HAYHTENBHO YMEHBIIAETC S,

[Ipn cootHomenun O3 u N-AudA 4:1 B ananaso-
He Temuepatyp 90-120 °C uccnenosan Monekyaspuo-
MacCCOBRHIH COCTAB ITOKCHJIATA, CHHTeanpopantoro Hea
KaTtanuaatopa. Kak ciexyer M3 npusesenHux B Tabn. 1
HAHHBIX, OTCYTCTBHE KaTANMM3aTOPa 3HAYMTENLHO CKa-
3BIBAETCA HA COCTaBe KOHeuYHoro npoaykra npu 90 °C:
YMCHBIIEHA JOJIA KOMIIOHCHTOBC R = 3, 4 M YBEJIHYCHA
nons noanMepromonoros ¢ n =5, 6. Takoi xe xapak-
Tep TeYeHHs peakuuu HabniogaeTcs NMpH TEMNEpPaType
100°C. Ilpu 110-130°C ocHOBHBIX KOMMOHEHTOB C
n=3,4 CTAaHOBHTCA e€lle MEHbIIE M HE NpeBblllaeT
0,10-0,15 moabubix noneii. Cogepxanue CONyTCTBYIO-
MIHX NOJAMMEProMoaoros n =23, 6, 7 aHa4YnTeIbHO BO3-
pactaet. Tak, 10158 NONMMEProMO/I0TOB C N1 =5 CTaHO-
BUTCH CPABHHMOMN ¢ OCHOBHBIMH, a [TPH TeMIepaTypax
100 u 130°C gaxe mpeBLILAET HX.

Ilpobnemu kpuobuonoruu, 2000, Ne 4

be noted that under the given conditions there is
observed an increase in the content of polymer homo-
logues with the extent of polymerization of n=2 up
to 0.2839, of n=3 — up to 0.37, and of n=4 — up to
0.24 molar shares. Formation of polymer homologues
with the extent of polymerization of n=5 and n=6
was reported, though their content was insignificant.

When the reaction is staged at 100 °C, the maxi-
mum content of polymer homologues of n=3 and
n =4 is achieved in 70 min from the start of the reac-

ﬂ.‘- =

MonkHbie QONK
Molar shares

HaMeHenne MOJBHBIX A00eH NOJAMMEPTOMONOMB BO BPEMEHH NPW
100 °C 8 npucyTcTaMy KatanMaatopd, cootHomensn OFammaa 4:1
ann 09 N-Au3A; 1-6 — KOMNOHENTH CMECH.

The time-course change of molar shares of polymer homologues at

100 °C in presence of catalyst, with ratio of ethylen:amid of 4:1 for
EO N-AcEA: 1-6 — mixture components.
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CpaBHeHHeM COCTABOB ITOKCHJATOB, MOMY4YeHHLIX
NpH OIHHAKOBOM MOJIbHOM COOTHOUIEHHH PEarcHTOB
M TMPOBEIEHUH PEaKIHM B OJIHOM M TOM JKE TeMmrepa-
TYPHOM MHTEpBaje, YCTaHOBJIEHO, YTO B MPHCYTCTBHH
KATAIM3ATOPa 3HAYUTENBHO YBEIHYHBAKTCA CKOPOCTD
peakilMH, BLIXOX LeJeBOro KOMIIOHEHTa, AOCTHras
MakcHManeHoro 3HageHusa (0,4 M) A8 Kamaoro
KoMnoHeHTa. OQHAKO B NPUCYTCTBMH KaTalM3aTopa
NOBbIIEHHEM TemnepaTtypsl Habmomaerca OvICTpBII
pocT KoMnoHenTa ¢ n = 6. CnegosaresbHo, NOBLILIATE
remnepatypy Buiuie 100 °C npu nposeneHHH peakuuH
HelesecoobpasHo.

Jlns BHSACHEHMS BIMAHHMSA MCXOOHBIX PEareHTOB Ha
COCTAB 3TOKCHJIATA MCCAEI0BaHo cooTHOWeHHe O:amu-
na 6:1 npu remneparypax 90 u 100 °C 6Gea xaranusa-
topa. [Ipu aHanu3e MoNeKyAAPHO-MACCOBOrO COCTaBa
ITOKCHIATA OOHADYKEHO YBE/JIMYEHME YHCJA [IOJH-
MEProMOoJIOroB 10 9 Mo CpaBHEHMIO C 3TOKCHJIATOM,
KOrfa cooTHoweHue pearentoB bwuio 4:1. Ilpu coot-
HomweHHH 6:1 MosbHAA A0NMA KOMNOHEHTOB ¢ n=3, 4
coctasaseT He bonee 0,08-0,10, peako BoapacTaer co-
fepaHHe TOMOJIOTOB € 1= 5—1, NOABIATCA FOMOJIOTH
cn=9, 10, 11, [loBsimenne TeMnepaTypsl IPHBOAUT
K 3HAYHUTEJILHOMY YBEJIHYEHHIO JOJH BEICOKOMOJIEKY-
NAPHEIX KOMIMOHEHTOB B aToKcHaarte (Tabm. 1).

Takum 0bpa3oM, cpaBHEHHE MOJEKYJIAPHO-MAacco-
BOTO pacipefeneHusa STOKCHIATOB MPH Pa3HOM MOJb-
HOM cooTHomeHHH OF:amuna 6:1, 4:1 nokasusaeT, 4TO
c yBenudeHwem cofnepxanua 03 B peakiiMOHHON
CMECH YMEHBLIAETCA COAEPAKAHHE LIEJIEBRIX KOMIIOHEH-
TOB C OJAHOBDEMEHHBIM VBE/JWYEHHEM COACpHaHHA
NOJMMEPTOMOJIOIOB C AJIMHHBIMH LUenamu (n > 7).

[naBHEIMM NOGOYHLIMM NTPOAYKTAMH IPH CHHTE3e
03 amugoB asnawotrca nomuatHaenraukoan (I1371),
obpasyoinnecs NMpH ero NoJHMEPH3ALHH.

Conepxanue 13T onpeaensanu Takke METOAOM Ia-
0OKMAKOCTHOH xpomartorpacdun. [lomuaTuneHrmMko-
M npeacrasnAawT coboit npocTedmuil THIT ANYKTOB,
MOSTOMY MOMHO OXHIATb, YTO HMX pacnpeiesieHHe
byaer ocHoBaHo Ha cdopmyne ITyaccona [8].

Ilo akcnepHMeHTANBHBIM IaHHBIM OBUIM NOMYYeHb
3aBHCHMOCTH HM3MeHeHMA MoabHHIX osteid [191 npw
temnepatrypax 90-130 °C, moarnoM cooTHOWeHHH 4:1
(B npucyTcTBMHM Katanusatopa), 6:1, 4:1 (6e3 katanu-
aaTopa), ananornyasie g 00 aMMI0B, NPHBEIEHHBIX
Ha PHCYHKe.

Kak caexyer ua tabn. 1, npu 90 °C u monasHOM
cooTHomeHuH O:N-AudA 4:1 B npucyTcTBHM KaTa-
nusatopa obpasylorcs 5 noanmepromonoros [19T,
CyMMapHas MOJIbHAfA A0JA KOTOpwiX coctasager 0,39.

ITpu 100 °C obpasytorea 2 noaumepromonora [19T
¢ n=1,2, cogepxaHMe HX CMeCH COCTAaBJAeT
0,10 monbubx goneit, npu 110 °C — oaux nonumep-
roMoJsior ¢ n =2, MoapHas joss xoroporo 0,06,

Ilpu monsHoM cootHowenuu OI:amupa 6:1 Ges
Karanusaropa npu 90 °C obpasyworca 8 nonuMepro-
mostoros I121 ¢ conepxannem B cymme (0,39 mosbHbIX
nonei. IIpu noswimenun temnepatyps go 100 °C o6-
pasywrcs 10 noammepromonoros [13T ¢ copepxanu-

[Ipobnemer kpuobuonorim, 2000, Ne 4

tion, and comprises 0.39 and 0.36 molar shares, respec-
tively. Here a reduction of the content of polymer
homologues with the extent of polymerization of
n=2, 5, 6 in the reactive mixture should be men-
tioned. Further rise in the reaction temperature up to
110 °C results in the formation of 8 polymer homo-
logues of EO NcEA. The content of the basic compo-
nents with n = 3-4 (which possess maximum cryopro-
tective activity) is significantly reduced.

The authors studied the molar-mass composition
of etoxylate, synthesized without a catalyst, when the
ratio of EO to N-AcEA was 4:1 in the temperature
range of 90-120 °C. It follows from the data in Table 1
that the absence of a catalyst significantly affects the
composition of the finite product at 90 °C — the por-
tion of the components with n=3, 4 is reduced, and
the portion of polymer homologues with n=35,6 is
increased. The reaction occurs similarly at 100 °C. At
110-130 °C the amount of the basic components with
n=3,4 is further reduced and does not exceed
0.10-0.15 molar shares. The content of the accompa-
nying polymer homologues with n=35, 6, 7 increases
significantly. For example, the portion of the polymer
homologue with n=5 becomes comparable with the
basic features, and at the temperatures of 100 and
130 °C even exceeds it.

A comparative analysis of etoxylates, obtained
under similar molar ratio of the reagents and when
staging a reaction within one and the same tempera-
ture range, shows that in the presence of the catalyst
the reaction is significantly accelerated, the yield of
the finite component reaches the maximum value
(0.4 m.s.) for every component. However, in the pre-
sence of the catalyst the amount of the component
with n> 6 grows quickly with a rise in temperature.
Hence, it is not expedient to rise the temperature
above 100 °C when staging the reaction.

To reveal the influence of the original reagents on
the etoxylate composition the authors investigated
the ratio of EO to amid of 6:1 at the temperatures of
90 and 100 °C without a catalyst. The analysis of the
molecular-mass composition of etoxylate demon-
strated an increase in the amount of polymer homo-
logues up to 9 as compared with etoxylate, when the
ratio of the reagents was 4:1. And when the ratio was
6:1 the molar share of the components with n=3, 4 is
not more than 0.08-0.10, the number of homologues
with n=5-7 sharply increases, and the homologues
with 7 =9-11 appear. A rise in the temperature results
in the considerable increase in the share of the highly
molecular components in etoxylate (Table 1).

Thus, a comparison of the molecular-mass distri-
bution of etoxylates during different molar ratios of
EO to amid of the values of 6:1, 4:1, demonstrates that
an increase in the EO content in the reactive mixture
reduces the content of the finite components, simul-
taneously increasing the content of polymer homo-
logues with long chains (n>7).

Problems of cryobiology, 2000, Ne 4



eM meree 0,40 mormsaEX noselt. MakcuManbHoe KoK-
YeCTBO MX MPUXOAMTCA Ha TOMOJIOT ¢ 1 =7, ero cojep-
#anme coorsercTByeT 0,14 MonbHEIM JossaM,

Taxum o6pa3zoM, ¢ NOBLIMIEHHEM TEMIIEPATYPHI 11PH
MOAbHOM cooTHomenHn OD:amuua 6:1 obpasverca
BGonbmee komudectso [13T B koHeunom npomykre —
03 N-Au3dA.

W3 papamx tabna. 1 BHAHO, 4TO ¢ MOJBHBIM COOT-
Homennem OD:amuaa 4:1 B peakumonHoit cMecH Gea
KaTanu3aTopa npM nposefeHuu peakuun npu 90 °C
obpasywores 3 nomumepromosnora [131, npu atom co-
nepxanue [131 cocrasisaer 0,12 MmonsHBIX A0sEH, NpH
100-110°C wux copepxanMe yBeluuMBaeTcsd /10
0,14-0,42.

Ha ocHOBaHMM NONAY4EHHBIX MaHHBIX MOXKHO Che-
JaTh BRIBOM, YTO HauMeHbmee koawdectso [1II co-
JEPKHTCA B MPOLYKTE, NOIYYEHHOM [1PH OKCHITHJIH-
poBaiuH N-AudA B MOJIBHOM COOTHOMIEHWH
O3:amuna 4:1 B NPUCYTCTBMH KaTAIM3aTOPA M TEMMe-
parype peakunn 100, 110 °C (taba. 2).

Tabannoa 2

dasucumocTs copepmamma [I91' 8 09 N-An2PA or yeaoswii emaTesa
Dependence of PEG content in EQ Nc-EA on conditions of synthesis

The major side products during synthesis of the
amid EO are polyethylene glycols (PEG), which are
formed during its polymerization.

The content of PEG was also determined with a
method of a gas-liquid chromatography. Polyethylene
glycols are the simplest type of adducts, hence their
distribution may be expected to be based on the for-
mula of Poissons [8].

The experimental data obtained were used for plot-
ting the dependencies of changes in molar shares of
PEGs at the temperatures of 90-130 °C, molar ratio
of 4:1 (in the presence of a catalyst), 6:1, 4:1 (without
a catalyst), which were similar to the amid EO, shown
in the Figure.

It follows from Table 1 that at 90~symbol P roman
C and molar ratio of EO to N-AcEA of 4:1 in the
presence of a catalyst 5 polymer homologues of PEG
are formed, the summary molar share of which is 0.39.

At 100°C 2 polymer homologues of PEG are
formed with n=1, 2, their content in the mixture is

0.10 molar shares, and at 110°C —
Table 2 { polymer homologue with n=2, the
molar share of which is 0.06.

When the molar ratio of EO to

amid is 6:1 without a catalyst and at

j Kouuenrpanms | Monenoe F e— t]'lE mmpﬂmtum ﬂ'f gﬂ “C B pﬂl}'mer
Tesneparypa, °C | Karamusarop| '3T2M32T0pa, coOTHOMCHKE | ﬂ};mﬂ III'"-]I‘ homologues of PEG are formed, and
Temperature, °C |  Catalyst L:::;;ﬂ Mﬁ:ﬁ;’:;ﬁ:ﬂf Summary  their summary content equals 0.39 mo-
| conce stk e | ita shareof PEG lar shares. When the temperature is
o5 | — — | N TR (T risen up to 100 °C, 10 polymer homo-
100 — _ | 01308 | 040 logues of PEG are formed with the
90 KOH 0,008 | 01305 | 0729 content of less than 0.40 molar shares.
100 | KOH 0,008 0,13:054 | 010 Their maximum amount falls onto the
lgjhﬂ EE]_H ' ﬂﬂm g‘igfg'g: " g‘?g homologue with n=7, and its content
100 — | - | 0,13:0.54 0.16 corresponds to 0.14 molar shares.
110 - — | 013054 | 013 Thus, a rise in the temperature
120 = - 0,13:0,54 | 0,42 when the molar ratio of EO to amid is
130 -— — 0,13:0,54 0,24

Takum oOpazoM, WHcCleloBaHHE MOJNEKYIAPHO-
MaccoBoro cocrtasa atoxkcuaatos N-Au3dA nmokasano,
YTO MX MOJIEKYJIAPHO-MACCOBOE pacripelie/ieHle B 3Ha-
YHTeLHOH Mepe OnpejessieTcs YCJIOBHAMH IIpoBene-
HHA PeaKlUMH OKCHITHIMPOBAHHAL.

B npucyTcTBMH KaTanu3aTopa yBEJIHYHBAETCA CKO-
pOCTh Mpoliecca, Mpu 3ToM MeHbuie obpasyercs T19T
KaK mpumeceii. [loBbllieHHe MOJIBHOTO COOTHOIIEHHA
O9:amuaa 4:1 1o 6:1 NpHBOANUT K 3HAYHTENBHOMY YBeE-
JTHYEHHIO KOMHYecTBa noiaumMepromonoros 02 N-AndA
B KOHEYHOM NPOAVKTE, a TAKXKE NOBLIIEHHIO COlep-
wauusa [19T. Usyyenne nobounoii peakunn obpasosa-
uus [13T noxasano, yro Koauyectso obpasymoimuxcs
II2] Taxxke 3aBMCHT OT CTENEHH OKCHITH/IMPOBAHHA,
Temnepatypa npouecca OKCH3THIMPOBAHHSA OKa3hiBa-
er pMaAHMe Ha obpazosanme I3 c ymenmueHunem
Temnepatypsl koauuectso 13T sospacraer. Tlokasa-
HO, 4TO MMHMMAJTBHOE KOJHYECTBO NOJHITHICHOKCH-
na obpasyetca npu cooTHomwenuu OJ:amuaa 4:1, Tem-
nepatype 100-110 °C, spemenn peaxumu 50-140 mun
B npucytcTBuH Katamuaatopa KOH (0,008 moneit).

[Npobaemn xpuobuonormu, 2000, Ne 4 20

6:1 results in the formation of a larger
amount of PEG in the finite product — EO-NcEA.

It follows from Table 1 that when the molar ratio
of EO to amid is 4:1 in the reactive mixture without
a catalyst 3 polymer homologues of PEG are formed
during the reaction at 90 °C, and the content of PEG
is 0.12 molar shares: at 100-110 °C their content in-
creases up to 0.14-0.42.

On the basis of the data obtained it may be con-
cluded that the lowest amount of PEG is contained
in the product, obtained during oxyethylation of
N-AcEA with a molar ratio of EO:amid of 4:1 in the
presence of a catalyst and the temperature of the
reaction of 100, 110°C (Table 2).

Thus, a study of the molecular-mass composition
of the N-AcEA etoxylates showed that their molecu-
lar-mass distribution is greatly dependent on the con-
ditions of staging the oxyethylation reaction.

In the presence of a catalyst the rate of the process
occurrence is accelerated significantly, and the
amount of the PEGs formed as adducts is reduced. A
rise in the molar ratio of the EQ:amid of 4:1 up to 6:1
results in a considerable increase in the amount of
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Taxkum 0OpasoM, ONTHMAILHBIMH YCJIOBHAMH NO-
nydenus nenesoro npoaykra O3 N-AudA co crene-
HbI0 MOJIMMEPH3AIIHH n = 3, 4 ABJIAIOTCA: TEMIIEpATYpa
100 °C, Bpemsa peakiud 70 MHH, MOJIbHOE COOTHOLIE-
Hue Oamuaa 4:1 B UPHCYTCTBHH  KaTanMmiatopa
KOH B xonugectse 0,008 moneit.
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polymer homologues of the EO N-AcEA in the finite
product, as well as in a rise in the PEG content. A
study of the side reaction of the PEG formation de-
monstrated that the number of the PEGs being

formed is also dependent on the extent of oxyethyla-
tion. The temperature of the oxyethylation process

affects formation of PEG — a rise in the temperature
is accompanied by an increase in the number of PEGs.
It was shown that the minimum amount of polyeth-
ylene oxide is formed with the ratio of EO:amid of 4:1,
the temperature of 100-110°C, duration of the reac-
tion of 50-140 min in the presence of a KOH catalyst
(0.008 moles).

Thus, the optimum conditions for obtaining the
finite product of EO N-AcEA with the extent of po-
lymerization of mn=3,4 are: the temperature of
100 °C, duration of the reaction of 70 min, molar ratio
of EO to amid of 4:1 in the presence of a KOH catalyst
in the amount of 0.008 moles.
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Some Aspects of Osmotic Reaction of Cells.
IV. Influence of Cell Concentration (Cytocrit)
on the Cell Osmotic Response

[gor I. KATKOV
Semen and Embryo Preservation Laboratory of Universal Preservation Technologies, Inc.

HexoTopsi€ acCneKThl OCMOTHYECKOH PEaKIIHH KIETOK.
IV. BiMaHHe KOHINEHTPAIMH KIeTOK (IIHTOKPpHTA)
HA OTBETHYIO OCMOTHYECKYIO PEAKIIHIO

h. H. KATKOB
Jlabopamopua coXxpaHeHUAa cnepmbl U SIMOpUOHOS, JHUBSPCANLHLIE MEeXHON02UL coxpaneHun, HHK,

Cell concentration C (number of cells/ml) as well as eytocrit a (fraction of volume occupied by cells) are important characteristics
in many Cryobilogical protocols. Traditionally in membrane permeability modeling, the cells are considered as single entities [1, 2}
From this point of view, the amount of extracellular water W= as well as concentration (osmolality) of the solutes in extracellular
space Mu where i=1,2, ., N the number of the i-th solute in an N-solute system, are considered to be constant. However, if a is
not << 1 movement of water and the solutes to/from extracellular space cannot be ignored, and W*, M'"" and a become functions
of time. Measuring a (e.g., with the use of a micro-hematocrit centrifuge) and parameters related to it, such as conductivity or light
reflection of the suspension, can be useful tools for estimation of kinetic of water and solute movement in case of suspendial cells
[3). In this work, we consider the influence of cytocrit on the pattern of the cell esmotic response.

Koayegrpamun ietor C (xomdecTso KIeTor /M), PARHO KK W HTORpHT a (dparkuma offbeMa, 3aHuMa eMan KISTRAMN) REAAKTCA
BAMCHBIMM XdPaKTEPHCTHKAMM LA MHOMMX KpHOOHONOrecknx npoToroaos. OOBNHD NpH MOZeTMpOBaHHMH TPOHMIEEMOCTH MeMOpans
KAETEM PACCMaTPHMBANITCA KaK oTaensase emummusi (1, 2] C atoft Touxs apeHma xoumvecTso BEeKTeToMHOM Bogs W™, Tak e xax u
KOHUEHTPaUMA (OCMOIAPHOCTS) PECTROPEHELY BEILECTS BO BHEKACTOYHOM IPOCTPARCTEE M:.'”, rnei=1,2 ., N — somep i-ro pacTsopa
B cucTeme #3 N pacrsopoR, CUMTAIOTCA NOCTOAHHLIMK BenrodHamy. OmHaxo, ec/M @ He MHOro MeHbine 1, XRMEeHHe BOML M PacTeo-
PEHHBIX BEINECTB B,/M3 BHEKNETOMHONO NPOCTPAHCTBA HENb3A WIHOPHPOBATH, M W', Mf‘ M @ CTAHOBATCA (QYHKIMAMM BDPEMEHIL
Brroyenemme a 1 COOTBETCTBYIOUIMX MAPaMETROR, TAKMX KAK MPOBOIMMOCTE WM CRETOBOE OTPAMEHME CYCMeHamMy, Momer OurTh
MNOMe3IHbIM [LIA ONpeNefeHHA KMHeTHRM BOIR M JRMONEHMS PACTBOPEHHOM BEIECTBA B CAYY&AEe C CYCIeHIMPOBAHHBIMKM KneTkamu [3]
B aroii paboTe Mbi paccMaTpMBaeM BIMAHME UMTOKDHMTE KAK NPHMMEpP DCMOTMYECKOA OTBETHON PEeaKlMM KIETOK

Kormenrpamia enitie C (RINMLKICTS ®IITHE/MA), TAK CAMO AX | UMTORPKUT a (pparmia ob'emy, ARY 2a/AMAI0TL RIITHHM) € BAXNUIHBHMH
XapakTepucTHRaMM ana GaraTeox KpiobionoriHMx DpOTOKOJIE. SBHMYAITHO NP MOJSMOBAHE TPOHMEHOCT! MeMOpani KIiTHEM DOAras-
AANOTHCR AK OKpeMi omuEm [1, 2] 3 uiel TouKK 30pY KiABKICTD BHERTITHHEO! Bomyu W', AX i ROHIEHTPALIA (OCMOMAPHICTD) POTYHHERHX
PEUORME Y NO3AKTITHHHOMY rrpucmpiﬁl’?‘,ngt'z 1,2, .., N — HOMep {-ro pO3uMHY B cHCTeMI i3 N poavmin, BRAMAIOTHCR NOCTiAHMMM
pemromami. [Ipore, axuo a pe maBaraTo Memne 1, pyx BOOM | pOSYMHEHMX PeYOBMHE B/i3 NOSAKAITHMHHOMO HpPOCTOPY HE MOMHA
irmopymaTtn, i W, J'l!l‘“ 1 @ cTawTs yHxuiamy gacy. ObmicneRHA a | BUINOBLIHMX nap.aue'rpm, TAKMX AK NpoBLIHMCTR abo ceiTnoBe
migbuTTA cycnenail, llmue OyTH KOpPHMCHEMM TR BM3IHAYEHHA KiHETHKM BOOH | PYXY POIYMHEHO] PEYORMEM ¥ BMITANKY 3 CYCNEHA0BAHNMH
rmitiaamu [3] ¥ oifi pobori Mbl pOArIAgAEMO BILTME OMTOKDPMTY AK NPUKIAJ] OCMOTHMHO! BUONOBLIHOT Peariti RMTHH.

A relativistic permeability theory

Recently [1-5], we have proposed a new approach
for membrane permeability modeling which allows to
substantially better understand the pattern of cell
osmotic response, and to improve simplicity of basic
calculations that now are not required costly and time
consuming software simulations. This approach, which
we call “relativistic”, is based on several postulates,
namely:

time, isotonic water volume, and iso-concentration.
From this point of view, not the absolute values of cell
membrane permeabilities, but their relative (to water)
permeability terms (C,,; = P; /L, RT) matter for cha-
racterization of the patmrn c:uf nsmntn: response.

IV. An impermeable component is considered as a
solute which relative permeability is negligibly small
comparing with the permeabilities of other solutes and
water; so the intracellular amount of this solute re-

I. There is no interaction between solutes and sol-
vent during passage through the cell membrane unless
otherwise is proved by direct Physical measurements.

IL. If N solutes are present in the system, they all
are considered as permeable with permeability P,
(i=1,2,..,N), and N+ 1 osmotic equations of water
and solute movements are considered.

III. The osmotic equations are usually considered

as normalized (relative) to the isotonic characteristic

Ipobaems: kpuobuonoruu, 2000, Ne 4

mains practically constant during the time of the ex-
periment.

From these assumptions, we have obtained impor-
tant results that can be summarized as follows:

1. In general, the pattern of osmotic response of a
N-solute system consists of N+ 1 phases, and N points
of local maximum volume excursions (MVE) are pre-
sent. However, depending on the initial, final condi-

tions, and C,;, it can be less points of maximums and
minimums or none of them.
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2. The basic relationship between the cell water
volume W and the amounts of intracellular solutes
N, is found and can be expressed as

N
W+ (N, /C,,;)=const
i

at any time being considered.

3. The final water volume can be easily calculated
from this equation even if all entities are permeable.

4. The values of the cell water volume at the mo-
ments of transient maximum wvolume excursions can
be easily estimated without the use of sophisticated
software if permeabilities of solutes are substantially
different from each other (Py >> Py >> .. >> Py).

5. All results transform to “classical” equations,
including the Boyle-vant Hoff relationships, if the
relative membrane permeability of the least permeable
solute CmN—h- 0 (see postulate IV above).

Osmotic equations (single cell model)

In an N-solute system for a single cell (cytocrit

a — (), the movement of water through the cell mem-
branes and can be described as follows:

eF RTAZ(M" M), (1-W)
at =1
where L, is the cell membrane water hydraulic con-
ductivity, R is the gas constant, T is the temperature,
M* and M}" are the extra- and inter-cellular osmolali-
ties of the i-th solute, respectively, and A is the cell
surface area. Note that all M{* are considered to be
constant and defined as M in the companion poster.

Diffusion of the i-th solute through the cell mem-

branes can be described as:
'In
: .
= DA~ M),
where P, is the cell membrane permeability of the i-th
solute, and WM, = N, is the intracellular amount of the
i-th solute (cf. with Egs. (1) in the companion poster).
Here and below P, > P, > .. > Py,

Using relativistic permeability approach (see the
companion poster), we can express following equa-
tions:

The main relationship (“golden formula”):

(

N

M'm *-—+'I.If"

(1-1)

N .
W1 +Z{ :’H‘:-"/le-
I=

where is C_.=P: i/Ly RT the relative permeability
term of the i-th sulutc and subscript 0 refers the initial
values at time zero.

Final water volume W; at the equilibrium (t - =)

can be found from the definition, (i.e., at this time
M'“ M:™), namely:

Ilpobnemm kpuobuonormse, 2000, Ne 4

N
1+
i=1

(2-B)

1+ Zﬁﬁx"fcﬂm
=1

Water volume at the point of the j-th maximum
volume excursion (“silver formulas™):

LTI N
1 +E{Mﬂ'} /Cm,.}uz Mo/ Cyi
=1 =1

Wﬂ!j: i w'}

- N '
1 +i M /C) + (L MP)/Cy

=1 i=1 (2-C)
Intracellular osmolalities of the solutes at the point

of the j-th maximum volume excursion (“bronze for-
mulas™):

- M for i <j;
""fmﬂg - W, Mmr?ﬂlfm for i>j; (2-D)
N
~£§1(ﬂﬁx - Mmj )+ M;x fori=j,.

Cytocrit (basic definitions and relationships)

We define the cell cytocrit a as the fraction of
volume of the cell suspension occupied by the cells
[3]. If the actual cell volume of one cell at time ¢ is
V, then the actual cytocrit can be easily found as:

a=CV, (3-A)

where C is the cell concentration (density) is the
number of cells per volume unit of the suspension.
Note that both C and V must be expressed in the same
units, for example, cm?.

Similarly, the fraction of intracellular water at time
t can be defined as:

=CW, (3-B)

where W is the actual volume of intracellular osmoti-
cally active water at time ¢.

In contrast, the partial volume of osmotically inac-
tive ballast remains constant at given C, namely

ﬂh-_— C’Vb : {3"{:)

where V} is the osmotically inactive cell volume.

Neglecting intracellular solute volume (a reason-
able assumption for systems with a,<0.5 and
M <2 Osm), it is obvious that:

a, =a-a. (3-D)

Thus, monitoring the cell volume fraction a in the
suspension (e.g., using microhematocrit tubes and cen-
trifugation, nephelometry, turbidimetry, conductivity
measurements, etc.), we can estimate kinetics of water
and solute movements.

In contrast with a single cell model (see the com-
panion poster), the volume of extracellular water
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(equals 1 — a), and the osmolalities of the extracellular
solutes are not constant anymore. The actual extracel-
lular osmolality of the i-th solute MF* can be easily
found from the fact of the constant total amount of
the solute in the system (assuming that N;= WM,),
namely:

(@a-a,) M + (1 -a) M* =

= (ag~a,) Mg + (1 - ag)

(4)

where is M1 the actual intracellular osmolality of the
i-th solute, and subscript 0 refers the values at time
zZero.

Osmotic equations for concentrated cell
suspensions

The actual cell cytocrit can be easily expressed by
multiplying both parts of Eq. (1-W) with C. Taking
to the advantage that da/dt = da,, /dt, we have follow-
ing differential equation:

da

5 (3-W)

N .
-L, RTCA ) (M{*-M]").
=1

The actual intracellular osmolality of the i-th sol-
ute can be expressed after multiplying both parts of
Eq. (1-1) with C, that combining with (3-D) gives us:

'['.I

M'—“--+{r.z ﬂb)

=P, CA_(M;" - M"‘}
(5_ii:1}

where the actual extracellular osmolality can be found

from (4):

Mi_{ﬂﬂ—-aﬁ}ﬁ{m+{l*ﬂujMﬁ:—{a—-ﬂb]M}n
r i-a :

(5-i%)

Thus, we have 2N + 1 equations that express osmotic
behavior of the cells in a concentrated cell suspension.
Applying the same logic as we did for a single model (see
the companion ), we can obtain the same relation-
ships we have found for a single model substituting W with
(a - ay, ). The only difference is that the final (equilibrium)
extracellular osmolality of the i-th solute is not a constant
given at the beginning, but can be found from definition
that at t — 0, hﬂ“=MF‘EMﬁ, that combining with (4)
Fives us

{ﬂﬂ,""ﬂb]M£+{I "ﬂ[}}.l“"ﬁ‘:
1-a, '

M= (6-A)

It is obvious that the value of M{j} is between M fi and
M. For example, the final (equilibrium) eytocrit ay
can be found from the following relationship:

1 TNM;_,'} /Coy
i=1 (6-B)

A;,—dad;, =4 —a

= ap=(dg=ay) —
1+2}Mﬂ.zﬁnﬁ
i

which an analogous of the formula (2-B), and so on.
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The actual values of the total cell volume and the
cell water volume can be now easily found from the
reverse transfer using formulas (3-A) and (3-B) recep-
tively. It is useful for further analysis to use the cell
water volume normalized to the isotonic value W

150"
namely:
W a-—a
wa W 2% W)
iso Bisp~ Gy
where a,, = CV,,, is the cytocrit of the suspension at

iIsotonic conditions.

Influence of cytocrit on the cell osmotic
response

Let us now consider a practical example of the sue
of the model described above to investigate the influ-
ence of cell concentration on the cell osmotic response
compare, and to compare with a single cell model.

Cell Parameters and initial conditions. let us
consider a sghencal cell with the isotonic cell radius
equals 3.1 W gives us the total iso-volume
Voo = 12507, and thE cell surface area (assume it as a
constant) A= 121|J. Let us assume the osmotically
inactive fraction as of 0.2 that gwes us the osmotically
inactive cell volume as of V= 25|.1 and the isotonic
cell water W, = lﬂ{}p The cel] memhrane water con-
ductivity is assumed as L, = 2.0u/min/atm, the tem-

p
perature T=300 K.

Addition of a cryoprotectant.

We assume also that both intra- and extracellular
compartments contain two solutes, a highly permeable
solute ¥ with the solute membrane permeability
P, =139yu/min (C,,; = 282 mOsm), and a low perme-
able solute Z with ’5{} fold lower membrane permeabi-
lity (Py=10.693u/min and C m2 = 14 mOsm). Initially,
the cell is in an isosmotic pre- bat,h (M, = 290 mOsm)
containing a low-permeable solute ﬂn]y At the mo-
ment zero, the cell suspension then is with a solution
containing 800 mOsm of the highly permeable solute,
and 290 mOsm of isosmotic low permeable buffer solute.

Case A: highly concentrated suspension. After
mixing with the solution of CPA, the concentration
of cell in the cell suspension C=4 B/ml. That gives
us {assummg that the initial conditions are still iso-
tonic) a, = =05, a,(0)=04, and a,=0.1.

Simu tanec-us simulation of a system of five equa-

tions [5) gives us a pattern of the cell osmotic that is
depicted in Fig. 1, a. The solid curve is the actual
cytocrit of the suspension a, the long dashed curve is
the fraction of intracellular water aw which is shifted
in 0.1 units down the Y-axis. The upper, short-dashed
curve is the cell water w normalized to the istonic
value and calculated from (7). It is essentially the
same curve as d,, but the magnitude is 2.5-time (which
is 1/Aa;, — a)) higher than the value of a,,.

As we can see, the pattern of the curve is the
classical two-phase shrinkage-swelling. The level of
maximum volume excursion is about 0.47 of the isos-
motic value which is in good prediction with “silver”
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formulas taking to account that the final (equilibrium)
volume of the CPA (¥) is about 443 mOsm. Note
that it is not just a resilt of mixing (initial extracel-
lular osmolality is 800 mOsm), but eventual equilibra-
tion of extra- and intracellular components of solutes
and water movement. The final water volume is equal
to 0.93 of its initial isosmotic value, which is in a full
agreement with formulas (2-B) and (6-B).

Case B: low concentrated suspension. Consider
now that after mixing with a solution of CPA, the
concentration of cell in the cell suspension is 10-time
less than in the previous example (C =400 M/ml.
That gives us ap=a,,=0.05 a,(0)=0.04, and
a,=0.01. The equilibrium concentration of CPA will
be almost equal to its initial extracellular concentra-
tion (¥;=768 mOsm).

The pattern of cytocrit and the fraction of intracel-
lular water are given in Fig. 1, b. Note that the scale of
the ordinate axis is 10 larger than in the previous
example so the water volume curve is not shown.

Influence of cell concentration. Comparison of
the cell water volume for both cases is given on
Fig. 1, ¢. Curve 1 — the cytocrit of the suspension is
high (ay=0.5), this is essentially the upper curve in
Fig. 1, a. Curve 2 — the cytocrit of the suspension is
low (ag = 0.05). Curve 2 — simulation for a single cells
(Egs. (1)). Curve 4 — simulations for a single cell
(Egs. (1)), which is placed in the same osmolality of
extracellular CPA that the equilibrium value in case
of high cytocrit (¥y=443 mOsm).

Several conclusions can be made from comparison
of the curves depicted on Fig. 1, ¢:

1. At low cytocrit (a<0.1), the cell osmotic re-
sponse is very similar to those for a single cell (cf.
curves 2 and 3).

2. The final water volume in the case of more con-
centrated suspension is higher than for diluted suspen-
sions and closer to the value which would have been
obtained if the second solute were impermeable (w
would be equal 1). It can be explained by the fact tha
the final osmolality of CPA is almost twice lower be-
cause the extracellular solute is diluted by relatively
large volume the water initially located inside the cells.

3. Similarly, the maximum volume excursion during
shrinkage in the diluted suspensions is substantially
higher (w_ = 0.48) than for the concentrated suspension
(w,, ={].ﬁ§3. Again, it reflects the fact that fast flux of
intracellular water during shrinkage quickly dilutes high
extracellular concentration of CPA while for diluted
suspensions this effect is negligible.

For comparison, we simulate the situation of a single
model cell which is placed in the same osmolality of
extracellular CPA that the equilibrium value in Case A
(Y,=443 mOsm). The results of simulations is are de-
pitftad in the same Figure (curve 4). Comparison with
curve 1 shows that the final water volume is identical in
both case (w,=093), and the maximum volume excur-
sion is almost the same (w,, = 0.62). However, cell in
concentrated solutions reach the maximum shrinkz?ge
and regain the volume during re-swelling faster than for
a single model. The explanation is that in case of con-
centrated suspension, the initial driving force for water
is higher because initial extracellular osmolality of CPA
is 800 mOsm, and only after certain period time it de-
creases to Y, = 443 mOsm while for the case depicted by
curve 4, the initial extracellular concentration is alread
443 mOsm. As the result it slows the process of cell

[1pobnemul kpuobuonorus, 2000, Ne 4

w, a a_ a
1.0

0.8 -

0.6 4

I
0 3 10 15 20
Time, &

Fig. 1. Pattern of the cell osmotic response and changes in cytocrit
during addition of 80{) mOsm of CPA obtained by simultaneous
simulation of a system of five equations (5) in the text. Other pa-
rameters are given in the text.
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osmotic response. However, because both w, and w
are determined by Yr, these values are equa{ in both
cases.

W, a a_ a
1.54

1.0+

0.5 o

T — i E— S — S N S A

0.10 - b

0 10 20 30 40 50

Time, s
Fig. Z Pattern of the cell osmotic response and changes in cytocrit
during removal of 800 mOsm of CPA preloded in the cell. Results

are obtained by simultaneous simulation of a system nf five equa-
tions (5) in the text for M““ = 800 mOsm and M{" =0. Other pa-
rameters are given in the u,:t
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Dilution of CPA

Let us now consider reverse situation when cells
are preloaded with 800 mOsm of intracellular CPA
and placed in a buffer containing only an isosmotic
low permeable solute (Z5* = 290 mOsm).

The results of simulations for low and highly con-
centrated solutions (a, equals 0.5 and 0.05, respec-
tively) are depicted in Figs. 2, a and 2, b (for the
latter figure, the cell water volume is not shown).

Comparison of cell water volumes is for both cases is
given on Fig. 2, ¢ (curves 7 and 2). As in case of addition
of CPA, curve 3 represents a single cell model with the
same initial conditions. Curve 4 depicts the situation
when a single cell is preloaded with 800 mOsm of CPA
and then placed in the bath containing 357 mOsm of
CPA, the value, which is equal to the final concentration
Y, for a hi hly concentrated suspension.

The difference between the patterns of osmotic
response is similar to the described above for addition
of CPA, but in case of dilution, they are even more
Emnnunced Particularly, even 0.1 cytocrit is now

igh enough to affect the cell response (cf. curves 2
and 3). Suppression of volume excursion for concen-
trated suspension is also higher & =145 vs
w,, = 1.96 for cases A and B, respective }rf‘ The diffe-
rence between multi- and single-cell models with the
same final concentrations of components is also more

manifest for dilution of CPA (cf. curves 1 and 4 in
Figs. 1, c and 2, ¢).

Prediction ability of the theory

The solid curve with filled diamonds on Fig. 3
depicts the values of the maximum volume excursions
obtained by simulations (curves in Figs. 1 and 2). The
dashed curve with empty circles is the values pre-
dicted by the Theory (“silver formulas™). As in the
case of a single model (see, e.g. [6]), agreement is good.
Small deviations between predicted and simulated
values are contributed by internal problems of any
computational simulation procedure. In contrast, the
“silver formulas” of the relativistic permeability theory
are simple and can be calculated with the use of a
pocket calculator. Note that the “golden formulas”
including the final cell water volume are exact and in
full agreement with simulations.

In conclusion, we can assume that the relativistic
permeability approach is simple; it can be used for prac-
tical mndelin;ﬁ of highly concentrated cell suspension
such as packed erythrocytes or centrifuged spermatozoa.

Acknowledgements

Sources of Support: Individual initiative and Dr.
Peter Mazur's NIH Grant RO1-HD30274 (partially).

REFERENCES

Kedem & Katchaisky, BBA.— 1958 - 27— P. 229-246,

Kleinhans, Cryobiol.— 1998 - 37.- P. 271-289.

Mazur, Biophys. J— 1963.— 3.- P. 328-351.

Katkov, Problems of Cryobiol— 1999 - Ne 2- P. 3-11.
Katkov, Problems of Cryobiol.— 1999 - Ne 3. - P. 3-9.

Katkov, Cryobiol.— 2000.—- 40.—- P. 6483,

Katkov, Probiems of Cryobiol.— 2000.- Ne 2 - P. 3-9.

Katkov, Cryobiol.— 2000 (in press)

e

Accepted in 30.07.2000

Problems of cryobiology, 2000, Ne 4



YAK 612.8264: 57.043 UDC 612.826.4: 57.043

K KOHLEIIIITHH 3K3HCTOIHIEDATHIECCKONH CHCTEMEL
OXJIAXKIEHHOI'0 MO3ra.
Yacrs 3. HeifipoHansHbI€ ra3nl (NO, CO) xak HEHPOTPAHCMHTICPHAA
CHCTEMA “paACKaAYKH” TOMEOCTa3a

B. C. MAPYEHKO, I A. BABUMYYK, JI. H. MAPYEHKO, JI. B. TOJIMLIYK
Hucmumym npobaem xpuobuonozuu u kpuomeduyurst HAH Yxkpaunsy, 2. Xapukog

To the Conception of Existo-Encephalic System
of Cooled Brain.
Part 3. Neuronal Gases (NO, CO) as Neurotransmitter System
of Homeostasis “Kindling”

V. S. MARCHENKO, G. A. BABIJCHUK. L. N. MARCHENKO, L. V. POLISCHUK

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkouv

[Noxazamo, 970 NO 1 CO rax dhaxTopn HefpOHANBHON MLIACTHYHOCTH ONOCPEIYIOT TEPMOPEryIATOPHENEe (OYHKITMM reMaTosHIeda-
mraeckoro Dapeepa (I'OB) nmamemermem ero NpoOHMUAEMOCTH E TEPMOKOMIIETEHTHRIM HeWpomegmaTopam. [mnoTepMin NpMBOIMT K
KACKATHOMY BEMOYeHI0 pasEex uaogopm NO-cHETask, cO3maBan YOIOBMA LnA nossnuenHoll npommaemocty ['O6. Ipu xpummaec-
xoM Boapacramrs cogeprcama NO “aatanmmawrca” perenTopHbie NOA HERPOTPAECMMTTEPHLIX Mexauuimos oTepuiTa OB, npo-
HMCXOOMT SKCTPEHHOE BOCCTAHORNEHME ero peaucTesTHOCTH. Ecnm NO ssnserca TpurrepoM npomMuaemocts OB ana Gumoremssnx
amuEos, TO CO — cB0oeolpas3HLIM MeperMoHaTeNes CHMITATONA PDACHMIA THYeCKHX NoToXoE. B Taxmx yenoeuax CO ocymecTBAAST CRAIL
I'DE ¢ momcoRcHTeHASHON cucTeMolt, a NO — ¢ smmynsod, ofbeWMEAR TPH 3AMIMTHLIE CHMCTEME! B OZHY, KOTOPYI MOMHO YCIOBHO
HA3RATH aKaucTosHuedammeckon cucremof (33C).

[oxazano, mpo NO i CO ax daxTopy BefpPORATLEO] ILTACTHMHOCTI ONOCEPEIXOBYIOTE TEPMOPeryIaTopal dyHKLil reMaToeHIeda Y-
Boro Dap'epy (I'EB) amiroto #0ro OpoOHMKHEOCTI A0 TEPMOKOMIETERTHHMX HelpoMemiaTopis. [noTepuia sege no KacKagHOTO BEMHEHES
pigasx izodopm NO-cumTasn, cTROpIOOMHM YMoRl 1A migsmmenol nposwkuocti PEB. [Tpu xprreoiomy spocrason esicty NO “zaton-
mowTLCA" pellenTopHi nouta HeffiporpaseMiTepEix Mexaniadis simkpurra I'ED, sigfyeacThea excTpenne BiqHoBMeHEA #HOr0 peancTenT=-
BocTL Axmo NO e rpurepos npomaxnocti FEB gna Gioremmax aminis, 170 CO — cROEpiOHMM NepeMMKASen CHMIIATOILADE CHMITA THIHIX
noTokie. 3a Taxux ysmos CO amisicioe ae'asox I'EB 3 moHooxcHresaanow cucremown, a NO — 3 iMynnrow0, 3'€qH0I0MH TPH 3aXMCHI
CHCTEMM B ONHY, AKY MOXKHA YMOBHO HA3BATHM examcToeRuedaniymoio cucremow (EEC).

It has been shown, that NO and CO as the factors of neuronal plasticity mediate BEB thermoregulatory functions by changing
its permeability to thermo-competent neuromediators. Hypothermia results in a cascade switching of various isoforms of NO-syn-
thase, making the conditions for an increased BBB permeability. Under a critical augmentation of NO content receptor fields in
the neurotransmitter mechanisms of BBB opening were “flooded”, an urgent recovery of its resistance occurred. CO is so-called
switch of sympathetic and parasympathetic flux, if NO is the trigger of BBB permeability for biogenic amines. Under these conditions
CO binds BBB with mono-oxygenase system, and NO with an immune one, combining three protective systems in one, which
conditionally can be named as existo-encephalic system (EES).

Hanoxennnie B [10-12] obumereopernyeckue npen-
crassierns 06 IIC, opranuaywouleil OHOPUTMHKY CTpec-
€4, MOTYT HMETh 3HA4YEeHHE TOILKO B TOM CJIy4ae, ecyiH
CYUECTBYeT peanbHul HelpodwuanHosorHyeckuii npo-
ecC pPeamM3allii Takoro poxa (pyHkimu M uaeHTHdu-
IHpOBaHA €ro HeldpoMmenuatopHas cucrema. CuuTas
I'96 u mMeaneHHy0 yNpaBISIOUIYIO CHCTeMY Moara [7]
CTPYKTYpHO-(bYHKIHOHANBHOI ocHoBoit 2IC [10], cre-
AVEeT NPeaITOIOKHTE, YTO TAKHM MeXaHuaMoMm obecneye-
Hus pusHonormyeckoit kapTHn Huokonebannil xono-
JoBoro crpecca sipasercs aktusauma [9B. Ilpu
MOBLIIEHHH MPOHHUIIAEMOCTH Gapbepa A Mapa- W CHM-
NIATOMHMETHKOB JIOJDKEH CHHXPOHM3NPOBATHCA THHAMM-
q9ecKMi PHCYHOK BEreTaTHBHBIX MEPeKTYeHHit ¢ nat-
TepHOM OHOTOKOB, YTO MPUBEIET K M3MEHEHHIO 0bniero
YPOBHA aKTHMBHOCTH OPraHH3Ma, TO e€CTb DeaIH3YeTCA

Ipobaems: kpuobuonormu, 2000, Nt 4

General theoretical notions about EES, organizing
the stress biorhythmicity [10-12], may be of a value
only in the case, if a real neurophysiological process
of such a function realization occurred and its
neuromediator system is identified. Considering the
BBB and slow controlling brain system [7] as a struc-
tural base of EES [10], it should be supposed, that
BBB activation is such a mechanism for providing of
the physiological picture of cold stress biooscillations.
When increasing a barrier permeability for para- and
sympathomimetics a dynamic picture of vegetative
switchings with the biocurrent pattern, can be syn-
chronized, that resulted in the change of a general
level in an organism’s activity, i.e. the main EES func-
tion is realized. Then the question about “synchromes-
sengers” appears inevitably.
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ocrosraa dyukima IIC. Torna HensbexxHO BOIHHKA-
eT BONPOC O “CHHXPOMEeCCeHIKepax .

HenasHo ycTaHOBIEHO, YTO CBOOOAHOPAAMKA/b-
HbIH ra3 (MOHOOKCHOBI a30Ta M YTJepoja) SABIAETCH
BAXKHBIM TIOCPEIHHKOM (PH3HOJIOTHYECKHX [TPOLIECCOB
[9, 21, 23]. B cepaeuno-cocymucroit cucteme NO u
CO BKMIOYAKOTCA B MEXaHH3IMBI paccriabieHus Kpose-
nocubix cocyaos [17, 23, 28], a B moare onn obecne-
YHBAIOT HEHPOTPAaHCMHTTEpPHbIE TIPOLECCHl THUMA JI07-
roepeMeHHoi noteHunauny [21, 32, 33], uto MoxeT
HrpaTh onpeieseHHYIO PO/ik B LEHTPAILHON TepMope-
ryasuuu [5, 6, 20, 22]. YuuTeiBasa HEMaNIOBAXHOE 3HaA-
yenne ['Ib B Mexanuamax TemMnepaTypHOro roMeocTasa
[10-12], cneayet oxunats, ytro NO u CO xkak daxro-
Pbl HEHPOHAJIBHOH IIACTHYHOCTH ONOCPEAYIOT U TED-
moperynsatopasie dyukuun DB wameHnenwem ero
MPOHMLAEMOCTH K TEPMOKOMITETEHTHBIM HelipoMeana-
topaM. MHaue rosops, Ansa HoBol (YHKIMOHANBHOW
CHCTEMBI PEryasiiii obliero ypoBHa aKTHBHOCTH Op-
raHM3Ma ecThb HOBBIH Knacc HeHpoMeIMaTopoB. JTo
NpeanoioxKeHe NOATBEPHKIAETCA U COTJIACYETCA C pe-
3yJbTaTaMM APYTHX HccaeaosBaHHi. Tak, nokasaHo,
y1o NO npuHuMaer y4acTHe B opranuaaiuu 6uopur-
Ma unkia coH—6oapcrBoBanme [19], urpaer cymecr-
BEHHYI0 POJIb B LUEHTPANBHLIX MEXAaHHAMAaX TEpMoOpe-
ryasaudy |6, 20], napany ¢ apyrumu daxropamu [14,
29, 30] peryaupyer nponuiaemocts ['2b [18, 23-26,
31]. Moseuauce nepewie paborsl U o poau CO B op-
raHMaallM¥ Takoro pona npoueccos [21, 22, 32, 33].

[lens pamHOrO COOOlIEHHA — HM3YUEHHE BIMAHHA
OKCHJOB 230Ta U YIJIEPOJA HA MPOHMIIAEMOCTD a6

H- Hnganpez-{a.rmﬂa ( H- HA} SH-anernmxonmna
( H -AX), "H-ceporonuna ( SH-CT), *H-ramma-amu-
HoMmacsaHoH kucaotsl ("H-TAMEK) 1 buosnexrpuuec-
Ky10 akTuBHOCTE (BIJA) npu pUTMHYeCKHX rHnoTep-
MHYEeCKHX BO3IeHCTBHAX.

Hccnenosanua npoBoAHIH Ha GeIBIX KPbICax Mac-
coit 180-220 r. PurmHueckue xonoaosele BosgeicT-
Bus (PXB) nHa kaynansHble TepMOpeUenTOphl JLIH-
TenbHocTbi0 1 ¢ ¢ wactoroit 0,1 Tn ocymecreasnu
OXJIAN/IEHHEM XBOCTa MHBOTHOIO JIEAAHOH BOJIOH
(0°C) B aBToMaTH4eckoMm pexume. [Iponuuaemocts
96 wayuanu paavouaoTonHseiM MeTogoM. Cnexr-
pPabHO-KOppenAUHOHHLINH ananua BIA nposoauau B
auanasone 0,1-35 I'u, 3nexTpoHHO-MMKpOCKONMHYEC-
KHe HeeneoBaHWA 00pasioB rHIIOTAIaMYCa BhITIOJTHSA-
M TPAAHLUMOHHBIMH MeTogaMH [3, 10-12].

B ocHoBe pasiMuHBIX peakiHii OpPraHM3Ma JexuT
ofipazoBaHMe OMNpE/eIeHHBIX IIPOCTPAHCTBEHHO-Bpe-
meHHnx mnarrepuoB B3IA. Hapectno [8], uro ansa
obneryenna nepenadyd Bo3bYKAeHHs HeOOXOMHMBI
CHHXPOHHOCTh OMONOTEHLMANOB COOTBETCTBYIOLIHX
MYHKTOB KOPbI (ONpeensieTcs no napamerpaM Qyuk-
MM KOTEPEHTHOCTH), HEKOTOPAasA MMHHMAIBHAS IUIO-
HaJb CHHXPOHHO JAEHCTBYIOUIMX YYAaCTKOB, HATHYMe
PHTMHYECKHX KOMIIOHEHT B ONpEIe/IeHHOM JHanasoHe
HacTOT (BBIABIAEMBIX NMPH NOMOWM QYHKUMH aBTO-
KOPPEJAILMH ), KOT€éPEHTHOCTH M MOCTOAHHEIE Da30BHIe
OTHOLWIEHUSA ITHX PUTMHYECKHX COCTABIAOLIMX, YBe-
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Recently it was established, that free-radical gas
(nitrogen and carbon mono oxides) was an important
mediator of physiological processes [9, 21, 23]. NO
and CO in cardiovascular system are involved into the
mechanism of vasorelaxation in circulatory vessels
[17, 23, 28], and in brain they provide neurotransmit-
ter processes like as a long-term potentiation [21, 32,
33], that may play a certain role in the central ther-
moregulation [5, 6, 20, 22]. Taking into consideration
the BBB importance in the mechanisms of tempera-
ture homeostasis [10, 12], it should be supposed, that
NO and CO as the factors of neuronal plasticity also
mediate the BBB thermoregulatory functions by
changing its permeability to thermocompetent neuro-
mediators. In another words, for a new functional
system of general level regulation in an organism’s
activity there is a new class of neuromediators. This
supposition is confirmed by the results of our investi-
gations. However, it has been shown, that NO partici-
pated in biorhythm organization of sleep-wakefulness
cycle [19], played an important role in central mecha-
nisms of thermoregulation [6, 20], at the same time
with other factors [14, 29, 30], it regulated BBB per-
meability [18, 2326, 31]. The first works about CO
role in the organization of such processes, appeared
[21, 22, 32, 33].

The aim of the given work was to study the effect
of nitrn%en and carbon ﬂxldes on the BBB permeabili-

X for “H- nﬂradrenalme H—NA},} H-acetylcholine

H-ACh), H—semtnnm( H-ST), "H-gamma-amino-
u11 acid ( l—I -GAOA) and bioelectric activity (BEA)
under rhythmic hypothermic effects.

Investigations were conducted in 180-220 g white
rats. Rhythmic cold effects (RCE) with 1 s duration
of caudal thermoreceptors with 0.1 Hz frequency were
carried-out by means of cooling of animals’ tail with
an ice water (0 °C) under an automatic regimen. BBB
permeability was investigated by means of radioiso-
topic method. Spectral and correlational analysis of
BEA was conducted within the range of 0.1-35 Hz.
Electron-microscopic investigation of hypothalamus
samples was done according to traditional methods [3,
10-12].

Formation of the certain spatially-time BEA pat-
terns is the base of various organism’s responses. It is
known [B] that to facilitate excitation transfer such
characteristics are necessary: biopotential synchroni-
zation of the corresponding cortex points (is deter-
mined according to the parameters of coherence func-
tion), some minimum area of synchronically acting
sites, the presence of rhythmic components in a cer-
tain frequency range (revealed by means of autocor-
relation function), coherency and constant phase re-
lations of these rhythmic components, an increase of
their manifestation in the BEA spectrum. The works
[3, 10-12] demonstrated, that under different pro-
grams and cooling methods down to 32-28 °C (gene-
ral, craniocerebral, rhythmic, trigger hypothermia, re-
peated coolings) significant changes in BEA spatial
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AHYeHHe MX BblpakeHHocTH B cnexktpe b3A. B [3,
10-12] nokasano, 4TO NPH Pa3/THYHLIX NPOrpaMMax M
criocobax oxnaxaenus go 32-28 °C (obwas, kpanuo-
uepebpanbHas, PUTMWHYECKas, TPWUITEPHAs CHIOTep-
MHH, TIOBTOPHBIE OXJakAeHns) HabnaonawTca cepbea-
HEIE M3MEHEHMA NPOCTPAHCTBEHHON CHHXPOHM3AIHH
B3A, ocofbeHHO B CeKYHIHOM AMANa30He 4acTOT, Npo-
TEKAIIME C PA3HOH HHTEHCHMBHOCTBIO, HO MO CXOAHO-
My clieHapHio. B Havane oxnaiaeHHMA TOCHe KpaTKo-
BPEMEHHOTO MOAbEMA ITPOMCXOAHT PE3KOe CHMMEHHE
DO/BUIMHCTBZ MCCAGAOBaHHBIX IlapameTpoB DBIA.
MomnocTs cnexrpa cexynanoro (£) purMa yMmeHblna-
erca Gonee yeM B 3 pasa. Bo cTo/IbKO e pas CHHKa-
IOTCA 3HAYeHMA NOCTOAHHOIO MOTEHLMANA, JHHAMHKA
KOTOPOTO KOPPEIHPYET C H3IMEHEHHEM KOTEPEHTHOCTH
C-putma. JansHeitinee oxnamaeHne NPUBOAMT K BO3-
pacTaHHIO MMPOCTPaHCTBeHHOH cHHXpoHM3alHH B3A.
[Ipuy sroM cxOpPOCTb OXNAMIEHHA 3aMEIUIAETCA B
1,5-2 pasa, HO To/MbKO nNpu Hanudun B BOA Heokop-
TEKCA KBA3HCHHYCOMAANbHOIO CEKYHIHOIO PHTMA,
MOLIHOCTh  CIIEKTPa KOTOPOro MOBBIIAETCA B
1,5-2 pasa. B atux ycnoBusx Bo3pacTaer 3HavYeHHe
GYHKUHH KOrepeHTHOCTH 0- 1 ocobenno C-gHanasoHa,
aocTUras npeaenbHbx 3navenuii 0,7-09, bonee yem B
2 pasa yMeHblaercd (a3oBblil CABHMI. ITH AHHAMH-
YECKHE HM3MEHEHHA NPOCTPAHCTBEHHOH CHHXPOHH3A-
UMY CeKYHAHOTO put™Ma BIA, cBHAETENLCTBYIOUIHE O
NOBBRIIIEHHH AKTHBHOCTH MELJIEHHOH YIPABJAKIIIEH
cucTeMbl Mo3ra [3, 7, B, npoucxoast napawiensHo U
OQHOHANDPABIEHHO € W3AMEHEHWAMH TMPOHUUAEMOCTH
I'96 nna OGuoOreHHBIX aMHHOB., JIeKTPOHHIUONOTH-
YeckMMH [3], HelipoxumudeckuMu [9] 1 anekTpoHHO-
MMKpPOCKOTIHYecKHMH MeTonamu |9, 10] 6eina ybeau-
TENbHO NOKa3aHa B3aMMOCBA3b IMTPOLIECCOB, HMEKIIHX
obuyio Helipoduanonoruyeckyo ocHoBy. OnHako npH
TPAIHIIHOHHOM CTAHJAPTHOM VCPeIHEHHH pe3y/bTa-
TOB “HCYe3/IH” U OKA3AJIUCh 33 paMKaMK obCyXaAeHHA
HHT’EPE‘EHHE JIAHHBLIE O EOJHHHYHbBLIX C.J'.I}"‘-I-H.H'K. KOT1a
NPH OXJAXAEHHH TEMNEPATYPa TENA XHBOTHLIX HE W3-
MEHAIACh, a npouecchl nporuuaemoctd I'Ib u boA
MMEIH XAPaKTEPHYIO ANA OXJMAXAEHHOro OpraHMama
muHaMuKy. M Hao60poT npH ATHTENbHOH THNOTEPMHK
BrL1oTh a0 28 °C coxpaHsiachk 3yTepMHas MHHAMHKA
'9b u BOA. Takoro poaa ¢pakTbi HABOAHAH HA MBICIb,
YTO CHHXKEHHe TeMIlepaTypsl Tena camo mo cebe He
BCErNa ABMSETCA JOCTATOYHBIM M He BIOJHe HeobXo-
DUMBIM YCIOBHEM MIMEHEHWA npoHuiaemoctd I'Ib u
BAA. Teoperuueckue coobpaxenus, aHanu3 cobct-
BEeHHBIX M JIMTEPAaTYPHBIX NAHHBLIX MO3BOJIMIM HaM
MPeAnoNoKKTh, 9T0 AJeKBATHEIM (PHIHOMOTHYECKHM
CTHMYJIATOPOM 3THX TIPOIIECCOB Kak CTPYKTYpHO-
dyukumonansHoi ocrosl IIC moxer OwITh peao-
HAHCHOEe pasjapaxeHue Tepmopenentopos |[10-12].
HEHH MNOoKa3aHo, 4TO [OpH pHTMH"IECKﬂﬁ CTHMY.IALIHH
KayAalbHEIX TEPMOPELENTOPOB, HE MPHBOLANIEH K H3-
MEHeHHIO TeMmepaTypnl Tena Oonee yem Ha 1-2°C,
MMeeT MeCTO KapAMHA/IbHAs MepecTpoiika naTTepHOB
BOA, xoppeaipyomans co cIokHOi ITHHAMHKOH HaMe-
Hetdsi nponvuaemoctu ['96 (puc. 1, 2) Ha pasvwix
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synchronization were observed, especially in the second
frequency range, occurred with a different intensity,
but according to similar protocol. During cooling, be-
ginning after a short-term increase, a sharp reduction
of the majority of studied BEA parameters occurred.
The power of the second rhythm range (£) decreased
more than by 3 times. The values of constant poten-
tial, dynamics of which correlates with coherency
change of £-rhythm decreased by the same times. Fur-
ther cooling results to the increase of BEA spatial
synchronization. Thereat cooling rate decelerates by
1.5-2 times, but only in the presence of neocortex
BEA of quasy-sinusoidal second rhythm, the power of
which range increases by 1.5-2 times. Under these
conditions the values of 8-coherence function and es-
pecially of C-range increase, reaching the limiting
values of 0.7-0.9, the phase shift decreases more than
twice. These dynamic changes of spatial synchroniza-
tion in BEA second rhythm, testifying to an increase
in a slow activity of the brain controlling system [3,
7, 8], occur parallely and in one direction with the
changes of BBB permeability for biogenic amines. In-
teraction between the processes with general neuro-
physiological base was convincely proved by means of
electrophysiological [3], neurochemical [9] and elec-
tron-microscopic methods [9, 10]. However, during
traditional standard averaging of the results, interes-
ting data about single cases, when under cooling the
temperature of animal’s body did not change, and the
processes of BBB and EBA permeability had the dy-
namics typical for a cooled organism, “disappeared”
and occurred to be beyond of discussion. In contrast,
euthermal dynamics of BBB and EBA remained under
a long-term hypothermia up to 28 °C. Such the facts
result in the supposition, that the decrease of body
temperature is not sufficient and quite necessary con-
dition of the change in BBB and BEA permeability.
Theoretical notes, analysis of own and literature data
allowed us to suppose, that resonance excitation of
receptors may be an adequate physiological stimulator
of these processes [10, 12]. It was shown, that at
rhythmic stimulation of caudal thermoreceptors, does
not resulting in the change of body temperature more
than by 1-2°C, a significant rearrangement of the
BEA patterns, correlating with complete dynamics in
the change of BBB permeability (Figs. 1, 2), occurred.
At different stages of RCE the values of autocorrela-
tion and coherence functions in the second frequency
range vary from above zero to limited ones with many
times power differentials in the BEA spectrum; BBB
permeability within some cooling minutes increases by
3-4 times, then decreases down to zero, returns to a
norm and sharply increases. These processes result in
synchronous oscillations of an organism vegetative
status, to complete sympathetic and parasympathetic
switchings up to the change of the symbol of cardio-
tropic effects (Table). Since it was illegally to explain
such a significant change of organism’s functional ac-
tivity by its physical cooling in the given case, nothing
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¥

Fig. 2. BBB permeability for serotonin (1) and GAMK (2) under
Fig. 1. BBB permeability for noradrenaline and acetylcholine under ~ rhythmic cold effects.
rhythmic cold effects. : :
remained as to postulate the presence of a special

stanax PXB 3Hauenus ¢yuxkumii asTokoppensuu ¥ neurophysiological process or functional system, as
KOTePEHTHOCTH B CEKYHAHOM AuanaioHe wactoT Ba-  well as neuromediation, pro viding its functioning.

PbMPYIOT OT OKOJIOHYJIEBBIX [0 Npele/IbHbIX ¢ MHOIO- Periodical BBB activation stimulates a nervous-
KPaTHLIMH Mepenagamu MomHocTH cuexktpa B3JA;  hormonal mechanism of “kindling” in the adjusting
npouuaeMocts [96 B TeyeHue HecKONMbKMX MWHYT  homeostasis point [10-12, 15]. This phenomenon
OXJIAMAEHHS yBenuuHBaeTcd B 3-4 pasa, nagaer o modeling is the most successful during rhythmic hy-
Hy/NsA, BO3BpamaeTcs K HopMe M cHoBa peako  pothermia [10-12], when, for example, an increase of
BO3pacTaeT. JTH NMPOLeCcCh MPUBOAAT K CMHXPOHHBIM  organism stability to hyper- and hypothermia, infec-
KoieDaHHAM BereTaTMBHOIO craTyca opranuama, k  tional effects and convulsive states occurs [4, 11].
NOJHBIM CHMIIATOMNAPaCHMIIATHYECKHM NepertioyeniaM  Such a cross adaptation, physiological by its nature,
BILJIOTh N0 CMEHbI 3HaKa KapauotponuuiXx 3ddextor  can be explained when making the supposition, that
(tabnuua). [lockonsky obbsAcHHTH Takoe aHauuTens-  BBB under certain conditions interacted with electro-

HOE HIMEHEHHE (YRKITOHALHONR AXTHBHOCTH OP- The effect of rhythmic hypothermia on BEB permeability and
raHu3Ma ero (PHIHYECKHM OXNAX/EHHEM B ATOM heart rate (HR) on the background of systemic NA and ACh
cJiy4ae OrL10 HETIPABOMEPHO, OCTaBaJIOCh NOCTY- jntroduction

JMPOBaTh HAJIMYHE CrIeLHANbHOIO Helpodusnono- -

THYecKOro mpouecca Win Jaxe QYHKIHOHAIbHOM Ph;hrg"::“' Parameters | AR, |
CHCTEMBI, a 3Ha4MT, M ocoboi HelipoMeanauuu, 0 il % | 85
obecneunBaroueit ee QyHKUHMOHHPOBAHHE. Na Heart rate, |

T pyx I‘E?E SH-NA |%ofthenorm| 115+5 | 013£004 | 805 | 0124003

SPIMMICENd SRIEOUNS | SLOCTDOTHIVEY AR | e 1104 | 024005  120+6° 0452001

HEPBHO-TOPMOHA/IbHbIiH MEXAHH3M “PACKAYKH" YC-  3H.ACh | Heart rate, | |
TaHOBOYHOH TOYKH romeocrasa [10-12, 15]. Mo- %of thenorm | 60+5" | 05+004" | 80+5 0181005
nenupoBanne atoro henomena Hanbosee ycnewno | Re | 105£6 | 019£005 | 75£5 | 021006

npH putMudeckoi runotepmuu [10-12], xorma Notes. NA — 0.5 ml/100 g of 0.2%-solution of nuﬂdl;!ﬁna.h;.l! ?Hyd;;ﬂ;ar-

o _ trate; Ach — 10 mg/100 g of acetylcholine chlorous;, "H-Ach, "H- —
MPORFEROZAT: BANPRMED, RORRCHIG Y eIisuisnoc 20 ul of the solution 1 uK /1 pl; Pe — ratio of specific brain radioactivity
TH OPraHH3Ma K FHNoO- H rHNepTeEpMHH, HHI.‘bEHIiH- to specific blood radioactivity; * — differences in comparison with an
OHHBIM BO3AeHCTBHAM H CYIOPOXKHBIM COCTOAHM- initial value are statistically significant (P < 0.01).

Bausamne puTMieckoli runotepmmm ga npoaxnaemocts DB n YCC EENESis, Immune, mono-oxygenase, tth'
#a doue cucremaoro speaeaus HA n AX moregulatory systems and other protective

- mechanisms of an organism. Such interac-

, :
ma;z:x | Mapamerpw  +— i i PI'THH tions can not be completely provided by tra-
] s _ _” l I | 8 ditional neuromediators, amino acids, bio-

HA :‘iCC,E:mmpHH; 115+5 [ 0,13+0,04 | BOXS5 | 0,12+0,03 genic amines or nEurnpeptidEE due to the

‘H-HA | Kn 110+4 | 0,2+0,05 | 120x6 | 0,45%0,01°
4 | 0,2£0,05 0, : . . : e
AX | Y9CC,%ormopms | 60+5° | 05+004° | 80+5 | 0184005 Lime and place of their metabolism and diffu

3H-AX | Ko ' 105+6 | 0,19+005 ! 75+5 | 0,240,086 sion. Therefore we SuppDSEdT that BBB func-

ml - . - "
Npumesama HA — 0,5 /100 r 0,2%-ro0 pactsopa Hopazpesamuma mgpo- LIONING as a physiological system of slow
TaprpaTta ; AX — 10 Mr/100 r aueTwixomusa xnopuetoro; “H-AX, "H-HA — regulation provides principa]ly a new class of
20 mxn pacteopa 1 mxKu/l min, Kn — omomenue yrensuof pagmoaxte- signal molecules-mediators — NO and CO [22].
HOCTM MD3ra K yAeJbHON pamMoaKTHBHOCTH KPOBM, * — DasTiiMA N0 CpaBsHe-
HMIO C MCXOQHBLIM 3RaAYenHMeM gnocToBepuwl (P < 0,01).
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am [4, 11]. Ob6pacHuTh Takyio nepexpectuyw, Gpuano-
JIOTHYECKYIO 10 CBOEH NMPUPOAE, aXanTaiHio MOKHO,
ecqM npeanoaoxunTs, 410 [3D6 B onpeaenennmx yeno-
BUAX B3aHMOAEHCTBYET C CHCTEMaMM 3JIEKTPOreHesa,
MMMYHHOH, MOHOOKCHMIEHA3HOH, TepMOpPEryIaTopHoN
¥ JPYTHMH 3aUIMTHRIMH MeXaHM3MaMH OpraHM3Ma.
BaaumopeitcTBHa Takoro poaa B NOJHOH Mepe He
MOryT OmITe ofecnedeHsl TPAIHUHOHHBIMH HelipoMe-
MHATOPAMM, AMHHOKHCAOTaMH, GHOrEHHBIMM AMHHAMH
WM HEHPONENTHAAMH H3-32 BDEMEHM M MECTa HX METa-
Goamuama v guddyaun. [loaroMy Ml npeanonoxniy,
uto pyHkuMoHnpoBanue ['Ib B kauecTre puanoNOrK-
JeCKOH CHCTeMbl MELMeHHOi peryasauun obecnednsa-
eT NMPUHUHIMMAIBHO HOBLIH KJIACC CUTHANBHBIX MOJle-
Kya-nocpenuukos — NO u CO [22].

B HacTosniee BpeMs HHTEHCHBHO paspabaTbiBaloT-
CA Pa3THYHBIE METObI NTPAMOTO H3IMEPEHUA CONEPHkKa-
HHUA MOHOOKCHO0B a30Ta W YIJIepoaa B AMHAMMKE 3KC-
NepHMEHTABHBIX BoaneHcTsmil [4, 19-21), omHako, no
HAallEeMY MHEHHIO, X mpuMeHeHHe TpebyeT ocTopox-
HOCTH, TaK KaK [OKA 3TH METOAMKH HeJOCTATOYHO
crangapTusHposasl. [loatoMy ana uayyeHUA pPONM
NO u CO B perynsuun nponuuaemocts ['Ib mul
NPUMEHKHIH HeHPOH3HONOTHYECKYK) CTPATErHIo, MC-
MOMb30BAB CAEAYIONHE TBEPAO VCTAHOBJEHHbLIE AaH-
Hble HEHpOXMMHH 3THX MoHookcuaoB. Okcuja asora
(II) cuuTeaupyerca 3 L-aprunnna npu yuactuu dep-
meHTa NO-cuuTtaast (NOS) nyrem npucoegHHeHHS
MOJIEKYJISPHOTO KHCIOPOJA K KOHLEBOMY aTOMY a30Ta
B TYaHMIWHOBOH rpynme L-apruHuHa NpH ABYyCTAaHMH-
HOM peakuuyu dhepMeHTaTHBHOTO OKucIenus ¢ obpaso-
BaHMEM B Ka4decTBe NPOMEXYTOYHOro npoaykra L-
rMAPOKCHAPIHHMHA, Peakuus ruapoOKCHIHPOBAHWA
YCKOpAeTCH KO(aKTOPOM TeTpardapobHONTEPHHOM,
spnserca Ca“ -kansMoayauH3aBHCHMOH, BlokHpyer-
cA MOHOOKMCHIO yraepoaa. Ha crenywoueit craauu pe-
aKIMKM CTexHoMeTpHyeckH obpaayercs L-unTpysnun
i NO B cBoboaropaaukansnoit dpopme. NOS cymecr-
BYET B HECKOJAbKMX M30GopMax: KOHCTHTYTHBHASA
cNOS u nuayunbensnas iINOS, ona 6maka mo cTpyk-
Type K uutoxpomy P450 u umeer mecta cBs3siBaHuA
ana dnaBiH-aneHuH-HyieoTaos. Oba uaodepmenta
npeacrasaaoT coboit GraBonpoTeMHbl H HCNOJIb3YHOT
NADPH B xauectse mg:axrepe [9, 17]. Hﬁn}ruuﬁeﬂh—
Hag NOS sapnserca Ca“ -kaTbMOAYIHH-HE3aBHCHMOMH
H PEryAMPYeTCA Ha MeHeTHYECKOM YPOBHE IIOKOKOPTH-
KOMAaMH, MutepaeHkuHoMm-4, bera-Tpanchopmupyio-
IAM ¥ TpoMbGouHTapHEIM GaKTOpaAMM pPOCTa, aKTHEM-
pyercsi OakTepHANbHBEIMH  JIHIIONOJHCAXAPHIAMM,
IHAOTOKCHHAMH, MHTepaelkuioM-1, B, y-uaTepdepo-
HOM, Q-TYMOp-HeKpoTHaupywinum dpaxktopoM. Owna
BBI3BIBAET 00Pas0BaHWE H JUTHTENLHOE BhiAeJeHHe
6onpuux Koaudects (nmol) NO axrusupoBaHHBIMH
makpodaramu, HelTpodHIaAMHN, COCYAMCTHIM 3IHIOTE-
JHEM, MHKDOTTHANMBHBIMM KJIETKAMH, aCTPOLIMTaMH
[16]. B nepBHBIX KNETKAX M3BECTHA TONBKO cNOS,
KOTOpas ABASETCHA Cat - KaTbMOAYIHH3ABUCHMOH M B
(pM3HONOTHYECKHX YCIOBHSX B OTBET Ha PELENTOPHYIO
CTHMYJISAIHIO KaTaiu3npyeT obpasoanue NO B He-
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Nowadays different methods of the direct measur-
ing of nitrogen mono-oxides and carbon composition
in the dynamics of experimental effects [4, 19-21] are
intensively worked-out, however, from our point of
view, their application required a carefulness, because
till now these methods were not enough standardized.
Therefore, to study CO and NO role in the BBB
regulation we applied neurophysiological strategy,
using distinctly fixed data on neurochemistry of these
mono-oxides. Nitrogen oxide (II) is synthesized from
[-arginine in the participation of NO-synthase en-
zyme (NOS) by means of the connection of molecular
oxygen to final nitrogen atom in the guanidine group
of L-arginine under two-stage reaction in enzymic
oxidation with the formation of L- hydmx}r arginine as
a semi-product. Hydroxylation reaetmn 15 accelerated
by tetrahydrehmptenne cofactor, is Ca*-calmodulin-
dependent, is blocked by carbon monoxide. At the
next stage of reaction L-citrulline and NO in a free
radical form were stoichiometrically formed. NOS ex-
ists in some isoforms: constitutive cNOS and inducible
iNOS, similar by structure to P450 cytochrome and
having binding sites for flavin-adenine-nucleotides.
Both isoenzymes are flavo-proteins, usmg NADPH as
cofactor [9, 17]. Inducible NOS is Ca?"-calmodulin-
independent and is regulated at genetic level by glu-
cocorticoids, interleukine-4, beta-transforming and
thrombocytic growth factors, activated by bacterial
lypopolysaccharides, endotoxines, interleukine-1, B,
y-interferon, a-tumor-necrotizing factor. It causes the
formation and long-term releasing of the big numbers
(nmol) of NO by activated macrophages, neutrophiles,
vascular endothelium, microglial cells, astrocytes '[IE]
In neuronal cells only cNOS is known, which is Ca**-
calmodulin- dependent and under physiological condi-
tions in response to receptor stimulation catalyzes NO
formation in small numbers (p-mol). Nitric oxide (IT)
is a short-term living molecule (5-50 s), conducting a
regulatory function, is connected to Fe?*heme, acti-
vates soluble guanylate cyclase [16, 17].

CO is the second activator of soluble guanylate
cyclase [9]. Therefore, concerning ¢cGMF this mole-
cule is by 30 times less efficient, monoxide itself is
more stable comparing to hemoxygenase (HO), trans-
forming heme into biliverdin and CO, as well as NOS,
exists in two main forms (isoenzymes): hemoxygenase-1
(HO-1), induced by heme and formed by means of the
expression of the corresponding mRNA gene in a
spleen and liver, where HO-1 caused heme destruction
of the erythrocyte origin. [27, 28]. Constitutive hem-
oxygenase-2 (HO-2) was widely spread in an orga-
nism, however, its highest concentrations were re-
vealed in brain: in granular and cerebellum main
cellular elements, hippocampus (especially in its
pyramidal cells), olfactory bulb, cortex of big cerebral
hemispheres and some other brain parts [21]. Possess-
ing a rapid intercellular diffusion, central and periphe-
ral synthesis systems, NO and CO are potentially ideal
transmitters of intersystemic communications.
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Gonbmux xoauyectsax (pmol). Oxcun asora (II) —
Hepoaroxusy4das sosexkynaa (5-950 c¢), — BwinosHAA
PETYIATOPHYI0 (DYHKIHMIO, COCIHHSAETCA C Fe?*rema,
AKTHBHPYET PacTBOPMMYIO ryaHuaaTuuknasy [16, 17].

JlpyriiM aKTHBATOPOM PaCTBOPHMOM ryaHHJIATIIMK-
nasel sipsterca CO [9]. Xors B ornomenun ulfMOD
ata Mosekyna B 30 pas menee adpexrunna, cam mo-
HookcHa ropasfgo Oonee crtabunen. Temokcuredasa
(HO), kotopas npespauaer reM B 6uansepaun u CO,
kak 1 NOS, cywecrsyer B ABYX OCHOBHBIX (opmax
(n3ocdepmenTax): rem-oxcurenasa-1 (HO-1), nuayuu-
pyemMas reMoM M o0pasyoias nyTeM 3KCMPeccHu co-
orsercTeyowero reia MPHK B cenesenke u neudeny,
rae HO-1 BuiabiBaeT AeCTPYKUMIO reMa IPHTPOLIMTAp-
woi npuponas [27, 28). KonctutyTusHas reM-oKkcure-
Haza-2 (HO-2) wupoko pacnpocrpaneHa B opranuame,
OfHaKO HaubOJbUWIHE KOHLEHTPalUMH e¢ 0OHApyXKeHb
B rOJIOBHOM MO3r€: IPaHyJAAPHBIX KIETKaX M KJIETKax
[Typknabe moaxedka, runnoxkamne (ocobenHo B ero
NUPaMHIANbHBX KJIETKax), oOOHATENbHOH NYyKOBHILE,
Kope GonbUIKMX NONyIMAPHIE W HEKOTOPBIX APYTHX 00-
nactsax Moara [21). Obnamaa GEICTPOl MEXKIETOYHOIH

ouddysueit, ueHTpasbHOH H NepudepuIeckoil cHCTe-
MaMH cHHTe3a, NO u CO noTteHUMATLHO ABIAIOTCA

HIEATbHBIMM TPAHCMHTTEPAMM MEXCHCTEMHBIX CBA3EH.
JlelicTBUTENBHO, HAMH NoKa3aHo, 4to npu 0,1 PXB
MOHOOKCHE! 30Ta M YIJIEPOAIA ONOCPENYIOT NOBHLIE-
Huie MPOHHIAEMOCTH 9B, ocobenno nis SH-HA u
SH-AX. Kak CBHAETENBCTBYIOT MOJEbHEIE HelipodhH-
3HOJIOTHYECKHE OIBITHI, CYIUECTBYIOT ONTHMaJbHbIE
1A NOBHIILEHHA mpotniaeMocT 9D KoHueHTpauum
NO u CO [12]. Ha oauux 3Tanax runoTepMH4ecKoro
BoafeicTBHA npoHHuaeMocts I'9b ne nocruraer ceoe-
ro MakCHMaJbHOTO YPOBHS H3-3a TOr0, YTO OKCHJ
430Ta HAXOAMTCA elle He B ONTHMAJIBHON KOHlleHTpa-
IMH, TAK Kak cTUMyasnus cuHreaa NO sHyTpubpro-
wHHHLM BBegeHnem L-aprununa (1-2 mr/100 r) yse-
nuuuBaeT nponuuaemocts ['9B 1o yposra BTOpOrO
MaKCHMYMa NpoHHUaeMocTu, a Oiokana a- » B-agpe-
HOPELENTOPOB c];-emmaummu H  TNPONPaHOJIOJIOM
(1 mr/100 r) wim Na™-K'-AT®aswt  oybannom
(1 mr/100 r) canwxaer nponuuaemocts '9B ao ypos-
HA KOoHTpOo/aA. Ha caegyiommux atanax runorepMudec-
KOro BosseHcTBua KoHueHTpauns NO, oyesuaHo, Ha-
XOMHTCA Ha IMOYTH ONTHMAIBHOM /IS COCTOAHHS
NoBLIICHHOM NMpoHMiaemocTH ['9b yposre, Tak Kak
3KCIIEPUMEHTATBHOE NOBLILICHHE M NOHWXKEHWE CONep-
xaaua NO ymensimaer npouuuaemocts [9B. Oanaxo
bosee markoe sozjedcTBHe Ha cHuTes NO BHYTpH-
OGpromuHHEM BBefeHueM acnaparuwHa (1 mr/100 r),
YBEJHYHBAIOUIET0 KOHUEHTPALKE) OKCH/IA a30Ta OIocpe-
JOBAHHO Yepe3 apruHHHCYKUMHAT, BEAET K MaKCH-
MaJlbHOMY yBend4eHnio npouruaemocty ['9b6. Ha mu-
HHMyMax npoduuaemoctd 3B coaepxanne NO,
BO3MOJXHO, NPEBLIIAET ONTHMAILHLIN 1A obecneye-
HHA COCTOAHMA MNOBLIIEHHOH [POHHLUAEMOCTH YPO-
BEHb, TAK KaK CTUMYIAUMA cHHTesa NO aprunnHom
BEAET K JANbHEHIIeMY CHHXEHHIO NPOHHIIAEMOCTH,
a4 OnocpeioBaHHOE MOAABJEHHE CHHTE3a OKCHIa
a30Ta — K YBEJHYEHHIO MpoHHiaeMocTH Gapuepa.
AHanu3 pe3yJIbTATOB IKCTIEPHUMEHTOB NMOKa3al, 4To
QNMH M3 MEPBRIX MHKOB IPOHHUAEMOCTH [Ob nns
JH-HA npu 0,1 PXB B ocHoBHOM 0BYCJOBNEH AKTH-
BallMeH He HeHPOHANbHOMN (3HAOTEIHANTLHON WK TJIH-

IMpofnemu kpuobuonoruu, 2000, Ne 4

Really, it has been shown, that under 0.1 RCE
nitric and carbon monoxides mediate an increase of
BBB permeability, especially for *H-NA and *H-Ach.
As model neurophysiological experiments testify,
there are optimal for BBB permeability NO and CO
concentrations [12]. At some stages of hypothermic
storage the BBB permeability does not achieve its
maximum level due to the fact, that nitric oxide has
not optimal concentration, because NO synthesis
stimulation by L-arginine intraperitoneal injection
(1-2 mg,/100 g) increases BBB permeability up to the
level of the second permeability maximum, and blockade
of a- and B-adrenoreceptors by Phenm]amme and
propanolole (1 mg/100 g) or Na'-K™-ATPhase by
ouabain decreases BBB permeability down to the con-
trol level. At further stages of hypothermic effect NO
concentration, obviously, is practically at optimal
level for the state of BBB increased permeability be-
cause experimental rising and reduction of NO con-
tent decreases BBB permeability. However more mild
effect on the NO synthesis by asparagine intraperi-
toneal injection (1 mg/100 g), increasing nitric oxide
concentration by means of arginine succinate media-
tion, results in the maximum BBB permeability. At
the minimums of BBB permeability NO content, per-
haps, exceeds an optimal level for providing the state
of increased permeability, because stimulation of NO
synthesis by arginine results in further permeability
decrease, and mediating suppression of the nitric oxide
synthesis — to the augmentation of barrier permeabi-
lity. The analysis of the experiment results showed,
that one of the ﬁrst permeability excitements of BBB
permeability for >H-NA at 0.1 RCE mainly is stipu-
lated by the activation of not neuronal (endothelial or
glial) constitutive Ca®’-dependent NO-synthase
(blockade of calcium channels of L-type by verapamil
(1 mg/100 g) reduces permeability, and twice in-
crease of the frequency of cold effect does not shift
permeability peak). Further penneablhty maximums
connected to constitutive Ca**-dependent NO-syn-
thase (blockade of calcium channels reduced perme-
ability, an increase in the effect frequency displaced
the peak of a low BBB resistance) am:l inducible (en-
dothelial, glial, macrophagal) Ca’*-not dependent
NO-synthase (blockade of calcium channels did not
affect an increased BBB permeability). The maximum

period of resistance prECEdES the maximum peak of
BEB permeability for *H-NA. At this time the NO
content by some times exceeds optimal values for the
barrier “opening” (agents, suppressing NO synthesis
increase BBB permeability), while at permeability
maximums both auppressmn and stimulation of nitric
oxide accumulation reduce “H-NA and 3H-Ach sup-
ply into a brain.

Taking into consideration all mentioned above, the
following hypothermic scheme of the sequence of
neurophysiological events, resulting in the increase of
BBB permeability for thermocompetent neuromedia-
tors, should be proposed.
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ANbHOH?) KOHCTHTVTHUBHOM Ca‘*-zasucumoit NO-cun-
tasel (O/0Kana KanbuMeBRIX KaHanos L-Tuna sepana-
mioM (1 mr/100 r) cHHKaeT NpoOHUIIAEMOCTS, a No-
BhllleHHe B 2 pa3a 4acTOThl XOJ0A0BOr0 BO3JAEHCTBHA
He CMelaeT NHK npoHuuaemocty). Cnexyiomme Max-
EHM}.'HH MPOHHMLAEMOCTH CBA3AHLI C KOHCTHTYTHBHOH

-3aBucHmMoii NO-cunTa30it HepBHOit Tkauu (610-
KaJa Kajbl{HEeBLIX KAHANOB CHMKAET MPOHHIAEMOCTD,
YBEJIHYEHHE YacTOThl BO3IeHCTBHA CMEILAeT MUK HU3-
KoH pesucreHTHOCTH ['ODb) M uHAyuHpyeMo# (3H]10-
TenHanbHOM, rMMaIbHOM, Makpodaramenoit?) Ca“*-
He3aBHCHMOH NO-CHHTa30# (bnokama KaNbLHEBBIX
KAHAMOB HE BJIMSET HA MOBLINIEHHYIO MPOHUIIAEMOCTE
I‘BE)J MakcuMansHOMY NHKY npoHHuaemoctd ['Ib

H-HA npemmectByer MakCHMaIbHLINA NepHOj
peaucTeHTHOCTH. B aro Bpemsa copepxanue NO Ha
HECKOJIbKO TOPAAKOB MpPeBLIIAET ONTHMAaAbHBIE LIS
“oTkpbiTHA" Gapbepa 3HaueHus (areHThl, YTHETAIOUHE
cuaTes NO, nospimamwT nponnuaeMocts '9B), Torna
KaK Ha MAKCHMyMax NTPOHHLAEMOCTH H NOJIaBAeHHE, H
CTHMYNLALMS HapaﬁnTxH OKCHJIa a30Ta CHHXAKT Io-
CTYILIEHHE JH-HA u 3H-AX B mo3r.

HMcxons w3 BeIIEH3NOXEHHOTD, MOXKHO NpeaIn-
HKHTH CAEAVIOUIYI0 THNOTETHYECKYID CXeMy Iocjeno-
BATEJIBHOCTH HeWpodH3aHonorHyeckux cobeITHil, npu-
BOAAIIMX K MOBhIMIEHWID npoHulaemoctH I'Db ans
TEPMOKOMIETEHTHLIX HEHpPOMEIHATOPOB.,

Havaneueiif aTan pUTMMYECKOH THNOTEPMHMH Xa-
PaKTEPH3YETCA KOMILIEKCOM YCIOBMH (yBenHueHue
O YHKUHOHAIBHOH aKTHBHOCTH GMOTEHHBIX AMWHOB H
AKTHBUPYIONIMX AMHHOKHCJIOT, HHHITHUPYIOIIHX NpO-
Lecchl JAonroBpeMenHod moreHumauwu [3, 10-12]),
KOTOpLI€ MPHBOAAT K KACKaJHOMY BKIIYEHHIO pas-
HbIX H3oopM NO-CHHTassl, 4¥TO COMPOBOXKAAETCA
MOBBINIEHHEM CONEDMAHNA UHEIHYECKHX MOHOHYENEC-
03108 [12], npH 3TOM aKTHBHPYIOTCA COOTBETCTBYIO-
IHe MPOTENHKHHA3E!, PeryIHpyIonHe npoueccs thoc-
gJGDHHHpDBaHHH HHTO3OJIBHEIX H UHTOCKEJIETHRIX

€JIKOB, CO3/IaBasd YCJOBHA JUIA MNOBLIIEHHOH NMPOHH-
naemocty I'SB [10-12]. Ouesuano, Ha HaYATBHBIX
aranax PXB axkrusio Bxmovaercs B paboty KoHCTH-
tytBHad NO-cHHTasa BacKy/NAPHBIX 3HAOTENTHOLH-
TOB 478 “aBapuiiHOH” KOMNEHCAalHMH HaNpPAXeHHS
CUMNATHKH NepudepuH NapacHMNaTHKON Mo3ra. JToT
MpoLiece KOHTPOJIMPYETCA KOMIIEHCATOPHBIMM MeXxa-
auamamu [THC. B numbuyecknx crpykrypax mosra
VCHJIHBAETCA JOJINOBpEMEHHAA NNOTEHLUMAIIHA, aKTHBH-
pyerca HedpoHantbHas cNOS, nomgepxuBas ONTH-
ManbHbii yposers NO (pmol). Ilpu ganbneiimem ox-
JAKIEHHH BOGHHKAKT XADAKTEPHBIE CTDYKTYPHRIE
M3MEHEHHA 3HAOTENMOLHTOB H HX HEHPOIIHATBHOIO
okpyxenusa [10], 8 KoHeuHOM HTOre NpHBOAALIKHE K
VCHAeHH0 harounTapHoii aKTUBHOCTH, HAMMPUMEp Me-
PHLIMTOB (p}{c 3), a 3HauMT, M K AKTHBaLlH{ MHAYIM-
Geabnoit Ca®*-nesasucumoii NO-cunTasu. Pesko, B
1 000 pas (10 nmol), Bospactaer Hapabotka NO, “3a
TAIJIMBas” peuenTopHbie I0JS HEHPOTPAHCMHTTEp-
HbIX MeXxaHu3MoB oTkpeiTHa ['OB, npoucxoauT axc-
TPEHHOE BOCCTAHOBJIEHHE €r0 PE3UCTEHTHOCTH.

Ilena Takoii KoMneHcallHi OYeBUAHA — MOBHIIIA-
ETCA BEDPOATHOCTDL JOKAJBHBIX THITOKCHYECKHX ABJE-
HM{ B KOMMAPTMEHTAX JHIOTEJHOLHMTOB KAITH/LIADOB
H HeHpornHanbHelX KomiutekcoB (puc. 4). Masectho,
YTO TMNOKCHA TIPHBOIWT K CYHIECTBEHHOMY MMOBBILIE-
HHE) AKTHBHOCTH TEM-OKCHI€HA3, KOTOPLIE CYHMTAIOT
Henxkamu Temnosoro woka [13, 27]. lpu Baaumoaeii-
CTBMH FeMOKCHIeHasw ¢ uuroxpom-P450-peayxrasoii
obpaayerca CO [13]. MonookcHA yr/iepoaa Bbl3biBAET

[Ipobnems: kpuobuonorum, 2000, Ne 4

An initial stage of rhythmic hypothermia is charac-
terized by the complex of conditions (rising of func-
tional activity of biogenic amines and activating
amino acids, initiating the processes of long-term po-
tentiation [3, 10-12]), resulting to a cascade switch-
ing of different NO-synthase isoforms, that is accom-
panied by an increase in cyclic mononucleozides
content [12], corresponding protein kinases, regula-
ting phosphorylation processes of cytosol and cyto-
skeletal proteins, making conditions for BBB perme-
ability augmentation, are activated in this case
[10-12]. Obviously, constitutive NO-synthase of vas-
cular endotheliocytes for “urgent” tension compensa-
tion of periphery sympathetics by brain parasympa-
theties is actively is beginning to work at initial RCE
stages. This process is controlled by CNS compensa-
tory mechanisms. In the brain limbic structures a
long-term potentiation accelerates, neuronal cNOS ac-
tivates, maintaining an optimal NO level (pmol).
Under further cooling the characteristic structural
changes of endotheliocytes and their neuro-glial mi-
croenvironment [10], appear, finally resulting both in
an increase of phagocytic activity, for example, of
penc:ytes (Fig. 3) and in the activation of inducible
Ca’*-independent NO-synthase. NO working-out
sharply increases by 1 000 times (up to nmol), by
“flooding” of receptor fields of neurotransmitter
mechanisms of BBB opening, an urgent recovery of its
resistance occurs,

The cost of such a compensation is obvious — the
probability of local hypoxy phenomena in the com-
partments of capillary endotheliocytes and neuro-glial
complexes increase (Fig. 4). It is known, that hypoxy
results in a significant rising of hemoxygenase activity,
considered as heat shock proteins [13, 27]. During
hemoxygenase interaction with cytochrome-P450-re-
ductase CO forms [13]. Carbon monoxide causes ad-
renoreceptor dissociation with ligands, but does not
affect acetylcholine receptors. These processes switch
the mechanisms of BBB permeability for NA by par-
tial permeability for Ach.

Further cooling promotes to the reduction of cy-
tochrome P450 and GMF activity under growth of
cAMF concentration [12], BBB permeability for Ach
slightly decreases, returning optimal NO concentra-
tion for BBB functioning, reduces its destructive ef-
fect. Therefore, CO is so-called switch of sympathetic
and parasympathetic flows, if NO is trigger of BBB
permeability for bmgemc ammes An increase of BBB
permeability for "H-NA and *H-Ach stimulates adap-
tive thermospecific processes in brain, optimizing cen-
tral mechanisms of temperature homeostasis.

Thus, NO and CO may be neuronal mediators of
slow controlling brain system, included into regula-
tion processes under extreme or systematically acting
irritants, BBB is its structural and functional base.
Under these conditions, from our point of view, CO
mediates BBB with mono-oxygenase system, and
NO — with immune one, combining thre protective
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Puc. 3. OTaokeHHe NEPOKCHAAIL XPeHa B QarolHTHPYIOILEM NepH-
UMTE H B MECTE NEPHUHTO-3HADTEAHAIBHOMD KoHTakTa, Kanuaasp
NEPEIHErD TMIOTANaMyca Kpuickl, x 50 (00,

Fig. 3. Sedimentation of horse-radish peroxidase in the phagocyting
pericyte and in the place of pericyte-endothelial contact. Capillary
of rat's interior hypothalamus. = 50 000.

AMCCOLHALHIO aJPEHOPELIENTOPOB C IMTAHAAMH, HO HE
3aTParMBaeT al€THIAXOJHHOBBIE PELEeNnTophl. ITH Npo-
LeCcChl NEePerIoYanT MeXaHuaMmel npouulaeMmoctu [ 96
nns HA Ha uabuparessnyio npoxuiiaemocts s AX.

Hanbrelinee oxnaxaenue cnocoGCTBYeT cnaay ax-
THBHOCTH uHTOXpoMOB-P450 u ul’M® npu napacra-
HMK KOHUeHTpauud wAMD [12], nponHMunaeMocTs
3B ana AX Heckonbko cHuxaercs, a s HA cHoga
BoapacraeT, Tak Kak CO TOpMO3IMT CHHTE3 OKcHAa
430Ta, BO3BpALlAAd ONTHMANLHYIO 418 (DYHKIMOHHPO-
Bauua OB kouuentpaumio NO, cHukaer ero jae-
cTpykTHBHOe nercreue. CmemosatennHo, ecim NO
ABNAETCA TPUITEPOM NpoHHUaemoctH I'DB mns 6uo-
reHHbIX aMHHOB, TO CO — cBoeobOpa3nbiM nepexnoya-
TeJleM CHMIATONapacHMnaTH4YecKux norokos. [loesi-
wenue nponuuaemoctn DB ana SH-HA u JH-AX
CTHMYJMpPYET aJlanTHBHBIE TepMocneurduyeckue
MpOLEecChl B MO3re, ONTHMH3IHPYA LEHTPATbHbIE MEXa-
HH3MbI TEMMNEPATYPHOIO [OMEOCTA3a.

Takum obpaszom, NO u CO moryr 6uth Helipo-
HaNbHLIMH [MOCPEAHHKAMH MELTEHHOH YNpaBaAwme
CHCTEMBI MO3Id, BEKAKOYAKUIHMHCA B IPOLECCH DETY-
NHPOBAHKSA NIPH 3KCTPEMATBHBIX MM CHCTEMATHYECKH
OeHCTBYIOLUIMX PasApaxkKUTeNsAX; ee CTPYKTYPHO-QYHK-
uHoHaIbHONU ocHoBol aBaserca ['DB6. B Takux ycno-
BMAX, no Hamemy MHeHHI0, CO ocyuecTBnfeT CBA3b
I'3B ¢ moHooKcureHasHoit cucremoit, a NO — ¢ um-
MYHHO#M, 00BbeIHHASA TPH 3ALINTHBIE CUCTEMBI B OJIHY,
KOTOPYIO MOMHO YCJIOBHO Ha3BaTh 3K3UCTOIHLEDAIH-
yeckol. MHTerpalusa peryiMpymoniMx cHCTeM, y4acT-
BYIOIIHX B MNONIEPXAHWM IOMEOCcTasa, WHTEHCHBHO
M3y4aeTcA BO BCEM MMPE H PacCMAaTPHBAETCA KaK HaM-
Gosiee mepcnekTHBHAA 00J1ACTL COBPEMEHHBIX MCCE-
noeanuit [1]. MoxHo aymMaTh, 4T0 MOHOOKCHTEHA3HAS
M MMMYHHAS CHCTEMBI COCTABJIAIOT [B€ YacTH eJWHOH
3amuTHON cucTeMnl opraHMama [2]. B nacTosuee
BpeMA WMeeTcA obwupHaa HHbOpPMalLHA, MPOJIHBaKD-
mas cBeT Ha QOPMHpPOBAHHME HOBOH MHTErpaTHBHOH
obnacti GHONOrHM — HEHpPO-HMMYHOIHIOKPHHONO-
run [1]. TIpu stom ocoboe BHMMaHWe yAenseTca
AHANTH3Y MHOTOCTOPOHHEro obMeHa CUrHalaMu B 1pe-
Jenax B3auMoaeHCTBYIOUMX CHCTEM M 3aKOHOMEPHOC-
TAM, JIEXALUIUM B OCHOBE MHTErpalMH KamJOro pery-
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Puc. 4. Y abTpacTpyKTYpa CTEHKH KaNWINADPA METHONPeONTHYECKOH
obnacTH TMNOTATAMYCA KPHICH NMOCAC PHTMHYECKHX XOJOA0BBIX

moafedcTenil. [IpuaHaky OTeKa KOHIEBBIX OTPOCTKOB acTPOIMTOB.
= 60 000,

Fig. 4. Ultrastructure of capillary wall in medio-preoptic region of
rat's hypothalamus after rhythmic cold effects. Oedema signs of the
astrocyte terminal outgrowings. x 60 000.

systems into one, which conditionally can be named
as existo-encephalic. Integration of the regulating sys-
tems, participating in homeostasis maintaining, is in-
tensively studied all over the world and considered as
the most perspective field of current investigations
[1]. It can be considered, that mono-oxygenase and
immune systems are two parts of one protective sys-
tem of an organism [2]. Nowadays there is an infor-
mation about the formation of new integral field in
biology — neuro-immuno-endocrinology [1]. Thereat
a special attention is given to the analysis of versatile
exchange with signals in the limits of interacting sys-
tems and regularities, which are the base of the inte-
gration of each regulatory link. Namely from this point
of view it is better to consider our data, testifying to
the existence of brain integral protective system with
not only BBB or immune-oxygenase processes. Pro-
tective function of EES is important, but not the only
one, and interaction of the system with thermoregu-
latory processes defines its the most intriguing cryo-
biological function.

Principally, it is possible to “switch EES” by any
quite significant effect, but temperature factors are
more physiological and, probably, are used under
natural conditions. Cryobiological aspects of the EES
investigation elucidate a well-reasoned hypothesis of
Yu. F. Pastukhov about “switching” of the adjusting
point of homeostasis as neuro-hormonal mechanism of
periodic broadening of its temperature limits. It is
supposed, that “switching”" phenomenon is charac-
teristic for seasonal dynamics of different forms of
torpid states in mammalians and birds, as well as for

the process of natural adaptation of the Northern
euthermal animals [15].
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nsaTopHoro 3apeHa. Mmenno mox atTuM yriom speHns
Haubosiee MPOAYKTMBHO PACcCMATPHBATH HAlllM JaH-
HbIE, KOTOPHIE CBHAETENBCTBYIOT O CYIIECTBOBAHHH
eAHHOH 3aUIMTHOM CHCTeMBI MO3ra, He CBOAAULlEHCH
TONBLKO K reMatosnuedanuyeckomy bapuepy wam um-
MYHOOKCHI€Ha3HbIM MpolleccaM. JaliuTHaA (HpyHKLHA
II9C — BaxHadA, HO He eIMHCTBEHHAN, B3auMoaeHcr-
BHE CHCTEMBI C TEDPMODEryJSTOPDHBIMH MpOILIECCAMM
onpezesser ee Hauboaee HHTPHUTYIOUYIO KPHOOHOMNO-
THYECKYI0 (DYHKIIHID.

nputnune “sanyctuts” 3IC MoxHO mMOOLIM
AOCTATOYHO 3HAYUMBIM BO3AEHCTBHEM, OIHAKO TeMIle-
paTypHbie (akTOphl KaxyTtcs OGosiee (H3HONOrHUHLI-
MH H BEPOATHO HCIIOJIB3YIOTCA B NPHPOAHKIX YCIOBH-
ax. Kpnobuonoruveckue acnextnl uayuenus 3IC
KOHKPETH3HPYIOT apryMeHTHMPOBAHHYKO  FHIOTe3y
akan. 10. @. [Tactyxosa o “packauke” yCcTaHOBOYHOH
TOYKH TOMEOCTa3a Kak HepBHO-TOPMOHAIBHOM MeXa-
HH3ME NMEPHOAHYECKOTO PACLIMPEHHA €0 TeMNepaTyp-
HEIX rpatdl. [Ipeanonaraercs, 4to peHoMen “packay-

KH  XapakTepeH [UIfA BCeH Ce30HHOM [JHHAMHKH
pasHblX (POpPM TOPNOPAa MJIEKOIMMTAIOUIMX M ITTHIL, a
TAKXe LA Npolecca NPHPOAHOH aanTalliH CeBepHBIX
IyTepMHBIX XHBOTHBIX [15].
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HYYyBCTBHTEJABHOCTS K IIPOIPAMMHOMY H IHKIHYECKOMY
3aMOPAKHBAHHIO-OTOIPEBY KIECTOK SMOPHOHAIBHOH
MNEeYE€HH YeloBeKa 7-12 HeaeNnb recraimuu

B. U. TPMLIEHKO, A. U. TAPACOB, C. B. PYIEHKO, A. [O. [IETPEHKO
Hremumym npobaem kpuobuonoeuu u kpuomeduyunst HAH Ykpaunsi, 2. Xapukos

Sensitivity to a Programmed and Cyclic Freeze-Thawing
of Human Embryonic Liver Cells of 7-12 Weeks of Gestation

V. I. GRISCHENKO, A. I. TARASOV, 5. V. RUDENKO, A. Yu. PETRENKO

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkov

Hecnegosaames knetn smbpuonaasHof nevenn venoeexa (O119) 7-12 negens recrawos OnernBamices ofiee KOTHYECTBO KIETOK,
NOSYHeHHOe 0T A0HOPOB PA3IMYHON BO3PACcTd, & TAKME MHIHecnocobDROCTE RaeTOMHEX cycnemsui A[1Y go u nocne mporpaMMEOTO
KPMOKOHCEPBHPOBAHMA M HECKOIBKMX UMENOB OuicTporo samopassmammA-oTorpera. Metogamm MopdoMeTpui M NPOTOMHON KOHTYE-
ToMeTpHM Ol NoayYeHR pacTpelereHMA EJeToR cycinesau no ofkeMy ¥ moeepxaocTHO-obbeMHOMY oTHOmMeHmo. OTdedeno JM-
HelHOe yBemwuyenue cofepsaama xnetox 8 3149 ¢ soapacrom HimanecnocobHOCTE OTTAAHHOM CYCHEHIMM NOCAE MPOTPAMMHOND
3AMOPaMMBAEMA HE 3aBMcena oT BoapacTa obpaagos. Hanporus, k OuicTpoMy 3amoparcmBaHMIO-OTOrpeBy Npemapartsl -9 megens
okazamucs Bonee cTofomy, ves ofpaam 10-12 negens recramos Ofsem knerox 3114 sapeupyer & guanasone 50-350 duon, mpy sTom
Donee nooesmsl kneTor wWMeeT obbem 100-200 dur, namenemdi obbema ¢ BoapacTom He obaapymeno. JocTopepEse oTHMMA MeN Iy
noeepxEocTHO-o0BeMunM oTHOWeaMeM BaeTok 1Y 7-9 u 10-12 megems, a Tarowe yMeHrIIenme cCpegHero 00 CyCIeHIMH O0BEPXHOCT-
HO-00 BEMHON0 OTHOMISHMA NOCTE KANCIONO LPGUIA 3AMOPANGMBA HUA-OTOTPERA NOTYEPKHEAIDT PONTh NPOLECCOB MACCOMEDEHOCE B PAIBM-
THM KPHOTIOBPEeM e,

Bimuamcs wnimiom esmbpiosanssol newinxn mogueu (EILT) 7-12 mosms recrani] OWimoBanses 3aranbkits KiMLRICTs KILTHH,
OTPMMAHMX BLI AOHOPIB Pi3HOT0 BIKY, & TAKOH MUTTEIZATHICTD KTk cycnensii EIL go # mcena nporpaMuorn xpioxoscepeypaHin
Ta KUIBKOX IMKJIB INBMIKOLO 3aMOpOsKyBaHRA-pimirpisamna. Metogamm mopcomeTpli Ta nporowsol kosgyxTOoMeTpil Oyno oTpuMano
POSMOALIM KITHH cycnersil 3a of'emoM i nopepxneso-o6'eminm simunomennaM. Bigmiveno minifne sbinemesna suicTy waitua 8 ETLI
3 sigom. FHMTTE3gaTHICTE CYCMEH3i], KA BUITANA ITCAA NPOrpaMHOro 3AMOPOXCYBAHHA, He 3aexana Bin sixy npenapaTie. Jlo mesaxoro
3AMOPOMKYBAHEA-BINIrPIBAHHA, HARMAKK, NMpenapatH Bikom 7-9 moxxis euspwmcs Gineio cTiftkmvor, Eix npemapaTi 10-12 Tioxuis
rectaifil. O6'em wnitTum EILJ mapive B mianasowi 50-350 dn, npw geomy Ginkma gactmma gmitae sae of'em 100-200 don, amin 8
of’'emMrOMY posmomial 3 BikoM He BuaHaweno. JlocToBipHa pisHMIA MiN noBepxHeBo-o0'eMiMM BigmowenssM wuTna EILJL 7-9 i
10-12 moxuin, 8 TAKOM IMEHIODEHHA CEPEIHBOM 10 CYCHeHal] nopepxHeso-of'eMHEOrO BiAHOMEOHAA MCAA KOMCHOMD METY 3aMOpOMNyY-
BEHHA-BLAIrPIBAHHA IMIKPECE0E PONb NPOLECiE MACONEPEROCY ¥ POZBMTKY KPIONOIIKOIMEHD.

Human embryonic liver (HEL) cells of 7-12 weeks of gestation were investigated. Total number of cells, obtained from donors
of different age, as well as the viability of HEL cellular suspensions before and after programmed cryopreservation and several
cycles of rapid freeze-thawing were estimated. Using the morphometry and flow conductometry techniques we obtained the
distributions of the suspension cells by volume and surface-volume ratio. A linear increase of cell content in HEL with the age was
noted. The viability of frozen-thawed suspension after programmed freezing did not depend on a sample age. In contrast, the
preparations of 7-9 weeks occurred to be more resistant to rapid freeze-thawing, than the samples of 10-12 gestation weeks. The
volume of HEL cells varies within the range of 50-350 fl; in this case the majority of cells having the volume of 100-200 fl; no
changes in the volume with the age were revealed, Statistically significant differencies between the surface-volume ratio of HEL
cells of 7-9 and 10-12 weeks, as well as a decrease in the mean by suspension surface-volume ratio after each freeze-thawing cycle
underline the role of mass-transfer processes in the development of cryoinjuries.

Knerku amOpHOHANBHOH NMEYEHH YE€J0BEKA MOTYT
HHITh MCIIONBIOBAHEL 1A JIEYeHHS 1eNoro paaa 3abo-
JIEBAHMH KPOBETBOPHOMH CHCTEMEI M PAa3s/iMYHOTO poaa
nedyeHoYHbIX HegoctaTounocreir [4, 11]. Takomy wu-
POKOMY MPHMEHEHHIO ClOCODCTBYET IreTepOreHHOCTh
KJIETOYHOTO COCTaBa 3TOTO OpraHa, B KOTOPOM Iipej-
CTaBjIeHbl NPEUIeCTBEHHHKH MMapeHXHMAJLHBIX KJle-
TOK NMeYeHH H KPOBETBOPHRIX KJIETOK PasiHYHOH cTe-
MeHK KOMMHTHPOBaHHOCTH [3].

HasectHn paboThbl, MOCBALIEHHBIE BHIAENEHHI H
npuMerernio xkierok Y mwns tpancnaanrtaumu [8].
Onuxako BONpoCcH O MEXaHHIME ACHCTBHS KNETOK Ha
OPraHi3M PELHNUEHTa ¥ BIHAHUH KPHOKOHCEPBUPO-
BAHMS HA UX COCTOSHME HE NOJYYalT OJHO3HAYHBIX

Mpobnemsr kpuobsonorsms, 2000, Ne 4

The cells of human embryonic liver can be used for
treatment of a number of diseases of hematopoietic
system and some kinds of hepatic insufficiences [4,
11]. Heterogeneity of cell composition of this organ,
where the precursors of liver parenchymal cells and
hematopoietic cells of different degree of commitment
are presented [3], contributes to such a wide applica-
tion.

The papers are well-known devoted to the HEL
cells isolation and application for transplantation [8].
However the questions on the mechanism of cell effect
to a recipient's organism and cryopreservation effect
on their state are not unequivocally answered. Such
an ambiguity is one of the causes, due to which the

Problems of cryobiology, 2000, Ne 4



OTBETOB. Takasd HeonpeleNeHHOCTh ABASAETCA OHOM
M3 MPUYMH, NO KOTOPBIM TPaHCIJIAHTALMA KIETOK
IMMY He zanvmaeT HAUIEAKANIETO MECTA B COBDEMEH-
HOM MeaMIMHCKOW npakTHke. BrickaswiBaeTca npen-
nonoxerue [6], 4To remonoaTHYECKHE KIETKHM-NPE]-
mecTBeHHHKH obnanator Gosblielf YCTOHYMBOCTBIO K
NEHCTBHIO HU3KMX TEMNEPAaTyp, TaK KaK HCIOAbIYVIOT
MeMOpaHOHe3aBMCHMEIN 1yTh IeHepauMH DHEPrUH.
Onanako BONpPOC MX KPHOYCTOHYMBOCTH JI0 HACTOAILE-
o BpEMEHH HE HCUIELOBAH.

Hens gannoit paboTh — uayyueHHe YYBCTBHTEIb-
HocTH wkierok IIIY paanuuHoro cpoka recrauMM K
KPHOKOHCEPBHPOBAHUIO M MOCNEAVIOUIEMY LHKIHYEC-
KOMY 3aMOpaskMBaHMIO-oTOrpeBy. B 3azaun mccaeno-
BaHHA BXOMAWIO onpenesienHe obiero comepKaHHA
knetok B cycnenanu IIY paanuunoro sospacra, BIM-
AHHS PEXXMMHOTO KPHOKOHCEPBHPOBAHMA M TOCJELy-
HOLIEND IHKITHYECKOID 3aMOpDAXHBAHHA-OTOIPpEBA Ha
HX KM3HECNOCOOHOCTb, 4 TAKXKe H3YYEHHE reOMeTpH-
YeCKMX napamMeTpos Haubonee YCTOHYMBBIX KIETOK.

Cycnensnio kaerox IITY noayvanu M3 neyeHu go-
HOpoB 7-12 Heaens recTalMy ¥ CMEIUHBAIH C PABHBIM
ofbeMOM KpHO3aUIMTHOH cpenasl, copepxauein 10%
aumeTwicyabpokcHaa. [Iporpammpoe oxnaxaenue
MPOH3BOAKIK B TPH aTana: 1o Temneparypil =40 °C co
ckopoctbio 1°/mMuH, 3atem a0 —80°C co cKOpOCTBIO
10°/muH, nocae yero obpasen morpyxanu B KUIKHUIL
a3ot. Ortorpes 06pasUOB BHINOIHAIH HA BOAAHO!M Gane
¢ temnepatypoit 40°C go 0°C.

Jlna nMxmMueckoro saMopaXMBaHHs-OTOTPEBa jie-
KOHCEPBHPOBaHHbBIE KPHOKOHTEHHEDH! € OJIMHAKOBBIM
obbemom cycnensun 1Y co sbaa NOMELIATH B AKKI-
KMH a3oT u Owictpo otorpesann. [locme kawxjoro
KA 3aMOpPaAXHBAHWA-OTOIPEBA ATHKBOTY CYCNCH-
auu oTOMpanK WA aHATM3A.

Ananecniocobrocty cycnenann IIY go # nocae
KPHOKOHCEDBHPOBaAHHA ONMPEJENATH 10 MPOKpaNIHBa-
HHMIO TpMNaHOBBIM cHHMM. [lna HcKmoYeHMs BKIAda
JIM3NCa KIETOK B IPOLeCCe 3aMOPakiBaHMA-0TOIPesa,
4 TAKXE YYHTHIBAA, YTO HIMEDPCHHA NMPOBOAWJIMCE HA
OZXHOM M TOM Xe o6pasie, OTHOCHTENIBHYIO XKH3HECNO-
cobroctb onpegensnm no dopmyne

R=Cy/Coy

rae C; — conepxkanue XKu3necnocobHsIx (Henpokpa-
WIMBAKOIIMXCA) KJIETOK B ¢auHHie obbema Hecaenye-
MOt cycmeHaum; Cy — HM3HAYANBHOE COJAEpXKaHHe
HUIHECTIOCODHBIX KIETOK.

Iloacuer wieTox NPOH3IBOAWIICS [0 MUKPOCKOTIOM
JENAVAL (Karl Zeiss, Jena, @PI).

[Tpu mopdoMeTpHYECKHX HIMEPEHHMAX HCHOIb30-
BAH BH,I[EGKEMEP}’, COBMELIEHHYID C KOMITBHOTEPOM.
HdaHHble AHAMH3HPOBANH ¢ MNOMOINBI NPHKIATHOM
mporpaMMiul. MlaMepernue reomeTpHueckux mnapamer-
POB IBYMEPHRIX ITPOEKUMH KIETOK NMPOBOJAWIM, ann-
POKCHMMMDYS uX swuimnconaamu. Mcxoms ms storo
npubAMKeHHA, PaCCYHThRIBAIH 00beM M MJIOWAAb 1MO-

BepxHocTH Knetku [5]. Ilporpammmuas norpemrHocTs
H3MepeHMA UTHHE coctarmsuia 0,35 MiM.
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transplantation of HEL cells does not occupy the
proper place in modern medical practice. One suggests
[6], that hematopoietic cells — precursors have a high
resistance to low temperature effect, because they use
a membrane-independing way of the energy genera-
tion. However the question of their cryoresistance has
not been studied yet.

The aim of the work was to study the sensitivity
of HEL cells of different gestation term to cryopreser-
vation and following cyclic freeze-thawing. The deter-
mination of total content of cells in HEL suspension
of different age, the effect of a regimen cryopreserva-
tion and following cyclic freeze-thawing on their via-
bility, as well as the study of geometrical parameters
of the most resistent cells comprised the tasks of the
investigation.

HEL cell suspension was obtained from donors’
livers of 7-12 gestation weeks and mixed with an
equal volume of cryoprotective medium, containing
10% of dimethyl sulphoxide. A programmed freezing
was accomplished by three stages: down to the tem-
perature of -40°C with 1°C/min rate, down to
-80 °C with 10°C/min rate, after that a sample was
immersed into liquid nitrogen. Sample thawing was
performed in a water bath with the temperature of
40°C up to 0 °C.

For cyclic freeze-thawing, the frozen-thawed cryo-
containers with an equal volume of HEL suspension
were placed from ice into a liquid nitrogen and rapidly
thawed. After each freeze-thawing cycle the suspen-
sion aliquote was taken for analysis.

The viability of HEL suspension before and after
cryopreservation was determined by trypane blue
staining. To exclude the contribution of cell lysis
during freeze-thawing process and taking into consi-
deration the fact, that the estimation was conducted
in the same sample, the relative viability was deter-
mined by the formula:

R=Cq/Cop:

where Cj;, — viable (non-stained) cell content in unit
volume of studied suspension; Cg, — the initial con-
tent of viable cells.

The calculation was done with JENAVAL micro-
scope (Karl Zeiss, Jena, Germany).

The videocamera, aligned with computer was used
at morphometrical measurements. The data was ana-
lyzed by means of an applied program. The measure-
ment of geometrical parameters of cell two-dimen-
sional projections was accomplished by approximating
them with ellipsoids. The volume and the area of cell
surface were calculated proceeding from this approxi-
mation [5]. The program error of the length measure-
ment made 0.35 um.

The distribution of HEL cell suspension by the
volume was investigated using the method of flow
conductometry (Coulter’s counter). To estimate sta-
tistical significance of differences between the data
groups we used the Wilcoxon's non-parametric test,
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Pacnpenenenwe cycnensun kierok 314 no obwe-
My OblJIO HCC/IEIOBAHO METO/IOM ITPOTOYHOH KOH/IYK-
ToMeTpHH (cyetyuk Koynrepa ). /lna oueHku mocro-
BEPHOCTH Ppa3IMuUMH MeXIy [rpynnaMe [aHHBIX
HCIMOJIb30BAIH HENapaMeTpHYecKMid Kpurepud Bun-
KOKCOHA, CYHTasA JOCTOBEPHLIMH Pai/IHYHs C NOKasa-
TeneM 3HauumMoctu p < 0,05.

B pabore ananmusy 6Gwiiu moasepruytel 150 mpe-
napatos, nony4eHHsix B 1998-1999 rr. Bee ofpasum
GbunK pasnesieHsl Ha 7 TPYTIN B COOTBETCTBUH CO CPO-
KaMu rectaumm: 6-7, 7-8, 8-9, 9, 9-10, 10 u Honee
Henens. Komuyectso obpasuos kaxaoit rpynnsl co-
craBnsio He MeHee 15. B nportuBHOM ciaydae (mia
MOJTY4E€HHA CTATHCTHYECKH AOCTOBEDHBIX Pe3yJbTa-
TOB) obpasum cocexHux rpynn obwveaunsan. [leyens
yaasanocs aucddeperuuposars, Haunnaa ¢ 6-7 mHe-
Aenb recrainu; obiee copepxkanne KieTok B obpasuax
3TOro Bo3pacra coctasiasyio 25 mad. Ha puc. 1 noka-
3aHO OTHOCHTEJbHOEe HaMeHeHHe obllero KoJM4ecTsa
knerok JIIY c ysesmmyennem cpoka recrauyu. 3a em-
HHI[y TIPHHATA CPENHAA BEJIHYHHA CONEpMKAHUA Kile-
TOK B IeueHn rona 11-12 megens recrauun. Buawo,
YTO C YBEJHYEHHEM CPOKa recraiMy obiiee KOJIMYECTBO
KIeTOK, Beuaesaemoe 3 1Y, pocno. OTHOCHTEIBHOE
YBEJIMYEHHE CPeHHX 3HAYEHHH KOJIMYEeCTBa KJIETOK C
BO3PacTOM MOXKET ObiTh MPEICTABIEHO YPABHEHHEM:

N=0,19¢t-0,09,

rae ¢t — pospacT obpasua, HemesH.

JKuanecnocobnocts nmpenapaToB, MOJYYeHHBIX W3
neveHH 3MOPHOHOB pa3/IMYHLIX CPOKOB recTallHH, He
MMena A0CTOBePHBIX OTJAMYHH W nmpepnimmana 80%.

KpHokoHcepBHpOBaHHe, BKIOYABIIEE IKBHIHOpa-
LUMI0 C KPHOJAIIMTHOH CpefoH, MporpaMMHOE Tpex-
JTANHOE 3aMOPAXKMBAHHE, XPAHEHHE B JKHIKOM a30Te
(Gonee cyTok) u GICTPBI OTOrpeB, MPUBOAKIO K CHH-
KeHMI0 Ku3HecnocobHoctn obpasuoB Ha 15-20%.
[Ipn aTOM JOCTOBEPHBLIX BO3PACTHBIX PA3JTHYHIi BhiAB-
neHo He 6b110. ITOT haKT NPH PaCCMOTPEHHH Pe3yib-
TaTOB AANbHEHIEro UMKIHYECKOTO 3aMOpaXKHBaHHA-
OTOTPeBa MO3BOJIKMJA TIPHHATH KM3HECnocoOHOCTS
knerok 1Y nocne nporpaMMHOro KpHOKOHCEPBHPO-
Banus 3a 100%.

Ha puc. 2 noka3aHo BAHAHHE 4€ThIPEX LMKIOB 3a-
MOPaXXHBAHMA-OTOIPEBA HA COXPAaHHOCTH KJIETOK
IIIY. Ilpenapathl ObIH pa3jiesielbl Ha 4 BO3pacTHbIE
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Prc. 1. OtHoCHTEABHOE COAEPKAHHE KACTOK B MEYEHHM MO0 pai-
JIHYHBIX CPOKOB MEeCTalHK,

Fig. 1. Relative cell content in fetal liver of different gestation terms.
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considering the differences with p < 0.05 as statisiti-
cally significant,

In the work 150 preparations, obtained in
1998-1999 were analysed. All samples were divided
into 7 groups according to the gestation terms: 6-7,
7-8, 8-9, 9, 9-10, 10 and more than 10 weeks. A
number of samples of each group was not lesser, than
15. Otherwise (to obtain statistically significant re-
sults) the samples of neighbouring groups were com-
bined. We managed to differentiate liver, beginning
from the 6-7 gestation weeks; total cell content in the
samples of this age made 25 mln. Relative change in
total number of HEL cells with increase of gestation
term is shown in Fig. 1. The mean value of cell content
in fetal liver of the 11-12 gestation weeks was ac-
cepted as a unit. It is seen, that with an increase in
gestation term the total number of cells, isolated from
HEL, augmented. The relative increase in the mean
values of cell number with age can be presented by
the equation:

N=0.19¢-0.09,

where t — sample age, weeks.

The viability of preparations, obtained from em-
bryos’ liver of different gestation terms did not have
significant differences and exceeded 80%.

Cryopreservation, including equilibration with a
cryoprotective medium, programmed three-stage
freezing, storage in liquid nitrogen (more than 1 day)
and rapid thawing resulted in a decrease in sample
viability by 15-20%. Statistically significant age dif-
ferences were not revealed. This fact, when conside-
ring the results of following cyclic freeze-thawing,
allowed to accept HEL cell viability after programmed
cryopreservation as 100%.

The effect of four freeze-thawing cycles on HEL
cell survival is shown in Fig. 2. The preparations were
divided into 4 age-specific groups: 6-7, 8-9, 10 and
11-12 weeks. It is obvious, that the first freeze-thaw-
ing cycle results in the death of more than 50% of
cells, the second and the following ones allowed to
reveal the differences in fetal liver cell sensitivity of

Puc. 2. Bansanue UHKAHMYECKOND 3aMODAXHBAHKA-OTOIPERa Ha XHa-
pecnocoOHOCTh KaeTounnx cycnensnid I1TY pasamunsix cpokos
FeCTAIHH.

Fig. 2. Effect of cyclic freeze-thawing on HEL cell suspension viabi-
lity of different gestation terms.
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rpynns; 6-7, 8-9, 10 u 11-12 nepens. Buano, urto
MepBhii UMK 3aMOPaXMBaHMA-OTOIPEBa NMPHUBOAKA K
rubenu Gonee 50% wierok, BTOPOH M nocienymoliHe
HHKAB MO3BOJTHJIH BLRIABHTD ]I]H.E-.I'IH‘-IHH B HYBCTBHTE L~
HOCTH KJETOK MNEYCHH IV10JA0B DA3JHBIX CDOKOB I'ecCTd-
LMK K AeHCTBHIO HH3KHX Temnepatyp. MKusnecnocob-
HOCTD KJIETOYHBIX CYCTIeH3Mil, TOMyYeHHKIX H3 M008B
6-7 1 B-9 Henenp rectalMy, ¢ KAKIBIM LIMKJIOM 3aMO-
paKiBAHHA-OTOTPEBA M3MEHAETCH CXOAHBIM 06pasom.
Takxe He OHLUIO BHIABIEHO CYU[ECTBEHHBIX PazsiHuiil
MeKy skHaHecnocobHocThio obpasuos 10 u 11-12 ne-
Ae]b. IDIIH]}EJICB Ha 3TH [JaHHLIE, B XO/e IMOoCaeAVIIIHX
AKCTIEPHMEHTOB MBI PACCMATPHBAJH JIMILIbL ABE BO3pac-
THhIe kaTeropuu obpasuos: 7-9 u 10-12 nenens rec-
Tauun (puc. 3). Ilocae YerBepToro UMKIa COXpaH-
HOCTH OEI]JE.']I[QE NO3JAHETO CPOK4d COCTABRMAJIA OROJO
10%, ana paHHero cpoka 3Ta BEJIMYHHA NpeBbIlIAIa
20%.

O6beMHBIE XAPAKTEPHCTHUKH KIETOK neueHd amb-
PHOHOB Pal/IMYHBIX CPOKOB T€CTAlHH M3Y4YalH JIBYMA
HE3aBMCHMBIMH METOIAMH — MOPDOMETPHYECKHM H
KOHAYKTOMeTpHYeckuM. Pacnpeaenenus kineToxk mno
obbemy, MoayyYeHHLIE ¢ MOMOILLIO cuieTdyHKa Koyitepa
(puc. 4), NOKa3kIBAIOT, 4TO B Npenapartax MpPUCYTCTBY-
T 00beKTh Manwx obsemos (50-70 da) mapany c
KINETKAMH CDEAHETO Cﬁ"hEHEL ﬂﬂﬂal{ﬂ HaTHYHE KJIETOK
obvemom 50-70 ¢ npoTHBOPEYHT HE TOJNBKO THTEpa-
TYPHLEIM ZaHHLM [ 1], HO ¥ MOpdOMETPHYECKHM HaMe-
peauam. [lonmaraem, uTo 3T 06BEKTH NpeACTaBAAIOT
coboil Be3uKyabl UaH obnoMku Kaetok. [loatoMy Mbl
CYMTAEM, YTO OCHOBHBIE IMKH pacnpeseneHuil KiIeTok
cooTBeTCTBYIOT obbeMam 115 (7-9 wenens) u 105 da
(10-12 nepmenw). HecmoTpsa Ha HekoTOpoe oTaHYHE
ricTorpamm /-9 u 10-12 Hegens recrauum, cymecr-
BEHHLIX BO3PACTHRIX PA3NHYHH pacnpejeleHHUA BhIsABR-
nexo He Onuyo.

Pacnpenenense KieTok no obbeMy, nomay4eHHoE ¢
noMomeo Mukpodororpaduposasus (puc. 3), 1oka-
3BIBAET, 4TO B MCCJIEyeMbIX npenaparax OonbIIMHCT-
BO KJIeTOK uMewT obbveM oT 50 go 350 da. Tak, mak-

0,11 2
n T L ¥
1 2 3 4
Homep uMxna
Cycle number

Puc. 3. Bansanue iig4eckon SaMOpckH BaHHA-OTONPEEa Ha M-
HecnocobHOCTs KneToyHbix cycnenanii Y 7-9 (1) w 10-12 (2)
HEeAb, * — PAalMHYHA NO OTHOMICHHK K ROGpacTHOR rpynne
10-12 nepens poctosepus (p < 0,05).

Fig. 3. Effect of cyclic freeze-thawing on HEL cell suspension viabi

lity of 7-9 (1) and 10-12 weeks (2). * — differences in respect to the
10-12 weeks age groups are statistically significant (p < 0.05)
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various gestation terms to the low temperature effect.
The viability of cell suspension , obtained from fetuses
of 6-7 and 8-9 gestation weeks, changes in a similar
way with each freeze-thawing cycle. We did not also
reveal any considerable differences between the
sample wviability of 10 and 11-12 weeks. Basing on
these data during following experiments we consi-
dered only two age categories of the samples: 7-9 and
10-12 gestation weeks (Fig. 3). After the fourth cycle
the survival of late term samples made approximately
about 10%, as for the samples of early term this value
exceeded 20%.

Volume characteristics of embryos' liver cells of
various gestation terms were studied using two inde-
pendent methods — morphometrical and conducto-
metrical ones. Cell distributions by volume, obtained
by means of Coulter's counter (Fig. 4) demonstrate,
that the objects of small volumes (50-70 fl) are pre-
sent in the preparations among with the mean volume
cells. However the cell presence of 50-70 fl volume
contradicts not only the literature data [1], but mor-
phometrical measurements. We believe, that these ob-
jects represent vesicles or cell fragments. Therefore we
suppose, that main peaks of cell distribution corre-
spond to 115 (7-9 weeks) and 105 fl (10-12 weeks)
volumes. In spite of some difference in histograms of
7-9 and 10-12 gestation weeks, there were no consi-
derable age-specific differences of the distributions.

Cell disrtribution by the volume, obtained by
means of microphotography (Fig. 5) demonstrates,
that in studied preparations the majority of cells has
the volume from 50 to 350 fl. So, their maximal num-
ber in the preparations of 7-9 gestation weeks corre-
sponds to 130 fl volume, and in the preparations of
10-12 weeks — 170 fl. This method did not also re-
veal any considerable age-specific differences.

Thus the main peak of cell distribution by volume,
obtained by various methods, is in the range of
100-200 fl, and histograms have a visible asymmetry

0,030 +

0,002 L—ry

1 L] L
50 100 150 200
Awanazon oGbema, @n
Volume range, N
Puc. 4. Pacnipeaenenve wietok 1o olibemy, NoayHeHHOC Ha CHETHMKE
Koyarepa: © — 7-9, B — 10-12 wegeas pasrurun. [Tpusesesn Kpu-
HBIE, XapaKTepHLIC 1A cepin w3 9-10 sxcnepumentos.

Fig. 4 Cell distribution by volume, obtained by Coulter's counter:
O — 7-9, B — 10-12 development weeks. The curves, typical for the
series of 5= 10 experiments, are presented.
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CHMAJTbHOE HX KOJHYECTBO B INPENADATaX 7-9 HEAe b
rectauuu cootsercTeyer obbemy 130 ¢n, a B npenapa-
Tax 10-12 wemens — 170 ¢n. CyulecTBeHHBIX BO3-
PACTHHIX PAIHYHHA 3TOT METO/ TAKKE HE BBIABIIL.

Taxum ofpasom, ocHOBHOW NMK pacnpeaeneHuii
KJIETOK 1o ofbeMy, NOJNy4eHHBIX PazIMYHBIMH MeTo-
aamH, JexuT B fuanasone 100-200 da, a rucrorpam-
Mbl HMEIOT 3aMETHYH) aCHMMETPHIO B CTOPOHY MaJikiX
obvemoB. [{uanaszony 100-200 ¢a, cornacHo mopdo-
METPHYECKMM H3MEDEHUAM, NPHHALNEXRHT 33% Kie-
ToK obpa3uoB 7-9 wegens u 70% xnerox obpasuos
10-12 mepesn. Ilo zaHHBIM KOHIYKTOMETPHH 3TOMY
AWanas’oHy coorsercTBYIOT 51 1 56% Knetok obpasuos
7-9 u 10-12 segens recraumu.

Jna BhIACHEHMA POJM MPOLECCOB MAacCONEPEHOCA
B ribesin KICTOK NpPHU 3aMOPaXKMBAHHM TOCTE KAXKAOr0
IHK/IA 3aMODAXKHBAHWUA-OTOrpeBa 1o MHUKpodoTorpa-
¢dHAM olIpenensiach BEIHYHHA MOBEPXHOCTHO-00BEM -
Horo oTtHowenus (I1O0) muasecnocobHeIx KieTok
AByX BO3pacTHeiX rpym: 7-9 u 10-12 nenens recra-
muH. M3 puc. 6 Buano, uro cpexgnee OO knetok
IMY 7-9 wenens mocsie NporpaMMHOI0 KPHOKOHCE-
peHpoBaHHA coctasnana 0,96, a 10-12 negens — 0,86.
B xome UMKIHYECKONO 3aMOpakHBaHHA-OTOIPEBa
cpeanee [100 ypenmmuusanock B obenx HccnegoBas-
HBIX BO3pPacTHLIX IPYTNax, MpHYeM B rpymnne 7-9 me-
menb oHO Beerga Ownwio Gosbiue. Pasmuyaua Mexay
[MOO nByx Bo3pacTHEIX rpynn OBUIH ZOCTOBEPHBIMMK
TONBKO 110 BTOporo uukna. [Tocne yernpex unuwios ata
BeJIHYMHA coctaBnsana 1,3 y obpasuos 7-9 Henens u
1,14 y obpasuos 10-12 menesns.

Takum obpasom, knetounsiit coctas 114 rerepo-
FeHeH W 3aBHCHT OT CPOKOB recrauuu. CormacHo gau-
HbIM [3, 7], B nepuon 7-12 Henenb passurus npeob-
JaJal0T MreMOTIO3THYEeCKHE KNETKH, MpEeACTARJICHHLIE B
OCHOBHOM apuTponaHoit nuumueir (BOE-3, KOE-3,
pasnuyHble BMAW 3pHTpobnacToB). IpuTpobnacTh,
HMEU[He BBICOKHI nponMdepaTHBHRIA NOTEHLMAT,
ABJIAIOTCA OCHOBHBIM 3BEHOM 3pHTponoasa. Mssectro
[3, 8], yTo 3puTpOMO33 B NMEYEHH YCTaHABIMBAETCA
mumb K 10-12-if Hegene, a 1o 3TOro BpeMeHH YHCIIO
3pHTPOOAACTOB HeBEIMKO. JTO MOATBEPXKIAETCA MO-
NTyYeHHBIM HaMM o0BeMHBIM pacnpeneneHuem: obbem
6ONBITHHCTBA KJIETOK HA THCTOrPAMMax JIEXKHT B Mpe-

-
Eg::;:: N

Awanasox oGvema, ¢n
Volume range, Ml

Puc. 5. Pacnipefenedne kietox no offeeMy, nomyYeHHoe ¢ NoMOILI0
mukpodoTorpadmposanwa: 1 — 7-9, 2 — 10-12 weaens paisutua.

Fig. 3. Cell distribution by volume, obtained by means of micropho-
tographing: 1 — 7-9, 2 — 10-12 development weeks.
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to the side of smaller volumes. According to mor-
phometrical measurements, 53% of cells of 7-9 weeks
samples and 70% of cells of 10-12 weeks samples be-
long to the range of 100-200 fl. By the conductometry
data 51 and 56% of cells of samples of 7-9 and
10-12 gestations weeks correspond to this range.

In order to reveal the role of mass transfer pro-
cesses in cell death during freezing the value of sur-
face-volume ratio (SVR) of viable cells of two age
groups of 7-9 and 10-12 gestation weeks was deter-
mined by microphotos after each freeze-thawing cycle.
Fig. 6 shows, that the average SVR of HEL cells of
7-9 weeks after programmed cryopreservation made
0.96, and 10-12 weeks — 0.86. During cyclic freeze-
thawing the average SVR increased in both studied
age groups, moreover in the group of 7-9 weeks it was
always higher. The differences between SVR of two
age groups were statistically significant only till the
second cycle. After 4 cycles this value made 1.3 in the
samples of 7-9 weeks and 1.14 in those of
10-12 weeks.

Thus, HEL cell composition is heterogeneous and
depends on gestation terms. According to the data [3,
7] within the period of 7-12 weeks of development,
hemopoietic cells, mainly represented by erythroid
line (BFU-E, CFU-E, different kinds of erythroblasts)
predominate. The erythroblasts, with high prolifera-
tive potential are the main erythropoiesis link. It is of
common knowledge [3, 8] that erytropoiesis in liver
gets stable only to the 10th—12th week, and till this
time the erythroblast number is not significant. This
fact is confirmed by volume distribution, obtained by
us: the volume of majority of cells in histograms is
within the limits of 50-300 fl, meanwhile the erythro-
blast volume, according to the [1] exceeds 500 fl.
Thus, the majority of embryonic liver cells, used in the
work is related to earlier precursors — BFU-E and
CFU-E.

It is obvious, that the cells of different type have
diverse cryobiological parameters, and consequently,

L L] L I
1 2
Homep umnkna
Cycle number
Puc. 6. [losepxHoCTHO-O0BEMHOE OTHOIEHHE CYCTIEHIHH XHIHECTHO-
cobueix wnetox 1Y 7-9 (1) n 10-12 (2) wenens pazeuTus. * —

PAlAMYMA N0 OTHOWEHHMID K BospacTHoi rpynne 10-12 weaear ao-
crosepunt (p < 0,05).

NosepxHocTHO-0GBEMHOS OTHOWBHME
=
®

Fig. 6. surface-volume ratio of HEL viable cell suspension of 7-9 (1)
and 10-12 (2) development weeks. * — differences in respect to the
10-12 weeks age group are statistically significant (p < 0.05).
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nenax 50-300 ¢, B To Bpems kak obbem apuTpobaac-
T0B, cornacho [1], npessimaer 500 dn. Taxum obpa-
30M, DOJIBIIMHCTBO KNeTOK 3MOPHOHANBHOH TNEYEHH,
HCTIOIb30BAHHBIX B 1aHHOM paboTte, oTHOCHTCS K Oonee
pantum npexuectsenHnkaM — BOE-3 u KOE-2.
OueBugHO, YTO KIETKH Pa3MYHOrO THOA MMEKOT
pasHble KpHOOMONOTHYECKHEe NapaMeTphl, 3HAYMT, M
pasHble ONTHMAJIbHLIE PEXKUMBI KPUOKOHCEPBHpPOBa-
uua, IlporpamMuoe 3amopaxuBanue, no3BoAAOIIEE
COXPAHHTh BHICOKYI0 JKM3HeCnocoOHOCTh CYCMEH3HH,
HE BLIABUJIO PA3fIH4YMii B KPHOUYYBCTBHTEIBHOCTH 0B-
pasuos paxsiMYHOro cpoka recrauuu. OpHako TOT
(axT, 4TO YACTH KIETOK NOBPEMAAETCA, IO3BOJSET NO-
JIATaTh, YTO HCNOJABIYEMBIH NTPOTOKOJ HE ABJAETCA ON-
THMAJTBHBIM JUISA KaAJI0r0 KOHKPETHOrO THIIA KIETOK.
Llmiommueckoe samMopaxHBaHMe-OTOIPEB, Cleaylouiee
3a MPOTrpaMMHBIM KPHOKOHCEPBHPOBAHHMEM, HCIOJIb30-
BAJIOCH B Ka4YeCcTBE JOTMOJHWUTENLHOTO NOBPeXIalole-
ro dakTopa ANa BeABAEHHA Hanbosnee ycroirausoil
NONMyJAALHH. YKe BTOPOH LMK MMO3BOMHJ BLIABMTH
NOCTOBEPHBE Da3IH4YMA MEXIY CpPaBHHBAaEeMBIMH
rpynnauu: H-EMBPEJKHEEIHHE'DTDFPEB OEA340ChHE MEHEE
paspymuTensHbeiM 1A obpasuos panuux (7-9 He-
Aeab) cpokos rectaiiiu. [locrenyonime quKIIBL yenan-
JIH 2TO PA3NTHYHE. Ml‘.}lﬂﬂﬂ CK434Th, HYTO HENPOrpaMM-
HOE UHKIHYEeCKOe 3aMOopaXuBaHHe-oTOrpeB obnanaer
bonee dokycHpoBaHHBLIM AeliCTBMEM Ha ONpEHE/eH-
Hele nonynsuuH kierok Y. Masecrho, 4yto BHYT-
PHKJIETOYHOE KpHcTanoo0pa3oBaHHe SABJSAETCA OC-
HOBHBIM (DaKTOPOM KPHOTOBpPEXKAEHHA NPH OBICTPOM
3aMopaxuBadud (oxono 270 °/MuH), HCIOAL30BaH-
HOM B aaHHOH paborte. CrenosaTenbHo, BEPOATHOCTD
KpucTaioobpasoBanus BHYTPH (oJiee peaUCTEHTHBIX
KAETOK TPH 3aMOPaXHBaHHHM CYCNEH3HH HMXKe. JTa
BEJIHYMHA 3ABMCHT OT HECKOJILKMX KIETOYHBIX napa-
meTpoB [2], onnuM M3 kotopeix sasadercs [100. Hem

6oasme [100 xnerku, TeM Hosee HETEHCHBHBIH Mac-
coofMeH C© BHEIIMMM pacTBOpOM cnocofHa JaHHAA

KIeTka Mpou3BoauTh. Ilpu 3amopaxuBaHMH, B 9acT-
HocTH, BeaHyuHa [100 moxer BAHATL Ha CKOPOCTH
MOTOKa BOJLI M3 KJIETKH 110 OCMOTHYECKOMY IDajiHeH-
1y. C ycuneHueM 3Toro NoToKa YMEHbIIAETCA BEPOAT-
HOCTb BHYTPHKIETOYHON KPHCTA/LIH3ALIMH,

Hamwu akcrniepuMeHTH! MOKA3AJIH, YTO CPeNHAA Be-
mayura [100 B xkaeTodHOM CyChNeH3MH BO3pacTaeT
nocJie KaKA0ro UMKIA 3aMOPaskHBAHMA-OTOTPEBa, T.e.
Gonee KPHOPE3HCTEHTHRIE KIeTKH HMmelorT Oousblee
MOO. ITo cBHAETENBCTBYET HE TOJBKO O BaXKHOCTH
MpoLEccoB TpaHcMeMOpaHHOTO MacconepeHoca NpH
OXNAXKAEHHH, HO ¥ 06 HHTEHCHBHOCTH 3THX NPOLIECCOB
B xnerkax IIY. CnocobrocTh KNETKHM AeruapaTHpo-
BaTbCA 32 KOPOTKOE BpeMs IM03BOJIAET FOBOPHTL O BhI-
COKMX KOo3bhHIUHEHTAX NPOHHUACMOCTH KJIeTOYHOH
mMemOpanbl /18 BO/BI, 4TO MOXeT ObITh 0DycnoBneHo,
HalPHMED, HATHYHEM OONBIIOr0 KOJWYECTBA CHElH-
hHYecKHMX BOAHLIX MepeHOCYMKOB — akBanopuHoB [10].

Pazmuuus B 0OBEMHBIX pacnpeesieHHAX KIETOK
7-9 n 10-12 nenens passuTHa MoryT 6wiTh 0bBACHE-
Hb! H3IMEHECHHEM KAK KJIETOYMHOIO COCTABA ME4YEeHH, TAK

Mpobnemer kpuobuonoruu, 2000, Ne 4

various optimal cryopreservation regimens. The pro-
grammed freezing, allowing to preserve a high viability
of suspensions, did not reveal the differencies in
sample cryoresistance of various gestation terms.
However the fact, that a part of cells is damaged,
allows to consider, that the used protocol is not an
optimal one for each distinct cell type. Cyclic freeze-
thawing, following programmed cryopreservation, was
used as an additional damaging factor for revealing the
most resistant population. Even the second cycle al-
lowed to reveal statistically significant differencies
between the compared groups: a freeze-thawing oc-
curred to be less destructive for the samples of early
(7-9 weeks) gestation terms. The following cycles
strengthened this difference. It should be mentioned,
that a non-programmed cyclic freeze-thawing has
more focused effect on certain HEL cell populations.
It is known, that intracellular crystal formation is the
main cryodamage factor at rapid freezing (about
270 °/min), used in the given work. Consequently, a
probability of crystal formation inside of more resis-
tent cells during the suspension freezing is lower. This
value depends on some cellular parameters [2], one of
those is SVR. The more cell SVR is, the more inten-
sive mass exchange with an external solution the given
cell is capable to produce. During freezing SVR value
in particular can affect the rate of water flux out of
cell on osmotic gradient. This flux strengthening, the
probability of intracellular crystallization decreases.

Qur experiments demonstrated, that the mean
SVR value in cell suspension increased after each
cycle of freeze-thawing, i. e. more cryoresistent cells
had higher SVR. That testifies not only to the impor-
tance of processes of transmembrane mass transfer at
cooling, but to the intensity of these processes in HEL
cells. Cell capability for dehydration within a short
time permits to speak about high coefficients of cell
membrane permeability for water, that can be stipu-
lated by the presence of a large number of specific
aqueous carriers — aquaporines [10].

The differencies in cell volume distributions of
7-9 and 10-12 development weeks can be explained
by the change of both liver cellular composition and
the certain cell division stage. The attempts to inter-
prete the similar differences by cell growth are also
known [9]. From our point of view, the growth (in
term of volume increase) of proliferating cells is quite
unequivocal and non-monotonous characteristic due
to cell volume oscillation in a cycle. An increase in cell
volume from cycle to cycle can be the sign of cell
differentiation. A new cell of another type occurs to
be a result of differentiaton, i. e. we face the change
in cell composition, Anyway the results of volumetric
histograms demonstrate, that in the samples of
7-9 gestation weeks there is a greater amount of cells
of small volume in comparison with the samples of
10-12 weeks.

In order to determine the cell volume and their
SVR we used an ellipsoid approximation. The SVR of
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M CTaIHeill JeseHMA KOHKPeTHHX KieTok. HMapecTusl
TAKXKE MONMBITKH HCTONMKOBaTh NOf00HbBIE pazNH4HA
pocrom kneTok [9)]. C naweit TOYNKH 3peHHA NOHATHE
pocT (B cMBbicie yBeudeHnA obwsema) nposandepupy-
OUIHX KNETOK — XapakTePMCTHKAa [OCTATOMHO He-
OIHO3HAYHAA ¥ HEMOHOTOHHAA H3-3a KojebaHus Kie-
TouHOro obseMa B 1HKIe. Y BenHuenue oDbeMa KIeTKH
OT LIMKAA K IHKIY MOMXET ABJATLCA MPH3IHAKOM KJie-
TouHOH IHbdepenunposkn. Peayastatom muddepen-
LHPOBKH CTAHOBHTCH HOBAs KJIETKA Y3e JIPYTOro THIA,
T.€. MBI HMEeM JIeJI0 C M3MEHEHHEM KJIETOYHOIO COCTa-
Ba. Kak 6nl TO HE 6610, pesyabTaThl 00BEMHBIX IHC-
TOrpaMM JAEMOHCTPHPYIOT, 4TO B obpasuax 7-9 Hexennb
rectauyu GoJiblie x1eTok Manoro obbeMa Mo cpaBHe-
HHK ¢ obpasuamu 10-12 nHexens.

JIns onpenenenus obvema wietok H ux [100 Mu
HCTIONB3OBANIM  JUIMNTHYECKYIO  ANNPOKCHMALHIO.
[10O smmncouna spamenys pacteT [5] ¢ ymenbine-
HHeM ero obseMa ¥ ynaneHneM dopmul ot cepuuec-
Koit. Takum oOpasoM, NpeanonoKeHHe 0 BKIALE B
NOBBILUIEHHYIO YCTOH4YHBOCTh o0pasuoB paHHEro BO3-
pacta KJeTOK Majnoro o0beMma BIOJIHE COTIACYeTcs C
CYLIECTBYWIUHMH TNPEACTABJEHHAMH O MexaHW3IMax
KPHOTIOBpeXIeHHA Kierok. B OGyaymem BoaMoxHO
pasaenenne obuiei CycrieH3MH HA HECKOJILKO MOMyJIs-
uMif, yuuTHBas MX crneuudMKy, 9TO MOXET BeCchbMa
YIPOCTHTL BHA I'MCTOIPaMM.

CoryracHO MOJY4EeHHBIM Pe3y/IbTaTaM, KOJIHYECTBO
knerok IIIY yBenuuMBaeTcs ¢ BO3pPacTOM JHHEHHO.
MoXHO nNpeAnoNoXHTh, MTO B CYCMEH3HH KIETOK
1Y uccnemxyeMoro BO3pacTa IPHCYTCTBYET AOMUHH-
pywomada B KONTHYIECTBEHHOM OTHOLICHHH MOMYJIALIMA,
Hapectro, 4To ocobeHHOCTH MMTOTHMECKOrO IIMKJIA
OTAENbHOH KIETOYHOH NonyaAuuH crnocoOHB BAHATH
Ha ee MHTerpanbHble XapakrepucTuku, K npumepy,
pacnpeaenenue Kierok no obvemy dyner umers cyme-
CTBEHHYIO0 aCHMMETPHIO B CTOPOHY MAJIbIX 3HAYEHHH,
ecid nepuox Gy KIETOYHOrO LKA OKAXKETCs Cpas-
HHM C MMPOAOJKHATENLHOCTBIO Beero uMKia. fcHo, 4to
CBOMCTBa CyCNneH3uH B LiesoM OYIYT NpH 3TOM omnpe-
OeJIATHCA CBOMCTBaMM KieTkH B Gy dase. C Touku
apenua cyulectsoBanua Gy [12], ocoboit dase kne-
TOYHOI'O I[MKJIA CTBOJIOBBIX MeMOIIOSTHYECKHX KIeTOK
3TH DPACCYXICHHA KaXYTCA AOCTATOYHO BECOMBIMHM.
Knerku, Haxonammuecs 8 Gy dase, npogomkuTensHoe
BpeMA MMeloT Manklit obbeM, a HUCMANAIHMIE Xapak-
Tep 06beMHOTO pacnpeie/ieHHs  BEICOKAA PE3HCTEHT-
HOCTh K 3aMOPAXHBAHHIO-OTOTPEBY HEMOCPEACTBEHHO
BRTEKAKT H3I HAMTHYHA ﬁﬂ'ﬂhl[[ﬂl'ﬂ KOJIHYEeCTBa KNEeTOK
Maioro obbsema.

Taxkum obpaszom, ycranosneso, uro kaetku 114
PasHOro cpoka recTalliu obJafanT paanuyHoi ycToH-
YHBOCTBIO K AeHcTBui0 du3HKo-xuMHYecKHX dhakTo-
POB HH3KHX TEMIIEDATY]. KJIETI‘EH, BRIICEHHLIC HA TIe-
YEHH TJIOJOB PAHHHX CPOKOB (7-9 Hemens) recraimm,
obHapyxHBaw0T O6AABLIIYIO YCTOHYMBOCTD K IHKIHYEC-
KOMY 3aMODa)KHBAHHIO-OTOTPEBY [0 CPABHEHHIO C
6onee noanumumu (10-12 wepens). Moxno npeanono-
XHTb, 4TO 3TO CBA3ZAHO C TOBLILEHHBIM COJIEPXKAHHEM

[Ipobnems: xpuobuonorus, 2000, Ne 4

ellipsoid of revolution increases [5] with a decrease in
its volume and the shape moving off a spheric one.
Thus, the supposition on a contribution into an in-
creased resistance of early age samples of cells with a
small volume well conforms to the existing notions on
the mechanisms of cell cryodamage. The division of
common suspension in several populations, taking into
account their specificity, is possible in future, that can
highly simplify histogram presentation.

According to the results obtained, HEL cell num-
ber increases linearly with the age. We can suppose,
that in HEL cell suspension of studied age a dominat-
ing in a quantitative ratio population is present. It is
known, that the peculiarities of mitotic cycle of a
separate cell population are capable to affect its inte-
gral characteristics. For example, cell distribution by
volume will have a considerable asymmetry to the
sides of small values if G, cellular cycle period occurs
to be comparable with total cyele duration. It is evi-
dent, that the suspension properties in a whole will be
in this case determined by cell properties in G, phase.
From the point of view of G existing [12], a special
phase of cellular cycle of stem hematopoietic cells,
these suggestions seem to be quite significant. The
cells, being in G phase, have a small volume for a long
time, and a declining character of volumetric distribu-
tion and a high resistance to freeze-thawing directly
result in the presence of a large number of small
volume cells.

Thus, it has been established, that HEL cells of
different gestation term have various resistance to the
effect of low temperature physical and chemical fac-
tors. The cells, isolated from fetal liver of early gesta-
tion terms (7-9 weeks), reveal a greater resistance to
a cyclic freeze-thawing in comparison with later ones
(10-12 weeks). We can suppose that this is related to
an increased content in the suspension of certain cell
population, being resistant to low temperature factors.

An increased surface-volume ratio, typical for HEL
cells of 7-9 gestation weeks can be also the reason of
cryoresistance and the sign of the most resistant cel-
lular population. The question on what namely HEL
cellular population has a cryoresistance, might be
solved by means of phenotypical analysis. This solu-
tion will be the reason to develop new methodological
approaches for cell suspension cryoseparation.
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B CYCNEH3WH Olpele/IieHHOH KJIETOYHOH MOMyNsALHH,
YCTOHYHBON K JeHCTBHIO HH3KHX TEMIIEPaTyp.

[loBbineHHOe NOBEPXHOCTHO-0OBEMHOE OTHOLIE-
HHe, xapakTepHoe s kietok I1IY 7-9 mepens rec-
TaluH, MOXKeT OBITh KAK NMPHYHHOM KPHODPE3HCTEHT-
HOCTH, TaK M nNpH3HakoM Haubonee ycToiuMBOI
KieToyHoi nonynsauMH. Bonpoc, kakas MMEHHO Kie-
rounas nonyasuus IIIY obnagaer KpHODE3IHCTEHT-
HOCTbIO, MOXeT ObTh pellieH ¢ MOMONIb0 hEHOTHITH-
YecKoro aHasu3a. PemeHwe 3TOro BONMpOCAa SABHTCA
OCHOBAHHWEM 18 pa3paboTKH HOBBIX METOOJIOTHYEC-
KMX MOOXOI0B 1A KpPHOCeNapalMM KJIEeTOYHBIX CyC-
NeH3HH.
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DNEKTPOHHO-MHKPOCKOITHIECKOE THCTOXHMHYECKOE
H3y4Y€HHE aJICHWIATIIHKIA3bl B KJIETKaX NIUTOBHJHOM
JKeJ1e3bI MOCJIE 3aMOPAKHUBAHUA

A. C. KATTPEJILAHL], JI. H. MAPYEHKO, P. K. MU'YHOBA
Hremumym npobaem kpuobuono2uu u kpuomeduyunst HAH Yxpauxw, 2. Xapskos

Electron Microscopic Histochemical Study of Adenylate
Cyclase in Thyroid Gland Cells After Freezing

A. S. KAPRELYANTS, L. N. MARCHENKO, R. K. MIGUNOVA

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkov

MeToa0M IEKTPORRD- MMXPOCKOMMYECKON MMCTOXMMMM MIYHATM JOKANMIAIMMI0 AIPHHAATIMEIASE B KISTKAX MM TOBMIHOK MeTeahkl
KpoaMKoB npu aamopaxcmsamod M geficreim JIMCO. [loxazan xapaxrep pacnpenenenws depMesTa B THPOIMTAX M JHAOTEIHANBHEBIX

EJMETEAX MMEPOCOCYAOB NP 33MOPaNMBAHMNNA.

MeTonoM enexTPORHO-MIKPOCKOIINEO] MeToXiMil BMEMaNach JOKANIZAOIA AeHLIE TIMENA3M B KINITHHAX IIMTORMIRO] 3a0030 KpOJIis
npu samopoxcysasHi i i IMCO. [Tokazano xapagTep poanogity QEepMerRTy B THPOLUMTAX i eAA0TeMaMLHMX KITHHAX MIKPOCYTHE NMPM

SAMOPOMCYBAHHI.

Adenylate cyclase localization in rabbit thyroid gland cells under freezing and DMSO effect was studied by means of electron
microscopic histochemistry. The character of enzyme redistribution in thyrocytes and endothelial cells of microvasculars under

freezing has been shown.

C noMompeio CBHHIIOBOTO FTHCTOXHMHYECKOI0 METO-
na [d] HCCJIeN0BANach AJNEHHJIATHHEIA3A B KJIETKAX
IIMTOBHIHOI Xese3bl KPOJIHKOB 060ero nosa nopoasi
IIuanmana ¢ macco#t Tena 2-3 kr. lllurosnanyio xe-
ne3y GBICTPO H3BAEKATIH, H3MEJBYAMH HA KYCOYKH 10
| HME, KOoTOphle nomeitany B cpeny Xenkca. bBouim
NpOBeeHk 4 CepHH BKCIepHMEeHTOR: OHCTPOe 3amo-
paxusanue n0 —196°C morpyxenuem obpasiuoe B
MKHAKMHE a30T B KOHTEHHepax M3 aJiMHHHeBOH
GONBIH; MEANEHHOE 3aMOPaXKMBaHHE CO CKOPOCTHIO
1 °C/mun no -70 °C u ganee norpyxeHHEM B XHIKHIH
asor g0 -196 °C; mennennoe saamopaxusanue ¢ 10%-m
AMCO u xonTponmbHas cepus. Bpems Haxoxmenmus
00pasloB B XMAKOM a30Te MJIA NEPBHIX 3-X CepHil
10 mun. Bee obpa3sisi otorpesany Ha soaayxe. Jlns ux
ukcalMH Hcnoab3oBanu 1%-H raoTapansAerMa Ha
0,05 M xaxoawnar-HuTpaTHOM Oydepe (pH 7.4) c
4,5%-it nexcrposoit. KycoukH TKaHH MPOMBIBATH B Te-
gerue 10-12 4 B 6ydeproM pacTsope  noMemanu B
uukKybaumonnyio cpeay Ha 30 mun npu 30°C. [na
yCTpaHeHHA HecnelWpHYeCKUX peakuui U ycuiaeHus
aKTHBHOCTH afleHMJIATUMKJIA3bl KOHTPOJbHEIE THCTO-
XHMHYECKHE ONBITH MPOBOIMIM C MOMOU[BIO HHKYOa-
unu B cpenax Ges cyberpata 1 ¢ 0,0125 M dropuaa
HaTpus. OOBEKTH 3anMBATH B CMeCh 3INOKCHAHBIX
cMoa 3noH-apaaauT. [lonyToHKKHe cpessl TKAHHM LUKHTO-
BHIHOH e/e3bl H3roTaBAHBAIM Ha YJIbTPAMHKPOTOME
YMTTII-6 » uccrenoBai B ONTHYECKOM MHKPOCKOIIE.
YneTpaToHKHE Cpe3kl TKAaHH € THCTOXMMMYECKON
peaki el JONOMHHTEIBHO He KOHTPACTHpPOoBanH u do-
TorpadHpoBasi B TPAHCMHCCHOHHOM 3JIEKTPOHHOM
MHKPOCKONE NPH YCKOpsIoineM Hanpsxenuu 75 kB.

IIpobnemb xpuobuonorsm, 2000, Ne 4

Adenylate cyclase in thyroid gland cells of 2-3 kg
chinchilla rabbits of both sexes was investigated by
means of lead histochemical method [%]. Thyroid
gland was rapidly removed, cut by 1 mm*® fragments
up put into the Hanks’ medium. Four series of the
experiments have been carried-out: rapid freezing
down to -196 °C by immerging samples into a liquid
nitrogen in aluminium foil containers; slow freezing
with the rate of 1 °C/min down to 70 °C and further
immersion into a liquid nitrogen down to —196 °C;
slow freezing with 10%-DMSO and the control series.
The time of samples being in a liquid nitrogen for the
first three series made 10 min. All samples were
thawed in air. 1% glutaraldehyde with 0.05 M cacody-
late-nitrate buffer (pH 7.4) with 4.5% dextrose was
used for fixation. Tissue pieces were washed in a buffer
solution during a night and put into incubation me-
dium for 30 min at 30°C. To remove non-specific
reactionsandaccelerate adenylatecyclaseactivitythe
controlhistochemicalexperiments were conducted by
means of incubation in the media with 0.0125 M so-
dium fluoride and in media without a substrate. Ob-
jects were put into the mixture of epon and araldit
epoxy resins. Semi-thin sections of the thyroid gland
tissue were done by means of UMTP-6 ultramicro-
tome and studied in light microscope. Ultra-thin tis-
sue sections with histochemical reaction additionally
were not contrasted and photographed in transmission
electron microscope at 75 kV accelerating voltage.

Microscopic analysis of thyroid gland after a slow
freezing testifies to the fact, that tissue architecture
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MuKpockonHYeCKMi aHAIM3 MIMTOBHAHOH XeJeanl
noc/ie MeUIEHHOTO 3aMOpakMBaHWsA CBHAETENbCTBYET
0 TOM, 9TO HPIHTEHDHHE TKAHH NNOABEPracTCA CHJIIb-
HEIM M3MEHEHMSM: TPEIMHbBl B TKAHH, Pa3pbiBLl, HApY-
IIEHHA CTPYKTYPhl (POJUIHKYJIOB, PACCIOEHHA COE/H-
HHTENbHO-TKaHHLIX npocsioek. Bbonbuwoe xonuuecTso
KJIETOK HMEET BhIPAXKEHHBIE [TOBPEKAEHHSA CTPYKTYPHI.
TpancMMCCHOHHAA 3/IEKTPOHHAA MMKDOCKOIMA 3THX
obpasioB nokasana, 4TO LHTOMNJa3sMa THPOLMTOB Ba-
KYOJIM3MPOBaHa, A/ipa HMEIOT H3pe3aHHblH KOHTYP
WJIH NMHKHOTHYeCKHe HaMeHeHuA. DopMul 1 pasMepsl
anep uaMeHennl. Hapywena crpyxkrypa aecMocom.
Habnopaerca nabyxanne MHTOXOHAPHIl W 3HIONIA3-
MaTHYeCcKOoro petukyayma (puc. 1). B uutonnasme tu-
pOLMTOB 06HAPYKHUBAKOTCA MHETHHONOAOOHEIE CTPYK-
TYPBl, CBA3AHHBIE € HM3MEHEHMAMH MHTOXOHIAPHIA
(puc. 2). DneKTPOHHO-MHMKPOCKONMHYECKad THCTOXH-
MHA AIEHHIATIIMKIIA3K B 3THX 00BEKTaxX CBHAETENBCT-
BYET O TOM, 4TO JloKanu3auus depmenTa CBA3aHA C
aNMKATbHOM YacThiO IU1a3MaTHYECKHX MeMOpaH THpO-
UMTOB M JIOMHMHA/BHON IJ1a3MaTHYecKoil membpanoii
3HAOTENMHANBHLIX KJIeTOK MHKpococyaos. Obnapyxke-
HO HepaBHOMepHOe ypenudenue (dparmentapHoe pac-
npefeneHHe) OTNOXKEHHA OCAKa THCTOXMMMYECKOi
peaKlH{, CBA3SAHHOE C ANHKANBHON M1asMaTHYecKoH
membpaHo#t TupounTa, B obpa3siiax, HHKYGHPOBaHHBIX
B cpeae ¢ gobasnenuem dropuaa natpus (puc. 3). Ha
aNMKAMLHONH NOBEPXHOCTH MeMOpaHbl OTCYTCTBYIKOT
MHKDOBOPCHHKH H rnicesaonoaud. Ha moMuHANbHOH
MOBEPXHOCTH IJIa3MATHYECKOil MeMOpaHbl 3HI0TENH-
aNbHBIX KJETOK MMKpOCOCYAoB OOGHapyxuBaetTcsa OT-
NIOMEHHE MPOAYKTA UHTOXHMHYECKOH PeaklHH B BHIE
ANEKTPOHHO-ONTHYECKH IUIOTHOrO CNOA BAOAbL Beei
NOBEPXHOCTH MeMOpaH.

IMocne GvicTporo 3aMopaxuBaHuA OOBLEKTOB MMK-
pﬂCKﬂHH‘IE‘CKHﬁ dHAJIH3 CBMAETENBCTBYET O TOM, HTO

CTPYKTYDa TKaHH COXPaHeHa Jydlie, 4eM NMpH MeLneH-
HOM 3aMOpaXXMBaHWH. MMET MecTo BaKyoIM3alius

LMTOMIA3MBI OTAEBHBIX THPOUKTOB M Hebobioe Ha-
Oyxanue CoeIMHUTENbHO-TKAHHBIX 3/leMeHTOB. Berpe-

B R - -
Puc. 1. Y4acTOK UMTONAAIME M AAPA THPOLINTS
o e ao —196 °C (x 55 000).

NOCAC MELMCHHOM

Fig. 1. The region of cytoplasm and thyrocyte nucleus after a slow
cooling down to =196 °C (x 55 000).
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was subjected to significant changes: cracks in the
tissue, ruptures, impairments in a follicle structure,
segregation of connective tissue interlayers. A signifi-
cant number of cells have manifested structure da-
mages. Transmission electron microscopy of these
samples demonstrated, that thyrocytes cytoplasm was
vacuolized, nuclei have jagged contour or pycnotic
changes. Shapes and sizes of nuclei were changed.
Desmosome structure was injured. The swelling of
mitochondria and endoplasmic reticulum is observed
(Fig. 1). In thyrocyte cytoplasm myelin-like struc-
tures, related to mitochondria changes, were revealed
(Fig. 2). Electron microscopic histochemistry of ade-
nylate cyclase in these objects testify, that enzyme
localization is related to the apical part of thyrocyte
plasmatic membranes and luminal plasmatic mem-
brane of microvascular endothelial cells. Irregular aug-
mentation (fragmentary distribution) of the sedimen-
tation in histochemical reaction, connected to apical
plasmatic membrane of thyrocyte, in the samples in-
cubated in the medium adding sodium fluoride, is
observed (Fig. 3). Microfibers and pseudopodii were
absent in the membrane apical surface. Sedimentation
of the product of cytochemical reaction like as elec-
tronically dense layer along the whole membrane sur-
face was revealed on the luminal surface of plasmatic
membrane of microvascular endothelial cells.
Microscopic analysis of the objects after a rapid
freezing testifies to the fact, that tissue structure is
better preserved, than at slow one. Cytoplasm vacuoli-
zation of the separate thyrocytes and a slight swelling
of connective tissue elements are seen. Small cracks in
the tissues, impairments of microvascular channel are
seen. Transmission electron microscopy of these
samples showed, that the majority of cells have nuclei
with rounded shape and ordinary structure, in some
thyrocytes mitochondria injuries and an increase of
the ducts in endoplasmic net are observed. Nuclei of

the separate cells are pycnotically changed. Thyrocyte

Puc. 2. Meeaunonofobibie CTPYKTYPsl B UMTONJAIME THPOIIHTA
NOCAE MEANEHHOID OXaxaeHns 1 ororpesa (x 110 000).

Fig. 2. Myelin-like structures in thyrocyte cytoplasm after a slow
cooling and warming (= 110 000).
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qaiTcA Hebonbluue TPEUIMHBI B TKAHAX, HapyLIeHHA
MUKPOCOCYAHCTOr0 pycia. |paHCMMCCHOHHAS 3JIeK-
TPOHHAS MHUKPOCKOMHSA 3THX 0DpasloB mokasana, 4To
GONBIIMHCTBO KIETOK MMEeT Anpa OKpYTaoit dhopMul U
0OBLIYHON CTPYKTYPHI, B HEKOTOPBIX THPOLMTaX Habuio-
AAKTCA NOBpPeXJEHMA MHMTOXOHIDHH M YBEIHYEHHE
KaHa/lblieB JHJIONIa3MaTHIeCKOH ceTH. Aapa otaens-
HbIX KJIETOK MHKHOTHYECKH H3MeHeHhl, ANMKaNIbHasA
NOBEPXHOCTh THPOLMTOB HMEET XapaKTEepHhie MHKPO-
BOPCHHKH. JJIEKTPOHHO-MHKPOCKONHYECKAs THCTOXH-
MM AEHHWIATLUMKIA3E B KJI€TKaX UIMTOBHIHON HKeJeasl,
3aMOPOKEHHOH B ORICTPOM peXuMe, CBHAETENLCTBYET
O TOM, 4TO JOKanu3auus depmeHta cBA3aHa C anu-
KAbHOH 4acThi0 IUIa3MaTHYecKkuX membpaH THpOLH-
TOB M JIIOMHHAIBHON NJIa3MaTH4ecKoit MembpaHoil
JHOOTEJTHANBHBIX KNETOK MHKDPOCOCYIIOB. Ha anukans-
HOH MOBEPXHOCTH ILIa3MaTHYeCKoi meMOpaHsl THPO-
UMTOB HaOJKONAKTCA OTIOKEHHA eIHHWYHBIX TDaHYJ
MPOAYKTa UTOXHMHYECKOil peakiiuu, KoTopsle He 0b-
pasyioT HenpepuBHoro cnos. Muoraa npoaykr rucro-
XMMHYECKOH peakuuu oOHapyKHBaeTcA B MecTax
KOHTaKTa DOKOBBIX NMOBEPXHOCTEH THPOLMTOB. DeK-
TPOHHO-ONTHYECKH MNJIOTHLIA MPOAYKT rHCTOXHMHYEC-
KOW peakiu¥ HMeeT BWA OKpYI/niXx obpasoBaHuii,
PacrmoNoXKeHHBIX B ANMHWKAJBHOH YAaCTH IHTOILIA3MBI
THPOLMTOB ¥ CBA3AHHEIX C KaHAJbIAMM SHAOMIa3Ma-
TH4YecKoro petHkysaymMa (puc. 4). Ha moMuHanbHOH
MOBEPXHOCTH [J1a3MaTHYeCKoi MemOpaHbl aHIOTENH-
ATbHBIX KJIETOK MHKPOCOCYAOB 3aMEYEHO OTJIOMEeHue
MPOYKTa IMTOXMMMIECKOH peakiiH¥ B BHJe JIeKTPOH-
HO-ONTHYECKH ITUIOTHBIX OT/E/IbHBIX CKOIUIEHHH BIOJb
MOBEPXHOCTH MeMOpaHEI M HA MHKDOBOPCHHKAX.
Mukpockonuieckuii aHaH3 06bEKTOB nocie Mejl-
nerHoro zamopaxusauus ¢ IMCO ceuperesnscreyer
0 TOM, YTO TKaHbL B 11€JIOM COXPAaHSAET CBOKO CTPYKTYDY.

Puc. 3. INeXTPOHHO-MHKPOCKONMHYECKAS MMCTOXHMMHYECKAR peak-
UMA HA BRIABJIEHHE ANEHWIATIIMENAILL. ANMMKATEHBIA YUaCcTOK THPO-

LHTA MPH MELTEHHOM OXJaXAEHHH ¢ OTIOKEHHEM NJIOTHOTD 1pPo-
AYKTa TUCTOXHMMYECKOH peaxiinu ( yrazan crpemkamu) (x 23 000).

Fig. 3. Electron-microscopic histochemical reaction on adenylate
cyclase revealing Thyrocyte apical region at a slow cooling with
sedimentation of the dense product of histochemical reaction
(shown by arrows) (= 23 000).
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apical surface has typical microfibers. Electron and
microscopic histochemistry of adenylate cyclase in the
thyroid gland cells, frozen by means of a rapid regi-
men, testifies to the fact, that enzyme localization is
related to apical part of thyrocyte plasmatic mem-
branes and luminal plasmatic membrane of the mi-
crovascular endothelial cells. On the apical surface of
thyrocyte plasmatic membrane sedimentations of
single granules of cytochemical reaction products,
which does not form unbrocken layer, are found.
Sometimes the product of histochemical reaction is
revealed in the places of the contact of thyrocyte
lateral surfaces. Electronically dense product of histo-
chemical reaction has the view of rounded formation,
located in the apical part of thyrocyte cytoplasm and
connected to the canaliculi of endoplasmic reticulum
(Fig. 4). On the luminal surface of plasmatic mem-
brane of microvascular endothelial cells sedimentation
of the product of cytochemical reaction like as elec-
tronically dense separate accumulations along the
membrane surface and on microfibers is noted.

Microscopic analysis of the objects after a slow
freezing with DMSO testifies to the fact, that tissue
in a whole preserves its structure. However sometimes
one can reveal the cells with cytoplasm and nucleus
impairments. Transmission electron microscopy of
these samples demonstrated the presence of cells with
similar to norm ultrastructure, and some changes in
cytoplasm organoid structure in separate cells
(Fig. 5). Widening of endoplasmic net canaliculi, mi-
tochondria enlightening, cristas desorganisation are
found. The changes in thyrocytes nuclear apparatus as
nuclear pores widening are observed. The structure of
an apical part of plasmatic membranes is preserved
and has typical microfibers.

Puc. 4. OrtaoxkenHe NpooyKTa MHCTOXHMMHYECKOH peaxiud (cTpen-

KH) B AITHKANBHOM yyacTie OhICTPO 3aMoposennoro 10 —196 °C -
poiuTa (x 12 000).

Fig. 4. Sedimentation of the product of histochemical reaction (ar-
rows) in an apical region of the thyrocyte rapidly frozen down to
~196 °C (x 12 000).
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Puc. 5. TupoumT nocae Meinennoro oxaaxacius ao —196 *°C ¢ 10%-
M JIMCO (= 9 000).

Fig. 5. Thyrocyte after a slow cooling down to —196°C with 10%
DMSO (x 9 000).

OnHako HHOTA YAAeTCH BBIABMTH KJIETKH C NOBPEX-
AEHHAMH UMTOMIa3Mbl W AApa. TpaHCMMCCHOHHAA
3/IEKTPOHHAA MHKPOCKONHA 3THX 06pasuoB nokasana
HalW4YKe KJIETOK € YJbTPACTPYKTYpoil, Onmakoii k
HOPME, H OTAEeNbHOE H3MEHEHHEe CTPYKTYPhl OpraHoH-
AOB I[MTOMIA3Mbl OTAENbHBIX KiIeToK (puc. 35).
O6Hapy&HBalOTCA paclIMpeHHe KAHANBLEB SHIOTLIA3-
MaTHYeCKOH CeTH, MNpPOCBETIeHHEe MHTOXOHIPHIA,
Aeaopradusaumus  KpHer. OTMedarorcs  HIMeHEHMA
ANEPHOTO annapara THPOLMTOB B BH/IE PacIUWPEHHS
Anepusix nop. CTPyKTYpa anMKa/ibHOH YacTH JiasMa-
THYeCKHX MeMOpaH coxXpaHeHa M WMEET XapaKTepHbie
MHKPOBOPCHHKH.

INeKTPOHHO-MHKPOCKOIIHYECKaA THCTOXHMHA ajie-
HHJIATHHMKIA3bl B TKAHH UIMTOBHIOHOM XeJje3nl, 3aM0-
poxennoit ¢ JIMCO, nokasana, u4To mnDpoaykr
FHCTOXMMHYECKOH peaklMM HMeeT BUI 3JeKTPOHHO-
ONTHYECKH IJIOTHHIX 00pasoBaHMil, JTOKAIH30BAHHBIX
Ha [0BepXHOCTH MuKpoBopcuHok (puc. 6). Kpome
aToro, hepMeHT OOHAPYXHBAETCA B alTMKAIBHOM 4acTH
UMTOMIA3MBl THPOLIMTA B BHJE 3JIEKTPOHHO-OITHYEC-
KH TJIOTHBIX BroodeHuit (rpanyn) oxkpyraod dopmsl
(puc. 7). OTnoxeHHe TNPOAYKTA IMCTOXMMHYECKOH
peakuuyu HabmogaeTcs Takxe Ha JIIOMHHAIBHON mo-
BEPXHOCTH 3HJAOTEIHANBHLIX KJIETOK MHKPOCOCY/AOB,
PACMOJIOKEHHBIX B COEIWHMTE/NbHO-TKAHHOH YacTH
UIHTOBHIHON Xejesnl.

Takum o6pasom, 3aMopaXkHBaHHe TKAHHW IUTOBWI-
HO# xesnesnl 1o —196 °C noa samuro# 10%-ro IMCO
crnocobCTBYET cOXpaHeHHI0 MeMOPaHHBIX KOMILIEKCOB
OPraHOHIOB KJIETOK H afIEHHIaTIIHKIA3k!, KOTOpas BhI-
ABJIAETCA B IU1a3MaTHYeCKMX MeMOPaHaX THPOUMTOB M
AHIOTEHANBHBIX KJIETKAX MHKDPOCOCY/0B.

B uenom wameHeHMA OpraHOMAOB THPOLMTOB MPH
NeCTBHH HH3IKMX TEMIIEPATYP HMMEIT OAHOHAIIpaB-
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Puc. 6. OTaokenne NpoAyKTa MMCTOXHMHYECKOH PCAKIIMM Ha BbIAR-
AEHHE AACHHIATIIHITASE Ha NTOBEPXHOCTH MUKPOBOPCHHOK THPOLIH-

Ta (CTPEAKH) B MEUIEHHO 3aMOPOMEHHON UIMTOBMAHONH Kenese c
AMCO (x 26 000).

Fig. 6. Sedimentation of the product of histochemical reaction on
adenylate cyclase revealing in the surface of thyrocyte microvascu-
lar (ctpenkw) in thyroid gland, slowly frozen with DMSO
(x 26 000).

Electron microscope histochemistry of adenylate
cyclase in thyroid gland tissue, frozen with DMSO,
showed, that the product of histochemical reaction
look like electronically dense formations, localized on
the microfibers surface (Fig. 6). Besides, enzyme is
revealed in an apical part of thyrocyte cytoplasm like
as electronically and optically dense rounded inclu-
sions (granules) (Fig. 7). Sedimentation of histo-
chemical reaction product is also observed on a
luminal surface of microvascular endothelial cells, lo-
cated in connective tissue part of thyroid gland.

Thus, freezing of thyroid gland tissue down to
-196 °C under 10% DMSO protection promotes to
the maintenance of membrane complexes of cell or-

t'.-. . ., ;_'_. } ‘I' " T : 5

Puc. 7. [Ipoay«T rMcToXHMHYECKOH peakiiiM B BHMAC 3ACKTPOHHO-
ONTHYECKH IOTHOTO OoKpyraoro obpazosaHus (CTpenka) B anu-
KaJbHOH HacTH IHTONAA3MBL THPOUMTA.  Jamopamusavwe [0

=196 °C ¢ 10%-m JAIMCO (x 31 700).

Fig. 7. The product of histochemical reaction like as electronically
and optically dense rounded formation (arrow) in an apical part of
thyrocyte cytoplasm. Freezing down to -196 °C with 10% DMSO
(x 31 700).
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NEHHBI XapaKTep H IIPOABAAITCA B OCHOBHOM B M3-
MeHEeHHH oDbeMa reTepoXpoOMaTHHA AEP H HEKOTOPOM
YMEHbIIEHHH OPraHOWAOB UMTOMN/A3MBI, YTO MOXKET
ObITh C/IEACTBHEM JETMAPATALMOHHBLIX IPOLECCOB.
JlasHoe nOJOXKEHHE COrNacyercs ¢ MoJyYeHHBIMH
HaMH peaynbTatamu [1-3]. Caeayer oTMeTHTH, HTO
MEKKJIETOYHbIE OTHOLIEHHA B (DOIMKYIAPHOM 301M-
TEJIMM M TECHbIH KOHTAKT KOMJOMIA C aNUKadbLHOM
MOBEPXHOCTHE) THPOIUMTOB B OCHOBHOM COXPaHAKTCA,
YTO MOXET YKa3hBaTh Ha POJIb KOJUTOHIA B MEXAHH3ME
KpPHOYCTOHYHBOCTH THPOLIHTA.
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ganoids and adenylate cyclase, revealed in thyrocyte
plasmatic membranes and microvascular endothelial
cells.

In the whole, the changes in thyrocyte organoids
under the effect of low temperatures have one-way
orientated character and manifest mainly in the
change of the volume of nuclei heterochromatin and
some decrease of cytoplasm organoids, that may be the
cause of dehydration processes. The given conception
is confirmed by the obtained results [1-3]. It should
be noted, that intercellular relations in follicular epi-
thelium and close contact of a colloid with the thyro-
cyte apical surface mainly is kept, that may testify to
colloid role in the mechanism of thyrocyte cryostability.
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BAUsAHHE HHIr'HOMTOPOB aHHOHHOI'O TPAHCIIOPTA
H rHNEPTOHHYIECKOrO BO3AECHCTBHUA HAa TPAHCIIOPT NMIPOTOHOB
B 3PHTPOIMTAX, HAIPYKEHHBIX CyJab(daToM

E. 5. AJIMA3OBA, B. B. PAMA3AHOB, B. A. BOHJIAPEHHO
Hremumym npobaem xpuobuonozuu u kpuomeduyunst HAH Ykpauns, 2. Xapwkos

Influence of Anion Transport Inhibitors and Hypertonic
Effect on Proton Transport in Sulphate-Loaded Erythrocytes

E. B. ALMAZOVA, V. V. RAMAZANOV, V. A. BONDARENKO

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkouv

Hecnegosany TPaHCIOPT MPOTOHOE B 3PMTPOLMTAX, HATPYMEHHLX CYALMaTOM, B CpefaxX, ROTOPLIE COOEPMAT MAOTOHMYECKMH M
MMIEPTOHNMYECKHi PACTROPS! XNOPMAA HATPMA. YCTAHORIEHO, YTO MNEPTOHMYECKOS BOINEHCTBME, KAK M BoafedcTeEMe MHrHOMTOpOM
AHMOHHOIO TPAHCNOPTA, BRIILIBAET POCT YPOBHA NOrAOMIEHMA NPoToHOB kineTeass [lonydeHnne peayasTaTsl MOABOAAIOT NPeanono-
MMTh, ITO B IPMTPOLMTAX, HATPYHEHALIX CYIL(paToM, OCYUISCTRARETCA NPOTHROTPAHCIIOPT NPOTOHOE, KOTOPLIA cONposoMgaeT obMen
BHYTPHMENETOMHOTO CyAbdaTa HA BHERTSTOUHLI XI0DPMI.

Jocaimeysam TPAHCOOPT NPOTOHIE B epMTPOLMTAX, HABAHTAWEHMX CYAL(MATOM, B CEepenoBMIaxX, AKI MICTATH 130TOHIMHMA i
rinepTORIYEMH POSSMEM XI0PMAY HaTplo. YeTaHORTEHO, N0 rineprodivsa giA, Ax i gia iEribiTopoM aHIONHOMD TPAECTIOPTY, BMEJIMKAE
3POCTAHAA PiBHA NMOTMMHAHAA OPOTOHIB KAiTHHaMM. OTpMMaHI Pe3YALTATH AOABOAAIOTL nepeabavaTs, M0 B ePHTPOLUMTAX, HABAHTA-
MeHMx cyasdaToM, IMHCHIOSTLECA MPOTHTPAHCTIOPT MPOTOHIR, X cynpoBomMcye o0OMiN BHYTPITITMHHOINO CYMBPaTy Ha DO3AKTITHH=-
HM#A Xn0pMi.

Proton transport in sulphate-loaded erythrocytes, in the media containing isotonic and hypertonic sodium chiloride solutions,
was investigated. It has been established, that both hypertonic effect and those by anion transport inhibitor cause an increase in
the level of proton absorption by cells. The results obtained allow to suppose, that in sulphate-loaded erythrocytles an anti-transport

of protons, accompanying an exchange of intracellular sulphate for extracellular chloride, occcurs.

Brecenue 3puTpoUHTOB B CyJibaTHYIO CPeay Bbi-
awiBaeT AByxXdasHoe uamenenne pH cycneHsun K1eTox
[6]. Ma3sa sakucaeHHs MOXeT NpeacTaBasTh coboii
TPAHCTNOPT XJOPH/IA M MPOTOHA M3 KJIETKH 10 KaHaIb-
HOMY MexaHuamy [2], dasa 3amenaynBaHMA OTpaxaeT
BXOA Cy/ibhaTa ¢ NPOTOHOM B KIeTKY B obMeH Ha
BHYTPHKTeTOYHE I xnopua [5). 3nauuTensusie runep-
TOHHYECKHE BO3CHCTBHA (MJIH MOAM(MHKAUHA 3PHT-
POLIMTOB T€MHHOM) NMPHBOAAT K HHIHOMPOBaHHUID Kak
AHHOHHOTO KaHana, TaK M AHHOHHOIO MEPeHOCYHKA.
IIpn sTom oTMmedaeTca paziMuHAA YYBCTBHTEJIBHOCTD
OBYX THIOB TpPaHCHopTa K MHrubuTOpam M Temnepa-
Type [1]. Cornacxo nanunimM [3], anMOH-TpaHCTIOPTHAA
CHCTEMa 3PHTPOLMTOB obsanaeT BHYTpEHHEH acuM-
METPHEH, KOTOpaA 3aKNYaeTcA B TOM, YTO CPOJACTBO
AHMOHOB K TPAHCNOPTHOMY CaiiTy BHYTDH KIETKH
BhIIIE, 9eM C BHEIIHE| ee CTOPOHBI.

llens paborel — HMecnenoBaTe TPaHCNOPT XJIOpPHIA
M cyabhaTa B CHTYaIlMM, KOT/a rPAIMEHT XJ10pH/a Ol
HAlpaBJEH B KJIETKY, a cyabdhaTta — M3 KieTku. O6n-
eKTOM MCCNIeJOBAHHUA CIIYAKWIa JOHOPCKAS KpOBb
IT rpynnei. Kpoes 4 pasa orMeiBain pacTBOpPOM, CO-
nepxamum 0,08 M Na,S50,, 0,04 M K,S0,, 0,01 M
Tpuc (pH 7.4). 3arem apurpountn ¢ 10%-M remato-
KPHTOM HATPYXaIH CyAb(aToM B YKa3AHHOM PacTBO-
pe 3-pasoBoit uHKybGanueit no 15 mun (37 °C) [7].
[locie wHKyOAUMM KIETKH OCAXAaIM 3 MHH [pH
3 000 ob/mun. llocneanuii pas ocajok OTMBIBATH B

[Ipobnems xpuobuonorm, 2000, Ne 4

Introduction of erythrocytes into sulphate medium
causes a two-phase change in a cell suspension pH [6].
Acidation phase may represent the transport of chlo-
ride and proton from a cell through channel mecha-
nism [2], the alkalization phase reflects the entrance
of sulphate with proton into a cell in exchange for an
intracellular chloride [5]. Considerable hypertonic ef-
fects (or erythrocyte modification by hemin) result in
the inhibition of both anion channel and anion carrier.
Thereat different sensitivity of two types of transport
to the inhibitors and temperature [1] is observed.
According to the data [3] the erythrocyte anion trans-
port system possesses an internal asymmetry, consist-
ing in higher affinity of anions to a transport site
inside of a cell in comparison with outside.

The aim of the work was to investigate a chloride
and sulphate transport in the situation when chloride
gradient was directed into a cell, and sulphate — out
of a cell. A donor's blood of I[Ind group served as the
investigation object. The blood was 4 times washed
out using the medium, containing 0.08 M of Na,S0;,
0.04 M of K480, 0.01 M of TRIS (pH 7.4). Then the
erythrocytes with a 10% hematocrit were sulphate-
loaded in the mentioned solution by means of a
3 times incubation by 15 min (37 °C) [7]. After incu-
bation the cells were precipitated within 3 min at
3 000 rot/min. Last time the sediment was washed-
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TeyeHHe 5 MHH pacTBopoM, comepxammm 0,12 M
NEES'U'&.

TpaHcnopT aHHOHOB B BPHTPOLMTAX MCCEI0BAH
MeTooM pH-MeTpHH B TEpMOCTaTHPYEMOH Adedke. B
aueiixy nomemann no 2 ma 0,15 M NaCl (uzoronn-
geckuii Bapuant) wiun 0,4 M NaCl (runeprorm4eckuii
sapuaHT), Aosoaunu pH pacreopom NaOH no suyt-
puicteroanoro pH (7,0-7,2), nocae yero B Aa4eixy BHO-
cHau 1o 30 MK 3PHTPOLMTOR H € MOMOLILI CAMOIIKC-
la MNPpOBOJHJIH H3MEDEHHA AHHOHHOTO TPpAaHCNIOPTa HO
H3MeHeHHo pH.

Ina OGJAOKMpOBAaHHA AHMOHHOTO TpPaHCHOPTa
ucnoassosank ero uHruburoper: AUAC (4,4'-auu3o-
THOUMarocTHABOeH-2,2"- ey abgonar) — HHrHbuTOp
HeoOpaTUMOro AeHCTBHA — W AMNHPHAAMON -— HHTH-
6utop obpatumoro aeficTBuUA, KOTOPLI Mo cBoell mpH-
poae spusercs OJOKATOPOM KaHAIOB JOCTYIa aHHO-
HOB K TpaHcrnopraomy caiity. Konuenrtpauusa JJHU/IC
2 MM, munmupumamona 100 mxM. [lepen Brecennem
3PUTPOLMTOB B AYeiKy Aobanrnanu MHrHOUTOpEL. JKC-
MEPHMEHTHl NMPOBEIeHK Ha IPHTPOLMTAX, B3ATHIX OT
6-8 nonopos. Cpennas omnbKa HAXOAHIACH B HHTEP-
Bane 10-20%. [lauHble, nomyuyeHHble B pe3yjbTaTe
IKCIEPHMEHTOB, TIOKA3aH, 4T0 KoMOHHALMA IpUTpPO-
IMTOB, HArPYXEHHBIX CY/JIb(AaTOM, C PacTBOPOM, CO-
nepxamum 0,15 M NaCl, Bru3wiBaeT 3anienayiBaine
cycriensnu aputpoudTos. [IpHcyrcreue B aToi cpene
ANUJC B xoruentpauun 2 MxM npuBoaMT K BO3pac-
TAHKIO KAK CKOPOCTH, TaK H YPOBHS 3allle/la4HBaHHA,
pH 7.8 (puc. 1, xpusas 3). Ecim cpena mukybaumuu
comepxkana 0,4 M NaCl, To yposerb 3anienauvBaHuA
nocruraer pH 7,7. Tlpu kombunaumu yxasaHHo#H ru-
nepronudeckoil cpeasl ¢ 2 mxM JAWUJIC npoucxoaut
AOTOMHMTENBHOE BO3PACTAHHE KaK CKOPOCTH, TAK M
YPOBHA 3ailenavyusaHus (puc. 1, kpusan 4).

HCHGJI]:EDBEHHE AHIIMDHAAMJId BbIABHJIO, YTO
npucytcreue B cpene 0,15 M NaCl yxasansoro 6io-
katopa B KoHueHTpauHd 100 mxM BriamiBaeT Taxko#
e YpoBeHb 3anienayusaHus (puc. 2, kpusas 1), Kak
u B koHuenTpauuu 2 mxM JHUC. Ecau cpesa unky-
Bauuu copepxana 0,4 M NaCl, o npucyrcreue aunm-
pHAAMOA MPHBOAKIO K CHHIKEHHIO KAK CKOPOCTH, TaK
M YPOBHA 3aienaunBanus (puc. 2, kpusas 2).

[Tosy4enHbie pesybTaThl CBHAETENLCTBYIOT O TOM,
YTO BHECEHHME B XJIODHAHYK) H30TOHWYECKYIO Cpelry
3PUTPOLMTOB, HAIPYXEHHWIX CYAb(MATOM, BhI3LIBAET
nepepacinpeneneiie aHHOHOB cyJh(aTa W3 KJIeTKH, a
aHHOHOB XJIOPHZA B KJIETKY. JTOT BBIBOJ ABJAETCH
CJIEZICTBHEM TOTO, YTO NPHCYTCTBHE HHIHOWTOPOB aHM-
onroro tpancnopra JAW/C (puc. 1) v aunupuaamoa
(puc. 2) NpHBOONT K AKTHBAIIWH BXO0Aa NPOTOHOB B
kneTky. Mrak, nanssie 60KaTOPB BRI3BIBAKOT B CPee
MHrnbUpoBaHMe TPaHCNOPTA NPOTOHOB M3 KIETKH,
TOrZia KakK TPaHCMOPT NPOTOHOB B KIeTKY umeeT Dosee
BhIDaXXeHHBIM XapakTtep. Orcoma ciefyeT, YTO TpaHc-
MOPT NPOTOHOB C XJIOPHAOM B KJIETKY HEYYBCTBHTEEH
K HCOOMbB3OBAHHRM KOHUEHTDALIHAM HH]"HﬁHTﬂpGB,
TOIHA KaK TPAHCMOPT CyJibdaTa ¢ NPOTOHOM M3 KIeTKH
BbIABMAET YYBCTBHTENBHOCTD K HHM.,
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out within 5 min with the solution, containing 0.12 M
of Nay,SO,.

Anion transport in erythrocytes was studied by
means of the pH-metry method in a thermostated cell.
2 ml of NaCl 0.15 M NaCl (isotonic variant) or 0.4 M
of NaCl (hypertonic variant) were placed into a cell,
pH was added by NaOH solution for an intracellular
pH (7.0-7.2), after that by 50 ul of erythrocytes were
introduced into a cell and the measurements of anion
transport according to the pH change were carried out
using a recorder.

In order to block an anion transport we used its
inhibitors: DIDS (4,4'-diisothyocyanostilbene-2,2'-
disulfonate) — inhibitor of an irreversible action —
and a dipyridamole — inhibitor of reversible one,
which by its nature is a blocker of the channels of
anion access to a transport site. DIDS concentration
was 2 uM, dipyridamole — 100 uM. The inhibitors
were added into a cell before introduction of erythro-
cytes. The experiments were performed in erythro-
cytes, taken from 6-8 donors. An average error was
within the range of 10-20%. The data, obtained as a
result of experiments demonstrated that the combina-
tion of sulphate-loaded erythrocytes, with the solu-
tion, contained 0.15 M of NaCl, caused an alkalization
of erythrocyte suspension. DIDS presence in this me-
dium in 2 pM concentration results in an increase of
both alkalization rate and level, pH 7.8 (Fig. 1,
curve 3). If the incubation medium contained 0.4 M
of NaCl, the level of alkalization would reach the value
of pH 7.7. During the combination of the mentioned
hypertonic medium with 2 uM of DIDS an additional
augmentation both of the rate and level of alkalization
occurs (Fig. 1, curve 4).

The usage of dipyridamole revealed, that in the
presence in the medium of NaCl 0.15 M of the men-
tioned blocker in 100 uM concentration caused the
same alkalization level (Fig. 2, curve 1), as under
2 uM concentration of DIDS (Fig. 1, curve 3). If the
incubation medium contained 0.4 M of NaCl, dipyri-
damole presence resulted in a decrease both of the rate
and level of alkalization (Fig. 2, curve 2).

The results obtained testify to the fact, that the
introduction of sulphate-loaded erythrocytes into an
chloride isotonic medium results in a redistribution of
sulphate anions from a cell and chloride anions into a
cell. This conclusion results from the fact, that the
presence of anion transport inhibitors DIDS (Fig. 1)
and dipyridamole (Fig. 2) leads to the activation of
proton entrance into a cell. Thus, the given blockers
provoke in the medium the inhibition of proton trans-
port out of cell, meanwhile the proton transport into
a cell has a more manifested character. From this fact
proceeds the following: the proton transport with
chloride into a cell is not sensitive to the used inhibi-
tor concentrations, meanwhile the transport of sul-
phate with proton out of a cell reveals its sensitivity
to them.

Problems of cryobiology, 2000, No 4
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Puc. 1. Bananue runepronnveckoro soanedctans W JIWIC wa au-
HAMHKY 3alENaYMBAHMA CYCTIEHIUM IPHTPOIMTOR, HATPYXREHHBIX

cyasbatom, B cpene, cogepaaueit NaCl: 0,15 M (1, 3): 04 M (2, 9);
B npucytcreun 2 mxM JIWJIC (3, 4).

Fig. 1. Influence of DIDS and hypertonic effect on the dynamics of
suspension alkalization of sulphate-loaded erythrocytes in the me-
dium, containing NaCl: 0.15 M (1, 3); 0.4 M (2, 4); in the presence
of 2 uM of DIDS.

H3BecTHO, YTO B MHTAKTHBIX 3PMTPOLMTAX, TTOMe-
WEeHHBIX B CyAbdaTHY0 cpely, MPOMCXOAAT TPaHC-
NOPT XJOPHIA C IPOTOHOM H3 KJIETKH M 0OMeH XJIOpH-
Aa Ha BHeKJeTOYHhH cyab(dar v nporoH. [Ipu atom
obMeHHBIH THIT TpaHCNOpTa GoJlee YYBCTBUTEJIEH K HH-
T']-!'ﬁl-ﬂ‘ﬂpiﬂ.{ dHHOHHOIO TPAHCIIOPTA, K CHHXEHHIO TEM -
nepaTypsl H THNEPTOHHYECKOMY BO3JeHCTBHIO. Y4UH-
ThiBasi [IaHHBIE PE3YNbTATH, MNPEANOJOKHIH, YTO
BEIXO/ XJIOPHA C NPOTOHOM COBEPIIASTCS 110 KaHAIb-
HOMY MexaHuaMy TpaHcuopra [2]. Bxoa xnopuaa c
NPOTOHOM B 3PHTPOLMTHI, HArpyXeHHble cyibhaTom,
BEPOATHO, TAKXKE NMPOMCXOAMT MO KAHAIbHOMY Mexa-
HH3MY, TOIZla KaK BhIXOA cyandara ¢ NPOTOHOM — 110
obMeHHOMY MexaHMaMy B 0OMeH Ha BHEKJIETOYHLIH
XJIOPUIL.

CJ‘[E.![}'ET OTMETHTE JHAYHTEJILHYKD DAIHHILY B KOH-
UEHTPaUHUAX HHIHOHTOPOB, HeoOXOAMMBIX AAA OJHOH
H TOl e CTeNneHH aKTHBallMK BX0oaa npotoHos: 2 mxM
AUAC (puc. 1), 100 mxM aunuprnamona (puc. 2).
Taxaa pasHuua ABIAETCA CHNEACTBHEM TOrO, HTO
JUAC npu uHrubupoBaHKH CBA3LIBAETCA C AHHOH-
HBM CaWTOM, a AMNMpHAAMON BIOKHDYeT aHMOHHBIH
kaHau [4]. I'unepronHyeckoe BO3NeHCTBHE B NMPHUCYT-
cteun [HM/IC poiswiBaer JONOIHHTE/NBHYH aKTHBA-
LUHI0 TpaHCIopTa NpPOTOHOB B KIETKY (pHc. 1,
KpHBas 4), awnupuaamona — GNOKMpOBaHHe TPaHC-
nopra npotoHoB (pHc. 2, kpueas 2). 310 MoxeT OhITh
CBA3AHO C TEM, YTO THMEPTOHWYECKOE BO3AEHCTBMEC
NPHBOAMT K ONOKHPOBAHMIO AHHOH-TPAHCIIOPTHOMH
CHCTEMBI, 4TO W nposssieTca B GoabuieM HHruGupo-
BaHMM oOMeHa cyib(aTa Ha BHEKJIETOYHBIH XJI0PHAL M
npotoH. JlaHHbI pe3yabTaT MOXHO HabawAaTh nNpu
soaaeiicreuu JIUJC (puc. 1, kpusas 4). [Ipn neiict-
BHH JIHNHPHIAMO/IA B THIIEPTOHHYECKOH Cpe/ie BhIAB-
nserca GnOKMpoBaHMe KAHANBHOINO BXOJAAa XJIOPHAA C
npoToHoM (pHc. 2, KpuBaa 2). 310 CBHIETENLCTBYET O
TOM, YTO THIEPTOHHYECKOE BO3NeHCTBME MOAWGDHLUN-
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Puc. 2. Bananue aunupiaasosa s kongestpauyms 100 mxM Ha au-

HAMMKY 331eAaUMBAHKA CYCNEHIHH CyaspaT-HarpyenHbx 3puT-
pouuTos 8 cpeae, cogepxaiteit NaCl 1 — 0,15 M, 2 — 0.4 M.

Fig. 2. Dipyridamole effect in 100 uM concentration on the dyna-

mics of suspension alkalization of sulphate-loaded erythrocytes in
the medium, containing NaCl: 71— 0.15M; 2 - 0.4 M,

It is of common knowledge, that in intact erythro-
cytes, placed in sulphate medium, the transport of
chloride with proton out of a cell and the exchange of
chloride for extracellular sulphate and proton occur.
Thereat an exchangeable type of transport is more
sensitive to the anion transport inhibitors, to a de-
crease in temperature and hypertonic effect. Taking
into account the given results we supposed that the
release of chloride with proton was realized according
to a channel mechanism of transport [2], the entrance
of chloride with proton into sulphate-loaded erythro-
cytes occurred by a channel mechanism, while the
release of sulphate with proton realized by an ex-

change mechanism in exchange for an extracellular
chloride.

We should note a significant difference in inhibitor
concentrations, that are necessary for the same acti-
vation degree of proton entrance: 2 uM of DIDS
(Fig. 1), 100 uM of dipyridamole (Fig. 2). Such dif-
ference results from the fact, that DIDS during the
inhibition is bound with an anion site, and dipyri-
damole blocks an anion channel [4]. Combination of
hypertonic effect with DIDS causes an additional ac-
tivation of proton transport into a cell (Fig. 1,
curve 4), with dipyridamole — the blockage of proton
transport (Fig. 2, curve 2). That can be related to the
fact, that a hypertonic effect results to the blockage
of anion-transport system, that manifests in a greater
inhibition of sulphate exchange for an extracellular
chloride and proton. The given result can be observed
under DIDS effect (Fig. 1, curve 4). During dipyri-
damole effect in hypertonic medium a blockage of a
channel entrance of chloride with proton is revealed
(Fig. 2, curve 2). That may testify to the fact, that a
hypertonic effect modifies anion channel, in such a
way, that dipyridamole presence causes the channel
blockage, that was not found at DIDS presence. That
correlates to the fact, that DIDS is a blocker of anion-
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PYET AHHOHHBI KaHAN TaK, YTO NPUCYTCTBHE AHITHPH-
JlaMOJia BLI3bIBAeT €ro 6/J0KMpPOBAHME, B OTIAMYHE OT
HAHUAC. Iro cornacyercs ¢ tem, uro JAHU/C asnaerca
610KaTOPOM aHHOH-TPARCMOPTHOIO CaifTa, a AHNHPH-
JaMoJ — aHHOHHOro KaHana [4).

Panee ObLNO yCTaHOBEHO, YTO MOAW(DHKAIIMA 1H-
TOCKEJIETa IPUTPOUMTOB IeMHHOM, a TaKXKe 3HAYM-
TeJbHOE THINEPTOHHYECKOe BO3AeHCTBHE NMPHBOJAT K
E!J'IEIKHPDBE.HHHJ KaK AHHOHHOrO KaHana, TaKk H aHHOH-
Horo nepexocyuka [1]. B atom cayyae rpaaneHT KoH-
UEHTPALWKH Xiopuaa Obl1 HanpaBieH H3 KIETKH, a
cyinthara — B KIETKy, [03TOMY TPaHCIOPT XIOpHiaa
Mo KAHAIY M M0 MEPEHOCYHKY NTPOMCXONA M3 KJIETKH
W OBLT HEYYBCTBHTENEH K HE3HAYHTE/IbHBIM THIIEDPTO-
HHYeCKHM BDEHEﬁETEHHH. B mammux IJKCIIEPHMEHTA Ib-
HBIX YCJAOBHAX TPAAHEHT KOHUEHTPAUMM XJOpHAA Ha-
npapieH B KIeTKY H o0OMeH BHYTPHMKJIETOYHOTO
cyandaTa Ha BHEKIETOUMHBH X/M0pHUI YYBCTBUTENEH K
HE3HAYHTENbHEIM THIIEPTOHHYECKHM BO3JEHCTBMAM
(puc. 1, xpusue 71, 2).

Hs3 Hﬂ.TI}”-lEHHhII JAaHHBIX MOXHO CIAENATE BRIBOMI,
yT0 HHrubHMTOpH aHWoHHoOro TpaHcnopra, AWJC u
AMITUPHAAMON, a TAKXKE THIEPTOHHYECKOE BO3aeHCT-
BHE BLI3BEIBAIOT AKTHBAUHIO TPaHCNOPTa NpOTOHOB B
KJIETKY 3a cyeT 610KHpoBalka oOMeHa BHYTPHKIETOY -
HOI'O E}"Hh[t]ﬂTﬂ C MpOTOHOM Ha BHEKJIETOYHBIH XI0pHI.
IIpu s3TOM rHnepTOHMYeCcKOe BO3HeHCTBHE Napalyielib-
HO ¢ GJIOKMpOBaHHEM AaHUOHHOTO NMEPEHOCYMKA MO/IH-
dbuumpyer aHHOHHHEINA KaHan TakuM o0pasom, 4TO
TPAHCMOPT XJIOPHAA ¥ NPOTOHA B KJAETKY CTAHOBHTCA
YYBCTBHTEALHBIM K IHITHPHIAMOITY.
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transport site, and dipyridamole — an anion channel
blocker [4].

It has been established earlier, that erythrocyte
cytoskeleton modification by hemin, as well as a con-
siderable hypertonic effect result in a blockage of both
anion channel and anion carrier [1]. In this case the
gradient of chloride concentration was directed out of
a cell, and a sulphate one — into a cell, therefore
chloride transport through a channel and a carrier
occurred from a cell and it was not sensitive to insig-
nificant hypertonic effects, Under our experimental
conditions the gradient of chloride concentration is a
cell-directed. In this case the exchange of intracellular
sulphate for intracellular chloride is sensitive to slight
hypertonic effects (Fig. 1, curves 1, 2).

From obtained experimental data we can conclude,
that DIDS anion transport inhibitors and dipyri-
damole, as well as hypertonic effect cause the proton
transport activation into a cell due to the exchange
blockage of intracellular sulphate with proton for in-
tracellular chloride, In this case a hypertonic effect in
a parallel way with anion carrier blockage modifies an
anion channel by such a way, that chloride and proton
transport into a cell becomes sensitive to dipyri-
damole.
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RKPHOROHCEPBAIINA CRYOPRESERVATION
BHOOBBEKTOB OF BIOSYSTEMS
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AMMYHOJIOTHYIECKHE CBOMICTBA KPHOKOHCEPBHPOBAHHBIX
KOKHBIX TPAHCIUIAHTATOB

A. A. LIVIIAEBA, H. I1. IOBACEHKO, K. K. KAJIMLIKOB
Huemumym npobaem xpuobuonozuu u kpuomeduyunst HAH Ykpaunst, 2. Xapbkos

Immunobiological Properties of Cryopreserved
Skin Transplants

A. A. TSUTSAYEVA, N. F. LOBASENRO, K. K. KALMYKOV

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkou

[Noxaszano, 91O B pPE3YILTATE KPHOKOHCCDEMPOBAHMA KOMHBX AOCKYTOR CHMKAETCA MX MMMYHOMEHHOCTD, O EM CEMACTENRCTRYIOT
CTENeHL BADAMKEHNOCTH M XaPaKTeD KNSTOYHLRIX DeaKIpol, BpeMA MPHAHBIEHHMA KPHOKOHCEDBMDOBAHELIX TPAHCIMAHTATOE B OpragMa-
ME PeUHMITHEHTOR MOCAE MX TPAHCTLIaHTA M.

loka3ano, WD B Pe3yALTATI KPIOKOHCEPBYBAHHA MIKIDHMX KYCKIE IMEHIIYETHCA IX IMYHOreHHICTH, NPO MO CBIYATL CTYMiHL
BMPAMEHHA | XAPAKTeD KIITHHHMX Peaxiifl, 4ac NPIKMBNEHER KPIOKOHCEPBOBAHMY TDAHCILIAHTATIE B OPraHiaMi pelMIiEHTa MCAA IX
TPaHCTLNAKTALIL

It has been shown, that in the result of skin grafts cryopreservation their immunogeneity decreases, manifestation degree and

the character of cell responses, the time of retention of cryopreserved transplants in a recipient's organism after their transplantation
testify to this fact.

AKTHBHOCTb PEaKiii TPaHCNIAHTALIHOHHOTO HM- The activity of transplantational immunity re-
MYHHMTETZ 3aBHCHT B Oosbmieli creneHn or MMMYyHO-  sponses depends in a greater extent on transplant
reHHOCTH TPAHCIVIAHTATOB, KOTOpas onpeaeasercd  immunogeneity, that is determined by HLAADR an-
HLAADR asTHreHHOH COBMECTHMOCTBIO, HATHYMEM B tigenic compatibility, the presence of protein fractions
TpaHcnaaHTate OenkoBbiX ¢pakumii, obpasyionimxcs  in a transplant, formed during cell and intercellular
NpH paspyllieHHH KJIETOK B MEXKJIeTOYHOM xuaKkoctH,  liquid damage, by the presence of blood cells in a
MPHUCYTCTBHEM B TPAHCMJAHTATE KJETOK KPOBH, 0CO-  transplant, especially lymphocytes, in the membranes
6enno mumdouuToB, Ha Membpanax xoTopbix npea-  of those the whole spectrum of histocompatibility an-
CTaB/IeH BeCh CMEKTP AHTHIEHOB MCTOCOBMECTHMOCTH. tigens is presented.

Brisio nokasano [1, 3, 5], yTo KpMOKOHCEpBHpPOBa- It has been shown [1, 3, 5], that cryopreservation
HHEe BAHSET Ha ¢uanko-xuMmuydeckue ceoicTBa MeM-  affects physical and chemical properties of cell mem-
6paH KJIETOK, B 4aCTHOCTH, MPOMCXOMAT KJiacTepu3a-  branes, especially protein clasterization, protein im-
una Genkos, norpyxenue Genkos BHYTpe MemOpaH, mersion inside membranes, conformation of protein
koHbopMaluus Mmakpomonexkyn Oenka, B pesyastare  macromolecules occur, in the result of those mem-
Yero BPEMEHHO M3MEHAETCA AHTHTeHHEIT cnekTp MeM-  brane antigen spectrum temporarily changes, blood
6paH, B TKaHSAX paspyllalTcA DJEMEHTH KPOBHM, 4TO  elements in tissues are damaged, that may be the cause
moxkeT OBITb NPUMHHOI MMMYHOTEHHOCTH TpaHciiaH-  of transplant immunogeneity. The aim of given work

tato. llens nawHOro wccnenosanus — uaydenwe  was to study the properties of cryopreserved skin
CBOMCTB KPMOKOHCEPBHDOBAHHLIX TPaHCIUIAHTATOB  transplants.
KOJKH. Skin transplants of 2-4 months Balb and CBA

ObvextoMm HcosenoBaHHA ObIM KOXHBIE TpaHc-  mice were the objects under study. The way for skin
niaHTaThl Mbieit muaun Balb/c m CBA B Bospacte  cryopreservation has been elaborated at the Institute
2—4 mec. Cnocob xoHcepsupoBanus koxu paspaboran  for Problems of Cryobiology and Cryomedicine of the
B UITKuK HAHY. Ilepen mawanom sxcnepumenra  National Academy of Sciences of the Ukraine. Before
AKHBOTHBIX nogsepranyn anecteanu. Jlns obecnevenns  the experiment beginning the animals were anesthe-
MOJHOUEHHOTO HACHIIIEHUA TKAHM JIOCKYTa Kpuonpo-  sized. To provide valuable saturation of graft tissue by
rexropom [190-400 u cokpamenus spemenu npebei-  PEO-400 cryoprotectant and reduction of graft being
BaHWA JIOCKYTAa BHE OpraHMama /0 3amopaxusanus  out of the organism before freezing, skin site after
YYACTOK KOXH [0C/Ie aHecTesun WHOMABTPHPOBANIHM  anesthesia was intracutaneously infiltrated with 15%
BHYTPHKOXKHO 15%-M pactBopom [190-400 na 6ydep-  PEO-400 solution on the Hanks buffer saline solution.
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HOM coneBoM pacTBope Xankca. lllepcts Ha yuacTke
KOXKH JIOHOPA VAAJANH 32 TPH AHA A0 SKCNEPHMEHTA
MexannyeckuM cnocobom. Kpuonporekrop I190-400
obnagaer CMEWAHHBIM TUMOM JEHCTBMA, YaCTHYHO
MPOHHKAET BHYTPb KJIETOK, WMeeT cnabyio TOKCHY-
HOCTb H He Tpe0yeT CBOero yaaleHus [epejl BBeJIeHH-
eM B OpraHu3M.

O6paboranuslii Takiim 00pa3oM YYacTOK KOXKH [10-
HOpa 4epe3 4 4 OT[eNs/IH OT OKPYXaIMX TKaHe,
OYHMIIATH OT NOAKOMKHON KAETHATKH M B TePMETHYHBIX
nakerax M3 dropomnnacra, cogepxkammx 0,3-0,5 ma
pacTBOpPa KPHOMPOTEKTOPa, MNOIPYMKaIM B MHIKHI
a30T A4 3aMOpaXHBaHUA M Xpanenus. CkopocTh 0X-
JNaxJieHHA o6pasioB KOXKHBIX TOCKYTOB Obisa 6n3Koil
K 400 °C/mun. Obpasusl otorpesaiu OBICTPHM NOPy-
MeHHeM TaKeTOB B BOAAHYIO 0aH0 C TemIepaTypo
41°C.

OcHoBHuIM nokasaTeneM sdwpekTuBHOCTH criocobos
KPHOKOHCEPBHPOBAHHA  CITYAKHT  AKH3HECNoCoOHOCTD
TKaHeid. buiiu ucnosnb3oBankl Ba KPUTEPHA OLEHKH
HKHIHECTIOCOOHOCTH KOHCEPBUPOBAHHON KOXM: IPM-
AKHBJCHHE KOXH In UiU0 Y CHHIeHHBIX PELHITHEHTOR M
cnocobHOCTh KAETOK KOHCEPBHPOBaHHBIX TKaHeH K
npoandepalHu in vitro.

Ilnst onpeneneHHA XKHIHECOCODHOCTH KOXHM in
Viv0 KPMOKOHCEPBHPOBAHHAIE JOCKYThI KOXH MbILICH
CBA nepecaxuBali CHHIeHHBIM PELHITHEHTAM OPTO-
Tonu4yeckn no meroay [2]. CeuaeTenbCcTBOM MX KH3-
HecnocoOHOCTH OBLIO MOMHOE NPHAMBAEHHE KPHO-
KOHCEPBHPOBAHHLEIX TPaHCIVIAHTATOB Y CHHIEHHHX
PELMTTHERTOB, OHAKO NIPH 9TOM OTMEYa/lach OYaroBas
AENUIMEeHTALHA OTPOCIIeH WepcTH B TEYEeHHE BCEro
cpoka Habmogenus. 310, NO-BUAXMOMY, CBA3aHO C He-
obpaTHMEIMHM HapymeHMAMH nurMexToobpasyouled
MYHKLUMH 4aCTH KJIETOK KOXKH [M0CJIe KPHOKOHCEDPBH-
pOBaHMA.

Ja cocrosHHMeM TpaHcmnaHTaToB Habnomanum ¢
MOMECHTA CHATHA TOBA30K, 06wYHO crmycTa 4-5 cyr
nocne nepecanky. Cocrosinie TpaHCMJIAHTATA OLEHM-
BaJIH BH-'.EIFHJIEHD. HEPBH‘IHG NPpHAHBIIHMHCA CHHTATH
TPAHCILIAHTATH, KOTOpBle B Tewerue 3-5 cyT Owinm
6/IeIHO-PO30BOrO  LIBETA, TEIUILIMM, 3JACTHYHBIMH,
IUIOTHO NMPHJIETANH K TKaHAM peuMnuenta. Bnocnea-
CTBHH Ha TPAHCIJIAHTaTaX BHIPAcTal BOJIOCAHON No-
KpoB B o0paTHOM HanpassieHnu. Hauanom orropxenms
aJJIOreHHBIX TPAHCIIAHTATOB [IPHHHMAIH MOMEHT 110-
ABNeHMs reMopparui, nubo UMaHO3a H OTEYHOCTH
TpaHcnaHTaTa. [HeM OTTOPXEeHMA CYMTANM TOT, Ha
KOTOPRIA TPAHCIJIAHTAT MMEJ BU KOPKH, ILIOTHOH Ha
OMyMb.

ﬂ.l’Ul OnpenfcjacHHuA KHIHECTOCODHOCTH KpHOKOHCE-
PBHPOBAHHBIX JIOCKYTOB KOXHW in vilro 3nHaepMaib-
Hble KAETKH noayyand no meroay [4]. Cycnenamo
KJETOK Ky/bTHBHpOBATH B cpene 199 ¢ nobasnenuem
5% WHAKTHBHPOBAHHON 3MODPHOHANBHOH CHIBOPOTKH
TesieHka, 1% rmworamuna, 50 en./Ma kanaMununa [ 16].

B npouecce KyJabTHBHPOBAHMA 3NHAEPMaJbHBIX
KJIETOK KPHOKOHCEPBHPOBAHHLIX KOMHBIX JIOCKYTOB
OTYeT/IHBAA NposudepaTHBiias aKTHBHOCTh OTMeYa-

ITpoGaemst kpuobuonorss, 2000, Ne 4

Hairs in donor’s skin site were mechanically removed
in 3 days before the experiment. PEQ-400 cryoprotec-
tant possesses a combined effect, particularly pene-
trates inside a cell, has a weak toxicity, does not
require its removal before the introduction into an
organism.

Treated by such a way the donor’s skin site in 4 hrs
was separated from the surrounded tissues, washed-out
from subcutaneous fat and in fluoroplastic hermetic bags,
containing 0.3-0.5 ml of cryoprotectant solution immer-
ged into a liquid nitrogen for freezing and storage. Cool-
ing rate of graft skin samples was about 400 °C/min.
Samples were warmed by a rapid immerging of bags into
a water bath with 41 °C temperature.

Tissue viability serves as the main index in the
efficiency of cryopreservation ways. Two criteria for
the estimation of cryopreserved skin viability have
been used: in vivo skin retention in syngenic recipients
and cell capability of cryopreserved tissues to in wvitro
proliferation.

To detect in vivo skin viability, cryopreserved skin
grafts of CBA mice were orthotopically transplanted
to syngenic recipients according to the method [2]. A
complete retention of cryopreserved transplants in
syngenic recipients testified to this, but a focal depig-
mentation of the hairs grew within a whole observa-
tion term was thereat noted. This is connected, obvi-
ously, to irreversible damages of pigment forming
function of some skin cells after cryopreservation.

The state of transplants was observed from the
moment of bandage removal, usually in 4-5 days after
transplantation. Transplant state was visually esti-
mated. Transplants, that within 3-5 days were pale
rose, warm, elastic, closely adjacent to recipient’s tis-
sue were considered as initially retained. In future a
hair cover in transplants grew backwards. The mo-
ment of hemorrhages or cyanosis appearance and
transplant edema was considered as the beginning of
allogenic transplants rejection. The day, when trans-
plant has crust-like view, dense to the touch, was
considered as the day of rejection.

For in vitro determination of cryopreserved skin
grafts viability, epidermal cells were obtained by the
method [4]. Cell suspension was cultured in the
199 medium adding 5% inactivated embryonic calf
serum, 15% glutamine, 50 units/ml of kanamycin [16].

During the process of epidermal cell culture of
cryopreserved skin grafts a distinct proliferative acti-
vity was noted to 7.6+ 0.12 day, when the islets of
fissioned cells were formed. To 11.2 + 0.2 day separate
islets fused and were the sites of entire growth.

In the cultures of epidermal cells, obtained from
native skin grafts, proliferation foci appeared earlier
(p<0.01) to the 4.4+0.09 day in comparison with
cell culture of cryopreserved graft cells, proliferative
activity of native cells was more intensive. To the
8.37 £ 0.17 day monolayer formed.

Inhibition of cell proliferation processes after cryo-
preservation occurred, probably, in the result of deve-
lopment in them of non-lethal damages, a certain time
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nacsk Ha 7,6 £ 0,12 cyT, xorzna o6pa3oBLBANHCE OCTPOB-
KH paaMHOxHBIIMXCA Knerok. Ha 11,2+0,2 cyr or-
AeNbHbIC OCTPOBKH CAHBAJIKMCH M NpeacTaBasiu coboil
YYaCTKH CIUIOLIHOIQ pocTa.

B kyneTypax snuiepMaibHBIX KIETOK, NOJYYeH-
HBIX M3 HATHRBHBIX KOMXKHBIX JOCKYTOB, O4MATH NPOJIH-
depauun  nossnsnmcs panbie (p<0,01) Ha
442009 cyr, yeM nNpH KyJALTHBHPOBAaHMH KIETOK
KPHOKOHCEPBHPOBAaHHRIX JIOCKYTOB, npoanudepaTus-
Hasd AKTHBHOCTb HATMBHBIX KJIETOK ObLia MHTEHCHB-
Hee, Ha 8,37 £ 0,17 cyr cchopMmuposanca MoHOCHOMH,

Murnbuumus npoueccoB npoaudepailiy  KIeTok
MoC/€ KPHOKOHCEPBHPOBAHHA NMPOHCXOAW/IA, BEPOAT-
HO, B peayabTaTe PasBUTHA B HHX HENETANbHBIX [10-
BpeXAeHni, Ana ux penapauuu TpeboBasics onpene-
JIEHHBIA NPOMEXYTOK BPEMEHM, B TEYEHUE KOTOPOTO
KAETKH HE NPOoaH(epPHPOBAIIH.

[nsa oueHkH CBOACTB KOXKHBIX JIOCKYTOB [0 M
nocjie KPHOKOHCEPBHPOBAHMA HCC/IENOBAJIH CHEKTP
BOAOPACTBOPHMBIX OeNKOB ¢ MOMOUIBI “OKOHHOIO"
anextpodopesa no Meroay [11, 12] B MoauduKaumm ¢
MCTIONIB30BAHMEM CTaHAApPTHOro mpubopa ANA BepTH-
KaJIbHOTO IHCK-anekTpodopeaa Multifor dmpmer “LKB”,

Inexrpodpopes NPOBOAWIM B NOJNHAKPHIAMM/IHOM
rene, noMelas GparMesT AepMO-3MTHAEPMATHHOIO J10C-
kyta Maccoit 0,025 r B BePXHIOI 4aCTh KOHIEHTPHPY-
IOILEro reJia nocJie nNpeasapuTe/IbHOro anekTpodopesa
bea puecennsa obpasua koxu. [locne anexrpodopesa
read uxcHposand 24 4 B 7%-H TpHXJIOpPYKCYCHOM
KHMCJ0TE, Ha 'E 4 NMOMEMANMH B KDACHTEJIb KYMACCH I'0-
ny6oit, OTMBIBANH H3OKITOK KPACHTENA 3TOH KHCIOTH
B TeueHHe 24 4, rocne 4ero NpPOBONMIH AEHCHTOMET-
PHPOBaHHE Tejek.

Bo Bpems orpaborku Mmetoaa 6bln yCTaHOBJEH
pexuM anekTpodopesa, He BAMAIOUNMA HA KHIHECTIO-
cobuocTh 0bpaboTaHHEX 06pasLOB KOKH.

B anexrpodoperndeckom cnekrpe DesnkoB HaTHB-
HbIX KOXHBIX JIOCKYTOB OblUIM BhIABJIEHH IATH (hpak-
1Mif: 13 HUX ABe ¢ Gonee BRICOKOI anekTpodopeTHyec-
KOH NOABHMMHOCTBIO, BE CO cpelHel M OfHa C HH3KOH
(pucyHok).

B cemyiouieit cepun 3KCcriepuMeHTOB 00Opaslisl Ha-
THBHOH M KPHOKOHCEPBHPOBAHHOH KOMH MOCJE OTOIpe-
Ba noMelianu B OydepHsIil pacTBOp NpH TeMmepaType
4 °C ua 24 4. ITocsie uukybaumy B pacTsope KX nojasep-
rami anexTpodopesy. ObOHapy:xeHo, YTO coOlepxaHue
BCEX MEJUIEHHO JABHKYIMXCcs dpakiui GeKoB cHUXKA-
Jock, Kpome GpakiiMH, KOTOpas NOBHILATACE B KOXKe
nocie KpHOKOHCepBHpoBaHHA. BepoaTHO, yBEIHYEHHE
cofepXaHua 310l hpaKiuH He ABLIOCH CIEACTBHEM
MPOCTON JECTPYKUMM KJIETOK, a CKOPEe MPOHCXOIHI0 B
pe3yJbLTaTeé HAPYLIEHUA MPOHHIAeMOCTH MeMmOpaH Kie-
TOK KOAKH IOCJIE KPHOKOHCEPBHPOBAHHA,

B cnemymomei cepuu aKCNepHMeHTOB MCCiea0Ba-
Jlack HMMYHOTE€HHOCTh KPHOKOHCEDBHPOBAHHEIX KOX-
HBIX TPAaHCIUIAHTATOB [10 CKOPOCTH WX OTTOpPXEHHH B
annoreHHoH cucteMme. [lepBrie NpH3aHaKH OTTODXKEHHA
KPHOKOHCEPBHPOBAHHLIX A/NIOTPAHCIJIAHTATOB OTME-
gyanuck Ha 6,7 + 0,18 cyT, nonHoe Hx oTTOpXKEHME NPO-
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interval, within of which the cells did not proliferate,
was essential for their reparation.

For the estimation of skin grafts properties before
and after cryopreservation the range of water-soluble
proteins by means of vertical electrophoresis on
Laemly [11, 12] in the modification using a standard
device for Multiphor vertical disk-electrophoresis of
the “LKB" firm was studied.

Electrophoresis was conducted in polyacrile amide
gel, by storing the fragment of dermo-epidermal graft
with 0.025 g mass into an upper part of concentrating
gel after preliminary electrophoresis without the in-
troduction of a skin sample. After electrophoresis the
gels were fixed within 24 hrs in 7% trichlor acetic
acid, put for 6 hrs into cumassi blue dye, washed-out
dye surplus by means of 7% trichlor acetic acid within
24 hrs, after tﬁis gel densitometry has been conducted.
During the mastering of the method electrophoresis
regimen, does not affecting viability of treated skin
samples, has been established.

In electrophoretic protein spectrum of native skin
grafts 5 fractions were revealed, where 2 fractions
with a higher electrophoretic motility, two — with an
average one and one with a low electrophoretic mo-
tility (Figure).

In the next series of experiments the samples of
native and cryopreserved skin after warming were put
into buffer solution under 4 °C within 24 hrs. After the
incubation in solution they were subjected to electro-
phoresis. It was found, that the composition of all slowly
mowing protein fractions decreased besides the fraction,
that increased in a skin after cryopreservation. Probably,
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Hencurorpammnl Geakossx ipakivil KOKK: @ — HaTHBRHOH, 6 —
KPHOKOHCEPBMDOBAHHOMN, # — KPHOKOHCEDBUPOBAHHONR ¥ 3KCIIOHM-

poraunoil B Gydepron pacTeope.

Densitograms of skin protein fractions: a — native; 6 — cryopre-
served; & — cryopreserved and exposured in bufer solution.
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ucxonuno Ha 12,6 £0,24 cyr. Ilocre nepecaaku ua-
THBHBIX KOXHBIX JIOCKYTOB MEPBblE MMPHUIHAKH OTTOP-
HeHHA oTMedanmch Ha 54 £0,17 cyr nocne Tpanc-
MJIAHTAalUHK, T.. JgoctoBepHo panswie (p <0,01).
DTI'[}FI}EEHH'E HATHBHBIX a/lTOTPAHCILVTAHTATOE HaCTY-
nano Ha 10,2 £ 0,22 cyT.

M3meneHnsa IUCTONOIHYECKOTO CTPOEHHA TpaHC-
IIAHTATOB OOHAPYXMBATHCE B TIEPHOA OTCYTCTBHS
BM3VAJIbHBIX W MATBNATOPHBIX NPHU3IHAKOB OTTORXKe-
HuA. Tak, co 2-x CYTOK NOCTTPaHCIJIAHTALMOHHOI'O
NepHOAA B OTAEJLHBIX KIETKAX MH/IEPMANBHOIO CJI0H,
BOJIOCAHBIX (POJUIMKYJIOB M CaJIbHBIX JKEJe3 NPOHCXOo-
JUT BAKYOJIH3ALIMS [[MTOILIA3MEL

Ha 3-u cyrku nabmonanuce HabyxaHue u aesnH-
TErpallid 3MHTEMHANBHBIX KJIETOK 3MHACPMHCA H BO-
JOCAHBIX QoTHKyIoB. JlepmanbHuiil coioi BRITAsAEN
OTEYHLIM, KOJMAICHOBRIC BOJIOKHA, MNpHUIErdOUIHE K
anuaepMucy, o0pasoBeIBaNK roMOreHHLE YY4acTKH. B
rayGOKHX CIIOSAX AepMBl CTPYKTYPa OTAENbHBIX KOJUIA-
FeHOBRIX BOJIOKOH COXPaHANACH, ONPEAE/NATHCH TAXH,
COCTOALINE H3 2HAONEPMAJIBHBIX H COCAHHHTEJIBHAIX
BOJIOKOH.

Ha 5-e cyTku nocsie nepecanky HaTHBHLIX, B MEHb-
el CreneHd KPHOKOHCEPBHPOBAHHBIX AJJIOT€HHBIX
TPaHCILIAHTATOB, JOPMHPOBATHCE OTAeNbHbe (homIu-
KyZsl. OTeYHOCTb AePMAIBHOTO CNIoA Obl1a MeHee Bbi-
paxena, yeMm Ha 3-u cyTkH Habmogenns. OrMmevanacs
BhIpaXEHHAA pPeBACKY/JIAPH3aLWA HATHBHBIX TpPaHC-
naaHraton. Bospacrana madunsrpanua ux mumdona-
HEIMHU 3/ieMeHTaMH. B KpHOKOHCepBHPOBaHHBIX TPaHC-
[UIAHTATaX MepeYyHC/IeHHble M3MEeHeHHS BBIABJISIHC
Ha 7-e CYTKH NMOCTTPaHCIJIAHTALHOHHOTO NEPHOA.

Ha 10-e cyTxu nmocse annoTpaHciLIaHTallMKM B Ha-
THBHAIX JIOCKYTAX OTMEYAJIHCh HEKPOTU3ALIMA, CJTYLIH-
BaHHE YYACTKOB 3MHAEPMATBHOIO CJIOH, AGCTPYKLUA
AePMaJIBHOTO cJI0A. B KpMOKOHCEpPBHPOBAHHBIX AJUIO-
TPaHCIJIAHTATAX B 3TO BpeMsA elle COXPaHW/ICA PAl
CTPYKTYP M B II€JIOM BRIPAXKEHHOCTh AECTPYKTHRHRIX
M3MeHeHHil OLLIA 3HAYHTENLHO MeHBIIeil.

[ToxasaHo, 4TO NMOA BAMAHMEM KPHOKOHCEPBHPOBA-
HHA C TNOMOLILIO NPEeLIONeHHOID MEeTO/Ia CHUKAETCH
HMMYHOICHHOCTE KOMAKHBIX TPAHCILUTAHTATOB, B PE3Y.JIL-
TaTe 4Yero NpOJIOHTHPYETCA BPEMS HX MPHXHBJICHHA B
opraHH3Mme penunueHToB. CHUXeHHE MMMYHOIe€HHOC-
™ K'[}HGE{)HL‘EPBHPBE&HHH!E EKOAEHRX 'I'paHﬂI[JIﬂ.HTH.T{]B
oTMeyanach B Gonburedi cTeneHH, KOrAa TPAHCIUIAHTa-
Thl XPAHHJIHCE NPH YMEPEHHO HH3IKMX TeMneparypax
(6, 8, 9, 14, 19].

B 1o xe Bpemsa [18] He oTMedeHO HAIMEHEHHA
CIEKTPOB AHTHIEHOB B KPHOKOHCEPBHPOBAHHBIX KO-
HeIX TpancnnanTtatax. OfHOM M3 BO3MOXKHBIX NPHYHH
VKa3aHHWX Pa3iyMil ABIAETCA MCNONb30BAHHE pa3-
HBIX METOMOB KPHOKOHCEPBMDOBAHHA M KOHEYHBIX
TEMIIEPATYP OXJIaXKIEHHA,

[lonydennbie HaMM pe3yALTATHL MO H3YYEHHIO
anekTpodopeTHdecKol noABUXHOCTH OenkoBuix dpak-
I.I;Hﬁ HATHBHBLIX H KPHOKOHCEDBHPOBaHHBIX KOMHEIX
JIOCKYTOB NMOCJAE 3KCMO3HUMH MX B (DM3PacTBOpe CBH-
NeTENLCTBYIOT O TOM, YTO [TPOHHIIAEMOCTE KOXH Moce
KPHOKOHCEPBHPOBaHHSA BO3PACTaeT, b Pe3y/bTaTe YEro
BHEKJIeTOYHBIe (pakumu OenxoB Oonee aKTHBHO Bhi-
XOAAT M3 KOXKM, YTO MOXET OHITh OTHOH M3 MpHYMH
CHHIKEHHS HMMYHOTeHHOCTH KPHOKOHCEPBHPOBAHHKIX
KOXHBIX TpaHcmaantaTos. Masectro, 9T0 OT Mcnonab-
dyeMhIX KPHOTNPOTEKTOPOB, CKOPOCTEH W KOHeYHOM
TeMMepaTyphl oxgaxaeHus Oyaer 3aBHCEThb CTEneHb
COXPaHHOCTH (DHAMKO-XMMHYECKHX cBOlcTB MeMbpaH

[Ipobnemor kpuobuonarss, 2000, Ne 4

an increase of this fraction composition did not cause

a simple cell destruction, but rather, this occurred in

the result of the damage of skin cells membrane per-
meabll[ after cryopreservation.

e next series of experiments immunogeneity

of cryupreserued skin transplants on the rate of their

ectlnn in an allogenic system has been investigated.

e first signs of the cryupresenred allotransplants
re_';ectmn was observed to 6.7+ 0.18 day, a complete
their rejection occurred to 12.6 + II}Eri tfﬂ Afmr the
transplantation of native skin grafts the grst signs of
rejection were observed to 5.4 l] 17 day after trans-
plantation, i.e. significantly earlier (p < {l.ﬂl}‘ The re-
jection of native allotransplants was observed to
10.2 + 0.22 day.

The changes in structure of the transplants were
revealed within the period of the absence of visual and
palpatory rejection signs. However beginning from the
2nd day of posttransplantational period in separate
cells nfy epidermal layer, hair follicles and fat glands
cytoplasm vacuolization occurs.

To the 3rd day swelling and disintegration of epi-
dermal epithelial ceIls anﬁalr follicles were observed.
Dermal layer was oedematic, collagenic fibers adjoined
to epidermis, formed homogenous sites. In deep derma
layers the structure of some collagenic fibers remained,
cords, consisted of endodermal and connective fibers
were detected.

To the 5th day after transplantation of native, in
lesser extent cryopreserved allogenic transplants,
separate follicles formed. Oedema in a de layer
was slightly manifested, than in the 3rd day of obser-
vation. Manifested revascularization of native trans-

plants was noted. Their infiltration by lymphoid ele-
ments increased. In cryopreserved transplants the
changes noted were revealed to the 7th da:,r of post-
transplantational period.

To the 10th day after allotransplantation necrosis,
exfoliation of epidermal layer sites, destruction of der-
mal layer in native grafts were observed. In cryopre-
served allotransplants the series of structures was still
maintained and in the whole manifestation of destruc-
tive cha was significantly less.

It has been shown, that under the effect of cryo-
preservation by means of the method proposed, immu-
nogeneity of skin transplants decreases, in the result
of which the time of their retention in recipients’
organism rises. A decrease of the cryopreserved skin
transplants immunogeneity was noted in a greater
degree, when transplants were stored at moderately
low temperatures [6, 8, 9, 14, 19].

At the same time [18] the change of antigen spec-
tra in the cryopreserved skin transplants has not been
noted. The usage of different cryopreservation me-
thods and final cooling temperatures is one of possible
causes of the differences found.

Obtained by us results on the studying of electro-
phoretic mobility of protein fractions of native and
cryopreserved skin grafts after their exposure in a
ph}rﬁiniuﬁlcal solution testify to the fact, that skin
permeability after cryopreservation increases, in the
result of that extracellular protein fractions actively
leave a skin, that may be one of the causes of immu-
nogeneity reduction of cryopreserved skin transplants.
It is known, that the integrity degree of :.rsu:al and
chemical cell membrane characteristics, s %ce"ular or-
ganellas, conformation of protein macromolecules,
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KJETOK, CyOKNeToYHmX opraHes, kondopMauun Ge-
KOBBIX MakpoMoJsiexyJs, ux tonorpadpuu B membpanax
KJIETOK, KOTOpPbi€é BXOAAT B COCTaB KOJKHBIX TpaHC-
miaeTaToB. CTeneHsid BRIPAKEHHOCTH W XaPaKTEPOM
H3MEHEHHH CBOHCTB KJETOK B KPMOKOHCEPBHPOBAH-
HBIX TPaHCIUIAHTAaTaX ONpPeAendlTCA WMMYHOIeH-
HOCTb NMOCJEJHUX M CTeneHb BbIPaXKeHHOCTH peakuui
TpaHCIIaHTauHoHHOro umMyHnureTa |7, 10, 13, 15, 17].

H(}J'I}"'-IEHHI:IE PE3IVIILTATBI NO3BOJIHIOT obocHoBaH-

HO OTAABATHh NPEANOYTEHHE HCNIO/Tb30OBAHHED B KTHHH-
Ke KPHOKOHCEDBHPOBAHHEIX KOXKHBIX TPAHCILTAHTATOB.
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their topography in cell membranes, comprised by skin
transplants, will depend on the eryoprotectants used,
rates and final cooling temperatures. Immunogeneity

of the latter ones and manifestation degree o

trans-

plantational immunity responses [7, 10, 13, 15, 17] are
determined by the manifestation degree and the cha-
racter of cell characteristics changes.
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CpaBHHTEIBHOE H3YYC€HHE JXKH3HECIIOCOOHOCTH
KPHOKOHCEPBHPOBAHHBIX KYJABTYD SHAOKPHHHLIX TKAHEH
HOBOPOXKAECHHBIX IIOPOCAT
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Hucmumym npobaem kKpuobuonozuu u kpuomeduuyunst HAH Yxpaunw, 2. Xapoxos

Comparative Study of New Born Piglets Endocrinic Tissues
Cryopreserved Cultures Viability

T. . BONDARENKO, N. G. KADNIKOVA, N. M. ALABEDALKARIM, G. A. BOZHOK,
0. A. SUPRUN, O. V. KOFANOVA

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkov

Ha ocHoBaHMM JaHHBIX O MU3HECNOCOGHOCTH KPHOKDHCEPBMPOBAHHLIX KyAbTYP TKaHel HALNOYEHHKDB, UIMTOBMAMOA Xeaeasl,
CEMCHHHKOB HOBOPOXACHHLIX MOPOCAT MPOBCACHA CPABHHMTEALHAA OlleHKa MX MYBCTBHTEIBHOCTH K 3aMODaXHBAHHIO-OTOTPERY B NPHCYT-

creuy kpuonporextopa AMCO ¢ xonunenTpaumsmu 3.5 u 5%.

Ha miactasi ganwx npo MHTTE3AaTHICTD KPIOKOHCEPBOBAHHX KYJIbTYD TKAHMH HAANADKOBHX 33103, IHTOBHAHOI 3A103H, CiM'AHWKIB
HOBOHADPOAXEHMX nopocaT Gyaa nposeseHa NOPIBHANBHA OLWIHKA IX YYTIHBOCTI /10 3AMOPOXKYBAHHA-BLAINPIBAHHA B NPUCYTHOCTI Kpionpo-

tektopa JAMCO 3 konuentpauiamu 3.5 Ta 5%,

Basing on the data about the viability of cryopreserved cultures of adrenal, thyroid

ands, testes of new born piglets, a comparative

estimation of their susceptibility to freeze-thawing in DMSO eryoprotectant presence with the 3.5 and 5% concentrations was carried-out.

B xinHHYecKO NPAKTHKE NPH JeYeHHH PasaHYHO-
ro pojia SHAOKPHHHBIX ATONOTHIl YesoBeka Habmoaa-
eTCA TEHAEHIUHA K Oo/iee IMPOKOMY NPHMEHEHHID KCe-
HOTPAHCIUVIAHTATOB. JTO CBA32AHO KAK C YBEJIMYEHUEM
KOHTHHIEHTa JIML, CTPalaloliHX HEJO0CTATOYHOCTbLIO
IHAOKPHHHBIX (QYHKUMH, TaKk M € MCNOJB30BaHHEM
CTEPOMAHOH TEPAaNHH, NPHBOAALLEH NPH LTHTEILHOM
ee MPHMEHEHHH K Pa3BHTHIO pAJa noOOYHBIX ABIEHUH
H rOpMOHANBHOH AuchyHKUMK. [dna neveHus HeKoTo-
PLIX IHIOKPHHHBIX MATONOTHH MCINOJL3YETCA KCEHO-
TPaHCIIAHTALHA CBeXEBbIPALIEHHBIX KYAbTYD TKaHel
HAANO4Y€4YHHKOB, IWIHTOBHAHOH H MNOLKENTY/109HOH
HKEJed, CEMEHHHKOB HOBOPOMIEHHBIX MNopocat |3,
6-9]. C ueapio ONTHMHU3ALMH TPHMEHEHHA MeToja
KCEHOTDAHCILIAHTALIMH 1IDH JIEYEHUH 3IHIOKPHHHBIX
sabonesarnii HeOOXOAUMO CO3/IATH HH3KOTEMIIEPATYD-
HHH HaHK KyJIbTYp TKaHeil HOBOPOXIEHHBIX MOPOCAT.

B npakTHke KpPHOKOHCepBHDOBaHMA OuHonoruyec-
KHX TKaHell HeoOXOIMMBIM YCJIOBHEM SBJIAETCA MOI-
fOp ONTHMANbHBIX YCJAOBHH KPHOKOHCEPBHPOBaHHA:
COCTaBa KPHOSAIHTHOH Cpejlbl, MPOrpaMMbl 3amMopa-
KMBAHKA, pexuMa otorpesa H TJ. CoxpaHHOCTH KPHO-
KOHCEPBHPOBAHHEIX IHAOKPHHHEIX TKaHell oOmtHO
OLEHMBaETCA MO KX crHocoOHOCTH CHHTE3MPOBAThH H
BBIJIENIATh TOPMOHBI B Cpefy rnocje otorpesa. Ipu an-
pobHpOBaHHH COCTaBa KPHO3AIMTHLIX CPel AIA pas-
JIHYHBIX SHAOKPHHHBIX TKAHEH CTAH[apTHBIE METO/B
onpeAeseHHs KOHLUEHTPALHH TOPMOHOB YacTO SBJS-
10TCA AOCTATOMHO TPYAOEMKHMH M NPOAOJIKHTEIbHBIMMH.
B cBs3u ¢ 3TMM MeTOJ onpeneseHHsA XH3Hecnocob-
HOCTH KJIETOK MyTeM NPHXH3HEHHOID OKPALIMBaHHSA
MOXeT OhITh HCTIONB30BAH HA HAYATBHBIX 3Tanax pas-
paboTKH pekKMMa KPHOKOHCEDBMPOBAHMS Kak cnocob

OuicTpoil oneHKH 3DOEKTHBHOCTH 3aMOPaXXHBAHWA-
OTOrpeBa.

[Tpobaems: xpuobuomorum, 2000, Ne 4

In clinical practice the tendency to xenotrans-
lants widest application when treating different
Euman endocrinic pathologies is observed. This is con-
nected both to the increase of patients, suffering from
the insufficiency of endocrinic functions and with the
usage in steroid therapy resulting in development of
the series of side effects and hormonal disfunctions at
long term its al::plicatinn.

Xenotransplantation of freshly isolated cultures of
adrenal, thyroid and pancreas gland tissues, testes of
new born i%]ets [3, 6-9] is used to treat some endo-
crinic pathologies. With the aim of optimization of
xenotransplantation method usage when treating en-
docrine diseases it is necessary to create low tempera-
ture bank of the cultures of new born piglets tissues.

In the practice of biological tissues cryopreservation
the selection of optimal cryopreservation conditions
such as the composition of cryoprotective medium, freez-
ing program, thawing regimen etc. is the essential con-
dition. The integrity of cryopreserved endocrine tissues
is usually estimated by their capability to synthesize and
release hormones in a medium after thawing. When
approving cryoprotective medium content for different
endocrine tissues the standard methods for determina-
tion of hormone concentration are often quite hard-
working and long-term. In this connection the method
for determination of cell viability by their alive staining
may be used at initial stages of the elaboration of cryo-
preservation regimen as the way of a rapid estimation of
freeze-thawing efficiency.

A mmﬁarative study of low temperature preservation
effect on the viability of adrenal, testes and thyroid gland
tissues of new born piglets was the aim of the given work.

Cell cultures of adrenocortical tissue, testes and
thyroid glands, obtained from one-day piglets by the

Problems of eryobiology, 2000, No 4



llens panHOM paboThi — CpaBHHTENBLHOE H3yueHHe
BJIMAHHA HH3KOTEMIIEPaTypPHOIr0 KPHOKOHCEPBHPOBa-
HHA HA JXHM3HECNOCOOHOCTH KyJbTYP TKaHeH Haamo-
YEYHHKOB, CEMEHHHKOB H ILHTOBHIHOIT JKeN1e3bl HOBO-
POXIEHHBIX MOPOCAT.

MarepuanoM HCCAEAOBAHMA CJAYHKHIH KyAbTYDbl
ANIPEHOKODTHKAMBHON TKaHH, CEMEHHMKOB W LIMTO-
BHAHOH Keneabl, NOJYYeHHbIE H3 CYTOYHBIX [OPOCAT
no metoguke [1]. KpuokoHcepBupoBanue Hccienye-
MBIX KYJIbTYP TKaHeH [POBOAMJIN ABYXITANMHBIM 3aMO-
paxKHBaHMeM: Ha 1-M 3Tame CKOpPOCTh COCTaBJIsjIA
1-3°C/mun po -70°C, wa 2-m — 80°C/mun nmo
=196 °C. B xauecTBe KpHONPOTEKTOPa MCIMOJb30BAIH
dapmakoneitHsiii  nmpenapat  AMMETHJICYILGOKCHI
(AMCO) — npumexcna, KoTopblit roToOBHIH Ha u3Ho-
noruueckoM pacrBope. KoHeuHas KOHUEHTpaumsa au-
Mekcuia coctasasaia 3,5 u 5%. Bpema sxsuanbpaumnu
obpasuos ¢ kpuonporekropom 30 mun. Ilocne xpane-
HUA B TedeHHe Mecsua obpasiibl KyABTYp TKaHel pas-
mopoaunu npu 42 °C Ha BoasHo# bane 1o nossnenus
xuako# aasl, obpaboranu 0,1%-M pacTeOpoM KoJLIa-
renaanl (200 en/mr, Ferak Berlin) va cpeae 199 npwu
34 °C no metoay [5]. [lna kouTpons xustecnocobuoc-
TH KYJIbTYP HCNOJIL30BAH CTAHJAPTHYID METOIMKY
NPpHAHIHEHHOIO OKpallHBAHHA C TPHIIAHOBLIM CHHHM
(Lachema).

Ha pucyHke npeacTaBneHbl JaHHbie O MPOLEHTHOM
CONepPXAHHH JXHBhIX KJIETOK B 00pa3lax KyJIbTyp TKaHen
HAAMOYEeYHHKOB, LIMTOBHAHOH JeJe3bl H CeMEHHHKOB
HOBOPOXAEHHLIX IT B 3ABUCHMOCTH OT KOHLEHT-
pauuu JIMCO B kpHosamMTHOH cpeje nocje 3aMopa-
KHBaHUA-oTOrpesa. B [4] nokasano, 4To onTHMaNBHOM
koHueHTpaimeit JIMCO ¢ Touxku 3peHMs BIMAHMA Ha
YPOBEHb CHHTE3a KOPTHM30Ja KPHOKOHCEPBHPOBAHHOM
KyJIBTYPOi TKaHH HAAMOYETHHKOB HOBOPOXKIEHHBIX MO~
POCAT ABJIAETCH ero 5%-A KoHueHtpauus. [Ipu mayye-
HMH AKTMBHOCTH aJleHMIATUMK1a3bl B aJPEHOKOPTH-
KATbHOH TKaHM NPH 3aMOPaXKHBAHMH C JAMMEKCHIOM
610 OTMEYEHO, YTO MpPH BO3PACTAHMH KOHILEHTPALHH
JAMCO no 10% 6azanbhas ¥ CTHMYJIHpyeMasi CHHAKTe-
HOM AKTHBHOCTD €HTa YMEHBILAETCA 110 CPaBHEHHIO
¢ 1%- u 5%-it koHueHTpaumsmu [11).

Y4uTHIBAA 3TH AaHHKIE, Mbl MCCNEN0OBANH KPHO3a-
WHTHYIO 3(PPeKTHBHOCTE IHMEKCHIA B KOHLIEHTpaLH-
ax 3,5 u 5%.

OueBHAHO, 4TO CHHMXKEHME KOHLEHTPALMH KPHO-
[POTEKTOpa NPHBOAMT K 3HAYWTEJBHOMY YMeHblle-
HHIO KOJHYECTBA XXKH3IHECTIOCOOHBIX KIETOK B pasMo-
POXEHHOH KyJbTYpe TKaHM HAAMOYEeYHHKOB MOPOCAT
(pucynok, 7). Conepxanue XHBBIX KJIETOK B Ky/ILType
TKaHH UWIHTOBHIHOH KeJe3bl HOBOPOAJIEHHBIX MOpO-
CAT NMPH KPHOKOHCEPBMPOBAHHMH B NPHCYTCTBHH MC-
C/IeIOBaHHBIX HAMH KOHLEHTpPalMil KPHONMPOTEKTOopa
coctaaser 76-78% (pucynok, 2). B [10] 6510 noxka-
32HO, 9TO B KPHOKOHCEPBMPOBAHHOM TPaHCILIAHTATE
IIATOBMAHON JKene3nl Kpbickl nocae 20-cyToyHoro
xpaHenus npu —196 °C orcyTcTByoT rpybuie Hapyue-
HHMS, PasphbiBbl, KOTOpbie 00sA3aTe/IbHO BO3HHKAIOT B
IPYTHX TKaHAX NMPH AHAJOIMYHEIX PEXHMMax 3aMmopa-
KHBaHHA-oTOrpesa. Hamu uccnenosanua Xu3Hecno-
coOHOCTH KJIETOK TAaKKe YKa3hBalT Ha HEe3HAUHTE/b-
HOE MOBpeXIalee 1efiCTBUE KPHOKOHCEPBHPOBAHHSA
Ha KyJbTYDY TKAHH UIMTOBH/IHOH KeJie3hl HOBOPOXK-
NEHHBIX MOPOCAT nocye xpaHenus npu —196 °C B Te-
yerune 30 cyr.

MapecTHO, 4TO UMTONOrHYECKH OPraHOTHNHYECKAs

KyJbTYpa TKaHM CEMEHHMKOB ABjserca Gosee pa3so-

[Tpobnemu: kxpuobuonorum, 2000, No 4

method [1] were the material of investigation. Cryopre-
servation of the studied cultures of tissue cells was con-
ducted by means of two-stage freezing: at the ist one
the rate made 1-3 °C/min down to =70 °C, at the 2nd
one it was 80 °C/min down to —196 °C. Dimethyl sul-
phoxide (DMSO) pharmacopeial preparation — di-
mexide, prepared on physiological suEl’utinn, was used as
a cryoprotectant. Final DMSO concentration made 3.5
and 5%, the time of sample equilibration with cryopro-
tectant made 30 min. After the storage within a month
the samples of tissue cultures were thawed at 42 °C on
a water bath to the beFinning of a liquid phase, treated
by 0.1% collagenase solution (200 units/mg, Ferak Ber-
lin) in the 199 medium under 34 °C by the method [5].
To control culture viability the standard method of alive
cell staining with trypane blue (Lachema) was used.

The data on the percentage of alive cells in the
samples of tissue cultures of adrenal, thyroid glands
and testes of new born piglets depending on DMSO
concentration in cryoprotective medium after freeze-
thawing, are prﬁﬂentecr in the Figure. In [4] it has been
shown, that optimal DMSO concentration from the
])ﬂi]]t of view of the effect on hydrocortisone synthesis
evel of cryopreserved adrenar tissue culture of new
born piglets is its 5% concentration. When studying
adenylate cyclase activity in adrenocortical tissue
when freezing with dimexide it has been noted, that
during the increase of DMSO concentration up to
10% basal and stimulated by synacten enzyme activity
decreases in comparison with 1% and 5% concentra-
tions [11). Taking into consideration these data, we
investigated dimexide cryoprotective activity under
3.5 and 5% concentrations.

Obviously, the reduction of cryoprotectant con-
centration results in a significant decrease of viable
cell number in thawed culture of piglets adrenal gland
tissue (Figure, 7). The content of alive cells in the
culture of thyorid gland tissue of new born piglets
when cryopreserving in the presence of studied by us

100 -

%

[TpouenTioe cotepxatne KMBBIX KNETOK B ofpaiuax KpHOKoHCED-
BHPOBaHHLIX KYAbTYP TKaneH: 1 — HaanoyeyHHukos, 2 — WHTOBHA-
HOH Weneasl, 3 — CeMEHHHKOB HOBOPOXIEHHKX NOPOCAT B 3aBHCH-
MOCTH 0T KoHuenTpaimn IMCO,

The percentage of alive cells in the samples cryopreserved cultures

of the tissues: 1 — adrenal glands; 2 — thyroid gland; 3 — testes of
new born piglets depending on DMSO concentration.
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oOpasuHoil (I10JIOBBIE KNETKH, SNHTeNHaIbHble, (ub-
pobnactsl, knetku Jlefiaura), a cregosarensHo, Gosee
TpefOBaTENBHOH K DPEXHMY KDHOKOHCEDBHPOBAHHSA.
Jlna 3MOpHOHANLHEIX KIETOK TECTHCA Ye/I0BEKA PEKO-
MEHIOBaHO KpHOKoHcepeuposauue ¢ 0,7 M JAMCO
NpM AajibHeHmeM J-3TAMHOM 3aMOPaXWBaHMH 10
-196 °C [2]. [lns KyALTYDH TKAHH CEMEHHHKOB HOBO-
PORNEHHBX [MOPOCAT 3aMOpPaXHB4AHHE [IPDH HCIIOJ B30~
BAHHbLIX KOHUEHTPALMAX AUMEKCHAA OKazanoch Head-
'[pEK'I"HH-HhIM, TAK Kak CﬂﬂﬂpmﬂHHE AHBOIX KJICTOK
coctasaano 17 u 5% coorsercTBenHo (pHCyHOK, 3).
Takum obpasoM, nonyyeHHsle HAMH PE3VJILTATH O
NMpOLEHTHOM COLEPMEAHHH XHBBIX KIETOK B KYJLTYDE
TKaHH HAANOYeYHHKOB HOBOPOX/IEHHBIX MOPOCAT MOA-
TBEPHKAAKT JaHHBIE O TOM, YTO MMEHHO 5%-f KOH-
vedTpauua JAMCO spaserca onTHManasHOH A0S
KpHoKoHcepBHpoBaHuA. OpranoTunuYeckas KyabTypa
UMTOBHAHOW Jejie3bl HOBOPOMU/IEHHBIX TOPOCAT
MECHEC YYBCTBHTE/bBHA K SE.HC’IPHJHHBHHHHJ, TaK KdK CO-
XPaHHOCTB KJIETOK Nocje oTorpesa 6ui1a BEICOKOH TTpH
obeux KOHUEHTpaUMAX AMMeKkcHaa. B To ke Bpems
Hcnosb3oBaHibie KouuenTpauun JIMCO ana kpuo-
KOHCEPBHPOBAHHA KYJbTYPhl TKaHH CEMEHHMKOB HO-
BOPOJKICHHBIX MOPOCAT 0Ka3aIHCh HEIPEeKTHBHEIMA,
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cryoprotectant concentration, makes 76-78% (Figu-
re, 2). It has been demonstrated [10], that in cryopre-
served transplant of rat thyroid gland after the storage
under —196 °C within 20 days sharp damages, rup-
tures, appeared in another tissues at analogous freeze-
thawing regimens are absent. Our investigations of

cell via ﬂitzf also testify to a slight damaging cryopre-

servation effect on the culture of thyorid gland tissue
of ncnle:w born piglets after the storage at —196 °C within
30 days.

It is known, that cytologically organotypic culture
of testes tissue is more various (sexual cells, epithelial
cells, fibroblasts, Leidig's cells), and therﬂfnre, they
have more requirements to cryopreservation regimen.
For human testes embryonic cells the cryopreserva-
tion with 0.7 M DMSO with further 3- Ewﬁf freezing
down to —196 °C is recommended [2]. F e culture
of new born piglet testes tissue the freezing under used
concentrations of dimexide occured to be not efficient,
because the number of viable cells made 17 and 5%,
correspondingly (Figure, 3).

Thus, the results obtained by us on the percentage
of alive cells in culture of new born piglets adrenal
gland tissue confirm the data on the fact, that, namely
5% DMSO concentration is optimal for cryopreserva-
tion. Organotypic culture of new born pfg?;:ts thyroid

gland is less susceptible to freezing, because cell integ-
1'112:1.? after thawing was high under both dimexide con-
centrations. At the same time DMSO concentrations,
used for cryopreservation of the culture of new born
piglet's testes tissue occured to be not efficient.
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YCcOoBEepHICHCTBOBAHHE METOJOB KPHOKOHCEPBHPOBAHHSA
MEPHCTEMEI BHHOIpana
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Hucmumym npobnem xpuobuonozuu u kpuomeduuurst HAH Yxpaunst, 2. Xapokos

Modification of Cryopreservation Methods
of Grape Meristem

T. F. STRIBYL. A. N. NOVIKOV, S. T. OLEYNIK, A. 1. GRIGORASCHENKO

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkov

OrmoMEHpoRaRE!l YOIOBMS KPMOKOHCEDRMDOBAHMA MEDMCTEME! BMHOIPAZa HR OCHOBE BAPLMPOBAHMA pAAA QaxTopoB (BMI M
KOHLEHTPAIMA KPHOTPOTEKTOpA, BpeMA ¥ TeMmmepaTypa skawmubpaipoi ofbexTa ¢ KPHONPOTEKTOPOM, YCIOBMA 3aMODARMBAHMA M
paamopascumamun 1 gp.). [Ipegcrannena MaTeMaTHYecKad MOens npouecca. OueHKa ¥MHIAeCnoCOOHOCTH EPHMOKOHCEPBHPYEMOro Ma-
TEPHANA NOIBWIAET CHENATH BRBOM O BOAMOMKHOCTH NPHMEHEHMA Kak GRCTPRIX, TAK ¥ MELTEHHLX DesMMOB 3aMODAMMBARHA

OnrruMisoBan0o yMOBM KDPIOKOHCEDEYBAHHA MEDHCTEMM BMHOTPAJY HA OCHOBI Bapiauil paxy dakxTopis (BMI | ROHIEHATPALIA Kpio-
NpOTeKTOpa, Hac i TemmepaTypa exsimbpanii of'exTy 3 KplOMpOTERTOPOM, YMOBH 3aMOPOMYBAHHA | DOSMODOMKYBANHA Ta i=mm).
SanponoEOBaHA MaTEMaTHYHA MOJe s npouecy. OmiKa MUTTEAANLHOCT! KPIOKOECEPBOBAHOND MATEPIANY Q03IBONAE 3PObMTH BUCHOBOK
Ip0 MOMUTMBICTE 3ACTOCYBAHHA AKX NIBMIKKX, TAK | NOBLILHMX PesMMIB 3aMODOMKYBAHHA.

The conditions for cryopreservation of the grape meristem were optimized on the basis of varying a range of factors (type and
concentration of the cryoprotectant, durating and temperature of equilibrating the system with the cryoprotectant, conditions of
freezing and thawing. etc.). A mathematical model of the process was developed. Evaluation of the viability of the cryopreserved
material makes it possible to conclude on possible application of both rapid and slow modes of freezing.

leneTHveckas HecTaOMIBLHOCTH, MPHCYIIAR KYJib-
TypaM KJETOK in Uilro, MOXeT NpHUBECTH K MoTepe
cneunuyeckux ocobeHHOCTeH TaHHBIX KIETOK, HamMe-
HEHHHD HGIII}DJ'I{.'II'HH EMETOK H 4ATpETdATOBR H HX METa-
Bonuyeckux xapaxrepuctHi [2]. IMostomy uenecoob-
pPasHO COXPaHATb KYJbTYPY KIETOK B YCJIOBHAX
noHuxenHoro Merabonuama. Haubonee nepcnextus-
HBIMH MeTOJaMH XpaHeHHA C/IelyeT CYMTATh KPHOTEH-
Hbie. [Ipn 3TOM BBICOKYI0 BBIKHBAEMOCTb NMOKA3AIH
MEJIKHE MEPHCTEMOMIHBIE KIETKH, a2 KPYIIHbIE BaKyoO-
JH3HPOBaHHBIE KIETKH norubamm, 4to 0OBACHAETCHA
HIBECTHHMMH MEXAHHIMAMH KDHONMOBPERJIEHHA.

YcoBepleHCTBOBAHHE METONA KPMOKOHCePBHPOBa-
HWA MepHCTEMEI KapTodens paccMaTpuBaetca B [3]. B
HacTosmell paboTe HCMONBL3OBAH M ITOT ONMIT, K AaH-
Hble [0 KOHCEPBHPOBAHMI0O MEPHCTEMbl BHHOIpala
copra “Pxauwrennu”, npuBeneHnnie B nuTepatype. Ha
ocHoBaHHHK o0bobmenus [1, 4-8) moxno 3aKIIOYUTS,
410 Haubosee MEPCNeKTHBHBIMHM KOHCEPBHPYIOIUIHMH
cpenamMd moxHO cuurare: 5-10%-it IMCO, 10%-i
JAMCO + B%-a rmokoza + 10%-ii [13T, AIMCO + rmm-
uepuH + caxaposa. Meroauka noAroToBKH K 3amMopa-
KHBAHHIO COCTOMT B KYJBTHBHPOBAHHH MEPHCTEM C
KpHONpOTeKTOpaMH npH temneparypax ot 0 npo 20 °C
B TedeHue oT 1 mo 48 4.

Pexum (nporpamma) 3aMopakuBaHMS: Ha NEPBOM
atane co ckopocteio 0,25-1 °C/mun o -30 + -40 °C,
BTOPOM — IIOrPYXKeHHe B XUAKHH asor. Ororpee — B
BofsiHOW bane mpu Temnepartype ot 25 o 40 °C. Or-
MhIBAHHE OT KPHOINPOTEKTOPAa NMPOU3BOAMUTCA C ITOMO-
HIBK MTHTATEIBHOH Cpe/ibl.

Mpofnems: kpuobuonorus, 2000, No 4

Genetic instability, which is characteristic of the
culture cells in vitro, may result in the loss of specific
features of the given cells, changes in morphology of
the cells and aggregates and their metabolic charac-
teristics [2]. That is why it seems expedient to pre-
serve the cell culture under conditions of reduced
metabolism. The most promising methods for this are
cryogenic ones. Here small meristemoid cells demon-
strate the highest survival, while large, vacuolized
cells mostly died, which was due to the action of the
well-known mechanisms of cryoinjury.

The modification of the method for cryopreserva-
tion of potato meristem is investigated in [3]. The
given research is based on the results obtained above
and the data on cryopreservation of the Rkazitely
grape meristem reported elsewhere. Analyzing the
data available [1, 4-8] it may be concluded that the
most promising cryopreservation media are:
5-10%-DMSQ, 10%-DMSO + 8%-glucose + 10%-PEG,
DMSO + glycerol + sucrose. A technique of prepara-
tion for freezing consists in culturing the meristems
with cryoprotectants at the temperatures from 0 to
20 °C for 1-48 hours.

The mode (progam) of freezing was: at the first
stage — with the rate of 0.25-1°C/min down to
-30 =+ —40 °C, at the second stage — plunging into
liquid nitrogen. Thawing was done on water bath at
the temperature of 25-40 °C. The cryoprotectant was
washed off with the help of the nutritive medium.

Problems of cryobiology, 2000, Ne 4



C yueToM HM3BECTHLIX JIMTEPATYPHBIX AaHHBIX Obin
NpoBeAeH 3KCNepUMeHT mno noabopy  ycnoBwil
KPHOKOHCEPBHPOBAHMA MepHCTEME BHHOrpana. Hc-
nosib3oBany cpenbl Ha Oydepe Tpuc-HCl (pH 7.0) ¢
kpuonporekropamMu: 5- W 10%-k [AMCO; 5%-it
AMCO + 10%-a caxaposa; 10%-it IMCO + 5%-a
caxapoaa; 5%-i JIMCO + 10%-a rmoxosa; 10%-it
AMCO + 5%-a rmoxo3a.

Brimu uay4ensl clreayioumiMe IporpaMMbl 3amMopa-
KHBaHHA:

1-1 mporpamma — or 0 g0 -10°C co ckopocThio
3 °C/mun, ot -10 go -20°C — 5°C/muH, ot -20 no
-40°C — 10°C/mun, or -40 pmo -135°C —
30 °C/muH, 3aTeM Nnorpy;keHue B a30T.

2-1 mporpamma — oT (0 go —10°C co cropocTbO
0,5°C/mun, ao -20°C — 1°C/mun, oo -30°C —
2°C/mun, go -40°C — 3°C/mmun, mo -70°C —
5°C/mun, o -90°C — 10°C/mun, no ~135°C —
30 °C/muH, 3aTemM NOrpy’KeHHe B a30T.

O6pasunl oTorpesany B BoAsHOM Dae npu Temne-
patype 37 °C.

Buino ycraHoBneno, uto cnabym xuaHecnocob-
HOCTb MMEJH TOJIBKO 0DOpasiinl, Ky/bTHBMPOBAHHAIE C
5% AMCO wu 3amopoxenssie no 1-it nporpamme,
obpasiel, KyJIbTHBHDOBaHHEIE Ha cpere ¢ 5%
AMCO + 10% rmoxo3asl ¥ 3amopoykeHHble To 1-ii
nporpamme, KusnecnocobHocts 06pasios onpexens-
JM OKpAIIMBaHWEM TETPA30JIOM M C MCIOJb30BAHHEM
bannbHOi OLEHKH.

Hceneposanu BiaMAHME pacTBOPOB pAAa KPHONMPO-
TexkTopoB 5- H 107%-H KOHUEHTpPalLMW Ha BbDKHBae-
MOCTh KJIETOK MepHCTEMANBHOH TKaHM MocJe 3amopa-
KHBAHMA MX MO NMepBoil W BTopoH nporpamMam. B
Tabsvile MpUBEIEHH CPelHWe 3HAYEeHWS XXM3HECIO-
cobHocTv B Gannax, mosydeHHhle B pe3yjbTaTe 3-X
nosropHocTeil. Ha ocHOBaHHH NOJYYEHHBIX AaHHBIX
MOMXHO COENATh BRIBO, 4TO HH.HEIDJIEE NEPCNEKTHBHEL -
MH KPHONPOTEKTOPaMM ABISAIOTCA: 3%-i dopmamui,
5%-it mumernndopmamug (AM®DA), 5%-it gumerna-
aueraMun (IMAA) u 10%-# noAMBHHUATTHPPOAKIOH
¢ monexyaapioi maccoit 12 000 (IIBII-12000) npu
MCMOIb30BAHUHA 2-# NMporpaMMbl 3aMOpaXXHBaHMS, a
raxxke 10%-i I190-400 u 5%-it [130-3000 npu 3a-
MOpaKHBAHHH KIeToK 1o 1-i nporpamme.

M3 ncenegosanHoro paga KpHONPOTEKTOPOE Bble-
NWIH npoHHKaouHil kpuonpotexktop [IM®A, ¢ koto-
PhIM MMOMY4€HbI HAHIY4YIIHe Pe3yJIbTAThl, H HOCTABHIH
NAaHUPYEMbIH 3KCMIEPHMEHT C HCIIOJIb30BAHHEM METO-
na “cayyaitHoro fananca”, B KOTOPOM AeHCTBYONIMMM
(hakropamu ABIAIMCE: X — NPOUEHTHAA KOHLUEHTpPa-
uus kpuonporexkropa; X, — yposens pH, X, — conep-
#anwe cMayuparena CB-133, yayumamimero KOHTaKT
MOBEPXHOCTH KJIETOK MEPHCTEMBI CO CPEIOH; X; — CO-
nepxanue Homuctoro cepebpa; X; — Ttemmeparypa
MOArOTOBKH (3KBWIMOpALMH C PacTBOPOM KpHONpo-
TekTopa); Xy — BpeMs NOArOTOBKH; X5 — peXxHM
saMopaxusaHus; Xg — PpEKHM pasMOpPakKMBaHHA
(remneparypa Ganu). YpoBHH BapbHpOBaHMS Tepe-
yHCAeHHux axTopos caeaywomue: X, — 3-8%; X, —

Mpobnems: kpuobuonorss, 2000, No 4

Taking into account the literature data available,
the experiment was staged for selecting the conditions
for cryopreservation of the grape meristem. The media
with tris-HCI buffers (pH 7.0) were applied with the
following cryoprotectants: 5- and 10%-DMSO, 5%-
DMSO + 10%-sucrose, 10%-DMSO + 5%-sucrose, 5%-
DMSO + 10%-glucose, 10%-DMSO + 5%-glucose.

The following freezing programs were tested:

program 1 — from 0 to -10°C with the rate of
3°C/min, from -10 to -20°C with the rate of
5°C/min, from -20 to -40°C with the rate of
10°C/min, from -40 to —135°C with the rate of
30 °C/min, followed by plunging into nitrogen;

program 2 — from 0 to -10°C with the rate of
0.5 °C/min, down to =20 °C with the rate of 1 °C/min,
down to =30°C with the rate of 2°C/min, down to
—-40°C with the rate of 3 °C/min, down to -70°C
with the rate of 5°C/min, down to -90 °C with the
rate of 10 °C/min, down to -135 °C with the rate of
30 °C/min, followed by plunging into nitrogen.

The samples were thawed on water bath at the
temperature of 37 °C.

It was found that poor viability was characteristic
only of the samples, cultured with 5%-DMSQO, and
frozen according to program 1, and the samples, cul-
tured on the medium with 5%-DMSO + 10%-glucose,
and frozen by program 1. Viability of the samples was
determined by staining with tetrazole and using a
scale evaluation.

The actions of solutions of the series of cryopro-
tectants of the 5%- and 10%-concentrations on sur-
vival of cells of the meristemic tissue after freezing
them by programs 1 and 2 were studied. The Table
shows the average values of viability in marks, ob-
tained after 3 sequences. On the basis of the data
obtained it may be concluded that the most promising
cryoprotectants are 5%-formamide, 5%-dimethyl for-
mamide (DMFA), 5%-dimethyl acetamide (DMAA)
and 10%-polyvinyl pyrrolidone with molecular mass
12 000 (PVP-12000) when using freezing program 2,
and PEO-400 (10%) and PEO-3000 (5%) when freez-
ing cells by program 1.

Out of the studied series of cryoprotectants a pene-
trating cryoprotectant DMFA was separated, the ap-
plication of which produced the best results, and a
planned experiment was staged using a method of a
“random balance”, in which the acting factors were:
X, — concentration of the cryoprotectant in per cent;
Xy — level of pH; X3 — content of a CB-133 wetting
agent, which improves the contact of the meristemic
cells with the medium; X; — content of silver iodide;
X: — temperature of preparatmn (equilibration with
the cryoprotective solution); Xg — duration of prepa-
ration; X; — mode of freezing; X — mode of thawing
(ternpcrature of the bath). The levels of variations of
the above factors were as follows: X; — 3-8%; Xy —
6-8%; X3 — 0-0.2%; X; — yes—no; X5 — from 12 to
-28°C; X — 2-3 hours; X; — 3 and 4; Xg — from 10
to 36 °C.
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HnanecnocofHOCTE KAeTOK MepucTeMansroll TkaaM Br-
HOrpaja mocje KPMOKOHCEPBHPOBAHMA

"L

HiorecnocobuocTs & Hannax

Konuenr-
Bemectso panis, % J. Mo I!le?ﬂ.H MaM
R—— . E'_..._Jr i
JIAMCO , 5 - 0 | 1,66
| 10 0,67 , 1,33
Jotwncyanporera | 5 2,0 . 0
10 1) ' 1]
Mopmamin I 5 0 , 8,67
i 10 0 ' 0
IMDA 5 | 0 6,67
10 0 | 3,0
Auetamua 2 | 0 1,39
| 10| 0 | 0
JIMAA 5 | 0 . 567
w0 0 | 1,67
ITHMEHTTHED b 3 0 0
w0 | 367 | 10
1,2-T1A [ X 0 0
’ 10 2,67 1,33
Cmue puni 3 0 ! 0,66
i 10 0 0
M30-100 I 5 0 2,0
10 0 0
190-400 5 0 | 0
10 3,67 1,33
M20-1000 3 0.67 0
10 2,67 3,33
1130-3000 3 2,67 1,0
10 | 2,33 0
[120-20000 3 0 . 3,67
10 0 | 0
[BI1-12000 5 0 : 0
10 0 i 7,67

6-8;, X3 — 0-0,2%; X; — ectb—ner; X5 — ot 12 o
28°C; Xg — 1-3 4, X; — 3 u 4 Xg — or 10 no
3620

[Iporpamma 3: ot 0 a0 -20 °C cxopocTb oxnane-
aus 1 °C/mun, go -50°C — 3°C/mun, a0 -85°C —
6°C/mMuu, go -135°C — 10°C/MmH, 3arem [0
-196°C npm  CKOPOCTH  OXJIAXKIEHHA  OKOJIO
60 °C/MuH.

[Tporpamma 4: ot 0 go —15°C cxopocts oxnaxne-
HiA 0,5 °C/mun, ao =35 °C — 2°C/mun, ao -80°C —
3°C/muu, mo -135°C — 15°C/muH, 3ateM [0
-196°C npn cKOpOCTH  OXJIAKIEPHMA  OKOJIO
60 °C/mun.

Pexumul samopaxkubBaina 3 ¥ 4 onmMchiBawTcs
MHOTOJIOMAHBIMH KPHBBIMM, MaKCMMATbHO BIMCHIBA-
wmKUMHes B axcnoHenty. [lporpamma 2 sanmmaer
MPOMEKYTOUHOE IMOJOMKEHHE MEXRIY nporpaMuvami 3
H 4 M0 CKOPOCTH CHMMKEHHA TeMMepaTyphil.

DyHKiHeld OTKIHKa B IaHHOM 3KCIIEPUMEHTE ABJIA-
NIaCh KHM3IHECTIOCOOHOCTD MEPHCTEMATHYECKHX KIICTOK,
onpefesfeMad METOA0M OKpAaILHBAHHA TETPA3O0JOM M
ouenusaemas B 10-6annbnoit cucreme. B sxcnepumen-
Te Mcnoas3oBajica Kpuwonporexrop AM®MA B 5%-it
ronuenTpauun. [Ipu obpaboTke pesynbraToB akcie-
pumenTta Ha IBM Obinu Bemcens koagibulMeHTh
NpH JTHHEHHBIX YJI€HAX H NAPHLIX B3aUMOJCHCTBHAX B
ypaBHEHHH, NPEJICTABAAIIEM MaTEMaTHYECKYI0 MO-
eJIb TIPOIIecca:

[Ipobinemur kpuobuonorun, 2000, Ne 4

Viability of cells of grape meristemic tissue after cryo-
preservation

[T, e -5

| Concen- 'r Viability in marks by programs

Substance | tration, ]
% 1 | 2
DMSO | 5 | 0 166
- 10 : 0.67 1.33
Diethylsulphoxide | 5 2.0 ' 0
L0 i 0
Formamide 3 3 0 J 6.67
| 10 0 | 0
DMFA | 3 ! 0 ' 6.67
L1 0 | 3.0
Acetamide . ] 0 1.39
L 1D 0 0
DMAA | 8 0 567
10 0 167
Ethylene glycol 5 0 0
; 10 367 1.0
1.2-PD ' 3 0 0
L 10 267 1.33
Glycerol | 5 0 0.66
|10 0 0
PEO-100 | 5 | 0 20
1w | 0 0
PEO-400 5 | 0 0
|10 3.67 1.33
PEQ-1000 . & 0.67 0
10 267 333
PEQ-3000 8 2,67 1,0
10 233 0
PEO-20000 5 0 3.67
10 0 0
PV P-12000 9 0 0
. 10 0 767

Freezing modes 3 and 4 are described by multi-
broken curves, which are inscribed into the exponent
(in a manner similar to the modes 1 and 2). Mode 2
occupies an intermediary position between modes 3
and 4 as to the rate of temperature lowering.

Mode 3: from 0 to —20 °C with the cooling rate of
1 ®*C/min, down to -50°C with the cooling rate of
3 °C/min, down to -85 °C with the cooling rate of
6 °C/min, down to —135°C with the cooling rate of
10 *C/min, and then down to —196 °C the cooling rate
was about 60 °C/min.

Mode 4: from 0 to —15°C the cooling rate was
0.5°C/min, down to —35°C the cooling rate was
2 °C/min, down to -80°C the cooling rate was
5°C/min, down to -135°C the cooling rate was
15°C/min, then down to -196 °C the cooling rate was
about 60 °C/min.

The function of response in the given experiment
was viability of meristemic cells, determined with a
method of tetrazole staining and evaluated by a
10-mark scale. A DMFA cryoprotectant in a 5%-con-
centration was used in the experiment. A PC-aided
processing of results obtained permitted to calculate
the factors for the linear members and coupled inter-
actions in equation, which represents a mathematical
model of the process:
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Y=0,625X, - 0,688X, - 0,219X,; -
-0,125X,X, + 1,125X, X, + 0,125X, X, +
+1,625X X5 + 1,375X, X, - 3,0X, X, - 0,375X, X -
= 075X, X, + 2,5X,X; = 2,5X,X; ~ 0.875X,X, ~
W% MR ML LTA L
- 0,375X X, - 1,25X, X, - 0,75X X, - 1,25X, X, -
- 0,875X X7 - 1,75X, X3 - 0.5X X5 + 0,625XX +
+0,5X Xg + 0,875X X + 1,5X:Xg - 0,125X, Xy .

Beuay cnoxHOCTH NOAYYEHHOIO YPaBHEHHA HCIOJb-
3yeMblil MeToJ NpeanoJiiaraeT OIeHKY 3HAaYWMOCTH
NMapHLIX B3auMoNeHCcTBMIlI NMPOBECTH C NMOMOIUBID AJl-
rebpangeckoro cyMMHpoBaHua KoaddHHUHEHTOB, Xa-
PaKTepH3YIOWHKX JeHcTBHe Kaxnoro dakropa H onpe-
AeNeHHe HaNpaRIeHHOCTH 3TOTO AeHCTBHA.

AHAIH3 NONYYEHHKX PE3yNALTATOB NO3BOJIMA Che-
JIATH CHEeAYIOUIHE BBIBOI:

1. Copepxanne JIMMDA B cpene neobxogaumo no-
BRICHTB OT 5,5 1o 8%.

2. MHcxnouute HCNoONAb3OBAHHE CMadMBaTeNA
CB-133 u #ioamcroro cepebpa, NOCKOILKY HX IPHCYT-
CTBHE B Cpefie 1A 3aMOpa)KHBaHMA MEPHCTEM BHHO-
rpajia NMpHBEJIO K YXYAIIEHHID Pe3yNbTaTOB KPHOKOH-
CEPBHPOBAHMA.

3. ¥Yeennuuth BpeMs 3KBWIHOpaiMH KJIETOK Me-
PHCTEMBI BHHOIPaZa ¢ KOHCEPBMDYIOWEH cpenoi oT
1-ro po 3-x 4acos.

4. Cauauts pH cpeasl ¢ 7 no 6.

5. TemnepaTypy noAroToBky KieTok (axeuanbpa-
LIMM C KOHCePBUPYIOUIeH cpenoi) noseiCHTE Ao 28 °C.

6. Pexum 3amopaxuBanua npubmxkats K 3-i npo-

rpaMme.
7. Temnepatypy GaHu pasMopaXMBaHHs NOIHATH C

23 no 36 °C.

Takim obpazoM, noJyuYeHHEIE PE3YJIbTaThl KHIHE-
cnocoOHOCTH JEKOHCEPBHPOBAHHBIX MEPHUCTEM KapTo-
dens ¥ BHHOTpaga CBHAETENBCTBYIOT O NPHUIOIHOCTH
pa3paboTaHHOM anmaparypsl ¥ NMPHMEHAEMBIX TEXHO-
JIOTHH KPHOKOHCEPBHPOBAHHSA 110 METOAY KaK Me/l/IeH-
HbIX, TAK ¥ OBICTPHIX NPOrpaMM OXJaxIeHWA.
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¥=0.625X, - 0.688X, - 0.219X -
-0.125X X, + 1.125X, X5 + 0.125X, X, +

+1.625X, X5 + 1.375X, X - 3.0X, X - 0.375X, X -

~0.75X,X,, + 2.5X,X5 — 2.5X,X¢ — 0.875X, X, -

~ 0.75X,Xg — 1.0X4X, + 0.25X,X; — 0.75X,X¢ —
~0.375X,X; — 1.25X,Xg — 0.75X, X ~ 1.25X X -
~ 0.875X,X; — 1.75X X5 — 0.5X X + 0.625X X, +

+0.5X:Xg + 0.875X X5 + 1.5X Xg - 0.125X,X; .

Because of the complexity of the drawn equation, the
applied method presupposes evaluation of the impor-
tance of coupled interactions to involve algebraic sum-
ming-up of the factors, which characterize the action
of every factor and determination of the directivity of
this action.

Analysis of the results obtained permitted to con-
clude on the following;

1. The content of DMFA in the medium should be
increased from 5.5 up to 8%.

2. Application of the CB-133 wetting agent and
silver iodide should be avoided, since their availability
in the medium for freezing grape meristems resulted
in the aggravation of the yield of cryopreservation.

3. Duration of the grape meristermic cells equili-
bration with cryoprotective medium is to be pro-
longed from 1 to 3 hours.

4. The value of pH of the medium should be re-
duced from 7 to 6.

5. The temperature of the cell preparation (equili-
bration with protective medium) should be increased
up to 28 °C.

6. The mode of freezing is to be approached to
program 3.

7. The temperature of thawing on bath is to be
increased from 23 to 36 °C.

Thus, the results on viabilities of thawed meristems
of the grape and potato testify to the applicability of
the developed equipment and technologies of cryopre-
servation with the method of both slow and rapid

freezing programs.
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Effect of cryopreserved embryonic liver cells transfusion
on the state of coagulational and fibrinolytic links

of hemostasis system at experimental traumatic
hemophthalmos

Yu. A. DEMIN, T. M. SHARLAY

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkouv

Mayuam sddextvarOCTs JeveEis TPABMATHYECKOro reModTansMa TpaRCHYSHAMM NpenapaTa KPMOROHCEPEBHPOBAHELIX KJISTOK
subpuoramsuoi newenn (KOII). Daa onerxy appeXxTHEHOCTH JEUEHMA HCTIOTLI0OBAN NOKAZATEM COCTOAHMA KOATYAAIMONEOND IBeHa
TEMOCTASE, ONpPefenABIIMECH MEeTONOM MIEKTPOKoaryaorpaduod, u ¢dubpisomiTideckod akTHEEOCTH KpoBi. [lokasana euicoxan ad-
PEXTHBHEOCT: BBEJeHMA KpHOoxoEcepeMpoBaHHX KOII ansa paccachBanms BHYTPMINAZHAIX KPOBOMIITMAHME, YTO NOITBEPMIANOCH
HODMATM3AIIHER KOATYIAIIMONHONO 3BEHA reMOCTaza M akTuBammed pubprBomrmraeckold aKTHBHOCTH KPOBIL

Breyany eeXTHRREICT: NKYBAHHA TPABMATHYMHON reModrareMy TpancdyiiaMy MpenapaTy KPIORUHCEPBOBAHMX KOt embpio-
Hamerol nevigxy (KEIT). [lna ogikkn edexTHrOoCcT .mx:,rumﬂn BMEOPMCTORYBAM DOKAIHMKM CTAHY KOAryAAUIRHON KiNLIA reMoCTasy,
Akl BHM3IHAYATHM MEeToNoM enexTpokcarynorpadpii, i dibpsmoniTemol axrmesocTi xposi. [lokazana sucora edexTvmBHicTs yBeaeHHA
kpiogoncepsopanux KEIT nina poscmorTyBanss BHYTPINIEEOOUMHMY KPOBOBMIMELS, [0 NATECPIDKYBANOCE HOPMATIZAICKD KOATY IAIifA-
HOMO KiNmhIA reMocTasy i axTusamien GifpuromiTaEol aKkTHBHOCTI KPOBL

The efficiency of traumatic hemophthalmos treatment by the transfusions of the preparation of cryopreserved embryonic liver
cells (CELC) was studied. For estimating the treatment efficiency the indices of the state of coagulational link of hemostasis,
determined by the method of electrocoagulography, and fibrinolytic activity of blood were used. A high efficiency of the introduction
of CELC for the resorption of intraocular hemorrhages, that was confirmed by the normalization of coagulational link of hemostasis

and the activation of fibronilytic activity of blood.

IlepBooyepentoit 3afa4ei Npyu J€YEHHH TPaBMaTH-
4ecKoro remModransma ABaAeTCA nopsiuenne dubpu-
HOJMUTHYECKOH aKTHMBHOCTH B TJIa3HBIX ﬂﬁﬂﬂﬂ‘im H
CTEKNOBUIHOM TeJle Ha PAHHUX CTAXMAX TPaBMAaTHYEC-
KOTO Apoilecca [UIS CKOpeiniero paccackiBaHHA KPOBS -
HOro crycrka. C ato#l nensio B oTanbMONOrHK A5
HHTPABHTPCAJIBHOIO BEBEJCHHA HCITOJB3YIOTCAH Pa3jin4y-
HEl€ ECTECTBEHHBIE TPOMOOMUTHYECKHE NpPenaparsl
(bubpuHOMHM3NH, AKTHBATOPHI NIAIMHHOTEHA, TPOTED-
nutHieckre hepmenTtni). Bee oHHM, Hapsaay ¢ BRICOKOMH
a(pPEKTHBHOCTHIO, HMEIOT CYLleCTBEHHBIE HeJOCTATKH,
orpaHHuyHBammue ux npumenenue |3]. [Ipenapar
bubpunonuaus obnagaeT BHICOKOH AHTHKOAIYIAHT-
HOH aKTHBHOCTBIO TOJILKO B JIOCTATOYHO BBICOKHX 10~
3HPOBKAX, BhI3bIBAKOUINX PEIMAHBE KPOBOM3NHSIHMH,
AIEPriYecKHe peakuuH H JaXe HeKPOTHUYeCKHe
H3MeHeHHs B rasHeIX obosoukax [3]. ITonobuyio ak-
THBHOCTb MMEIOT aKTHBATOPHI MjasmMuioreHa (crpern-
TOKHHA3a, YPOKMHa3a # T.1.). Knuuumueckuit onwr
MOKA3biBAET, YTO NTPH MECTHOM BBeleHMH Tpombousiu-
THKOB Ma/inle pasoBhie 103kl Ma10agybeKTHBHbI, H0/b-

[Tpobnems: xpuobuonoruu, 2000, Ne 4

Primary task when treating the traumatic hem-
ophthalmos is an increase of fibronolytic activity in
eye coat and vitreous body at early stages of traumatic
process for the most rapid resorption of blood clot. In
ophthalmology with this aim for intravitreal introduc-
tion the natural thrombolytical preparations (fibri-
nolysin, plasmogen activators, proteolytic enzymes)
are used. All of them along with a high efficiency have
significant short-comings, limiting their application
[3]. Fibrinolysin preparation possesses a high anti-
coagulational activity only in a quite high doses, caus-
ing relapses of bleedings, allergic reactions and even
necrotic changes in eye membranes [3]. Activators of
plasminogen (streptokinase, urokinase etc.) have the
similar activity. Clinical experience shows that during
local introduction of thrombolytics the small single
doses are slightly effective, higher ones cause unfavo-
rable side effects and multiple introductions lead to
an organism sensibilization and local allergic reactions
(evelid edema, iridocyclites etc.). Administration of
thrombolytics into a general circulatory channel per-
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HIMe BRI3BIBAIOT HEXETATeNbHbIEe NOBOYHBIE PEaKIIHM,
a MHOTOKpaTHOE BBeleHHe — ceHcHOMIIM3aluno opra-
HM3Ma H MECTHBIE AJUIEPTHYECKHE Peakumu (OTEK Bex,
HPHAOUMKJIMTEL M T.L.). Beexenue tpomboauTHKOB B
obmee UHPKYJATOPHOE PYC/I0 NMO3BOJAET HCIOMNbL3O-
BaTh OONBIIME PA30BhIE A03bI, OIHAKO B 3TOM Cay4Yae
HX aeiicTBie ewe Oonee HenpomokKMTenbHO. Kpome
TOr0, OHH C TPYAOM NMPOHHKAIT Yeped reMaToodTans-
muyeckuit 6apoep [3]. oaromy axkTyaneHo# sagaqeil
MpH JeYEeHHH BHYTPHUIJIA3HBIX KPOBOM3JIHAHMH OCTa-
eTcsAd MOMCK HOBHIX TpenapaTtoB TPoMOOIHTHYECKOro
AeHCTBHA.

B HacTosumee Bpema Hambosee nepcnexTHBHEIM
npenaparoM TpoMOONHTHYECKOTO AeiicTBHA B 0dTab-
monoruu asnatorcs K911, koropuie cogepxar 6osb-
Moe KOJHYECTBO MOHOHYKI€APHBIX MaKpogaros, npo-
ABNAIOUHNX BBHICOKYIO (hePMEHTATHBHYI0 aKTHBHOCTD, B
TOM YHCJIE€ B NPOAYKIHM aKTHBATOPOB NJ1a3MHHOTEHA.
ITO NO3BOJAET TPABMHPOBAHHOMY [J1a3y M OPraHH3My
HCNO/IB30BaTh M3bKpaTensHo HeobxoauMble depmen-
TATHBHBIC KOMIIOHEHTHI Ha }Cﬂﬂiﬂﬂﬁ CTaJJHH TpaBMATH-
YecKoro npouecca. Kpome toro, KpMOKOHCEPBHPOBaH-
usle K311, nonyyernsie Ha paHHHX CTAIHAX FeCTALHH,
HE MMEIOT AHTHIEHHBLIX CBOHCTB W HE MOTYT BbI3WIBaTh
anneprusaumM oprannama [1].

[less HacTOAWEr0 HCCNEROBAHWA — BHIABHTH ad-
eKTHBHOCTEL BO3aeiicTBuA Tpanchysui K3III Ha co-
CTOAHHE KOAryNALUMOHHOIO M (HOPHHOIHTHYECKOTO
3BEHbEB TEMOCTA3a ¥ KPOJIMKOB € 3KCMEPHMEHTAb-
HhIM TPAaBMATHYECKHM reMoTATbMOM.

JkcnepuMeHTH ObUTH poBeieHk Ha 12 Kpoamkax
nopoanl 1Inamuana secom 2,5-2,8 kr. l'emodransm
MofesHpoBanu nyreM wabekund (L3 ma KposH, B3s-
TOW W3 YUIHOH BEHBl KPOJMKA B CTEKJIOBHAHOE TEN0
npasoro raasa. Yepea 2 9 nocne HHbEKIIHH KPOBH #KH-
BOTHHIM ONMKITHOH rpynnel (6 KPOAMKOB) BHYTPHBEH-
HO BBOAXIM no 1 Ma kpuokorcepsupoBanuux K311 ¢
OHOMOMEHTHBIM napabynbbapHuiM BBeJeHHEM B Npa-
Builf r1a3 0,5 mn [2]. Ocranssbie 6 KPOJHMKOB CIIVXKH-
Ji4 KouTpoabHoi rpynnoi. [locne Tpancdysun kpuo-
koHcepBHpoBaHHuIX KIII 32 XKHBOTHRIMH NPOBOAHIIH
Habmofenus B Tedenue 14 CYT; KpPOBb 1A ONpeiesie-
HHA TNOKasaTeneH remoctasa 3abupanu M3 Kpaepoit
VIUHOH BeHbl Ha 3-H, 7-e M 14-e cyTkH,

Cocroanue cBepThIBaloLIel CHCTEMBI KPDOBH Y 3KC-
IEPHMMEHTANBHBIX KHBOTHBRIX M3yHaiM METOAOM
asiexTpokoarysorpapuu [6]. [lna ouenkn koarynsum-
OHHOTO 3BEHA MCIMOJIL3IOBAIH CACAYIOUINE [TOKA3ATENH
(taban. 1):

T1 — BpEMA OT HaMaJla HCCNIENOBAHHA JIO NepBOTO
KonmebanusA ¢ yMEeHbLIEHHON aMIauTyAoi, 4TO OTHO-
cutca K 1 m 1l dasam ceepreiBanus KpoeH, T.e. obpa-
30BaHMI0 AKTHBHOro TpoMboniactHna M TpoMOMHa;

T, — BpeMs OT Havana MCCNEIOBAHHMA IO NMEPBOro
konebanua ¢ MUHMMANBHON aMILIMTYIONH, XapaKTepu-
Jymoniee oDUYIO NPOAONAKHTENBHOCTh CBEPTHIBAHUA
kposH 1, 11, II1 chas;

T3=T,-T, — npoaomkuTeabHOCTL 0Opa3oBaHMs
crycrka, T.e. [1I ¢asa ceepreiBanusa Kposw;

[Ipofnemsl kpuobionorus, 2000, Ne 4

mits to use a high single dose, but in this case their
effect is less prolonged. Besides they hardly penetrate
through hematoophthlamic barrier [3]. Therefore when
treating intraocular bleedings the search for new prepa-
rations of thrombolytic effect remains an actual task.

Nowadays cryopreserved embryonic liver cells
(CELC) are the most perspective preparations of
thrombolytic effect in ophthalmology, which contain
a big number of mononuclear macrophages, manifest-
ing a high enzymic activity, including in the produc-
tion of activators of plasminogen. This allows an eye
and organism with trauma to selectively use necessary
enzymic components at every stage of traumatic pro-
cess. Besides CELC obtained at early gestation stage
have no antigenic properties and are not able to cause
an organism allergization [1].

The aim of this investigation is the revealing of the
efficiency of CELC transfusion effect on the state of
coagulational and fibrinolytic links of hemostasis in
rabbis with experimental traumatic hemophthalmos.

Experiments were carried-out in 12 Chinchilla
rabbits of 2.5-2.8 kg weight. Hemophthalmos was
modelled by the injection of 0.3 ml of blood taken
from rabbit's otic vein into a vitreous body of a right
eye. In 2 hrs after the injection of blood the animals
of experimental group (6 rabbits) were intravenously
injected by 1 ml of CELC with one-moment parabul-
bar introduction into a right eye of 0.5 ml [2]. The
rest 6 rabbits served as the control group. After trans-
fusion of CELC the animals were monitored within
14 days, the blood for the determination of the indices
of hemostasis was obtained from a marginal otic vein
to the 3rd, 7th and 14th days.

The state of coagulating blood system in experi-
mental animals was studied by means of the method
of electrocoagulography [6]. To estimate the coagula-
tional link the following indices were used in experi-
mental animals (Table 1):

T, — the time from the start of investigation up to
the first oscillation with a reduced amplitude, that
refers to the 1st and 2nd phases of blood coagulation,
i.e. the formation of active thromboblastine and
thrombin;

T, — the time from the start of investigation up to
the first oscillation with a minimum amplitude, cha-
racterising a total duration of blood coagulation — 1,
1L, 111 phases;

Ty=T,-T, — the duration of clot formation, that
is the 3rd phase of blood coagulation;

A, — the value of maximum amplitude; Ay — the
value of minimum amplitude; IC — index of coagula-
tion (754 ).

A decrease in IC points to the tendency for hyper-
coagulation, an increase — to hypocoagulation.

To determine fibrinolytic activity of blood the des-
cribed method [4, 5] was used. The index of fibri-
nolysis activity was total fibrinolytic activity of blood
(TFA), including enzymic and non-enzymic links. En-
zymic link is substantiated by the activity of plasmin
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A,, — BEIMYHHA MaKCHMATbHOH aMIUTHTY AR Ay —
BEMYMHA MHHHMANBHOH amMmanTtyas; MK — unaexc
xoarynauuu (TyAg). Ymensmenue MK yxaswisaer na
TEHAECHLMIO K THIEPKOATY AN, YBEJIUYEHHE — K TH-
MOKOATY /AL HH.

HNna onpegenenns ¢ubpuHoOIUTHYECKOH aKTHB-
HOCTH KPOBH NMPHMEHAIH METOJ, ONHCcaHHuI B [4, 5],
[TokasateneM akTHBHOCTH GuOpPHHOAM3A ABIANACH
cymmapHiasa GuOPHHONIMTHYECKAS AKTHBHOCTH KPOBM
(CDA), sunoyaionmas pepMeHTaTHBHOE H HedepMeH-
TaTHBHOE 3BeH0. DepMeHTaTHBHOE 3BeHO obycnosie-
HO aKTHBHOCTBIO MwiasMuHa (dubpuHOAM3MHA), He-
depmenTaTHBHAA (DUOPHHONMTHYECKAS AKTHBHOCTD
(HDA) — koMnnekcaMH renapusa c HenkaMu M aMu-
HAMH KPOBH.

PeaynbraThl npoBeIeHHEIX 3KCIEPHMEHTOB 1O K3Y-
YeHHID CBEpPThIBAIOUWIEH CHCTEMBI Y XKHBOTHBIX ¢ re-
ModTansMom nocne BozaeHcTeua TpaHcyaui KIII
npuseiesl B Tabn. 1, JlaHHble NOKAa3wlBaKT, YTO Y
HKHBOTHBIX KOHTPOJBHON rPYrNnel Ha 3-H CyTKH Moce

Tabauna 1

(fibrinolysin), non-enzymic fibrinolytic activity
(NFA) — by the complexes of heparin with proteins
and amines of blood.

Results of conducted experiments on studying the
coagulating system in the animals with hemophthal-
mos after the effect of CELC transfusion are given in
the Table 1. The data show that animals of the control
group to the third day after trauma a sharp increase
of coagulating acivity of blood was found, that was
resulted from the reduction of all three stages of the
process. So, the duration of the 1st and 2nd phases
was reduced more than twice (45% of an initial level),
the third phase was much shorter, 37.9% of an initial
level. In the result of this the IC was twice less in
comparison with the norm (41.2% of an initial level),
that, evidently, testified to manifested hypercoagula-
tional shift.

To the 7th day after trauma in the animals of the
control group the similar picture was almost com-
pletely kept. Total IC was statistically and signifi-

Table 1

Boaneiictene rpaschyzuin KIIl nma koaryasnmmossoe 3BEHO réMoOCTaza NMpPpM IKCNEPUMEHTANBHOM TPARMATHYECKOM

remodpTANEME 10 MOKAZATENAM 3NEKTPOKOATYAOrPaAMME

Effect of CELC transfusions on coagulational link of hemostasis under experimental traumatic hemopthalmos on

the indices of electrocoagulagrams

P

; lloxazsarenu
Bpems nabmonenua Indices —
Observation time T, T, T, : A, Ay MK /IC
MHH / min | yea. ed. / relative units
TpasmaTHueckKnil IKCIEPUMEHTANBHLIN MeMOgITATEM
Traumatic experimental hemophthalmos
(n=6)

Hexoansii yposerb 1 !

P li ¥ g ¥ f i H ﬂ !{] P L] ] L] g
Initial level (n = 12) 0+0.21 | B 10,36 | 5802 A0 + 0,01 1,0+ 0,02 21+0.1 -
3-“ E}ITHH. » - 11
the 3rd day 18 +0,29"" 40 +0,11*" 22+037"" 42+0,02 1,0 £ 0,01 2,1 £0,07"
% 45,0 41,0 37,9 | 105,0 100,0 - 41,2
T-€ CyTKH, |
the Tth day 20 +0,09""* 4,67 +044"" 267075 | 42 + 0,01 1,0+ 0,01 3,34+0,13%"
% 20,0 47,7 46,0 ' 109,0 100,0 65,9
14-e cyTim,
the 14th day 3,8+0,16 9,2+0,39 54+0,19 38 0,02 1,0£0,01 | 4,78£0,21
% ' 98,0 93,9 93,0 95,0 100,0 i 93,7

TpapMmaTHHeCKHA aRcnepHMenTanbHbA reModraneM + aevenne KOT1
Traumatic experimental hemophthalmos + treatment by CELC
(n=06) - -
Hexomneit yposctb o [ . i e e
Initial level (n= 12)
3-1 cyTEN, 2
the 3rd day 4,17+0,11 7,83 +0,09 3,67 +0,14° 37 + 0,02 1,0+ 0,01 4,08 + 0,34
. T ! 104,3 79.9 63,4 92,5 100,0 80,0
71-€ CyTKH, '
the 7th day 4,0+ 0,07 12,0 +0,34" 8,0+0,73 42 + 0,01 | 1,0%£0,01 6,24 +0,18"
[ S R - WY (N NS N DI TR R
14-e cyTrm, |
the 14th day 45+0,14 10,1 + 0,63 560,21 | 40+0,01 1,0+0,01 | 525+046
% 112,5 103,0 96,6 | 100,0 100,0 | 102,9

[Mpumesanua. * — pasznMYMA JOCTOBEPHB! 0 OTHOMIESHMIO X MOKA3ATENAM Mcxomuoro ypoesaa (P < 0,05); ** — pasnw«ma AOCTOBREpHBI
MO OTHOIIEHMIO K MOKAZATENAM IPYTIIL NOJOMLITHLX MuBoTHEX (P < 0,03).

Notes: * — differences are significantly true in respect of the indices of an initial level (P < 0.05); ** — differences are significantly
true in respect of the indices of the experimental animals' group (F < 0.05).

[Ipo6nemsr kprobuonoruu, 2000, Ne 4
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HAHECEHHS TPaBMbl OTMEYEHO PE3KOe TMOoBLILIEHHE
CBEDPTHLIBAKOINIEH AKTHBHOCTH KPOBM, NPHYEM 3a CHET
cokpamenus scex Tpex a3 npouecca. Tak, npogos-
aurensHocts | u 11 das coxpamanace Gonee, yem B
2 pasa (45% ot ucxoaHoro vposusa), [ dasa Guina
eme kopaye — 37,9% ot ucxoauoro ypoeus. B peayin-
tare atoro MK 6w 8 2 pasa mensie nopmer (41,2%
OT MCXDJHOIO YPOBHA), 4T, 6e3yCNOBHO, CBH/IETENILCT-
BYET O BbIPAKEHHOM THIEPKOArYIALHOHHOM CIABHIE.

Ha 7-e cyTkH nocie TpaBMbl ¥ XMBOTHBIX KOH-
TPOJILHOW rpymnel nofofHas KapTHHAa COXPaHANach
npakTHyecki nosHoctbio. Cymmapuuiit MK 6win mo-
CTOBEPHO MeHblIe TakoBoro B Hopme (65,6% ot ucxon-
Horo ypossaA). OIHAKO MOXHO OTMETHTB HEKOTOPYIO
TEHAEHLHIO K €r0 NOBLILIEHHIO N0 CPAaBHEHHIO C aHa-
JOTHYHBIMH NoKasaTessMu Ha 3-u cytku. Caenosa-
TENbHO, ¥ KPOJHKOB KOHTPOJIbHOH IPYMITB MMIEPKOa-
YJALHOHH hIH CIABHTI B CHCTEME reMoCTasa COXpaHAJICH
Ha MPOTAXEHHH BCeH HEeMesaH [ocse TPABMLI,

Eie gepes Hepenw (14-e cyTKH) BCe nMokKasaTesH
HHEEFI!]KB&T}'JIDF[}EHHH HOPMaJTH30BAMHCE, B PE3IYJIb-
rare 4ero cymmapuuii MK npaxkruuecku mocruran
HopManbHoro yposua (93,7% or ucxoanoro). Orme-
YeHHAA Ha 7-€ CYTKH TeHAeHIHA K ocnabnenunio runep-
KOaryJIAIHOHHOTO CABHIZ MOJHOCTBE) DPEAIH3I0BhIBA-
Nach TOJILKO K KOHUY 2-if Heaenu.

Jledenue KpoauKoB ¢ reModTanbMOM MpEnapaToM
kpuokoHcepsHpoBaHex K3II1 yxe na 3-u cyrku noce
TPAaBMbl OKA3LIBAJIO BRIPAKEHHOE TONOKHTENBHOE BO3-
ANeHCTBHE Ha CBEPTHIBAIDIIYEID CHCTEMY KpoBH — [ u
II dasst cBepTHIBAHMA NPOTEKAMH ¢ HOPMATLHOMN CKO-
POCTBIO H TOJIbKO TIpoAomxuTenbHocTs 111 dasw 6bina
3ameTHO cokpantena (63,4% oT HMcxoaHOro ypoBHA).
Cymmapuuii MK 6s1n1 Heckonbko Hike nopmel — 80%.

Ha 7-e cyTku nokasaTesiH 3JeKTPOKOAryaorpaMMel
Yy TONONKITHRIX JXUBOTHHIX TIOYMTH COOTBETCTBOBAIH
HCXOAHBIM, ClielyeT OTMETHTb, YTO H B 3TOT NEPHON
ormeyanacs HectabuabHocTs I dasw (dassr ceeprhi-
BaHMA), OJIHAKO HalMoJancs CABHI B CTOPOHY THIO-
KOAryJaflMH — MoKasatenb T NMPEBRINAN MCXOIAHBIE
sHayeHus Ha 37,9%, 4TO BHOCHJIO CROIt BKIAJ B MOBLINIE-
aue cymmapioro MK (122% or ucxogsoro yposns).

Ha 14-e cyrkm nabmomenmii Bce NOKasaTesn
AMEKTPOKOATYIOTPaMMEl Y MOMONBITHLIX KHBOTHBIX
MOJTHOCTBIO COOTBETCTBOBAIH HOPME.

Takum ob6pa3oM, CHCTEMHA# TMIEPKOAIYJIAIIHOH-
Hasl PeaKids OPraHM3Ma Ha TPaBMY V JXHBOTHBIX C
reModTATEMOM HCYe3aNa NOAHOCTRIO K 14-M cyTkam.
Y &uBOTHBIX ¢ reMo)Ta/IbMOM, MOJYYaBIIHX TpaHC-
dyaun K311, nogobran peakima ucuesana yxe K 7-M
CYTKaM.

Jlanusie 0 coctoaHuy GHUOPHHONINTHYECKOH aKTHB-
HOCTH KPOBH NpH ERCHIEPHHEHTH.TIhHﬂM FCMO[IZ?TH.I'I]:M{:
H ero neyenud Tpancdysuamu K311 npeacrasnens s
tabn. 2.

Y XMBOTHBIX C DKCNEPUMEHTANBHLIM reModTanb-
MOM Ha 3-H CYTKH [0CJI€ TPaBMBl NMOKA3aTENH Kak
cymMmapHOH, Tak ¥ HedepmentaTuBHOH dubpuHoIH-
THYeCKOH aKTHBHOCTH CHH3KeHHl B cpentemM Ha 40% no
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cantly less than that in the norm (65.6% of an initial
level). However one can note some teridency to its
increase in comparison with analogous indices to the
third day. Therefore in the rabbits of the control
groupthe hypercoagulational shift in the system of
hemostasis was kept during the whole week after
trauma.

In a week (the 14th day) all indices of electro-
coagulogram were normalized and this resulted in the
fact that total IC practically reached the normal level
(93.7% of an initial level). Noted to the 7th day ten-
dency to the weakening of hypercoagulational shift
was completely realized only to the end of the 2nd
week.

Treatment of rabbits with hemophthalmos by the
preparation of CELC even to the 3rd day after trauma
demonstrated a manifested positive effect on coagu-
lating system of blood — the 1st and 2nd phases of
coagulation proceeded with a normal rate and only the
duration of the 3rd phase was significantly reduced
(63.4% of an initial level). Total IC was slightly lower
than the norm — 80%.

To the 7th day the indices of electrocoagulogram
in experimental animals almost completely corre-
sponded to initial ones. It should be noted that in this
period there was instability of the 3rd phase (coagu-
lation phase) noted, but the shift into the side of
hypocoagulation was observed: T; parameter exceeded
initial values by 37.9%, that contributed into an in-
crease of total IC (122% of an initial level). To the
14th day of observations all indices of electrocoagulo-
gram of experimental animals completely corre-
sponded the norm.

Thus system hypercoagulational reaction of an or-
ganism to the trauma of animals with hemopthalmos
received teh transfusion of CELC the similar response
disappared even to the 7th day.

The data on the state of fibrinolytic activity of
blood under experimental hemophthalmos and its
treatment by CELC transfusions are presented in the
Table 2.

In animals with experimental hemophthalmos to
the 3rd day after trauma the indices of both total and
non-enzymic fibrinolytic activity were in average re-
duced by 40% in comparison with initial, that testifies
to the suppression of anti-coagulational activity. This
prevents an active resorption of local hemorrhages in
an eye with trauma in an early periods of its healing.

To the 7th day of observations the indices of fibri-
nolytic activity slightly increased (77-72% of an intial
level, p,05), however a complete activity of the process
was not observed yet. To the 14th day after trauma
the activity of systematic fibrinolysis completely re-
covered. In the group of animals with hemophthalmos
which received the transfusion of CELC to the 3rd
day after trauma the fibrinolytic activity of blood was
slightly suppressed, that was confirmed by the indices
of both total and non-enzymic fibrinolytic activity (79
and 74% of an initial level, correspondingly). However
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CPaBHEHHMI0 € WCXOZHEMH, Tabanna 2

YTO CBHAeTenbCTBYET 00
YTHETEHHH TPOTHBOCBEDTHI-
Balmied axKTHBHOCTH. 3TO
NPensATCTBYeT  AKTHBHOMY
PaccachiBAHHK JIOKAALHOIO

Table 2

Bozaeiicrene Tpaschysuit KJ3I1 sa noxkazateam dubpuBonamTHueckol aKTHBHOCTH
KPOBM TIPH IKCTIEPHMEBTANLHOM TPABMATHYECKOM remodTansme

Effect of CELC transfusion on the indices of fibrinolytic activity of blood under
experimental traumatic hemophthalmos

KPOBOMIJIHAHHA B TPaABMHPO- Tpasmarwyeckmii | agime HHE};'::::;H:E:::%E%H =
BAHHOM r/1a3y B paHHWil ne- AKCNEPUMEHTANBHBIH remMohransm | P .neueum:: K3l
PHOA €ro 3axuBieHus. Ha Traumatic experimental Teiatic emerimenital
7-e cyTiku nabmiogennii moka-  Bpems nabmonenus htmt;:h_t}éa}lnun | hemaphthalmos + treatment by CELC
satenu pubpHHOMMTHYecKoft  ODservation time i ) . =)
AKTHBHOCTH HECKOJBKO IIO- CDA ‘ HDA CDA | HWDA
suimanucs (77-72% ot Mc- - TFA  NEA | TFA | NEA
xogHoro ypoeus, P<0,05), - ~ yea.ea. / relative units _ |
ONHAKO TOJAHOH aKTHBHOCTH Mexomiii yposesis 18.240,7 | 18.841.13 B B
npouecca eme He oTMeya- Initiallevel(n=12) | =~ . .
nocs. K 14-m cyTtkam mocue 3;€£H;1i G daaen | ; oo ] . :
_ the 3rd day 441 36" 11,2+0,84" | 30,3 + 0,48 14,0 £ 0,33
TPABMHL AKTHMEHOCTS- CHOCTOMN® & 61,3 59,6 79,3 75,5
Horo ¢ubpHHONK3A NoJHOC- T — -;
; : |
Thi0 BOCCTAHABJIHBAMACS. the 7th day 294 £1,17 136+0,28"" | 4908+146° 16,8 +1,26
B rpynne xuBotHEIX ¢ % | 71,0 723 | 1283 894 B
reMo(TaIbMOM, OMYYABIIHX 14-¢ cyTru, |
rpancyamio KIII, na 3-u the 14th day 36,1 £1,25™ 18,6 +2,11 41,7 +0,19 19,9+1,18
% J ss 100,0 109, L 105,0

CYTKH nocJie Tpasmbl hubpu- =

HOJTHTHYECKAA  aKTHBHOCTb
KPOBH HECKOJILKO YTHETEHA, O
4EM CBHJIETENBCTBOBAMH 110-
KasaTeNlH KaKk CYMMapHO#H,
TaKk M HepepMeHTATHBHOM
bubpuHOIHTHYIECKOH aKTHUB-
HocTH (79 1 74% 0T HCXOAHOIO YPOBHA COOTBETCTBEH-
Ho). OgHako cjegyeT OTMETHTh, UTO YK€ B JaHHBIH
paHHMil NepHoa 3TH 3Ha4YeHuA Ha 15-18% Bbluie ana-
NIOTHYHBIX B KOHTPOJBHOW rCpynne AMBOTHBIX
(P < 0,05).

Ha 7-e cyTkn nocjie TpaBMBl W Jiede6HBIX TparC-
dyauit v KMBOTHRIX JaHHOH rpynnel Habaoganuck
BOCCTAHOBJIEHHE AKTHBHOCTH HehepMEHTATHBHOIO
apena ¢pubpunHoH3a M akTHBauua (Ha 28% Bblwe Hc-
XOMHLIX 3Ha4eHHi) cymmapHoil GuOpHHOARTHYECKON
AKTHBHOCTH. IJTO CBHAETENBCTBYET 00 aKTHBALIMH
HMeHHO (pepMEHTATHBHOTO 3BeHa (pubpHHOIM3a Yepea
HEJIENMIO MOC/e TPaBMBI.

Ha 14-e cyTKM y KMBOTHBIX, KOTODBIX JI€YH/IH
K3II, nabnonanace nojiHas HOPMATH3ALHA BCEX U3Y-
YEHHBIX 3BEHLEB MPOTHBOCBEPTHIBAKOIIEH CHCTEME.

Cnexyer oTMETHTb, 9TO 3a)HKCHPOBaHHBIE Ha 7-€
CyTKM He0ONBIION TIMNOKOAry/iAlIMOHHBIN COBUT M
NOBbIIEHHe AKTHBHOCTH (uUbpHHOIH3a, 0Y€BHAHO, ate-
KBATHAI KIHHHYECKOH CHTYALIMH, He ARIAITCA YpeaMep-
HEIMM H HE YTPOXAKT NOBTOPHBIMH KPOBOHAIMAHHAMH,
YTO NOATBEPAIAIT KAK KIMHHYeCKHe Hab/NOACHHA, TaK
H NOTHAR HOPMATH3AUMA CHCTEMBI NEMOCTa3a Y JKHBOT-
HeIX nocae Jgederns K3 (x 14-m cyrkam).

[Monyyenusie B pabore nanuwe W nabopaTopHhe
NOKA3aTeNH COCTOAHHA CMCTEMbI TeMOCTasa CBHje-
TEJABCTBYIOT O HecoMHeHHOM (ubpuHOIUTHYECKOM
nefcreun npenapata ua KII1. ITpu atom HeTouHHKOM
aKkTHpalMH ¢ubpuHOAM3a MoryT OBITH pa3iMYHbIE

scupoTHRIX (P < 0,05).
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[Ipumeqanmua * — paznroid QOCTOREDHL! [0 OTHOIMEHNIO E MOKAIATENAM MCXOOHOTO YPORHA
(P <0,05); ** — paamMA JOCTOBEPHE N0 OTHOIIEHMIO K MOKAJATENAM IPYIILI NOSOMBITHLIX

Notes: * — differences are significantly true in respect of the indices of an initial level
(P <0.05); ** — differences are significantly true in respect of the indices of the experimental
animals' group (P <0.03); TFA — total fibrinolylic activity; NEA — non-enzymic activity.

it should be noted that even in this early period these
values by 15-18% were higher analogous ones in the
control group of animals (P < 0.05).

To the 7th day after trauma and treating transfu-
sions in animals of this group a recovery of non-
enzymic link of fibrinolysis and activation (by 28%
higher of initial values) of total fibrinolytic activity
were noted. This testifies to the activation namely of
fibrinolysis enzymic link, in a week after trauma.

To the 14th day in the animals tretaed with CELC
a complete normalization of all studied links of anti-
coagulating system was observed.

It should be noted that recorded to the 7th day
slight hypercoagulational shift and an increase in the
activity of fibrinolysis evidently are adequate to clini-
cal situation are not excessive and do not threaten
with repeated observations and a complete normaliza-
tion of hemostasis system in animals after treatment
with CELC (to the 14th day).

Obtained in the work data and laboratory indices
of the state of hemostasis system testify to an evident
fibrinolytic effect of the CELC preparation. In this
case as the source of fibrinolysis activation various
CELC can serve. It is known that liver is main
hemopoietic organ of embryogenesis period of mam-
malians [1]. Certain stem cells serve as progenitors of
liver Kupffer cells (mononuclear phagocytes), which
appear in developing liver even before bone marrow
formation [1]. Kupffer cells being tissue macrophages,
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K3II. HaeecrHo, 4TO neYyeHb ABAAETCH [JIABHBIM re-
MONO3THYECKHM OpraHoM nepuona ambpHorenesa y
muexormmTaomux [1]. Onpemenensnie cTBONOBBIE
KJIETKH CJYKaT NpeallecTBeHHHKAMH KYM(epoBCKHX
KJETOK ne4eHd (MOHOHYKIeapHbIX GarouMToB), KOTO-
phle NMOABJASIOTCA B pa3sBUBalOIIeHCA NedYeHH elle 10
dopMupoBanua KocTHoro mosra [1]. Kyndeposckue
KINETKH, ABJIAACE TRAHEEBIM H Mﬂ]([I'HiJEI‘EMH., COOQepRaT
GoraTeiit ¢epMEHTATHBHEIH annapar, B TOM 4YHCIE
foJbIHOe KOTHYECTBO aKTHBATOPOB NJa3MuHorena [8).
ITH BEIlECTBa, OYEBHIHO, aKTHBUPYIOT (hubpHHoana
npyu Beegenun K311 u cnocobereyior HGpicTpoMy pac-
CACBIBAHHIO TPAaBMATHYECKOTO reModraibMa.

[Tpn TpaBMaTHueckKoM reModTaIBME 3aUIMTHO-KOM-
MEeHCATOPHBIE MEXaHM3MBI OPraHM3Ma HeaoCTaTOqHO
CHJIbHBI 1A CAMOCTOATENBHONO JIH3UCA HHTPaBHTPEAb-
HBIX TeMOpparuii, Tak KaK CTeKI0BHJIHOE Teno obmanaer
oYeHb HH3KOH (GHOPHHOMMTHYECKOH M 3HAYHTEILHOI
(pubpuscTabwmanpyromeii akrussoctsio [3, 7.

Ha atom done tpanchysuu K3II asasiores B ma-
BECTHOM CMRIC/IE “3aMecTHTebHOH" Tepanueli, Tak Kak
cofepkaTt GOoMBIIOE KOMMYECTBO KIETOK CO BCEM AllMa-
paToM aHTHKOAIYJIAHTHLIX (DAKTOPOB pasnu4yHON npupo-
bl KaK (DEPMEHTATHBHBIX (AKTHBATODPSI [IA3MUHOIEHa),
Tak ¥ HedepMeHTaTHBHEIX (renapuu). [Ipumenenne
npenapata ¥3 K311 He TonbK0 yCKOpANO paccackiBaHHe
7IA3HOTO KPOBOHAIMAHHA Y MOLONBITHLIX XKHBOTHBIX, HO
H cnocobCTBOBANO NOMHOMY HcueanosenHo dubpuno-
BREIX BOJIOKOH B MOPAKEHHOM Y4aCTKe,

Takum obpasom, Tpascdysun KIII Busmbaior
BOCCTAHOBJIEHHE M HeOOXOIMMYIO CTENEHb aKTHBalIHH
cucTeMHoro ¢uOpHHONH3A ¥ KMBOTHHEIX € 3KCIEPH-
MEHTANbHBIM reModTanibMOM, 9TO criocobeTByer ak-
THBHOMY M [IOJIHOMY PacCachiBaHHIO TPABMAaTHYECKOTO
KPOBOM3THAHMA M MOXeT OBITh HCMOJIB30OBAHO JUIA Ha-
NPaBJeHHOTO JIeYeHUA [MIa3HBIX KPOBOM3THAHHMNA pa3-
JIMHHOH 3THOJIOTHM.
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contain enzyme-rich apparatus, including a big num-
ber of plasminogen activators [8]. These substances
apparently activate fibrinolysis during CELC intro-
duction and contribute to a rapid resorption of trau-
matic hemophthalmos.

Under traumatic hemophthalmos protective and
compensatory mechanisms of an organism are not
quite strong for independent lysis of intravitreal hem-
orrhages, since vitreous body possesses a very low
fibrinolytic and significant fibrin-stabilizing activity
3, 7].

On this background the transfusions of CELC act
as a “substitutive therapy”, since they contain a large
number of the cells with the whole apparatus of anti-
coagulant factors of various origin of both enzymic
(activators of plasmogen) and non-enzymic (heparin).
Application of the preparation from CELC not only
accelerated the resorption of ocular hemorrhage in
experimenal animals, but also contributed to a complete
disapperance of fibrinous fibers in a damaged site.

Thus CELC transfusions cause a recovery and nec-
essary degree of activation of systemic finbinolysis in
animals with experimental hemophthalmos, that con-
tributes to an active and complete resorption of trau-
matic hemorrhage and can be used for directed treat-
ment of ocular hemorrhages of different etiology.
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MexaHHU3MBbl HMMYHOJIOI'HYECKOI'O NEHCTBHA
peTanbHBIX MPENAPaTOB
IIPH 3KCNEPHMEHTAIBHOM BOCIHATHTEIBHOM IIpoOIlecce

B. A. [IHTBRO
Xapwrosckuti 20cydapemseHHbll MEQUUUHCKUTL JHUBEpCUMEem

Mechanisms of Immunologic Action
of Fetal Preparations
During Experimental Inflammatory Process

V. A. PITKO
Kharkov State Medical university

HopManu3aima Macchl THMYCa M CEneseHKM NpPM BEeJPHMH KPMOKOHCEDEMPOBAHHOMD sxcTpaxTa xopuoma (KX) u sxerpaxTa
mnanesTs (O1]) cEMmeTenbCTBYET 0 MX NOAOKKHTEILHOM BIMAEMM HAa BOCHAMHTEMBERN npouece. OMEMM M3 BOAMOMHALIX MEXAHMIMOB
PEATHIAIMH MPOTEXTOPHOND AEACTEMA MPENapaToB MPM BOCTIATHTENBHOM MPOUECCe ABAASTCH BOCCTAHOBIEHME B KISTKAX YPORHA

uAMO.

Hopmamisaimia MacH TMMYCA | CENe3iHKM OPH YBeTeHH KPLOKOHCepPBOBAHOTO excTpakTy xopiosa (KX) | excrpaxty muamentn (EIT)
CRITYMTE NPO IX NOIMTHBHMA BILTME HA JAManeHMid mpouec. OmHuM 3 MOBUTHEMX MeXaHiaMis peanizanii NpoTexTopHOl mii mpenaparis
NpH ZANafbHOMY NPOUECi € BUIHOBNEHHA B KMiTMRax pisaa AMdD.

Normalization of thymus and spleen mass when introducing cryopreserved chorion extract (CC) and placental extract prepa-
ration (PE) testifies to a positive effect on inflammatory process. Recovery of cAMP level in cells is one of the possible mechanisms
of realizing the protective action of preparat during inflammation.

[Ipu noucke HOBBIX nyTeil neuenus 3aboseBaHMil
NAHEHTOB C BOCMAJNMTEJbHBIMH MPOIIECCAMH HCCHe-
AoBaTenn oDpaTHIH BHUMAHHE HA YHHKANBHBIE CBOIi-
crBa (eTAIbHEIX KNETOK M TKaHeH 4venoBeka [3].
Conepxanue B HUX cTaanocnenudHyecKux GenKoB u
NenTHAOB, CTHMYJHDPYIOUIHX HMMYHOKOMMETEHTHLIE
KIeTKH [3], a Takxe aHTHOKCH/IAHTOB M TIepeXBaT4YH-
KOB AKTHBHEIX (hOpM KHCIOpPOAA, ajallTOreHOB onpe-
JeWI0 HX MeCcTO KaK MepCneKTHBHBIX eCTeCTBeHHEIX
buonpenapaToB s JiedeHHs TPYAHOM3JEYMMBIX 3a-
Gonesanuil,

lHens paborhl — cpaBHHTENLHOE H3y4YeHHEe MeXa-
HHU3MOB PEaTH3allHH HMMYHOJOTHYECKOr0 AeHCTBHA
npenapatos I u KX npu sxkcnepuMeHTabHOM BOC-
NATHTENIBHOM ITpOLIecce.

OnwiTel npoBeseHsl Ha 40 MonoabIX Kpeicax-cam-
pax auHEMH  Bucrap maccoit 110-120 r (Boapacr
50—60 nueit). Beero 6eum0 chopmuposano 4 rpynns
JKHBOTHHRIX: C SKCIEPHMEHTATbHBIM BocnanenueM (B);
KHBOTHBIE, KOTOPBIX Je4iaN ¢ HcnoabaoBaanem KX n
III; xourpoasusie (K). Moaenbio BocnaneHus ciy-
HHJI OCTPBIH ACENTHYECKHUH NEPHTOHMT, BhI3bIBAEMbIH
BHYTPHODIOIIMHHBLIM BBEACHMEM 5 MT A-KapparuHeHa
(Sigma, CIIIA) B 1 M1 H30TOHMYECKOIO pacTBOpa XJIO-
puaa Hatpa [1] JKusoTHeX 3abuBany nog HapKo3oM
JIEKATIMTALIHEN Ha 3-H CYTKH MOJENBHOTO SKCIIEPUMEHTA,
Korga uameneHua O6uuin Hambonee BripaxeHs! [3].

Ilns neyeHHs 3KCNEPUMEHTANIBHOIO BOCTIAJTATEb-
HOIO IIpollecca HCNoAbL30BaIH HaBecTHLI dapmakodio-

ITpobnems: kpuobuonorum, 2000, No 4

While searching for new methods of treatment of
patients with inflammatory processes the researchers
paid attention to unique properties of fetal cells and
tissues of man [3]. The content of stage-specific pro-
teins and peptides, stimulating immune-competent
cells [5], and antioxidants and interceptors of active
forms of oxygen, adaptogenes, etc. in them defined
their role as promising natural biopreparations, appli-
cable for treatment of some difficult to cure diseases.

The aim of the research was to conduct a compara-
tive study of the mechanisms of realization of immu-
nological action of the placental extract preparation
(PE) and cryopreserved chorion extract (CC) during
experimental inflammatory process.

The experiments were done with 40 young male
Wistar rats with the body weights of 110-120 g, aged
50-60 days. The animals were distributed into
4 groups: with experimental inflammation (I); animals
treated with CC and PE; control animals (C). The
acute aseptic peritonitis served as the model of inflam-
mation, induced by intraperitoneal injection of 5 mg
of A-caragenine (Sigma, USA) in 1 ml of isotonic so-
lution of sodium chloride [1]. The animals were
anaesthesized and decapitated by the 3rd day of the
model experiment, when the changes became the most
pronounced [3].

A well-known pharmacological preparation of PE
and a new biopreparation of CC, synthesized at the
Institute for Problems of Cryobiology and Cryomedi-
cine of the National Academy of Sciences on the basis
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ruaeckuit npenapat Il u uosmit buonpenapar KX,
noay4enusiit B UITKuK HAHY na ocnose deranpro-
ro ceipbs [6]. [Ipenapartsl BBOAMIH BHYTPHMEILIEYHO
B ao3e 1,0 ma. Beeaenwe npenapatoB OCYUIECTBIIAIM
cpasy nocje MoAenHpoBaHHuA BocrnaneHus. Konrpons-
HBIM JXMBOTHBIM BMECTO TKaHeBwIX OMoNpenapartos
ssomim 1,0 mat duswonornyeckoro pacTsopa.

Moaens KOMILIEKCHBIX HMCCNeAOBAHMI Ha OJHOH
rPYTe XUBOTHLIX BKJIIOYAJa METOIBI, N03BOJIAUIHE
M3Y4YHTh NapaMeTpsl MMMYHUTeTa: 1) BecoBsle nokxa-
3aTeny AUMGQOHIHBIX ODPraHOB, 2) comepXaHHE LHK-
nuveckoro AMO® (uAM®@) B nepHTOHEANBHLIX
Makpodarax Kpsic BO BpemMs (harolMTO3a YacTHIl 3H-
MO3aHa KakK ITOKasaTesli CHHTe3a MpoTarjaHnHa
[ITE,. Komnyecrso tAMD onpeaensnun npu noMommu
uzoronusix Habopos (H3-Cyclic ¢ AMIT-kit) pamuo-
HMMYHOJIOTHYECKHM METOLOM.

Cratucrnyeckas o6paboTka pesy/ibTaToB IKCIEPH-
MEHTAIBHLIX MCCJIEA0BAHHH MPOBOAMIACH [1APAMETPH-
JeCKHM METOAOM C MCNOJb30BAHHEM KPHTEpPHA
Creionenta na [I9BM IBM AT 486.

B tabn. 1 npencrasnen Bec Tena U AMMOHIHBIX
OpraHoB (THMYCa M CENIE3EHKH) KPHIC KOHTPOJABHOM
rpynnsi (n=35), NOAYYHBUINX HHBEEKUHIO DHIHONOTH-
YeCKOro pacTsopa, H KphiC, HHBELMPOBAHHRKIX Kappa-
ruHeHoM (n=15). M3 15 xpeic 5 — He nomyyamn
negsenue, 5 — neynan KX u 5 — 31 ¥ KHBOTHHX ¢
BOCTIAJIEHHEM YMEHbINAJICA BeC Tesla M JAMMQMOHIHLIX
opratoB. IIpu nedyenuu Kpoic ¢ Hcnosb3oBaHuem KX
BeC THMYyca yBenwumsascs Ha 64,5%, a npu nevennu
II1 — ua 36,1%. Bec cene3eHKH Y KPhIC TAKKE YBEJH-
yuBanica Ha 39,6 u 9,6% nocne newenna KX u 311
COOTBETCTBEHHO (PUCYHOK).

Tabanunpa 1

Bumaaue reaseBsix npenapatos KX u Il na secosnie
NOKAZATENM M EJETOYHLIN COCTAB THMMYCA M CENC3eHKM
KphiC ¢ KAPPArMHEHOBLIM BOCTIANEHMEM, 1L =3

P

Homep | T'pynnwm ' | Becombie noKazatesm, r
Macca Tena, r|

A e | mmyca CeNleE3eRKM
1 ; B 103, Eﬂilﬂiﬁ 0310 i'L'I,I}E‘I 0341 iﬂ,ﬂEﬂ
2 B+ KX 113.33:1:10.53 0510 +0059" 0478 + 0,067
3 B+ 3l 1044111122|D422i0ﬂ43 0,374 £ 0,054
4 - K ll?ulléim!ﬂmﬁiﬂﬁ? || 420+ 0041

Mpumesanme: * — p < 0,05 npu cpassenis ¢ rpynnoi 1 (B).

Buonpenapatsl 43 deTanbHBIX TKAHEH PEAIH3YVIOT
CBOE JEeHCTBHE HAa KJIETKH MMMYHHOH CHCTEMBI, HC-
NOJIb3YA NMPHBLIMHKIN, JIETKO BEIKYaeMblil MEXaHU3M.
losagorponsuei, ofpasyemble deTonaUeHTapHbIM
KOMILIEKCOM, MPOABJIAIOT CBOE A€HCTBHE MOCHE CTIeiH-
(PHYECKOro CBA3BIBAHMSA C PEleNnTOpaMM KJIeTKH-MH-
IEeHH M AKTHBALIMH ANeHWNAaTLUHMKIa3bl BHYTPeHHEH
NOBEPXHOCTH KIETO4HOH MemOparsl, KOTOpas KaTa/lH-
aupyer npespamenne ATO s uAM®, Tanee uAM®D
MOCTYTIAET B SAPO U CTHMYJHUDVYET siZlePHbie NPOTeHH-
KHHa3ul [8]. B MexaHname pasBMTHS BOCTIANIEHUA aK-
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of the fetal materials, were applied for treatment of
the experimental inflammatory process [6]. The prepa-
rations were injected intramuscularly at a dose of
1.0 ml after modelling of the inflammation. Control
animals experienced injection of 1.0 ml of physiologi-
cal saline instead of tissue biopreparations.

The model of complex research with a single group
of animals involved methods, which permit to inves-
tigate the parameters of the immunity: 1) weights of
lymphoid organs; 2) content of cyclic AMP (cAMP)
in peritoneal macrophages of rats during phagocytosis
of the zymasan particles as a feature of the pro-
staglandin synthesis (PGE,) [8].

A number of cAMP was determined using isotop
sets (H3-Cyclic with AMP-kit) of Amersham firm
production by radicimmunological method.

The results of the experimental research were sta-
tistically processed with a parametric method using a
Student's criterion with a PC IBM AT 486.

Table 1 shows the values of the body weight and
weight of lymphoid organs (thymus and spleen) of rats
of the control group (n = 5), which were injected with
physiological saline, and of rats, injected with carage-
nine (n=15). Out of 15 rats 5 animals were not
treated, another 5 were treated with PE, and the last
5 animals were exposed to CC. In the inflamed ani-

mals the body and lymphoid organs weights were
reduced.

Table 1

Action of tissue preparations of CC and PE on weighits
and cell composition of the thymus and spleen of rats
with caragenine inflammation (n=75)

Gmupi Gmupnfi Eﬂdyw-:ight,gl Weight indicies, g

i N “. | animals | of thymus of spleen
1 | | 10338+ 1046 | 031020024 | 0341 +£0.038
2 1+CC [11333+1063 | 0510+£0.059" | 0476 0.067
3 I I+PE | 104411+£1122| 04220048 | 0.37410.054
4 | C 1179+11.84 | 040510047 | 0420+0.041

Note: * — p < 0.05 as compared with group 1 (I).

Biopreparations out of the fetal tissues realize their
action on the cells of the immune system via an ordi-
nary, easily triggered mechanism. Gonadotropins,
formed by a fetoplacental complex, manifest their ac-
tion after specific binding with receptors of the cell-
target and following activation of adenylate cyclase of
the cell membrane inner surface, which catalyses
transformation of ATP into cAMP. Then cAMP goes
into the nucleus, where it stimulates nucleated protein
kinases [8]. Prostaglandins (PGE, and PGE,) play an
active part in the mechanism of the inflammation
development. In leukocytes and macrophages they ac-
tively stimulate adenylate cyclase. An increased and
prolonged formation of cAMP and synthesis of PGE,
are identified during phagocytosis in peritoneal
macrophages, which is inhibited by indometacine — a
powerful inhibitor of prostaglandin synthesis [8]. Ca-
ragenine was shown to be reagent, which injures
macrophages. It results in a rapid reduction in the
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THBHY10 poJib HrpatoT npoctaraanants [ITE, u [ITE,.
B nefikouuTax u MakpodaraXx OHH ABAAIOTCA aKTHB-
HBIMH CTHMYJNATOpaMM aleHwnaTtunkiassl. Bo spems
darouuTo3a B NEPUTOHEATbHBIX MaKpodarax HHIYIH-
pyerca cunres [1TE,, a Taioke oOHapyxuBaeTcs noBbi-
leHHOe M NponoHruposannoe obpasosanue HAMOD,
NMOJAB/IAEMOE WHAOMETALIHHOM — MOLIHKIM HWHIHOH-
TOpOM CcHHTeTassl npocraraanauioB [8]. Ilokasawo,
4YTO PeareHToM, MOBPeXAAIMM Makpodaru, ssiser-
cs KapparumHen. OH BuasIBaeT pe3koe cHHkeHHe obpa-
sopaiud UAM® B wMmakpodarax npu aeicTBHM
seicokux no3 IITE,; [8]. 91o ceunerenscTeyer 0 TOM,
4TO KapparvHeH Hapymaer MemOpaHbl KI€TOK, Jesas
MX HEeYYBCTBHUTE/IbHBIMM K TAKHM JK3OT€HHBIM CHTHa-
JlaM, KaK npocTarJaHidHel. Mbl npeanonoxuim, uro
TKaHeBble MpenapaThl MOTYT Takke JeiiCTBOBAThL Yepe3
uAM®OD.

Buino MccnenoBano obpasosanue HAM® neputo-

HeabHBIMM MakpodaraMu Kpeic pa3HeIX rpynn Ha 3-u
CYTKM KapparuueHoBoro Bocnajierus (taba. 2). Hamn
JAaHHEIE MOKA3LIBAIOT, YTO B MEPHTOHEANBHBIX MaKpO-
darax KpeiC ¢ 3THM BOCNIAIEHHeM HapyiuieHo obpaso-
Banve UAM®. Takoro HapymeHHWs He BLISBJAIH B
makpodarax kpeic, Kotopuix aeunwnd KX wm 311, Ha
OCHOBaHHM JaHHLIX [8] MOXkHO npeanonarats, ¥To 0b-
pasopaiue UAM® Bo Bpema daroimTosa obycaoBaeHD
cunresom IITE,. 3to noxrsepixnaercsa xak 6mokupy-
MM 3hPeKTOM HHIOMETALHHA, TAK H YBEJIIHYECHHEM
conepxanus [ITE; B makybauunonnoit cpege so spemsa
daroumTosa. MoxHO npeanosarats, 4TO YBEJIHYEHHE
kosuuectsa [II'E; u nossllleHHas 9yBCTBHTENBHOCTD K
HEMY ABJIAIOTCH IJIABHBIMHM KOMIOHEHTAMH MeXaHM3aMa
obpaTHOIt cBsA3W, KOTOpBIH QYHKIHOHMDYeET NpH BOC-
NMaTHTEAsHEX peakuuax. [loTepa 4yBCTBHTENBHOCTH
kinerok K [ITE, B coueranuu ¢ MaccuBHBIM 0CBOHOX-
nenuem IITE,, xotopoe ormeuaercs, Hanpumep, npu
obpaboTKe KapparHHEeHOM, MOYKET BhI3BaTh HEpery/in-
PyeMy[ H HeOJaronpHATHYIO BOCHAIMTE/bHYIO PeaK-
LM,

Tabamma 2

Bamaauwe KX u Il ma obpazosanave ntAMP B neputo-

HealbHBIX Makpoharax, haronuTHPYOUIMX YACTHIlL 3M-
MO3aHA, ¥ KPbIC ¢ KAPPAarMECHOBLIM BOCHIANeEHeM (n = D)

H . . nM uAM® ua
OMEP IPYIIsI PYNINLI KHBOTHBX | 6 -,
1 B 18,71 + 153"
2 B+EKX 146,44 + 1292128
3 B + 311 128,34 + 9,737
4 K 85,73 +521°

IMpumesanna: *Hmpe:me nposomutk nocae 10 s wrryBammm

OpM COOTHOIIEHMM WYACTHII 2IMMo3ama M knerox 20:1, " —
p<005 npu cpasrermu ¢ rpymmoi 4 (Kj); N Py <0,05 npwn

cpammenyi ¢ rpymmo#i 1 (B),

rpymn 2 (KX) » 3 (3I1).

[Ipobnemst kprobuonorus, 2000, Ne 4

— p,<0,05 np cpasHeHHM

Tumyc
Thymus

Boccranopaenve seca JUMPOUAHBIX OPradoB (THMYCA, CCJICICHKH )
Kph‘ll: o HPNHIIEHDHHH BOCTIANEHHEM NOCAE J0YPHHMHA TEAHEABI MM
deTansubiMu npenaparaMu KX uw 911: 1 — B; 2 - B + KX; 3 -
B+ JII; 4 — K. 3a 100% npuuAaT Bec OPralos KpbIC C BOCTATEHHEM,

Recovery of weights of lymphoid organs (thymus, spleen) in the ca-
ragenine-inflamed rats following treatment with fetal preparations
CCand PE: 1 —-1;2 =1+ CC: 3= 1+ PE; 4 — C. Weight of the or-
gans of the inflamed rats is accepted as 100%.

formation of cAMP in macrophages under the action
of high doses of PGE, [8]. This is indicative of the
fact that caragenine breaks the membranes of cells,
making them insensitive to such exogenous signals as
prostaglandins. The author supposed that tissue
preparations may also exercise their influence via
cAMP.

Formation of cAMP by peritoneal macrophages of
rats from different groups by the 3rd day of the cara-
genine inflammation was investigated (Table 2). The
data obtained demonstrate that in the peritoneal
macrophages of rats with this inflammation the forma-
tion of cAMP is impaired. Such an impairment was
not revealed in the macrophages of the rats, which
were treated with CC and PE. Elsewhere it was as-
sumed [8] that formation of cAMP during phagocy-
tosis is due to the synthesis of PGE,. This is supported
both by a blocking effect of indometacin and a rise in
the content of PGE, in the incubation medium, where
it is released by macrophages during phagocytosis. It
may be concluded that an increase in the amount of
PGE, and heightened susceptibility to it are the basic

Table 2

Action of CC and PE on the formation of cAMP in

peritoneal macrophages, phagocyting zymosan particles,
in the rats with caragenine inflammation (n = 3)

Group No Groups of animals p!:[ b pe .
i 10-10” macrophages
1 1 18.71 + 153"
2 1+ CC 146.44 + 12.92'3
3 I+ PE 128.34 +9.73"*
4 | e 8573 +521%

Notes: the measurement was done after 10-min incubation
with the ratio of zymosan particles to the cells of 20:1; ' —
p<0.05 as compared with group 4 (C), 1 p, <0.05 as com-
pared with group 1 (I); B e p, < 0.05 as compared with groups 2
(CC) and 3 (PE).
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[lony4yeHHnle HaMH JAaHHBIE CBHAETEJBCTBYIOT O
TOM, 9TO BOCCTRHOBJIEHWE B KJeTKaX obpa3oBaHuA
BAM® non BAMARKMEM TKaHEBBIX NMPeNapaToB — OLMH
H3 BO3MOXKHBIX MEXaHHIMOB PEATH3alHH MX NMPOTEK-
TOPHOTO AEHCTBHA TPH BOCTIATMTENLHOM NMpoOLecce.
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components of the mechanism of reverse feedback,
which functions during the inflammatory reactions. A
loss of susceptibility of the cells to PGE;, combined
with massive release of PGE,, which is observed
during treatment with caragenine, may trigger un-
regulated and unfavorable response.

The data obtained testify to the fact that recovery
of the cAMP formation in the cells under the action
of tissue preparations is one of the possible mecha-
nisms of realizing their protective action during in-
flammation.
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B/msiHMEe KPHOKOHCEPBHPOBAHHBIX (DETAJIBHBIX IIPENAPATOB
H CPOKOB HX XpPaHECHHUA
Ha OMoOXuMHYIEeCKHe npoueccsr npu OITH

I1. 1. MALIUHCKUHA
Huemumym npobaem kpuobuonoeuu u kpuomeduuunst HAH ¥Yxpauxw, 2. Xapskos

Effect of Cryopreserved Fetal Preparations
and Their Storage Terms on Biochemical Processes
at Acute Liver Insufficiency

P. P. PASHINSKY

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkouv

B cpaBEMTeILEOM ACTIEKTE MOCAENOBAHO RTMAHKME KPHOKOHCEPBHMPORAHELIX MPENaPaTos [MOMOTeHaTa, MIOTMPOBAHERIX FeraTomM-
TOB, TOTANBHOTO KPMOSKCTPAKTA IUI0Ma, KPHO3IKCTPAETA medeny, obwmefi mwrosomsaoi (ppaKmu WK oTaensasx Genorconepampo
dpaxii), NONYHEHHEDN M3 MION0E YEN0BEeXa PAIHMIX CPOKOB BHYTpHyTpobmoro passmtua (10 u 24 menens recraipm), na Metabomm-
YeCKMe CBORCTBA MENaTolLMTOR M0 JaHHLM DMOXMMHYECKMX NapaMeTpos IUA3MEl KPOBM M [IeYeHM NP OCTpOf neYeHovMHOR HeaocTa-
TounocTH (OIIH), passusmedica scnenctsue oTpasnenms mmBoTHRX CCl,. Tloxazamo, 9To npenapaTsl, nonysensEnie M3 (peTaanBoMf
neueny Jenosexa 10 Hegens recTauuH, YCKOPRIOT BOCCTAHOBMTENBHEIE MPOMecchl B MeYeH N PEIMITHERTA NPH axcnepuMenTansaoi OITH,
a pPPexTHBEBHOCTE MX ZABMCHT OT CPOXa BRELJSHMHA NpenapaTa, HO He ANHTeNLHOCTH HMIKOTEMOePaTYPHOM XpaHeHMa.

¥ nopiBHANEHOMY ACTIEXT] QOC/TIUDNEHD BIUIME KDIOKOHCEDBOBAHMX NPEIAPATIE (FOMOTEHATY, I30/IL0BAHMX Nella TOLMTIB, TOTANMLHOM
KPIOEKCTPAKTY ILIOLY, KPIOEKCTPAKTY MeWiHKM, 3aTanbHOl WHMTO30NLRO] (ppaximii abo oxpessrx dyparmin, axi micTaT: Oinox), oTpHManMX
i3 MIOAIB JOOMHEM DIdHMX TePMiHiE BHYTPUIUALOYTPOOHOrO possuTiy (10 i 24 Troxuis recTauil), Ba MeTabomiysi BNacTHBOCTI MENATOWMTIS
3a mamEyH DlOXiMIMHMX DapaMeTpis ILIA3MK KPOBI | MeYiHKH IPH MOCcTPRil nedirxopii regoctatrocTi (ITIH), Axa possumynack BRACTIIOK
oTpyenta teapus CCl . [lorazano, mo npenapaTH, OTpHMaH 3 heTanbB0l nevwinxky JomEM 10 THMHIB recTalli, NPMCROPIOKTL BUTHOBHI
MpolecH B mMewimi pemr.mtu'ra npu excnepimenTaxsHifi ['TIH, a edexTveuicTs iX 3aner»srms Bl TEpMiNY BReNeHHA Npenapary, ane
HE TPHMBAJIOCTI HM3LKOTEMIEpaTypHOro 30epiranHs.

The effect of cryopreserved preparations (homogenate, isolated hepatocytes, total fetal cryoextraet, liver eryoextract, total
cytosol fraction, several protein-containing fractions), obtained from human fetuses of different terms of intrauterine development
(10 and 24 gestation weeks), on metabolic characteristics of hepatocytes according to the data of biochemical parameters of blood
plasm and liver at an acute liver insufficiency (ALI, developed in the result of animals poisoning by CCl,) was investigated in a
comparative aspect. It was shown, that the preparations, obtained from a human fetal liver of 10 gestation weeks accelerated
recovering processes in a recipient’s liver under experimental ALI, their efficiency depended on the term of preparation injection,

but not on the duration of low-temperature storage.

[Monoxwurensuwiit adupexr, nocTuraemuif npu uc-
NOAL30BAHMH (PETANBHOH NEYEHH M €€ NPENapaTos B
KommiexcHoM gedennn OIIH pasnnuwmoit atwonoruy,
nobyxaaer uccnegosareneil kK uayueHuo oburero Me-
XAHH3MA JeHCTBUSA W BIHAHHA (AKTOPOB CYMMapHOTO
"aKTHBHOIO Ha4ana’.

Ilens paboTel — CPaBHHTENILHOE M3Y4EHHE BJIMA-
HUA KPHOKOHCEDPBHPOBAHHLIX I[IPENAapaTOB, NMOAYYEeH-
HbIX H3 Me4YeHW TJIONOB YeNOBEKa Pa3HbiX CpPOKOB
BHYTpUyTpoOHOTO pa3BuTisA, Ha MeTtabonnyeckue
CBOMCTBA TENaTOUMTOR MO AaHHBIM OHOXHMMHYECKHX
NapaMeTpoB [J1a3Mbl KPOBH M TNMEYEeHH TPH IKCITEPH-
menTansHoi OITH, passuswieiica scnencteue orpas-
nerus xuoTHEX CCl,.

B pabore ucnoaws3osBann Oenste OGecnopoaHbie
kpeicsl BecoM 200-250 r. MeTannHble KPHOKOHCEPBH-
pOBaHHbIE Mpenaparsl MOJYYAIH, KaK onucaio B [2],
M  BBOAWJIH JXHBOTHBMM BHYTpuOpiomwuuno [10].
buoxumuyeckue napaMeTpsl KPOBH M ilE'iEHH. KOHTPO-
nuposany obmenpuusaTeiMu metoaamy [3, 5-9]. Tena-
TOLHTH BBOIMIM B KOHLIEHTpalWMH 2 Iﬂé KHIHECTIO-

Ipofaemsr kpuobuonorum, 2000, No 4

Positive effect, achieved when using fetal liver and
its preparations in the ALI complex treatment of vari-
ous etiology, encourages the researchers to investigate
a general action mechanism and the effect of the fac-
tors of a complex “active onset”,

The aim of the work is a comparative study of the
effect of cryopreserved preparations, obtained from
human fetal liver of different terms of intrauterine
development, on hepatocytes metabolic characteristics
according to the data of blood plasm and liver bio-
chemical parameters under experimental ALI, deve-
loped in the result of the animals’ poisoning by CCl,.

200-250 g white mongrel rats were used in the
work. Fetal cryopreserved preparations were obtained
as it was described in [2] and injected intraperi-
toneally to animals [10], blood and liver biochemical
parameters were controlled according to traditional
methuds [3, 5-9]. Hepatocytes were injected in the
2-10% concentration of viable cells in 1.0 ml. Liver
fractions of different molecular masses were obtained
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cobnnix kietok B 1,0 M. Mcnons3ys meton pasgenn-
TeJbHOH XpoMatorpaduu Ha KONOHKE ¢ cedaaekcoM
G-100, noayyanu dbpakuuy NeYeHH pasnUIHbLIX MOJIe-
Kynspasix Macce. Copepxanue Oeska B o0beIHHEHHBIX
Hu3koMonekyaaApHeix (paxuuax (0-60 xlla) cocras-
aano 0,034  wMr/mn,  BHICOKOMOJEKYISPHBIX
(60> 150 x/la) — 0,136 mr/mu. [Ipu Moxenuposa-
uuu OITH npenapatel BBoAnAM 4epes 24 y nociue ee
pasBMTHA. EciM B 3KCNEPHMEHTAX MCHONB30OBAIH
“(hapMaKOJOrHYecKy0 NOArOTOBKY™ JKMBOTHBIX, [1pe-
napaTel BBOAM/IM cpa3y mocne ux sarpasku CCly,.
KontponsnsiM xusotHEM BBOOAMAM 1,0 mn duapact-
Bopa. CratHcrHyeckyio obpaboTKy pesy/ibTaToB Npo-
BOAMAK Mo [-KpuTepHio CThlogenTa.
AHanmu3 OMOXMMHYECKHX [OKasaTeseit,
XapaKTePHIYWLIKMX neyeHouHsld MmeTabo-
AN3M Y KPBIC MPH 3KCNePUMEHTAIBHOMH
OITH, ceBHaeTenscTBYeT © HAKOMJEHHH

using the method for separative chromatography on
the column with G-100 Sephadex, protein content in
the combined low-molecular fractions (0-60 kDa)
made 0.034 mg/ml, highly-molecular ones
(60 —=> 150 kDa) — 0.136 mg/ml. During ALI mo-
deling preparations were injected in 24 hrs after its
development. In the case of “pharmacological prepa-
ring” application of the animals in experiments the
preparations were injected just after their poisoning
by CCly. 1.0 m! of saline solution were injected to the
control animals. Statistical processing of the results
was conducted by Student's ¢-criterion.

Analysis of biochemical indices, characterizing
liver metabolism in rats at experimental ALI testifies

Table 1

The effect of cryopreserved fetal preparations on biochemical indi-
ces in blood plasm of rats with ALI (72 hrs after animals’ poisoning)

TOKCHYHbLIX MPOAYKTOB O0MEHa MHIMEHTOB ™ Bilirobin. | Pootsin
(yBenuuerne cosepxanus Guampybuna) u  Cryopreserved preparation | = e 47 | Aph, units/] mg/%
HADYUIEHWH  PEry/lsATOPHO-TOMEOCTaTHYeC- o 0~ - | -
Kol yHKumK (CHWKEHMe CONEPKAHMA jection POEPA 056+28 | 62300:448 | 266+022
6esika). Vicxons ua nokasareneil akTHBHOCTH Fetus liver preparations of 24 weeks' gestation term
weznoyHol docdarasnt (LUD), raybuna Ha- onoeenare | 2000%150° | 30240£1512" | 3842019
pyuienuii Gbuia NPONOPUHOHANLHA MPOAON-  |epatocytes | 193020977 | 28060+ 14.03™ | 380£0.19™
KHMTENbHOCTH Xonectasa (Tabu. 1). Cytosole fraction | 19.00+095™ | 260.00+1352" | 387 +023"

[Ipu passutun OITH conepxanue Gun- Fetal and liver preparations of 10 weeks' gestation term
pybMHa B nJasMe KPOBM YBEJMYHMBANOCh B [ - YOSt ALE) 1750 £ 0.88% | 22020 1145 | 4.004021"
1,7 pasa, yepes 48 u — 8 2,1 pasa, ocraBasice _
Ha 5TOM ypoBHe # cnycta 72 4 Habmoxenwit. [VEMY (’Ef;g]f“ﬁ;ﬂ Jﬁﬂ‘“"ﬁ 28.00+ 1.40° | 580.00 +29.00* | 2.60+0.13°
Konuentpauus Gesika B niasMe KpoBH B IH- :

Low molecular fractions from| . - ‘

HAMMKE CHMXKAJIACh W vepe3 72 4 cocTaBiasana | ¢ (0-60 kDa) i 30.00 £ 1.50% | 560.00+28.00% | 270+0.14°
51% OT KOHTPO/ILHOI. Total fetal cryoextract (TFC) | 1830+ 1.01*"*| 228.00 + 11.88""* | 3.95 + 0.19"**

Axtuprocts LI yepes 24 4 nocne 3a-

TpaBku xuBoTHEX CCl; yBennuusanace B
11,7, k489 — B 153,ax 72 9 — B 17,8 pasa

Notes: * — p <001 in comparison with the data at ALI without preparation
injection; ** — p < 0.00]1 in comparison with the data at ALI without prepa-

+ ration injection; # — p > 0.05 in comparison with LC.

Tabamopa 1

BamaEue KpMOKOBCEPBMPOBAHHKX (heTanhHLIX NpenapaTos #@a Gmo-
XMMH9ecKHe noxazaTend B naszme kposu Kpeic ¢ OITH (72 v nocne
3ATPABKM JKMBOTHBIX, 1= 12)

Bua KpI;ﬂHﬂI{CEpBHpﬂBBHHﬂm r Bunupybun,

_ ~_nipenapara | MKMOJB/A HiD, Ea/a Beaok, ur/7%
2 s S |
OTMH Bea sbenerns npemapd-| 3056428 | 623002448 | 2664022
o . N I'Ipt*.uapa_r_w —— nnu@_?d HEE/Ib FE'I-:'-F-E.TI.;H - o
Fomoresar ' 20,00+1,50" | 30240+15,12" | 3,84+0,19"
FenatouuTs | 19,20+0,97™" | 280,60 + 14,03™ 3,800,197

LiuTosonbHas dpakims 19,00 £0,95™ | 260,00%13,52" | 3,87 +0,23"
. [lpenapars nevenn 1 naoga 10 segens rectanmu )
Kpuoskerpakr ievenw (KII) 1750 +088" | 22020+ 11,45 | 4,00+0,21™

Boicokomosexyasphsie (pax-| : -
e w3 KIT (60 - > 150 la) | “00% 1,40" | 580,00 £ 29,00

Huakomonexyasnpise  dpak- i ] .
m w3 KIT (0-60 x/1a) | S000£1.007 | 06000 + 2800

|
Toranmsustii Geratbubil Kpuo-| o, S, - -
ScTpasr ngons (TQI) | 1530101 1228004 11,887 13,5540,19

pumesanna: * — p <001 mo cparEemoo ¢ JaEnsmy npi OITH Gea rpegesmn
npenapaTos; ** — p < 0,001 mo cpaprenmio ¢ marHsMK npu OITH Ges ssenenua
npenapatos;, # — p> 0,05 no cparxemino ¢ KIIL

260+0,13°

270 +0,14"
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to the accumulation of toxic products of
pigment exchange (increase of bilirubin con-
tent) and impairment of regulatory-homeo-
static function (decrease of protein con-
tent). The depth of injuries was
proportional to the cholestasis duration,
taking into consideration the indices of al-
kaline phosphatase (APh) (Table 1).
Under ALI development bilirubin con-
tent in blood plasm increased by 1.7 times,
in 48 hrs — by 2.1 times, remaining also at
this level in 72 hrs of observations. Protein
concentration in a blood plasm in dynamics

decreased in 72 hrs and made 51% of the
control.

Aph activity in 24 hrs after animals’ poi-
soning by CCl, increased by 11.7 times, to
48 hrs — by 15.3 times, and to 72 hrs — by
17.8 times. A sharp increase of Aph activity,
which is an indicator of cholestatic syn-
drome development testifies to the impair-
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Peskoe ysenuyenue akrusHoctn LMD, asasomeiics
HHAWKATOPOM PA3BHTHA XOJIECTATHYECKOID CHHAPOMA,
YKa3hIBACT HA HAPYLIEHHE CEKPELUHH M LHPKYJIALHH
HETHH, 4 TAKKE BOSMOAKHLIE MdCCHBHBIE HEKPOJBL [IC-
YEeHH.

HasecTro, yTo aMuHOTpaHchepasbl ABJMAKOTCA 4YB-
CTBHTEJIbGHBIMH HHIHKATODAMH ILHTOJIHAA, ]{ﬂTﬂPhIf{
BO3HHKAET BCJEICTBHE MOBPEXKACHHA MeMOpaHbl Kie-
TOK. nﬁ 3TOM CBHAETEJILCTBYVIOT J4AHHBIE IMOBLIUIEHHSA
AKTHBHOCTH TpaHcdepas: aKTHBHOCTh aaHHHAMHHO-
Tpancdepasnl (AnAT) u acnapraTamuHoTpancdepasbi
(AcAT) ysemnumnacs bosee, yem B 6 pas.

Ycradosneno [1, 4], 4To HakomiIeHHe NMPOLYKTOB
nepekucHoro oxucnenus aunugos (I10JI) moxer
MPUBECTH K DPAa3BHTHIO MaTOJMOIHYECKHX IPOLECCOB,
MIPaKUIMX CYIECTBEHHYIO POJb B NaTOMeHes3e 1e0ro
pana 3abonepannii. Martencusrocts npoueccos 110J]
ABJISETCA BaXKHBIM TIOKA3aTE/eM HApVIIEeHMS CTPYK-

TYPHOH ¥ (DYHKIHOHAIBHOW OpPraHH3alMK MeYeHH
(tabn. 2).

Tabaunua 2

Biamaaue KpHOKOHCEPEMPOBAHHLIX (PeTANLHBIX npe-
napatros Ba axktHeRocTE COJl m cogepmxamme MJIA B
newesy Kpeic ¢ OINH (72 9 nocae 3aTpaBKkyM MHBOTHLIX,
n=12)

Bua ' cojl,
KPHOKOHCEPBEHPOBAHHOTD meMoas/a na | MJIIA, Mmemons/y
npenapara | mrbeaka
D e S EESE S T,
OfH  Ges  sBenewMs| 49040010 | 282,00 860
npenapaTos | |
[Ipenapars neveru naona 24 Heaeas recTammu
T'omorenaT | 0,368+0,028" | 181,20 +9,06"
FenaToumMTh 0,364 +0,029° | 172,70 +10,16°
Usrosonsuas ppaxuns 0,402 £0,032° | 184,50814,76™*
Mpenapartsl neveny W naoda 10 seaesib recTaluu
aiiabciachcii st 4
KIl | 0,430 +0,034 | 141,25+9,83
BricokoMonexy1apHbie
dhpakim Ma KIT! 0,230+ 0,018 | 260,00 +13,94"
(60 - > 150 x/la) _
HuskoMonexy 1apHbie | . - -
copaximn w3 KIT (060 x/la) | B0 1 TR0 a1
Toransnnii heTanbHbi | . .
KDHOBKCTPakT naona (TOIT) | 0,360 +0,029"" | 152,20+ 12,33

Hpsmewammn: * — p < 0,00] oo cpanpenyso ¢ gagsnmam nps OITH
fGea spenenma npenapatos;, ** — p< 0,01 no cpaBEerIO ¢ gaH-
Humy npu OIIH Gea spexenmsa openapatos, # — p<0,05 no
cpasresno ¢ KII, #8 — p < 0,05 no cpasmemino ¢ KIL

Cnycts cyTku nocse orpasnenus xuBoTHeX CCly
HAaKOILIEHHEe MaJloHoBoTO AHansferuwaa (MJIA) B ne-
gyeHnH Kpeic 6bUto yeesnwueno B 1,7 pasa. Yepes 24 u
72 4 nokasatenu coctasnanu 214 u 291% cooteercr-
BEHHO OT KOHTPOJIBHBIX.

Peakuun npoueccos ITOJI konrpoanpyiorca ¢u-
3HOJIOTHYECKON aHTHOKCHAaHTHOH cucTemoii. Peakoe
CHHIKEHUE IOKa3aTesJed aKTHBHOCTH CYIIEPOKCHUTHC-
myTadel (CO/JI) cBHAETENBCTBYET O HapYIIEHHH ecTe-
CTBEHHBIX CHCTEM 3allMTHl OPraHu3Ma XWBOTHLIX OT
ypeamepioro [1OJI npu OITH (rabn. 2). Cnycra
cytkn akTusHocTs COJL y xuBotHeix ¢ OITH cHuxa-
ercA noyru B 2 pasa, 4depes 48 u nHabmogenuii B

[poGnemsl kpuobuomoruu, 2000, Ne 4

ment of bile secretion and circulation, as well as to
possible massive liver necroses.

[t is known, that aimnotransferases are sensitive
indicators of cytolysis, appeared due to the damage of
a cellular membrane. The data on increase of trans-
ferases activity testify to this: activity of aminotrans-
ferase (AIAT) and aspartataminotransferase (AsAT)
increased more, than by 6 times.

It was established [1, 4], that accumulation of lipid
peroxidation processes (LPO) might results to the
development of pathological processes, playing a sig-
nificant role in the pathogenesis of the series of dis-
eases. Intensity of LPO processes is an important
index of the damage in structural and functional liver
organization (Table 2).

Table 2

The effect of eryopreserved fetal preparations on SOD
activity and MDA content in rats liver with an ALI
{72 hrs after animals’ poisoning)

| sOD,
Cryopreserved preparation | uMol/hrs per | MDA, pMol /hrs
| mgof protein
ALI  without  preparation| (48040010 | 282004860
ijection _
Fetus liver preparations of 24 weeks' gestation term
Homogenate 0.368 +0.029° | 181.20+9.06

Hepatocytes 0.364 £ 0.029° | 17270 £10.16°
Cytosole fraction | 0402+0.032™" | 184.50+14.76"""

Fetal and liver prej:aratinns of 10 weeks' gestation term

LC Tl 0.430+0.034 | 141.25+9.8F
Highly molecular fractions |
from LC (60 - > 150 kDa) ' |
Low molecular fractions from| . . ye

0.204 + 0,016 |

LC (0-60 kDa) | [N
Total fetal eryoextract (TFC) | 0.360 + 0.029™F | 15220 + 1233
Notes: * — p <0.001 in comparison with the data at ALI with-
out preparation injection; ** — p < 0.01 in comparison with the
data at ALI without preparation injection, # — p > (.05 in com-
parison with LC; ## — p <005 in comparison with LC.

02300018 | 260.00+ 1394

In a day after animals poisoning by CCl; the ac-
cumulation of malone dialdehyde (MDA) in rat liver
was increased by 1.7 times. In 24 and 72 hrs the indi-
ces made 214 and 291%, correspondingly from the
control ones.

Reactions of LPO processes are controlled by a
physiological antioxidative system. A sharp decrease
of the indices of superoxidesmutase (SOD) activity
testifies to the impairment of natural protective sys-
tems of animal's organism due to an increased LPO at
ALI (Table 2). In a day SOD activity in animals with
ALI decreased almost twice, in 48 hrs of observa-
tions — by 3.2 times in comparison with the control
value, and by 1.9 times — in comparison with the
indices in the term of 24 hrs. An increase of the ob-
servation terms up to 72 hrs was not accompanied by
the change of enzyme activity.

A decrease in the activity of catalase enzyme, con-
trolling in a norm antioxidative reactions of an orga-
nism, also occurs. During ALI development enzyme
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3,2 pa3sa 1m0 cpaBHEHHIO C KOHTPOJLHON BEJIHYMHON M
B 1,9 paza — no cpaBHeHHIO C NOKAa3aTEJIAMH B CPOK
24 4. Ysenudenue cpokoB Habmogenuit no 72 4 He
CONMPOBOXAANOCH HIMEHEHHEM aKTHBHOCTH (pepMenTa.

[IpoucxoauT TakKe CHHWXKeHWEe aKTHBHOCTH dep-
MEHTAa KATAMA3hl, KOHTPOJHMPYIOILETO B HOpPME 2HTH-
OKHC/IMTENbHBIE peakuu oprannama. Ilpu pasauTHu
OITH akTHBHOCTH (hepMEHTa YMEHBIANACh Ha 55,5%,
npogojEdd B IHHAMHKE CHHMXATLECA B E]IJCII,HEM 3a
Kakabele cyTku HaOmoaerwni B 1,35 pasa. Cnycra 72 9
nab/ogeHHii aKTHBHOCTb Katanasel Owniia B 4 pasa
HUKE 10 CPABHEHHIO C KOHTPOJIBHEIMH BEJIMYMHAMM.

Taxum obpasom, npu OITH, passuBuieiica B pe-
aysTarte oTpanienus xuBoTHX CCly, ypemmuupaoTes
akTHBHOCTh (hepMmenToB ANAT u AcAT (nokasarenu
UMTOMM3a), KoHUeHTpaluMa bumupyOuna (Hakonienue
NMpOAYKTOB o0MeHa NHrMeHTOB), akTHBHOCTH LD
(rmybMHa x0secTa3a), a TakKe HapyWAOTCA Perynis-
TOPHO-TOMEOCTaTHYECKaA (CHHXEHHE COAEpKAHUA
Genka) M AaHTHOKHCIMTETbHARA (CHUXEHHEe aKTHBHOCTH
COJl u katanasw) GyHKUHH NeYeHH.

AHanu3 6MOXHMHYECKHX NMOKa3aTesell CBHAETE/b-
CTBYeT O Iy0OKMX H3IMEHEHHMSAX CTPYKTYPH M dyHK-
UMK renarouuToB. [INA KOppeKUHH nokKasaTene uc-
CIeT0BANY BOCCTAHABAMBAIONIEE [MeHCTBHE HA HHX
KPHOKOHCEPBHPOBAHHBIX (eTaIbHLIX NpenapaTos, 1o-
JNy4eHHBIX H3 nedeHu naojaos denosexa 10 u 24 He-
nenb recrauuu (taba. 1, 2).

Conepxanue OMIMpyOHHa B I1a3Me KPOBH AKHBOT-
Hex ¢ OIIH cHwxanock B cpenHeM Ha 35% M He
3aBpHCeNo OT PHOA BBOOHMOTO MmpEnapaTa {I‘UH[JI'EHHT,
renaToLMThl, LUMTO30/bHLIE (hpakiuH). AKTHBHOCTH
P (rabn. 1) Takke ymenbmanach, B Ooabuiei
Mepeé — MPH BBEIEHHH KPHOKOHCEPBHPOBAHHOH IIHTO-
sonbHoi ¢paxkuuu nevend. Haxonnenwe MIA cuun-
xanock B 1,55 pas u ator aduexT Tawxe He 3aBHCen
oT BuAa npenapata. CHuxenue yposia MJIA nocne
HHBEKIIHH KPbiCaM KPHOKOHCEPBHPOBAHHBIX Npenapa-
TOB NMPOHCXOAMJIO B PAMY. FOMOT€HAT-—TeNaTolHThI—
wHTo3oNbHAA bpakuua (Tabn. 2).

Hcnonssosanwe npu OIIH xpuoxkoncepeupoban-
HLIX TpeNnapaToB M3 TKaHell nnoga Gonee pawHero
cpoka passuTus (10 wemens) Owino sddexTusHee.
Beenenue kpuokoHcepeupoBanHoro axkctpakta TOI]
MO3BOJIANO CHU3HTL colepxkaHWe OumupybuHa B
kKpoBH xuBoTHHX ¢ OITH B 1,6 pasa. [Ipu atom ax-
thBHOCTb 11D 6mna Ha 12% HuXKe, yeMm B JyullieMm
BapHaHTe, BKIKYAKOUEM BBeJeHHE IUHTO30JILHOH
¢dpakunn nedenn roaa Hosee NO3AHETo CPOKA IecTa-
uun (24 nepenu). Ilokasarenu comepsxanus Oenka ne
OTMHYANHCE OT [OJAYYEHHBIX C npenapaTaMHy IedeHH
nnofa 24-x Hellens recTauHH.

Boccranasmasaomee peiicteue KIl naoaa 10 we-
Aenb recTallHM Mo nokasarenaM Ouaupybuna, 11D u
benka 6but0 Ha yposre TMII. Boicoko- H/HAH HH3KO-
MOJIEKYApHbIe dpakiuH, NOJyYeHHBIe H3 3TOTO npe-
napara, ObLUiH He 3(PEKTHUBHBI MOKA3aTeNH YPOBHA
6umnpybuna u Gesika, Hakonnenus MJIA, a Takke
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activity decreased by 55.5%, continuing to a decrease
in dynamics in average by 1.35 times per observation
day. In 72 hrs of observations catalase activity was by
4 times lower, than the control values.

Thus, under ALI, developed in the result of ani-
mals’ poisoning by CCl,, AIAT and AsAT (cytolysis
indices) enzymes activity, bilirubin concentration (ac-
cumulation of the products of pigment exchange), Aph
activity (cholestasis depth), as well as regulatory and
homeostatic (reduction of protein content) liver func-
tion and antioxidative one (reduction of SOD and
catalase activity) increased.

Analysis of biochemical indices testifies to deep
changes of the hepatocyte’s structure and function. To
correct indices, a recovering effect of cryopreserved
fetal preparations on them, obtained from human fetal
liver of 10 and 24 gestation weeks, was investigated
(Tables 1, 2).

Bilirubin content in a blood plasm of the animals
with ALI decreased in average by 35% and did not
depend on the type of injected preparation (homoge-
nate, hepatocytes, cytosol fractions). Aph activity
(Table 1) also decreased, and especially — under in-
jection of the cryopreserved liver cytosol fraction.
MDA accumulation decreased by 1.55 times and this
effect also did not depend on the type of preparation.
A decrease of MDA level after crvopreserved prepara-
tions injection to rats was in a such row: homogenate-
hepatocytesytosol fraction (Table 2).

Usage of cryopreserved preparations from fetal tis-
sues of earlier development term (10 weeks) during
ALI is more efficient. Injection of TFP cryopreserved
extract allowed to reduce bilirubin content in animals
with ALI by 1.6 times. Thereat Aph activity was by
12% lower, than in the best variant, including injec-
tion of fetal liver cytosol fraction of later gestation
term (24 weeks). Protein content indices did not dif-
fer on the obtained with fetal liver preparations ones
from the fetus of 24 gestation weeks.

Recovering effect of CL of 10 gestation weeks’
fetus by its indices of bilirubin, Aph and protein was
at the level of TFP. Highly- and/or low-molecular
fractions, obtained from this preparation, were not
efficient: indices of bilirubin and protein level, as well
as Aph activity were the same as in the animals group
with ALI without the preparation injection (Table 1).

Cryoperserved liver preparations and TFP from
10-weeks’ fetuses stimulated the SOD activity by the
same way as liver preparations of later terms
(24 weeks), but significantly suppressed MDA pro-
duction. When using TFP and CL, MDA content in
rats’ liver was by 24 and 18% correspondingly, lower,
than during the injection of liver preparations from
fetus of later gestation term.

Basing on the data demonstrated the most efficient
recovering effect on liver during animal poisoning by
CCl, was showed by cryopreserved preparations from
fetal liver of earlier terms of development.
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aktupHocTH 1M 6witn Takme XKe, Kak ¥ B rpynne
xuBoTHEIX ¢ OITH 6e3 Beenenua npenapartos (Taba. 1).

KpuokoHcepBupoBaHHBIE INPenapaTel NeYeHd M
TOII nnoga 10 Heaenb recTauuy CTHMYJIKPOBAINH aK-
tuBHOCTE COJ] Tak %e, KAk M NPENapaThl H3 TEYEHH
6onee no3aaux cpokos (24 Hexenn), onHako B HoJb-
mei Mepe yraetasm npoaykuuwo MIA. Ilpu ucnoas-
sosaauu TOI1 u KII conepxanme MJA B nevenu
Kpeic 6b110 Ha 24 M 18% COOTBETCTBEHHO HHXE, YEM
NpH BBEJEHUM MNpenapatoB nedenu Bosee NO3AHEro
CPOKA recTallMy IJIOAA.

Kak cBHMAETENBCTBYIOT MOJIVYEHHBIE HKCIEPHMEH-
TANbHEIE JaHHBIE, Haubonee adihekTHBHOE BOCCTaHAB-
JIMBalOLlee NeiCTBHE HA MEYEHb IIPH OTPABJAEHHH XH-
sotHbix CCl; okasmBanu KpMOKOHCEPBHMpPOBaHHbIE

npenapartil M3 nedeHd niaoga Gosee paHHMX CPOKOB
pasBHTHA.

Cnexyromum atanom paborsl 6bUI0 M3YYEHHE BO3-
MOKHOCTH YCKOPHTb BOCCTAHOBHUTE/IbHEIE TIPOLECCH B
NopaxeHHOH NevYeHH, HCroab3ys “dapMakonoruyec-
Kyio" NoaroToBKy kpeic. B nanHO# cepum skcnepu-
MEHTOB KPHOKOHCEPBHPOBAHHKIE NPENapaThl BBOAHIH
KHBOTHBIM O/IHOBPEMEHHO ¢ 3aTpaskoil. Mcnosnssosa-
JAH TOJIBKO KPDHOKOHCEDBHPOBaAHHBIE SKCTPAKThI, BbhLIE-
nerdnsle ¥3 rmoga 10 "emens rectaumu: TOII u KII,
T.. Npenapatnl, KoTopbie 6bL1M Oosee ahdeKTHBHR
KiK VCKODAKIIHE BOCCTAHOBHTE/IBHBIE NMPOILECCCH! HA
atane yxe passusuweiica OITH. Habnwonanrocs gocro-
BEPHOE CHHKEHHE aKTHBHOCTH (DEPMEHTOB IIMTOJIH3A,

nHakorienus MJA u ysenuuenwne axtusnoctu COJ]
(tabn. 3).

Tabnunma 3

Bauaaue “dapmMaronorndeckoil noaroToBKM” KpMOKOH-
CepPEMPOBARHELIMM (PeTANLHLIMM NpenapaTamMu Ha Duoxu-
MMYeCKMe TMOKAZATETM B MNJalMe KpPOBM M Ne<SeHw
musoTasix ¢ OITH, seizeannoit oTpanneamem CCl, (72 =
NOCAe JATPABKH MMBOTHRIX, 1= T)

[Laaama kpoau euens
— SR,
AnAT AcAT . COJl, : MUIA.
MEMOAL/Y Ha 1 |

MEMOAL, Y Ha 1 ma sMrbema | MEKMUTh/ Y
TOI -

210+0.15 1,40£0,08 | ﬂ.ﬂiﬂ.ﬂzz _HS,E +7.5

KIl

1,75+0,08 1,26 +£0,10 f 0,48 £0,03 T 1344173

HBCI[EHHE HAHBOTHBIM KPHOKOHCEDBHDOBaAHHLIX

NpenapaToB OAHOBPEMEHHO C MX 3aTPABKON 103BoJiA-
710 CHH3HTh MOKAa3aTeNd LUMTONM3a 10 CPaBHEHHMIO C
seegenneM T@II u KII nocne pazsurua OIIH: aktue-
HocTh ANAT — Ha 16 1 AcAT — na 18%. Ecomm KII
HCToAb30BaIM Kak JeuyebOHblil haktop, colepxauue
AnAT camxanoce Ha 53%, ecin Kak npenapar “dap-
MAKOJIOTHYECKOH noaroToBku ™, yposeHs AnAT yanasa-
JIOCH CHH3WUTh AONONHMTENLHO ewe Ha 10,2%.
AxtusHocTb AcAT npu BBEJcHHH KPHOKOHCEPBH-
poBannmix npenaparoB TMIT v KIl we noguumanace
puime 1,40 +0,05 1 1,26 £0,10 Mxmons/49 Ha 1 M2 co-
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The investigation of the possibility to accelerate
recovering processes in damaged liver, using “pharma-
cological preparation” of rats was the following stage
of the work. In these series of experiments cryopre-
served preparations were simultaneously injected with
poisoning. Just cryopreserved extracts, isolated from
10 weeks' fetuses, TFP and CL, i.e. preparations,
which are more efficient as accelerating recovering
processes at the stage of developing ALI, were used.
Statistically significant decrease of cytolysis enzyme
activity, MDA accumulation and increase of SOD
activity was observed (Table 3).

Table 3

Effect of “pharmacological preparation” by cryopre-
served [etal preparations on the biochemical indices in
the blood plasm and animals’ liver with an ALIL caused
by CCl, poisoning (72 hrs after poisoning), n=7

FEr ! ST LR L Taam o

Blood pﬂﬁ;u -Liver
T g 3 |
_MBL 3 AAT | A MDA,

uMol/hrs per 1 ml mig of protein Mol b

|

TEP _
210+0.45 | 140+008 | 0430027 | 145275
LC
I . M —

175£008 | 126+010 | 048:003 | 134473

Injection of cryopreserved preparations to animals
simultaneously with poisoning allowed to reduce cy-
tolysis indices in comparison with TFP and CL injec-
tion after ALl development: AIAT — by 16% and
AsAT — by 18%. AIAT content decreased by 53% if
CL was used as a therapeutic factor, we managed to
reduce AIAT level additionally by 10.2% in the case,
if it was used as the preparation of “pharmacological
preparing’.

AsAT activity during the injection of TFP and CL
cryopreserved preparations did not rise higher than
1.40 £0.05 and 1.26 £ 0.10 uMol/hrs per 1 ml, corres-
pondingly. These values were by 16% and 20% corre-
spondingly lower, than when using the preparation in
a day after animals poisoning. “Pharmacological
preparation” of the animals allowed to significantly
activate antioxidative system of an organism, SOD
indices testified to this fact. SOD activity in a liver
was more significant under the preparation injection
as CL.

MDA accumulation in the liver of animals with
ALI was lower than when injecting CL, in comparison
with TFP, but by 37% higher, than in the liver of
healthy animals. MDA production when using the
preparation as TFP was slightly higher (by 9%).

Thus, the usage of cryopreserved fetal preparations
when treating ALI, developed in the result of poisoning
by CCly, showed a recovering effect of a various de-
gree. Biochemical indices, being the indicators of he-
patocytes structural and functional state and defining
a metabolic activity of organ in a whole.

Problems of cryobioclogy, 2000, Ng 4



OTBETCTBEHHO. JTH BeauuynHbl Owuim Ha 16 w 20%
COOTBETCTBEHHO HHXKE, YEM TIPH MCNOJIB30BAHHM TIpe-
NapaToB COYCTH CYTKH [0CJ€ 3aTPaBKH KHBOTHBIX,
“(Dapmaxoornieckas NOArOTOBKA™ AMBOTHHIX MO3BO-
JIANA 3HAYMTENBHO MOBBICHTH AHTHOKHCIAMTENBLHYIO
CHCTEMY OPraHM3Ma, O YeM CBHIETe/IbCTBOBAMH I1OKA-
sateqn COJl. Aktuerocts CO/] B nevenu 6uina Gonee
BBICOKOI mpu BBeAeHHM npenapara B sune KII.

Hakonnenuwe MJ/IA B nedenn muporuwx ¢ OITH
6ein0 ke npu sBegernn KIl, yem TOTI, Ho Ha 37%
BEIlIE, YEM B NeYeHH 3X0pPOBBIX XHBOTHHIX. [Ipomyk-
una MJ/IA npu ucnosas3oBaHuMM Tpenapata B BHIIE
T®I1 6wina HeanaunTensHo euiue (Ha 9%).

Takum 06pa3zoM, MCNOAb30OBaHHE KPHOKOHCEpPBH-
POBAaHHBIX (DETANBHBIX TNPENapaToB NPH JIEYEHHH
OIlH, passuBuieiicA BCACACTBHE OTpPaBJIEHUA CCl,i,
OKa3biBaeT BOCCTAHABAMBAOWHII 3ddeKT paamHHOl
crenend. 06 aToM cBHOeTeNbCTBYIOT GHOXUMHYECKHE
MOKA3aTeNH, ABAAONIMECA WHAMKATOPAMM CTPYKTYpP-
HOrO M (PYHKUHOHAJBHOIO COCTOSHHMA TeNaTOLWTOB,
ONpeAeNAnuHX MeTaboIMYeCKYI0 aKTHBHOCTb OpraHa
B LIEJIOM.

Boccranasnueaomuil agyeKT npenapatos 3aBM-
CHT OT ocobeHHOCTEl CTpOeHHA W YpOBHA MeTabosu-
YeCKMX MPOLECCOB B NMEYEeHH MJI0Aa, M3 KOTOpOi nosay-
4awT npenapar (paHHHe MWJIM [MO3JHHE CPOKH
BHYTpHYTpoDHOrO pasBuTHS), a Takxe Buaa ODuonpe-
napata (rOMOreHaT, M30JHPOBAHHAIE TENATOUHTDI, TO-
TaJbHBIH KPHOSKCTPAKT MJ0/13, KPHOIKCTPAKT NedYeHH,
obntas nuTo30NbHaA GpaKuMA MK OTAENbHbIE HeoK-
coaepxauine paxiinM).

BauAnue KpPHOKOHCEPBHPOBAHHBIX IIPENapaTon
tetabHOi nevyenu Ha obpasosanue MJA, axrtus-
HocTh COJl ¥ KaTtanassl CBHAETEJALCTBYET O TOM, MTO
OHHM 00NaJAI0T TAKKE AHTHOKMCIHTEIbHBIMH CBOHCT-
Bam#. BoamoxkHo, Ucnosb3oBaHHe NpenapaToB KpHo-
KOHCEPBHPOBAaHHOH (eTanbHON IeYeHH He TOJbLKO
CTHMYJIMPYeT aHTHOKCHIAHTHYIO 3aUIMTY OpPraHHM3Ma.
Asassce no csoeit npupone b6uonpenaparamH, coaep-
AKallHMH ECTECTBEHHbIE AHTHOKCMIAHTRI, OHM, MO-BH-
AHMOMY, TOPMO3AT ayTOOKHMC/JIEHHEe Ha MHHIHAIbHOH
cTanuy ceobOAHBIX pafHKanos aMnuaos (Tokodepona,
ybuxiHOHa) MM akTHBHBLIX opm kucnopoaa (dep-
meHT — COJ]) B rrerounsrx Membpanax.

KpHokoHcepBHpOBaHHEE NpenapaThl, MOJyYeHHbIE
H3 nededd naoga 10 Hemens recTaui, XapaKTepH3y-
oTcA Oosnee BuIPAKEHHBIM  BOCCTAHABJHMBAIOLIMM
NEHCTBHEM, YeM Tpenapatbl nedend Gosee no3gHux
CpPOKOB BHYTpHyTpoOHOTO pazsutus (24 nepenu rec-
TALHH ).

[pu sTOM, KaK HaMH NOKa3aHO, KPHOKOHCEPBHPO-
BaHHBIE MpeNapaTthbl, XpaHAIINeCH 00 2,5 JIeT MPH HH3-
KkHx TemnepaTtypax (=196 °C) B craumoHApHBIX HH3KO-
Temnepatyphuix (GanKax, cOXpaHAIT CBOM CBOWCTBHA
BOCCTaHABJIMBaTh METAG0H3M NMOBPEXKACHHBIX KJIETOK
nmederu (Tabn. 4).

Taxum obpazoM, meTon nomydyeHMs eTanbHbIX
MpenapaToB ¢ Hcnoib3oBaHuem Hu3kux (—196°C)
TeMIEPATyp IO3BOJNSeT SKCTPArHpoBaTh M COXPAHATL

Ipobaemer kpuobuomorym, 2000, Ne 4

Recovering effect of the preparations depends on
the peculiarities of the structure and the level of
metabolic processes in fetal liver, from which the
preparation was obtained (early or later terms of in-
trauterine development), as well as the type of bio-
preparation (homogenate, isolated hepatocytes, fetal
total cryoextract, CL, total cytosol fraction or separate
protein-containing fractions).

The effect of fetal liver cryopreserved preparations
on the MDA formation and SOD and catalase activity
testifies to the fact, that they possess antioxidative
properties as well. Perhaps, the application of prepa-
rations of cryopreserved fetal liver not only activates
antioxidative protection of an organism. Being on
their origin the biopreparations, containing natural
antioxidants, they, probably, inhibit autooxidation at
an initial stage of free radicals of lipids (tocopheroal,
ubiquinone) or active forms of oxygen (enzyme-SOD)
in cellular membranes.

Cryopreserved preparations, obtained from fetus
liver of 10 weeks of gestation, are characterized by
more manifested recovery effect, than liver prepara-
tions of later terms of intrauterine development
(24 weeks of gestation).

Thereat, as it was shown, cryopreserved prepara-
tions, stored up to 2.5 years at low temperatures
(=196 °C) in stationary low temperature banks, pre-
serve their properties to recover metabolism of da-
maged liver cells (Table 4).

Table 4

Effect of terms of low temperature storage of fetal LC
of 10 gestation terms on the biochemical parameters of
rats’ blood and liver with an ALL, n=7

e = e s —

AIAT activity SOD riﬂtivit;,r
TETET :::aﬁ in blood plasm, | in liver, uMol /hrs
y uMol/hrs per 1 ml | per 1 mg of protein
0.5 hrs 200 +0.10 | 0430 +0.034
1.0 year 190008 . 0.390 £0.040
2D year 192 £0.09 | 0400+0.038

Thus, the method for fetal preparations obtaining,
using low temperatures (—196 °C) allowed to extract
and preserve biologically active compounds, manifest-
ing recovering effect on a liver under ALIL

Considering the results obtained, when treating
experimental ALI the cryopreserved extract of fetal
liver is the most efficient among all the preparations,
used in the work.

Independently on of the storage terms of cryopre-
served preparations the properties, accelerated liver
recovering effect after poisoning by CCl; and after
developed ALI were kept. This conclusion allows to
consider as substantiated the necessity to create low-
temperature bank of cryopreserved fetal liver prepara-
tions for their clinical application.

Problems of cryobiology, 2000, Ne 4



5HU.TIDI'H"'IB‘EEH dKTHBHBIE COCAHHEHMH, KOTODBIC OKa-

3bIBAI0T BOCCTAHABJIMBAIOLIEE JEHCTBHE HA NEYEHD ITPH
OITH.

Tabanoma 4

Bauanme cpoxkoB EMakoTemmnepatrypuoro xpamemun KII
naoga 10 senens rectagmM Ha DHOXMMHYECKHME NTApaMeT-
pil kpoeu K nedea Kpuic ¢ OIIH (n=7)

Mmum:ﬁ;m'r | Axrusnocts COJI

Cpoxu xpanesus, | B IIa3Me KPOBM, B IICYEHH, MEMOIL,
¥/ron | MKMOTB/ Y HA 1 MA wa 1 wr Gesxa
0,09 2,00x0,10 0,430 = 0,034
1,0 ron 1,80 £ 0,08 0,390 £ 0,040
2,5 roga 1,92 £ 0,09 1 040010038

Mcxons M3 nosyyeHHBIX pesynbTaToB, Hanbonee
aypexTHBHBIM W3 Bcex anpobupoBaHHbix B paboTe
MpenapaToB NpH JeuyeHHH akcnepumentansHoit OIIH
ABJIAETCH KPHOKOHCEPBHPOBaHHLIH IKCTPaKT deTaib-
HOH NneYyeHu

HeaapucuMO OT CpOKOB XpaHeHUSA KPHOKOHCEPBH-
POBaHHBIX MPENapaToB B HUX COXPaHSIOTCA CBOMCTBA,
YCKOpAKIHe BOCCTaHABNHBawIMH adpext nedenn
nocne orpanenusa CCly; u passusmeiica OITH. 9tor
BBIBOJ, MO3BOJAET CYMTaTh 0OOCHOBaHHON HeobXoau-
MOCTb CO3[aHHA HM3KOTeMIepaTypHoro baHka KpHo-
KOHCEPBHPOBAHHBIX (DeTaNbHEX NpPENapaToB MeYeHH
JUIA UX KJIMHHYECKOTO HCIONb30BaHHs.
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To the Question on Cord Blood Plasm Cryopreservation

O. V. LIPINA., O. S. PROKOPYUK, Yu. A. SAVCHENKO

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkov

baarofaps yHHKANbiBIM CBOHCTEAM KOPAORAH KDOBb H €€ KOM-
MOHEHTHl AKTHBHO HCIOALIYIOTCA B HHOTEXHMYCCKHX IIPOTPAMMAX,
[Inaama v cHBOPOTKA KOPAOBOH KPOBH COACRMKAT KOMILIEKC HMMY-
HOMOLYIATOPOB, BECh CIEKTP NOPMOHOE, CRORCTBEHHBIH OPraHH3IMY
HOBOPOMIEHHOTO, (haKTOph pocTa M aHTHNpanHdepaTHenbie hax-
TOPbI, MEMOIIOTHILL H AMANTONEHS, ONMHOMIHbBIE NENTHAL — 3HI0P-
i 1 anKedATHHE, MHKPOATEMEHTRI, BUTaMHiLl [3]. B caaan ¢
ITHM HEoBXOIMMO COXPatinT: GHOAKTHEHLIE COCIHHEHHS MAAIML H
CHIBOPOTKH KOPAOBOH KPOBH B HaTWBHOM COCTOANMM Ge3 Hapyme-
HHA HX WCXOTHOTO (DHIKONOTHHECKDND COOTHOIIENHS.

llens aannoil paboTel — H3IYUEHHE BAMAHHA HHIKOTEMIEPaTYp-
HOMD KOHCEPEHPOBAHMA HA COXPAHHOCTD MJIAIMbI KOPAOBOH KpOBM.
KpHOyCTORYHBOCTD ILIA3IMBL OUEHMBANK 1O COOTHOWEHHMIO dpak-
LIHOHHOID COCTaBa nuaiMenHnx Geaxon (ambymuna, a -, o f- u
y-raobyauna, dubpHHOresa) 10 ¥ NOCAE JAMOPLKHBANMA, A TAKOKE
o seaHymEe nporpomOuiosoro muaexca [lnasmy zamopakusanm
B NOAMITHICHOBLIX amiTyaax obsemosm 1 Ma B Mopoawasnof Kamepe
(=20 *C) wau norpyxesses B uaKui asor, OrravBasue nposoiM-
A Ha BoasnoR Gane ¢ remnepatypod 40-43 °C.

brno esissneno (tafiamia), 4o raybOKoe 3aMOpaXHBAHWE B
AHAKOM asoTe 1 10 =20 *C cyulecTBeHHBX CABHIOB B (PPaKilHONHOM
cocTase IiasMernx GeKOB KopAoBoH KpoBl ne BuiasiBaet, Onna-
KO BOINPOC O MOAEKYAADHBIX MEXAHHIMAX BAHAHHA HHIKHX TeMIe-
patyp Ha YpoBeHb CTPYKTYPHO-QYHKUMOHATLHOH COXPaHHOCTH
MIASMEHHBIX DESIKOR OCTAETCH NO-TIPERHEMY OTKPLIThIM.

[lpu wccaenoBanumu BAHAHKA OXNAMACHHH HA BAIKOCTHLIE [10-
KAJATETH (1A3MEI H CRIBOPOTKH KOPAOBOI KpoeM Geuio yeTanomie-
1O, 4T0 B MHTepaante Temneparyp 40-0 "C remneparypHas 3aBHCH-
MOCTh BAIKOCTH [Ja3Mbl H ChBOPOTKH, HIMEDPCHHAA C IMOMOLU b
KalTH/LIA DHO-DAMOMHOTD BHCKOSHMETDE [TPH MANLIX HANDAKEHHAX
CABMIa, WMeeT CRoMHbM xapakTep (pucynox). [lockoasky s soa-
HBIX PACTBOPOB HEOPrAHHYECKHX KOMIOHEHTOB, N0 CBOEMY COCTaBY
NPHENMARBOIIHXCH K IL1a3Me, NoA00HBIX AHOMATHA 0OHAPYKREHO He
OBLIO, MOMYHEHHBIC JAHHBIE YKA3HBAOT HA BAKHOCTH BIKAANA HIME-
HEHMA MERMONEKYIAPHBIX BIaWMoaeRcTBMA GCAKDB B TEPMOTPON-
HblE aHOMAMHH BARAKOCTH. M3 pMcyHKa Takme RMANHO, YTO KPHBANA
TEMIEPATYPHOR JABMCHMOCTH BRIKOCTH CRIBOPOTKM wmeeT Dosee
NPOCTON BWL 4eM naasMbl. MOXHO NPeAnonoXHTs, 4To Oosee
CAKHN XapaKTep TEMNEPATYPHOR IABHCHMOCTH BAIKOCTH naai-

Cord blood and its components due to their unique properties
are widely used in biotechnical programs. Cord blood plasm and
serum contain a complex of immune modulators, all spectrum of
hormones, which is characteristic to a newborn organism, growth
factors and antiproliferative factors, hemopoietins and adaptogenes,
opioid peptides — endorphins and enkephalins, microclements, vi-
tamins [5]. In this connection it is necessary to preserve bioactive
compounds of plasm and serum of cord blood without impairment
of their initial physiological ratio.

The aim of this work was to study the effect of low temperature
preservation on cord blood plasm integrity. Plasm cryoresistance
was evaluated according to the ratio of plasm protein fractional
composition (albumin, a,-, a,-, B-, y-globulin, fibrinogen) before and
after freezing, as well as by prothrombin index value. Plasm was
frozen in 1 ml polyethylenc ampoules in freczing chamber (-20 *C)
or by immersion into a liquid nitrogen. Freeze-thawing was accom-
plished at a water bath under the temperature of 4043 °C.

It was revealed (Table), that a deep freezing in a liguid nitrogen
down to -20 °C did not cause considerable shifts in fractional state
of cord blood plasm proteins. However the question on molecular
mechanisms of low temperature effect on a level of structural and
functional integrity of plasm proteins has still remained open.

When investigating a cooling effect on viscosity indices of cord
blood plasm and serum it has been established, that within the
temperature range of 40-0 °C the temperature dependence of plasm
and serum viscosity, using a capillary and frame viscometer under
slight shift tensions has a complicated character (Figure). Since for
aqueous solutions of non-organic components, approaching by their
composition to plasm, the similar abnormalities were not revealed,
the data obtained pointed to the importance of contribution of the
change in protein intermolecular interactions in thermotropic ab-
normalities of viscosity. The figure also shows, that the curve of
temperature dependence of serum viscosity has more simple view,
than plasm. We can suppose, that more complicated character of
temperature dependence of plasm viscosity in comparison with
serum is related to fibrinogen, temperature-dependent compounds
of its interaction with other plasm proteins. The strengthening of
serum viscosity dependence on a shift tension within temperature
range of 20-4 °C, meanwhile under temperatures of 37-20 °C such

CoxpansocTh ILIAZME KOPAOBONH KPOBM PH KPHOKOHCEPBMPOBAHMM

Cord blood plasm integrity under cryopreservation

Yeaonua KpHOKOH- | Conepxanme raobyaunos, % Konnenrpaima | [porposGunonsni
cepeupoBanun | Ofmmii Genok, r/a Globulin content, % ubpuHorena, r/a MHIEKC, %
Cryopreservation | Total protein, g/1 ) T 1 Fibrinogen Prothrombin
conditions &y oy 5 p- | o | concentration, g/1 index, %

______ 1] 4 | O . 17 _
Kontpoas I |
Control 68,1+ 5,0 44+04 B1+09 | 156+06 16,8 + 0,6 20403 62,7 + 4,4
-196°C 61,071 4106 | 84£12 | 159408 | 163407 & 2004 63,6 +5,0
=20°C 604+68 | 39+03 80+08 | 152£07 | 160207 | 19203 68,9 + 6,2
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Mbl TI0 CPABHEHMI0 C CHIBOPOTKOW ceasan ¢ $mbpunoresom, c
TEMIIEPATYPOSABHCHMbBIMH COSIMHEHMAMM €r0 BIaHMOoaelcTEMA ©
APYTHMH MAAIMATHYECKHMH OenKaMH, ¥ CHASHHE JABHCHMOCTH BAI-
KOCTH CRIBOPOTKH OT HanPAReHHs CABHIA B TEMIEPATYPHOM HHTED-
gane 20-4°C (npu Temneparypax 37-20°C rtaxkad 3a8MCHMOCTS
OTCYTCTRYET) MOXET OniThb CAEACTBHEM TEPMOMHIYLMPORAHHBLIX
HAMEHCHH I KaK MOJIEKVAADHLIX BiauMoaeicTaME, Tak # kondopma-
UMOHHOTD COCTOANMA CHBOPOTOYIBXY OGEIKOB, KOCBEHHBIM 1OJ-
TBEPRACHHEM YEMY MOTYT OWTh CeKTpOPOTOMETPUMECKHE MCCae-
aosanmn  [23]. TepmoTponume nepecTpoRKW IIPHCYIIH  TaoKe
PACTROPAM MHAMRKIYANBHBIX TI2IMeHHbIX Denkor (Obauil CLlROPO-
TOMHBIA  AnelyMHH, CRIBOPOTOMHEH AiblyMUH YENOBEKA, HMMYHO-
raobyann) [4]. Y10 kacaerca rayboKOTO JaMODAKHBAHHA, TO HME-
WTCA  CBEAEHHA, YTO HHIKOTEMNCPAaTYPHOE KOHCEPBHPOBAHHE
(=196 °C) npUBOAHT K YaCTHIHONH JErnAPaTailHH H KPHOATPETaUMH
OeNKOBRX MAKPOMOJIEKYN aNbOYMHHOR H MMMYHOPADOVAHHA, K 110-
Tepe CTPYKTYPHO-DYHKUMOHATBHMX cBOACTE ranToraobuna, K Ma-
MCHCHHIO MAKpOCTPYRTYph! ulipuuorena |1, 4, 6).

Hamenenns Ha ypoBHE MEXMOJCKYJIADHBIX BElaWMOIeHCTBMH
GenKoBLIX MAKPOMOACKY BO BPEMA 3JaMOPKHBAHHA B AAnbHeHIIeM
NPH ATHTEABHOM XPAHEIHH M NOBTOPHLIX LMEAAX 3aMOPXK HBAH KA -
OTTAHBAHWA MOTYT TIPHBECTH K CHWXEHHID (YHKLUHOHATLHOW ak-
THBHOCTH OesIKOB MaasMbl KPOBH. HeaIMEHHOCTH COOTHOIEHWA
(GPAKUMONHOND COCTARA NMAASMEHNBIX GETKOB KODAOBOH KpOBH B
MPOLECCEe KPHOKOHCEPBHPOBAHHA ABAAETCH, HEIYCNOBHO, NOAOKH-
TebHbIM GAaKTOPOM /1A IIPHMCHEHHA [IPENAPATON KOPAOBOW IL1a3-
Mbi M CHIBOPOTKM B NMPaKTHYECKOM 3fpapooxpaHeHmu. OnHako Bbi-
ACHEHHE XAPAKTEDE BAHAHHA HHUIKOTEMNEPATYPHOTO BOGACHCTBMA
Ha CTPYKTYPHO-DYHKIMOHANBHYID AKTHEHOCTS DHOAKTHBHBIX KOM-
NOHEHTOB KOPAOBON [LNa3Mbi Ha MOJICKYJAPHOM YpoBle, obeciieie-
HHME COXPAHHOCTH MX HCXOAMBIX (DHIHONOMHYECKHX COOTHOIICHMA
NpH UTHTETRHOM XPAHCHHH B 3aMODOKEHHOM COCTOAHHM ARAAETCA
NPEAMETOM JanbHeRn WY WeCAea0BanWit.

NUTEPATYPA

1. Andpeesa E. K., Pomodanoea 3. A, [obko T. C. u dp.
BrnusHWe pewWMOB 3JIAMODEXMBAHWMA Ha ChNeKTpancHLe
cBOiCTEa pacTeopos c¢wbpunorena // MpoBn. kpwobwono-
™K.~ 1988.- Ne 3.- C. 18-21.

. emvenxo A. I. YneTpadwonetosan cnexTpodoToMeTpUA
W cTpyxTypa Genwos.— Kwea: Hayx. aymxka, 1881.— 208 c.

. NMunuxa O. B. Pecnori4eckne ceoiicTea KpOBM NP oxXnax-
AeHMA W OefAcTBMA BeWecTBE W3 pafa NoNMITHNeHOKCMAA:
AsToped. guc. ... kaHa. Guon. Hayx.— Xapekos, 1992 - 15 c.

4. Mapxoacxud A. J1. Bhwarwe hakTopoB KpHOKOHCEPBAaLIMM Ha

maparaumio rnobSynapHsix Bankos: Astoped. aMc. ... KaHa.

Buon. Hayk.— Xapekos, 1984 - 18 c.

Munoaanoa A. [, Jlauwo E. C. CrpyxrypHuie oOCHOBH

GenokcHHTESMPYIoWERA YHKUMM MNaueHTsl W JeumMayans-

HoR obonouxn matan [/ Bectiuk Poc. accoumwaumw akywe-

poa-ruHexcnoros.— 1999.- Ne 4.~ C, 32-37.

Huxonevenxo A. 0., Mynescxkuld A. K CrpyxrypHo-thyHKum-

OHANbHLIE CBOACTBA ranTornobuHa B YCNoBWAX KPHOKOHCE-

pawposaHua /! MpoBn. kpuobwonormw.— 1998- Ne 3.-

C. 28-35.

Moctymouno 13.06.2000

[Tpobnemsr xpuobuonorss, 2000, Ne 4

84

1 T, *'C
40

10 20 30

Temucparypran saBuCHMOCTL H;n-uc-:x:m 1 — mrasMsl KOPAOBOI
kposu (Hanpsxenme casura 1,90 .EHH,.-’cu ¥ 2, 3 — cuBOpoTKM Kop-
AvROI Kposn (Hanpsxenne caarra 1,90 u 9,50 amn/c” cooTseTeT-
BEHHO).

Temperature dupenrlcuc: of viscosity: 1 — cord blood plasm (shift
tension is 1.90 dynes/em®); 2, 3 — cord blood serum (shift tension is
1.90 and 9.50 dynes/c m’, correspondingly)

a dependence is absent, can result in thermoinduced changes in both
molecular interactions and conformational state of serum proteins,
that could be indirectly confirmed by spectrophotometrical inves-
tigations |2, 3]. Thermotropic rearrangements are also characteristic
for solutions of individual plasm proteins (bovine serum albumin,
human serum albumin and immunoglobulin) [4]. As for a decp
freezing, there is the information, that low temperature preservation
(-196°C) results in a partial dehydration and cryoaggregation of
protein macromolecules of albumins and immunoglobulin, in the
loss of structural and functional properties of haptoglobin, in the
change of fibrinogen macrostructure [1, 4, 6].

Changes in the level of intermolecular interactions of protein
macromolecules during freezing under a long-term storage and re-
peated cycles of freeze-thawing can further result in a decrease in
functional activity of blood plasm proteins. The ratio constancy of
fractional composition of cord blood plasm proteins during cryopre-
servation process is absolutely positive factor for applying a cord
plasm and serum preparations in practical health care. However the
revealing of the character of low temperature effect on structural
and functional activity of bicactive components of cord plasm on
molecular level, providing the integrity of their initial physiological
ratios during a long-term storage in frozen state, are the objects for
further investigations.
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AddexT npeaBapUTEIHLHOIO OOIMIETO YMEPEHHOTO

OoXJIaKAEeHHA HA (bopmHupoBaHHE (PYHKIIHOHATPHOM CHCTEMBI
OOOPOHHTENIHHOTO IMOBEAECHNA Y KPBIC PA3HOTO BO3pacra

H. H. HHKHILIITKOBA
Xapukoackull HayuoHasHbil yHusepcumem um. B. H. Kapasuna

Effect of a Preliminary General Moderate Cooling
on Functional System Formation of Defensive Behavior
in Rats of Different Age

I. N. NIKISHKOVA
V. N. Karazin Kharkov National University

Xapaxrep ¥ HanpasicHHE NOBEACHYECKOTD aKTa MOryT ObITh B
FHAMHTENLHON CTENEHH ONPEENENk HE TOLKD Crenn(uiecknm i
BOCXOLRIIMMH K KOPE TONOBHOTO MOGTA BOGOYMIAEHHAMH, KOTOPLIC
OTPaMAINT BHYTPEHHCE COCTOAHHE OPraHM3Ma, HO W NPOIECCAMH,
NPOTEKADIMMHE B CAMOM HCOKOPTEKCE M NOAKOPKOBBIX CTPYKTYpax
[1]. TloaToMy ocobeHHD BOKHO MIYYHTL, KaK YCAOBMA BHELIHEH
Cpeibl, OKA3bBas MOAYNHPYIOUee BOIACHCTEHE Ha (PHIHOJOTHMEC-
KOG COCTOAHME MJIOBHOMD MO3IE, MOTYT ONOCPEIOBAHHO BAHATE Ha
CNOCOOHOCTE KHBOTHOMD QOPMHPORATL ATANTTHBIBE (POPMLI NOBE-
OEHHA, T.C. ONPEACAATL CTENeHb O0YYACMOCTH KHBOTHOTO.

Oannm 13 nanbonee pacnpocTpaseHHbIX M 3HAMMMBIX LIS Op-
FaHKUIMa PAKTOPOB BHEWHEH cpelbl ARAReTCA oblllee OXAAKIEHWE,
KOTOPOE, COMMECHO JaiHbiM [2], OKa3hiBAET BhiPAKCHHOC MOIY/IH-
pyloulee BO3ACHCTEME HA COCTOAHUE CTPYKTYP FONOBHOMO MOGIE.
[lens mannoi paboThl — WCCHEAOBAHME RAMAHUA HMEHHO 3TOTD
thaxkTopa Ha npouece ody4eHHA KHBOTHOM HA NpUMeEpPe BhipaboTKH
yeansHoro pethaekca aktvenorn naleranna (¥ PAK).

Pabora nposoannacs Ha Genwx Kpeicax-camuax JuHuM Bucrap
3- u G-mecaunoro BospacToB, AMBOTHBIE KARIOM BodpacTa Geiiu
pasaenelinsl Ha ase rpynnsl. [Iponcccy oOy4eHHA XHBOTHRIX TPyn-
nat [ npeawecteopano tpexkpatHoe obulee yMEPEHHOE OXIaMLe-
HHE, KOTOPOE [POBOAKTH 110 OpHrHHansHoi metoauxe [5). Tpynna |
CAYAMAL KOHTPONACM A MuBOTHRIX rpynnu 11, v dopMupoanue
y mux ¥ PAH npoxoawao Ge3 npeasapuTenbibx soaneficTeqil,

O0yyerve NIPOBOAKHAN NO KIACCHYECKOW METOIMKE BHPAbOTKH
ABYXCTOPOHHErD akTHBHOMD waleranna b kamepe Cruunepa. [lyc-
KOBLIM CTHMYNOM CHYEWA 3eyRoBOH curnan merposomMa (300 yaa-
poB,/MHHI), ABEPCHEHLIM — 3jaeKTpHueckHid Tok (25-40 B). Exe-
AHEBHO MHBOTHOMY MPeIbABAAAM N0 6 coqMeTaumi YCAOBHOMD M
DE3YCAOBHOTD CTHMVADB C MHTepBasoM B 2-4 mun. B npouecce
0OYMEHHSA PETHCTPHPOBATH yeaoBHbie peakin (Y P), Geaycnosmuie
peakuuu (bP) n sumanenna 6eaycnopnbix peakuui (BBP), a rakxe
MERCHIHANBHBIE PEAKIMA H YHCI0 aederan il

Jlas ouenkn crenenn oHyHaEMOCTH KAXIOTO MKHBOTHOID ONpe-
JCAAIN TPHCYILHA eMY THIT 000POHHTEABHOND NOBEACHHA, LA 4ero
AHATHIHPOBAIH COBOKYNMHOCTh BCEX nosefexqcckux axtos [4]. B
AHHCHMOCTH O TON0, HAK Kamiod sHmmiHoe Py FTOCETARICH -
HYHO [CPEN HHMM 3anavy, €ro OTHOCHAKM K COOTBETCTBYIOUER noj-
rpynne; 1-8 NOATpynna - XHBOTHEE, OOYYHBIIHECA HOBOMY HaRbI-
Ky, peatHayinT oDOPOHMTENLHOE NOBEJAEHHE NYTEM aKTHBEIOM
wsberanms; 2-9 NOATPYNNA — AHBOTHWE, HAXOAAIIHECH Ha STane
Heaakonyemor dopamuposanna ¥ P |3], npeanoudtaoT noseacnme
wibannenna bBP; 3-8 noarpynna — RuBOTHEE HeOOYUHBIIHECA, MC-
NOTL3YIoNIMe “crapsie” suaocnenmdyise QopMel NOBejeHHR, 1e-
MOHCTPHPYIOT NACCHBHOE HHTEILHOE NoseacHue (OTCYTCTBHE
nepexofor B DeaonacHblil OTCEK, JAMHPAHHKE, THIMOTAKCHC).

B xone nwpalorkn YPAM 3-mecaunsie muporHsic rpynns |
HOBLIH HaBhik npuobpean 625% (1-a nogrpynna), 12,5% wpeic
KOHIY 3KCICPUMENTE HAXOIMAWCH JHIL WA HAYANLKOM 3Tane oby-
yenus (2-8 nogrpynna), 25% MHBOTHBIX BMECTO (GOPMHpPOBAHHA
HOBOH a/ICKBaTHON QVHELUHOHANBHOH CHCTEMB HCITOAB3IOBAMK CAO-
WHBIIHECA panee (3-A moarpynna). Kpwice! rpynnst 11 npu obywe-

[Mpobnemu kpuobuonorim, 2000, Ne 4

The character and direction of a behavioral act may be deter-
mined in a considerably extent by not only specific excitations,
rising to a cerebral cortex, which reflect an internal state of an
organism, but by the processes, occurring in neocortex itself and
subcortical structures [1]. Therefore it is particularly important to
study how the external environment conditions, causing a modu-
lating effect on brain physiological state, can affect as intermediators
an animal ability to form adaptive forms of behavior, i.e. to deter-
mine the degree of an animal teachability.

One of the most spread and significant for an organism external
environment factors is a general cooling, that according to the
literature data [2] causes a manifested modulating effect on brain
structure state. The aim of this work is to investigate the effect of
namely this factor on teaching process of an animal, as an example
of the establishment of a conditioned reflex of active avoiding
(CRAA).

The work was accomplished in Wistar white male rats of 3 and
6 months aged. Animals of cach age were divided in two groups. A
threefold general moderate cooling, carried-out by an original tech-
nique [5] preceded the teaching process of the llnd group animals.
The group | of animals served as the control for the lind group of
those and CRAA formation in them proceeded without preliminary
effects.

Teaching was performed according to a classic technique for
establishment of bilateral active avoiding in Skinner chamber.
Launching stimulus was a sound signal of metronome
(300 beats/min), an aversive one — electric current (24-45 V).
Every day one showed to an animal by 6 combinations of condi-
tioned and unconditioned stimuli with an interval of 2-4 min. In
teaching process we recorded conditioned reactions (CR), uncon-
ditioned reactions (UR) and fall of unconditioned reactions (FUR),
as well as intersignal reactions and defecation number.

In order to evaluate a degree of teachability of each animal we
determined its characteristic type of defensive behavior, for this
reason we analyzed the totality of all behavioral acts [4]. Depending
on the way how each animal solved the task set, it was referred to
the corresponding group: the 1st subgroup — animals, being tanght
a new skill, realize a defensive behavior by means of active avoiding;
the 2nd one — the animals, being at the stage of incomplete CR
formation |3], prefer the behavior of deliverance (UR); the 3rd
one — the animals, not being taught, using “old” species-specific
hehavior forms, demonstrate a passive defensive hehavior (the ab-
sence of transitions in safe compartment, dying down, thigmotaxis).

When establishing CRAA in 3 months animals of the 1st group
62.5% (the ist subgroup) were taught a new skill, 12.5% of rats
were at an initial stage to the end of the experiment (the 2nd
subgroup), 25% of animals instead of the formation of a new ade-
quate functional system used the established before ones (the 3rd
ong). The IInd group rats during teaching demonstrated only two
types of defensive behavior: active avoiding and deliverance, thereat
87% of animals were referred to the 1st subgroup, 14.3% — to the
Znd one.
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HHH TMPOAEMOHCTPHPOBLIH TOILKO B3 THIA 000POHHTEALHOMD N0~
BeAEHMA: aKTHBHOMD waberanwa W wabapnenms, npw atoM kK 1-#
noarpynne Gulio oTHeceno 85:7% wuBoTHRX, Ko 2-A — 14,3%.

Wrorom npouecca dopMupoBanms PYHKIHOHATEHOR CHCTEMbI
aKTHBHODO Maberanua y G-Mecsunbix XMBOTHLIX rpynns [ Huno
TAKOE PACHPENENCHHE KHBOTHBIX MO crenend olyuaemocTH: 1-8
moarpynna — 69,2, 2-a noarpynna — 15,4, 3-1 noarpynna — 15.4%.
HusoTheie 6-MecauHoro sospacta rpynns 11 npu obyuenns pasae-
JTHIHMCH creayoumus ofpazom: 1-8 nogrpynna — 69,2, 2-a noarpyn-
na — 23,2, 3-a noarpynna — 7,6%.

Taxkum obpasoM, NPOBEAEHHBIE HOCACAOBANHA BLIABHIH, Y4TO
YHCO J-MECHYHBIX MHBOTHBIX, YCIEmHD JAREPIIHBITHX rﬁ}rueHHE,
suilie 8 rpynne 1l w B 3TOR rpynne NOAHOCTHIO OTCYTCTBYIOT HKi-
BOTHRIE, KOTOPBIE HE CMOTTH NPHOGPECTH a8anTHBHOMN Haskika. Bee
ITO MO3BOAAET TOBOPHTHE O MonowuTensHom aphexte npeasapu-
TeasHOTD obhlero oxaaxaeHun Ha oDydenune J-mecainbix kpuic. [Lia
B-mecaynpx RMBOTHEX MpdberT 1pelsapHTeILHOTD OOLIEro oxXTamx-
JEHHA OKA3AACA HEeOAHOBHAMHBLIM, NOCKOJALKY, XOTA Y MHBOTHHIX
rpynns [l mo cpasiernio ¢ MUBOTHREIMKU TpYNNK | YHcao peaauio-
ranHeiXx ¥ P 3a sech akcnepusment Obtio na 10-15% umke, no npu
sroM Koauyecteo BBEP 8 artoi rpynne Gelio mensuie 8 2,2 paia.
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The process of formation of active avoiding functional system
in 6 months animals of the Ist group resulted in the following
animal distribution on teachability degree: the 1st subgroup — 692,
the 2nd one — 15.4, the 3rd one — 15.4%. 6 months animals of the
lind group during teaching were divided in following way: the 1st
subgroup — 69.2, the 2nd one — 23.2, the 3rd one — 7.6%.

Thus the investigations conducted revealed, that a number of
3 months animals successfully completed the teaching was higher
in the IInd group and the animals, which could not gain an adaptive
skill, were absent in this group. All this allows to tell about positive
effect of a preliminary general cooling on 3 months rats teaching.
For 6 months animals the effect of a preliminary general cooling
occurred to be not uniform, because even in the animals of the Tind
group in comparison with the Ist one a number of realized CR
during all experiment was by 10-15% lower, but thercat a number
of FUR in this group was lesser in 2.2 times.
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XPOHHEA

CHRONICLE

HayxoBO-nIpakTHIHA KOoHepeHLin
“KJIITHHHA T4 TKAHHUHHA TPAHCIUVIAHTAIisA”

12-13 rpyaus 2000 p. y M. Kuromupi sinbynacs
HAYKOBO-NpaKkTHYHA KoHdepeniis “KniTuHHa Ta Tka-
HHHHA TpaHcnaanTauia”, opradisosaria Koopawnauifi-
HMM [EHTPOM TpaHCIJIaHTalll OpraHis, TKaHHH Ta
it MO3 ¥Ykpaiun, Incrutyrom npobnem xpiobio-
norii i xpiomenuunan HAH ¥Ykpainw, Ynpasainuam
oxopouu anopoe’s JKuromupcskoi obnaepxaaMini-
crpauii, KutoMupcskuM obsacHHM MEIHYHHM KOH-
CYJbTATHBHO-AIarHOCTHYHHUM 1IEHTPOM.

Biakpunu nieHapHe 3acijaHHs HauyansHMK Y O3
Hutomupceroi  obnmepkaaminictpauii  Ilapamo-
moB 3. M., nupextop Koopaunariiinoro uenTpy tpasc-
nnarrauii opranis, TkasuH Ta kit MO3 Ykpaiuu
a-p men. Hayk npod. byrafios B. M. (M. Kuis), Bue-
HHi cexpeTap BiaaLTeHHsa Moaexysproi Gionorii, 6io-
Ximil, ekcriepuMerTansHol 1 kiiniysol disionorii HAH
Yxpainu kang. 6ion. snayk Boitko B. 1.

3 HAaYKOBHMH JONOBLAAMH BHCTYITHIIH:

axan. HAH Ykpaiuu I'pumenxo B. 1. (M. Xapkis)
“TpancnnanTaiia ¢peronnaleHTapHHX TKAHWH — CTaH
npobieMH Ta MEPCNeKTHBH PO3BUTKY";

wied-kop. HAH Ykpainn Yexyn B. @. (M. Kuis)
“Cooroenns Ta MalbyTHE MPOTUITYX/IMHHHX BaKiMH";

npod. HOpuenxo T. M., npod. Cuyprixos O. C.
(m. Xapkis) “Opranizauia pobotu YxpaiHcbKoOro
Banky Gionoriunux ob'exriB, meamko-Gionoriuni Ta
COLAMTbHI ACTIeKTH BHKOPHUCTAHHA ;

c1. Hayk. cnispob. Ipokomox O. C. (M. Xapkig)
“TrkanMHH (PeToMIALEHTAPHOTO KOMIUIEKCY Ta KJIiHi4-
Hi ACNEeKTH IX BHKOPHCTAHHA ;
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cT. Hayk. crigpob. [Isomin FO. A. (M. Xapkis) “Bu-
KOPHCTAHHA TKaHWH (PETOMIALIEHTAPHOTO KOMILIEKCY
B JIKYBaHHI CYMHHHMX 3aXBOPIOBaHbL OpraHy 30py’,

npod. IMerpenxo 0. KO. (M. Xapkis) “Kpiokos-
cepsopafi KaiTHHM emOpioHansHol nevyinku”;

npod. Haropaa B. @. (M. Opeca) “3acrocyBanus
niMocycnenail B akyuepebKin npakraui”,

mikap Jiyuxie B. L. (M. uromup) “3acrocysanns
TKaHHWHH (DEeTONNAIEHTAPHOI0 KOMIUJIEKCY Y OHKO-
JIOTIYHHX XBOPHX'

a-p bion. nayk bonpapenko T. IL, acn. Jlyro-
suii C. B. (M. Xapkis) “Tpancnnanrauis mMToBHIHOT
3A7T03M AK MeTOo/ JiKyBaHHA rinoTHpeoay’,

cT. Hayk. ciiBpob. Kyaoxonesa O. B. (M. Xapkis)
“IlynopuHHa KpPOB HAK DKEPENo TIeMONOeTHYHHX
KITHH";

nou. lllemtexo B. I. (M. Ilosrasa) “[lonTascskni
perioansiui  llenrp xaiTuHHEOI TpaHCIIAHTaLL:
aoceia poboru”;

ct. Hayk. cnispo6. lomuapyk O. 1. (M. Xapkis)
“CyvacHl NPHHIMIKN  JOCAIIKEHHA TPaHCnIaHTauin-
HOTO MaTepiany”.

Binbynocs obropopenns gonosijei.

YuacHukH KoHdepeHlil NpHIHATH Pe3ooLio:

1. llpogoBxuTH | pOSMIMPHTH B ¥ Kpainl HAaYKOBHH
HANPAMOK 1 MPaKTHYHE 3aCTOCYBaHHS KIITHHHOI 1 TKa-
HHHHOI TPaHCIJIaHTaLil.

2. lonosixni ysacuukis koHdepexuii onybaikysaTs
B sxypHani “I[Ipobnemul kprobronorun”.

3. Kondepenuii 3 npobiem xiiTHHHOI | TKAHHHHOT
Tepanii NpOBOAMTH PeryJfpHO, LOPIYHO.
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NPCENEME! ERGEUEMS
HPUIEGEE— OF CRTOBIOLOSY

WUndexc 70474 Z(X)O Index 70474

[TpoBopuTcs noanucka Ha xypHan “TlpoGaembr kpuoGuosoruu™. C 1985 r. HayuHo-
TEOPETHYECKOE M3[aHHE BbIXOJAMJI0 Noj HassaHuem “Kpuobduoaorus™, ¢ 1991 r. —
“TIpobnemul kprobuosorun”. Hapaercs Ha pycckoMm W aHramickom sasbikax. [lepuonmu-
HOCTb — ueTblpe HoMmepa B roa. B xypuane nybaukyiores QyHIaMEeHTaNbHbLIE H
HPpHRkalHblE Ifl.'!lﬁ[."['hl (10 ||[11;.f‘-j|_'|11a5;.1'.,] OXJIdAMACHHA W 3aMODdAHBAHHH B ['SHU‘-']EJI"':“'L MellH-
LUHHE W MHULEeBOH NPOMBLILLIIEHHOCTH, HH3KOTEMNEPaTyPHOMY KOHCEPBHPOBAHHIO KAETOK H
TKaHed, HMX CyOJMMAaUHOHHOMY BLICYWIHBAHHIO M CO3MAHHI0 KPHOreHHOH TeXHHKH.
DCHL‘H_LH]'.J rcs BONpocChl I'Ill.;]L']HlEill_IlH, XONONOCTOHKOCTH #MHBOTHBLIX H J‘-'Eflf'r{f'l‘1|[].'l|.

:"'H}-';'l!-h’-'l..'[ PACCHHTdH Hd HAYYHbBIX |’}'E-11f1’-:!'TI-E]1HIl'JH B obnacty OHONMOTHH H MeNHLHHBl, [TPENO-

fapartened H CTYAEHTOB BY30B COOTBETCTBYIOLLErQ F]]'HI]{|ZIEE.TJF:'. NPakTHROB, HCTIOJAB3VIOLIHX
MeTOAbl BO3JEHCTBHA X0J101a Ha OHoJOorHYeCKHe 00BeKThI.
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