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TEOPETHYMECKANA THEORETICAL
HIRCHNEPHMEHTAJADBHAN AND EXPERIMENTAL
KPHOGHO.I0OI'HA CRYOBIOLOGY

YOK 677.112.7+57.043 UDC 577.112.7+57.043

HU3MeHEeHHE 00'beMa 3PUTPOILHUTOB IIPH JE€UCTBHH DH Ccpebl
U MOTH(PHKATOPOB MEMOPAHBI

T. A. IIAPHEIIKO, B, A. BOHIAPEHKO
Xapokosckull HauuoraibHslll yrnusepcumem um, B. H. Kapasuna

The Change of Erythrocyte Volume Under the Effect
of Medium pH and Membrane Modificators

T. A. PARCHENKO, V. A. BONDARENKO
Kharkov National University named by V. N. Karazin

Heenegonano uamedenme ofbema 3pHUTPOLMTOR [IPU MX B3auMOgeicTeuM © Nuenmusim azoM (T1H), a Tamke o [1H nmoe xnopnpo-
ma3ms (XIIM) B sasncumMocT 0T BeauymEEL pH BHewHed cpessl [lokazaso, @10 Huxke pH 4,0 ITA BMakBaeT HabyxaHue IpHTPOUHTOB,

g obnacrn pH 7,0-8.5 ymessmienne ofibema TeHel Taxoe Me, kak y KonrponsHmx knerox (pH 7.4); opm pH 10,0-11,0 npomexommur
CYIWECTREHROE yMeHbiuenne offbema Tenen aputpoinrros. XTTM yeemuupan nafyxanme n uaTepsane pH 3,0-4,5 » Guun uarufuropom
npi pH 9.0-11,0. Buasaero, wro cTalunbROCTE DPHTPOLMTOR coxpanferTcs B uaTepBane pH 7,0-8.5; adbexr ymensiienna obnema,
npucywmn [, onpegenfeTchR 3AeKTPOCTATUHECKMM BaaMMOJeHCTBHEM Mextny KomnoresTamy ITH u spurpowmraprofi membpans

Hocmaseno aMiny ob'eMy epUTPOLMTISE NpH 1X s3aemuil 3 Dmxomaoo orpytoin (BO), a rakom a BO nmoc xnopnposasun (XITM)
B 3aMeMHOCT Bl Bemuauuy pH sosHunHsoro cepenoniiua. Torkasano, wro mowve pH 4,0 BO enpririmnoe HabyxaHHa epyUTPOLKTIS, B

obnacni pH 7,0-8,5 amesimennn of'eMy TiHeR Tage ¥, HK ¥ KOHTpotsuux writur (pH 7.4), npe pH 10,0-11,0 cnocrepiranocs aHavne
amerinenns ob'emy msmei epurpouurie. XIIM cnpuse apocranmo nabyxanwas 8 ofinacri pH 3,0-4.5 | Oys imnbiTopom nps

pH 8,0-11,0. Buasneno, mo crabimenicTs epurponutie abepiraeTsca B inTepsanl pH 7,0-8.5; cruckyiounft epext BO ofymonnemmi
CeNeKTPOCTATHHHOW BIACMOMIEN Mide KoMroHenTamu BO | epuTpounTapHol Memipann

The change of erythrocytes volume during their interacltion with bee venom (BV), as well as BV + chlorpromazine (CPM)
depending on the pH value of outer medium has been investigated. Tt has been shown, that BV with pH lower than 4.0 causes the

erythrocyte swelling; in the pH range of 7.0-85 a decrease of ghost volume is similar to the control cells (pH 74); a considerable
shrinkage of eryihrocyte ghost volume oceurs in the pH range of 10.0-11.0. CPM increased swelling in the pH range of 7.0-85 and
was an inhibitor in the pH range of 9.0-11.0. It has been revealed, that erythrocyte stability remains in the range of pH 7.0-8.5; the
effect of volume decrease, Lypical for BV, is delermined by means of an electrostatic interaction between BV companents and

erythrocyte membrane.

Onansm 13 dakropos noBpekIeHHA IPHTPOIUTOB
HPH OXJIAKIEHMH H 3AMODRKHMBAHMKM ABAAETCA HM3ME-
HEHNE BeMMYHHBL Pl BHEKJAETOYHOrO PAcTBOPa TpH
BeIMOpaxKMBarnK cBoboanoit Boaw [1, 11]. Or snave-
uus plT cpeast MukyOalMm 3aBUCAT COCTOSHME JAMITHJT-
Horo Gucnon i Genkos naazmMaTHyeckoit membpanin |1,
2, 11}, a raicke BeanuMHA TpaHcMemOpaHHOIO 1I0TCH-
inana wierok [9). Oanako mexanuam aeilcvans pH na
KOMIIOHEHTB MeMOpanbl M GEJKM [IHTO301H OCTAETCH
A0 KoHla ne packpoithiM. 1lens paforer — nayuenne
PEAKTHBHOCTH 3PHTPOLNTOB, B YaCTHOCTH OOBLEMHBIX
H3MCHEHHH ITHX KICTOK, NPH HX B3aMMOACHCTBHH ©
II4 B npucyrcrsun XITM u Gea vero B 3aBHCUMOCTH
OT Benuunnbl pll BHCKneTouHoro pacteopa. Menonw-
Josanne cnennduueckux MonubukaTopos Memopanbl
NO3BONSET BLISBUTH HEKOTOPBIE OCOOCHHOCTH BJIMH-
A pH na apntpounTapHyr MemOpaHy U KJIETKY B
EJIOM, & TAKKE NOJAYYMTh AOMOAHMUTENbHYO HHOp-
MALKK) 0 MeXanuaMe jeiicTens (pakTopos, HIYLHPY-
IONIMX  NoABgenne B MemOpane TpancMeMOpaHHOi
HOPHI,

[Ipotaembl kproGuonormun, 1999, Ne 4

The change of pH value of an extracellular solution
during free water freezing-out is one of damaging fac-
tors during cooling and freezing [11]. The state of a
lipid bilayer and plasmatic membrane proteins, as well
as the value of transmembrane cell potential, depends
on pH value of an incubation medium [1, 2, 11]. How-
ever, the mechanism of pH effect on membrane com-
ponents and cytosol proteins has remained insuffi-
ciently investigated. The aim of given work is to study
erythrocyte reactivity, in particular, volumetric
changes of these cells during their interaction with BV
in the presense of CPM and without it depending on
the pH value of an extracellular solution. The usage
of specific membrane modificators allow to reveal
some peculiarities of pH effect on an erythrocyte mem-
brane and cell in a whole, as well as to obtain an
additional information about the mechanism of the
effect of factors, inducing the appearance of transmem-
brane pore in a membrane.

Donor's blood of the II group was used in the work.
Erythrocytes were washed-out in the physiological

Problems of cryobiology, 1999, Ne 4



B paborte mcnoab3oBaiy JOHOPCKYIO KPOBb TPyI-
el 1. OpuTpounThl OTMBIBATH B (PHIHOIOTHYECKOM
pacteope (150 MM NaCl, 10 M HEPES, pH 7 4)
J-kpatunimM  uenTpuyruposasnem (3 000g, 3 Mun).
Hanocazok u c1oil nelikKollnTOR Y2514 METOLOM ac-
nupauun. [Honyuennnllt ocagox (30 M) pasBoadJIH
B 0,5 Ma QU3HOAOIHYECKOTD PACTROPA U MCIONbL30BA-
JAH KaK CTOK-CYCITEH3IHIO B TCHCHHC HOCKOU BKHMX 4YaCOB.
Xnopnpomasun  ¢upmu  "Calbiochem™  (CIIIA),
HEPES dupmu “Sigma" (CIIIA), ocranksnie peakTu-
Bbl KBatnpukaunn Y/1A. DxcnepuMenTul NpoBoOAHIH
npu Temnepatrype 22-24 °C.

OOheMHble MAMEHEHHA SPHTPOLIMTOB PCTHCTPHPOBA-
JIH METOJ0OM CHEKTPOCKONHH MMIIYJILCOB COIIPOTHRIE-
s [6]. Annxsotel Kietok gobasisan 8 dusnosor-
yecknil pactsop (2 mJa), cogepxannit HeoHXOUMYIO
kouuexTpaunio 1A wan 1A + XTIM. Kounenrpaiua
ki1etok B pacteope OGmna ~10% wo/ma Kak oranon
HCTIOJTh30BAIH 3PHTPOLMTHL, ChepyNnpoBaAHHDLIC JIH30-
JAEUHTHHOM H I"Iilfl.'ll‘l KCHPOBAHHLIE [TYTADOBLIM a/1h/IC-
ruioM (1%).

M3 puc. 1 suano, uto obbeM HATHBULIX KICTOK
MPaKTHYeCKH He inaMeHsAeTca b wurepsatie pH 55-8,5
H HEIHAYHUTCIBHO YMCHBINACTCHA TPH T{PHﬁHIL"C 3Hd4YE-
HMAX Jannoro nokasartens (kpusas 7). Oanako
00beMHOE NOBEAEHWE IPHTPOILUTOR, KOTOPLIE HAXOLM-
Auch B KoHTakTe ¢ [1H, cuaniio 3aBUCHT OT BEJIHYHHE
pH cpeant. Ecan npu nuskux anavcnuax pH (3,0-4,0)
HpoMCXoauao HaOyxanue TelcH 3pPHTPOUMTOB, TO
obbeM Teneit B yeaosusax seicokux pH o (10,0-11,0)
Obin Bonee wem B 2 pasa MENLIUMM MO CPaBHEHHIO C
00BeMOM KOHTPOJALIBIX, TO €CTh TEHEl IPHTPOLNTOB,
KoTopeie BaaumoaedcrBosanu ¢ [1IA npu pH 74. Cae-
AYET OTMETHTH, MTO E‘RHHIIHﬁ]JHIHTH HdTHUBHBIX KJICTOK
B cpeaax ¢ pH 20 n 12,0-13,0 npn oreyrersun 115
NPHBOAILIE K MX DBICTPOMY PA3PYILCHUIO B TC4EHHE
I mun. Quesnano, 310 0ByCAOBIEHO Ae3MHTCrpaitkei]
MeMmOpathl, BR3BAHHON HADYIIEHHSAMH JTEKTPOCTATH-
YECKMX B3AMMOZCHCTBHH MEXJLY ee KOMIOHCHTAMM, a
TAKKE CHHKCHUEM HIH VBEIHHCHHCM BAIKOCTH I'eJis,
obpasopannoro Henkamu unrtockenera |1, 3]

Buino, yro namenenus na kpusoi 2 (puc. 1), or-
paxaoueil obbeMHOC NOBEZEHWE 3PUTPOLMTOB NPH
HX paanmogedcrsum ¢ 1A B uccacaveMonm uanazone
pH, nocat ckauxoobpaszuplii xapaktep ¢ peIKnMM
nepexogamu npu pH 4,0, 6,5 1 9,0, Hoaobusii npo-
(b KPUBOH MOMKET CBHACTENLCTBOBATL O KPUTHYEC

Puc. 1. 3anucumoctn MaMenciiHa
-Iﬁl:nl'h‘lii. & TR LT, HII,"I:I.’ILHF.I:I'
sarinors VA (2,5 mer/ma), o plff
ARCTCPHMCHTAABHON Cpe/inl
(0,15 M NaCl): 1 HaATHBHLIC
KACTRH; 2 — wepea 5 mun; 3 — na
20-51 sy

Fig. 1 Dependence of the eryth-
rocyte voluie change, induced
by BV (25ug/ml) on the pll
valuc in an experimental medium
(015 MYy 7 — native cells; 2 - in
J3mim;, 3 to the 20th min.

pH cpepe
Medium pH
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solution (150 mM of NaCl, 10 mM of HEPES,
pH 7.4) bv means of thresh-hold centrifugation
(3 000g, 3 min). Supernatant and leucocyte layer were
removed by means of the aspiration method. The ob-
tained sediment (30 ul) was diluted in 0.5 ml of the
physiological solution and used as a stock-suspension
within some hrs.

Chiorpromazine is produced by the “Calbiochem”
firm (USA), HEPES is produced by “Sigma” (USA),
qualification of other reagents is pure for analysis.
Experimients were conducted within the temperature
of 22-24 °C.

Volumeiric erythrocyte changes were recorded by
means of resistance impulse spectroscopy |6]. Cell
aliquotes were added to physiological solution (2 ml),
containing  necessary BV concentration  or
BV + CPM. Cell concentration in the solution was
-10% cells/ml. Erythrocvtes, spherulated by lysoleci-
thin and fixed by glutar aldehyde (1%) were used as
standard ones.

The Figure 1 shows, that the volume of native cells
practically does not change in the pH range of
5.5-8.5 and insufficiently decreases at terminal values
of the given index (curve 7). However, volumetric
behaviour of erythrocytes, being in the contact with
BV, considerably depends on the value of pH medium.
If the swelling of erythrocyte ghosts occured at low
pH values (3.4-4.0), then ghost volume under the
conditions of high pH (10.0-11.0) was more than
twice lower in comparison with the volume of control
ones, that is ervthrocyte ghosts, being interacted with
BV at pH 7.4.

It should be noted, that equilibration of native cells
in the media with pH 2.0 and 12.0-13.0 resulted in their
rapid damage within 1 min, Apparently, it is conditioned
by membrane desintegration, caused by damages of elec-
Lrostatic interactions between its components, as well as
the decrease or augmentation of gel viscosity, being
formed by cytoskeleton proteins [1, 3.

It is obvious, that the changes in the curve 2
(Fig. 1), reflecting volumetric erythrocyte behaviour
during their interaction with BV in the studied pH
range, have a skip-like character with sharp transitions
within pH 4.0, 6.5 and 9.0. Such a curve profile may
testify to critical structural rearrangements of an
erythrocyte membrane in the given points. Within the
following 15 min after a full shrinkage, a partial recov-
ery of ghost volume (curve 3) occurs. Thereat in the
pil range of 3.0-6.5 ghost swelling is twice bigger in
comparison with the control cells (pI7 7.4), where as
in the pH range of 9.0-11.0 it is less in 2 times.

The presense of CPM (25 uM) in an experimental
medium considerably does not change the curve char-
acter of erythocyte interaction with BV (Fig. 2,
curve 7). But pH-dependence of this agent effect al-
lows to find 3 regions: in the range of pH values of
3.0-6.5 CPM increases erythrocyte volume in com-
parison with the control (Fig 2, curve 2); in the plf
range of 7.0-9.0 CPM does not affect volumetric
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KHX CTPYKTYPHEIX nepecTpoiikax membpanni apuTpo-
HHTOB B JdaHHBIX TOYKaX. B Teuenne IIUE.TH:‘.I[}’KH.UHK
15 MuH nocne NOTHOrO CKATHA NMPOUCXOAUT YacTHY-
HOe BoccTanoBaenne obbvema Tenelt (xpusasa 3). llpn
aroMm B uHTepsase pH 3,0-6,5 nabyxanue TeHell B
2 pasa GoJsible Mo CPaBHEHHIO C KOHTPOJIbHBIMH KJIET-
kamt (pH 7,4), Toraa xak B obnactu pH90-11,0 — 8
2 pa3da MeHblle,

Hpucyrcrane XITM (25 mxM) 8 axcnepumentasin-
HOH E[]-E',.!IE' E}’IHE‘ETEE‘HHD HE UAMEHAET XaPAKTEDa KpH-
Boit B3auMonelicTeua aputpountos ¢ I8 (pue. 2,
kpuBas 7). OnHako pH-3aBUCHMOCTE BAHAHHSA 3TOrO
AreHTa NO3BOJAET BHIACAMTL 3 00/1acTH: B HHTEpBae
anadennil pH 3,0-6,5 XITIM ypennuupaer obbem aput-
POLMTOB 110 CPABHEHMID C KOHTpoaeM (puc. 2, kKpu-
Bast 2); npu pH 7,0-9,0 XIIM xe srnusier Ha obheMHble
HaMeHeHus, pelapaitbie [1H; B obnacrn pH 10,0-11,0
Haﬂﬂ]ﬂﬂaﬂ]’ﬂﬂ JalllMTHOE ﬂEﬁETEHE AdHHOTO dAlreHTa Hd
kneTkd. Kpome toro, B untepsane pif 3,0-7,0 npouc-
XOAUT 3HAYUTENLHOE BOCCTAHOBJEHHWe o0beMa TeHel
IPUTPOLMTOB B Tedenue 15 muu (puc. 2, kpusas 2), B
T0 Bpema kak npu pH 7,4-11,0 nabyxauue apurpoum-
TOB NPAKTHYECKH HE perucrpupoBaiock. Takum obpa-
30M, BUHO, 4To achdext sauauus 15 na spurpounTa
YEJOBeKa 3aBUCHT OT BeauuuHbl pH akcnepuMenTaib-
HOM Cpellbl.

Hasecrno, yro wamenenue pH cpenb Baeder 3a
coboll HM3IMeHeHwe TpaHcMeMOpPAHHOIO NOTEHIIHANA
APUTPOUMTOB [2], NpoHCXOANT HAPVIIEHNE NIOTHOCTH
YNAKOBKH JIMIIHIOB, YTO NMPHBOAWMT K HX (hasoBoMYy
pasiiesiennio B nockoctH bucnos. Cavxenne pH pHe-
KJIETOYHOH CpE/bl BLISBIBAET YMeHBUIEHHE UTPHH&'
TeJIBHOIO 3apsila SPUTPOLMTApHOH MeMOpaum, NpH
KPATHYECKOH KOHUEHTPallu¥ BOJAOPOAHBIX HOHOB
MOMKET IIPOM30HTH [OJHAA HEHTPalM3allMA NOBepx-
HOCTHOTO 3apaia GMONOAMMEpPOB MM HAIMOJEKYIAp-
HbIX cTpykTyp [1, 11]. [lokasano, 4T0 OCHOBHLIE KOM-
nmoHents! IIH — JauTuyeckuit nenTMa MeETMTTHH M
$ochonmnaza Ay (PA,y) — XapakTepHIVIOTCA PaA3HBI-
MU bhbekTaMi: MEAWTTHH BhIABIBAET JIHAHC M VBEJIH-
yeHne 00beMa aPUTPOLIHTOB, XapaKTePHOE AJIA KOJLIO-
HIHO-OCMOTHYECKOTO reMosusa, a docdoannasa,
cybcTparoM KOTOPOH ABIASAITCS OTPUILATENLHO 3apsi-
xeHunie Oucnon [7], ne obnamaer remMosuTHYECKOl
AKTHBHOCTBI0O M CNocoOHOCTBIO VMeHBINATH OODBEM
Knetok [5). B 1o xe Bpems, aelicreys B cuueprusse,
ITH KOMIOHEHTLI HI—lﬂ}"l],Hp}"IﬂT YMEHBIICHHC DEF'I:-EME
(cxaTHe) TeHel NporeMoJIM3AHPOBARILIUX 3PHTPOLMTOB
Tak xe, Kak W uensHwd [IH [5]. MenutTun moxer
B3AMMOACHCTBOBATL KaK € JIMIHAHBIMM KOMIOHEHTA-
mu MemOpann [8], tak u ¢ Genxossimu [10]. Ipn
CHMKeHWM pH BHEKIETOMHOI Cpenl, KOrjla NPoMCXo-
AUT YyMEeHbIIEHHe TPaHCMeMOpaHHOIO HOTeHLUAJA
IPUTPOLINTOB, PEANM3YETCA B OCHOBHOM 3(hdeKkr Me-
JMTTHHA, MOJIEKYJIbl KOTOPOro, BHeapssAch 8 Oucnoi,
00pasyIoT MOPLI, HAPYIIAS NPH 3TOM BapLEepPHO-TPaHC-
NOPTHYIO (YHKIMI MemOpaHsl, 4TO NMPHBOAMT K Ha-
byxaunio teneil. Masosoe paznenenne JTMNHIOB, KOTO-
poe obneryaeT BCTPAWBAHME MOJIEKY] MeJHTTHHA Ha

[Ipofnemsr kpuobuoaoruy, 1999, No 4

ol 1]

changes, caused by BV; in the pI range of 10.0-11.0
a protective effect of the given agent on cells is ob-
served. Besides this, in the pH range of 3.0-7.0 a
considerable recovery of the erythrocyte ghost volume
occurs within 15 min (Fig. 2, curve 2), where as in the
range of pH 7.4-11.0 erythrocyte swelling practically
was not recorded. Thus, it is seen, that the effect of
BV influence on human erythrocytes depends on the
pH value of an experimental medium.

It is known, that the change of pH medium in-
volves the change of transmembrane erythrocyte po-
tential [2], thereat the damage of a lipid packing den-
sity occured, that results in their phase division in the
bilayer planc.

The decrease of an extracellular medium provokes
a decrease of a negative charge in an erythrocyte
membrane; at a critical concentration of hydrogenous
ions a full neutralization of a surficial charge in biopo-
lymers or supramolecular structures may occur [1,11].
It has been shown, that the main BV components —
lytic peptide melittin and A, phospholipase (PA,) are
characterized by different effects: melittin causes a
lysis and an increase of erythrocyte volume, that is
characterstic for colloid and osmotic hemolysis, and
phospholipase, whose the substrate of which are nega-
tively charged bilayers [7], does not possess a
hemolytic activity and ability to decrease a cellular
volume [5]. At the same time, affecting in a synergism,
these components induce the volume decrease
(shrinkage) in ghosts of hemolysed erythrocytes, as
well as a whole BV |5]. Melittin may interact both
with membrane lipid components [8] and protein ones
[10]. At pH decrease of an extracellular medium, when
erythrocyte transmembrane potential reduction oc-
curs, mainly the melittin effect is realized, the mole-
cules of which, by introducing into the bilayer, form
pores, damaging by this the membrane barrier and
transport function,

what results in the v,
ghost swelling, The V. 1
H‘pi::l pha:ale_ di_vi- 1,2 - 2
sion, facilitating g
the melittin mole- o o | 1
- - Ll
cule building on
the limit of phase ]
division, increases 0.4
the effect of the -
given-agentander 0l o oo ol o
the studied condi- 3 EH 7 9 11
i - P
tions. CPM pre Medium pH
sence in an experi-
mental medium Pue. 2. Bamsanne xiopnposasuia (25 mxM)
. . Ha M3MEHEHHE O0BEMa APHTPOILMTOB, WIl-
promotes to an in- ayumposannoe A (2,5 mxr/sa) B cpenax
crease of ghost NaCl (0,15 M) ¢ pawmunwiyw pht 1—

swelling, induced vepes 15 mum; 2 — na 20-8 munyTe,

by BV. CPM may
accelerate in high
concentrations at
the limit of phase

Fig. 2. Chlorpromasine cffect (25 uM) on
the erythrocyte volume change, induced
by BV (25ug/mi) in NaCl media
(0.15 M) with different pH value; 1 — in
5 min; 2 — to the 20th min.
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paHMue paigena ¢as, YCUIMBaeT JeicTBHe AaHHOTO
arenTa B necaeayemsix yorosuax. [pucyrerane X11M
B IKCIEPUMEHTANLHOH cpefe cnocodeTayer yseanye-
HHI0 HAOyXannsa Tenei, nuayuuposatuoro T, XTTM
MOAET HAKAILMMBATLCA B DOABWMX KOHUEHTPAIKAX HA
rpanuie pasaena as [4], 4To ABNALTCA IONDIHHTE b=
HBIM AecTabuaManpyoumm HakTopos 1pH ACHCTBHH
115, B ebaacti snasennit pH 3,0-7.0 (puc. 1, 2) npo-
HexoanT Gojiee BRIpAKEHHOE BoCCTalOBACHE 00beMa
TEHEH SPUTPOLNTOB B TEHEHHE NOcaeivommx 15 Mun
NOC/JIC KOHTAKTA KICTOK C© ALOM 110 CDABHEHHIO C
DUIMOROTHIECKHMI  YCJIO0BMAM . 10 MoKer ObiTh
00YCA0BIEHO HAPYHIEHMEM BAAWMO, I0HCTBRIT LM TOCKE-
JeT--MeMOpaHa BCJIEACTBHE 3HAMTENLHOW aedopma-
MMM KJIETOK, BRI3BAHHON counobniinsaiiveil 1 arpera-
nueit MemOpanubix GeNKOR, a TAKXC KIacTepi3anuei
Genkon n MemOpanubix Junugos [1-3]). Kpome toro,
H3BECTHD, 4T0 MHKVOALMSA KIETOK [1PH KHC/ILIX 3Haqe-
suax pH (4.0-5,0) moxer npupoanrs Kk HopMUpORa-
HHIO MONEPEYHBIX CIKBOK MeMOpanHLIX DeiKoB M3-3a
okucaenis ux SH-rpynn u yMenbnenuio MHKpoBs3-
KOCTH BHVTPHK/ICTOMHBIX Denion [1], uro Ttakxe je-
crabuimanpyer MemOpany. B peavibiare HaMeHenusn
CTAOMNIMANPYIONIETD RNUAHNS DEJIKOB UMTOCKE eTa
KPUTHYECKHX YCIOBHMAX NPOUCKOJINT 3HAYMTE/IbHOE
pacTsokenue MemOpatibl BIIOTH 40 e paszpwiga. B To
KE BPCMA VBEIWUEHHE CKATUA TEHEH IPHTPOIIKTOB B
obaactu pH 8,0-11,0 no cpasuennio ¢ dmanonornyec-
KMMH YCNOBMAMH MOXKeT OuTh o0yCcnoBieHo nossime-
HHEM MMKPOBA3KOCTH BHYTPHENeTOMHHX Oeakos [1,
3], koTopoe veuarBaerca npu aeictsuu pl, vro Ban-
AeT Ha oOBEMHBIC H3MEHeHHS KICTOK, OTCyTCTBHE BU-
AMMOF0 BOCCTAHOBAEHHA 00BEMa KICTOK B TEYEHHE
13 MMH nocae KOHTAKTa MX € AIOM TAKKE MOKEeT
OOBACHATHCSA  YKASAHHBIMK  lIpH4nHaMi.  3aunThoe
BavAnne XI1M, MoseKyan KOTOPOIro HMEWT TTOJA0KH-
TenbHuH 3apax, B obaactn pif 9,0-11,0 obycaosansa-
eTCA HACTHYHONH HeHTpain3aumeli 3apsajia MeMOpansl,
4TO 00Jer1aeT TPOCTPANCTEEHHOE B3aUMOACHCTBHE
KOMIIOHEHTOB ME’MEJDEIHH H HHTOCKEACTA.

Honyuennpie peayabTaThl NOKa3BIBAIOT, YTO IPUT-
POLUTBI MENOBEKA COXPAHSIOT OIPENeNcHHYI CTa-
OMIBHOCTL B AOBONLHO y3kux npeaenax pH (7,0-8,0)
OTHOCHTENBHO (DH3HoMorHuecKOTO 3Hadedns. OTrIo-
Hernye pH B TY WM MHYIO CTOPOIY BeI3LIBaeT raybokue
HAPYWEHHA COCTOAHMA MeMOpaHHbLIX KOMIIOHCHTOB H
HMTO30ALHLIX cTpyxKTYp. [Ipi atom obrapyxuBaeTca
HECKO/ILKD KPHTHYECKHX TOoYeK, BOAMAN KOTOPLIX H3-
MEHEHHH COCTOAHHA KIETOYHBIX CTPYKTY] OTPaMKaloT-
CS HA MOREACHHHN FPHTPOLMTOS IPH KOUTAKTE ¢ TAKIM
OHOAOTHYECKHM MOAMMUKATOPOM, KAK MHE/IHHBIR AL,
Kpome TOro, noayyeHHsle JaHNLIe VEKasLBaloT, uTo
aduperT yMeHbleHna o0beMa, Xapaktepusii ms 11H,
ONPefeNaAeTCA  MEKTPOCTATHYCCKHMIT  BIAMMDAEHCT-
BUAMH Mexay KominoHeHTamu [1A w spurpoinraproit
memOpann. 3amupraoe geiictsve XIIM npm atowm
MOKET HMETE TY K€ OCHOBY, 4TO ¥ B YCIOBUAX OCMO-
THYECKOTO # TEMIEPATYPHOTO HIoKa,
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division [4], that is an additional destabilizing effect
during BV action. In the pH values range of 3.0-7.0
(Fig. 2), more manifested recovery of erythrocyte
ghost volume oceurs during the following 15 min after
a cell contact with BV in comparison with physiologi-
cal conditions. This fact may be conditioned by the
damage of cytoskeleton-membrane interactions due to
a considerable cell deformation, caused by solubiliza-
tion and membrane protein aggregation, as well as
protein clasterization and membrane lipids [1-3]. Be-
sides 17is, 1t is known, that cell incubation at acid pH
values “4.0-50) may result in the formation of mem-
brane prorein cross-linkings due to oxidation of their
SH-groups and a decrease extracellular protein micro-
viscosity [1], that also destabilizes the membrane. A
considerable membrane extension up to its break oc-
curs in the result of the change of a cytoskeleton
protein stabilizing effect under critical conditions. At
the same time an increase of erythrocytes’ ghost
shrinkage in the p/ range of 8.0-11.0 in comparison
with physiological conditions may be stipulated by the
microviscosity augmentation in extracellular proteins
[1. 3], which accelerates during the plf effect, that
affects cellular volumetric changes. The absence a vis-
ual cell volume recovery during 15 min after their
contact with BV also may be explained by the men-
tioned causes. CPM protective effect, whose mole-
cules have a positive charge, in the pH range
9.0-11.0 is conditioned by a particular neutralization
in the membrane charge, that facilitates a spatial in-
teraction between membrane and cytoskeleton com-
ponents.

The obtained results demonstrate, that human
erythrocytes keep a certain stability with quite low
pH limits (7.0-8.0) in respect of to physiological value.
pH deviation in one or another side results in deep
damages in the state of membrane components and
cytosol structures. Thereat some critical points, close
to which the changes in the state of cellular structures
reflected on ervthrocyte behaviour during the contact
with such a biological modificator, as bee venom are
revealed. Besides this, the obtained data testify, that
the effect of a volume decrease, that is characteristic
for BV, is determined by electrostatic interactions
between BV components and erythrocyte membrane.
Thereat a CPM protective effect may have the same
base as under the conditions of esmotic and tempera-
ture shock.
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BansiHue Ko(penmHAa ¥ NEeHTOKCH(PUUIHHA
HA INTHKOJHUTHYECKYIO (DYHKITHIO CIIEpMUEB Y€/I0BEKa,
KPHOKOHCEPBHPOBAHHBIX B YCJIOBHAX CBEPXOBICTPBIX
CKOPOCTEN OXJIAXKINCHUA

— B ————

[H. A. JIVIKJ. Y. H. KYYKOB
Huemumym npobaem kpuobuoioeuu u kpuomeduuitisl HAH Yepaunst, 2. Xapekos

Caffeine and Pentoxifylline Effect on Glycolitic Function
of Human Spermatozoa Cryopreserved under Conditions
of Ultrarapid Cooling Rates

IN. A. LUCHKO] I. N. KUCHKOV

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

Hecenegoraso cogepmanme hpykTo2b! ¥ (PPYKTONMI B HATHMBHEIX M KPHMOKCHCEDBHPOBAHHBLIX CHEDPMMAX YEJ0BEHA NPH JEHCTBHH
Endpema ¥ neprTokeuguamma. OGHapyHeHD PasIuyMe B COTepanuy (PPYKTOaR nNpi HOpMOCHepMMy i acTedocnepaine [loxasano,
YTO KJIeTKM MM aCTeHOCTIepMMM HOABSPMEeHb!l CTHMYIMPYIOIEMY TeiCTBMI0 METHIKCAHTHHOB B DONbiuedl cTENeHM MOCIIE KPHORDHCE-
PBALMM, MEM B HATHEHOM corTORHENM. CpaBHMBANICH JaHHLIE (PPYKTOMKIE B CHEPMMAX 40 W NOCAS KPUOKOHCEPRALIMKY H unkyDawpo 8

pacteopax tuocTuMyaAaTopos. OOcyHIAKTCA BOAMOMKHEE TPHIMHE NOTYYEHHAIX PasIHiMi B OTBETEe COEPMMER Ha CTHMYIUMDYROlles
AefCTEHE METUIKCAHTHHOB.

Hocnigmeno svict hpyrToan i PpyrTatisy B HaTHBAKX | KPIOKOHCePBOBAHMX CHEPMIAX MOMMHN NpK 4ii xodelny ta nenTokcndgii-
Hy. Buapnena BiIMIHHICTL w000 amicTy (hpyKTOo3n npu Hopmocnepmil i actenocnepmil [loxkazano, 1o KNITHHE TPH acTeHocoepMii
AMATHL A0 CTMMYyIAUl MernaxcadTMHamy B Olnswiit smipi nicns spiokoHcepBauii, HiX y HaTHMBHOMY CTaHl. [lOpIBHIOKTLCR [aHI
(PPYKTOM3Y B CIEPMIAX 10 1 MCAA KpioKOHCEpBalil Ta iRKyfanii B poawmHax GiocrumynaTopie. OGroBOpIOIOTHCR MOMIMBL TTPIMENA
OTPMMAHMX BLAMIHHOCTEH ¥V BIANOBLNL CEpMIIE HE CTHMYIIONYY TiH0 MEeTHIKCAHTHMHIB.

Fructose and fructolysis content in native and cryopreserved human spermatozoa under caffeine and pentoxifylline effect were
investigated. The distinction in fructose content at normospermia and asthenospermia was revealed. It has been shown, that the
cells at asthenospermia are subjected to a stimulating effect of methylxantines after eryopreservation in a greater extent , than in
a native state. The fructolysis data in spermatozoa before and after cryopreservation and incubation in the solut:ons of biostimulators

are compared. The possible reasons of the obtained distinctions in the response of spermatozoa to a stimulating effect of methylx-
antines are discussed.

SPHEKTHBHOCTL  MCKVCCTBEHHOH  MHCEMHHALMH
KPMOKOHCEPBHPOBAHHON CIEPMOI BO MHOIOM 3aBUCHT
OT CTENEHM BOCCTAHOBACHW A MOPQodYEKINOHANBHBIX

The efficiency of an artificial insemination with a
cryopreserved sperm depends in a greater extent on a
recovery degree of morphofunctional properties of

CBOHCTE KJAETOK 1oC/ie 0TOIPeBa, 110/1 KOTOPsIMYH cJie-
AVET MOHWUMETH COXPDANHOCTh aKpOCOMAINBHOIO alllla-
paTa, a TaKxe Takoil ypopells MeTabDoaniIMa, KOTODbLH
ODeCneyHT CePMHIO BHICOKYIO MOJBHAKHOCTL. Masect-
HO, 4TO NPOECC KPHOKOHCEPBAIIMH NPHBOAMT K CHH-
KEHUK KAK NO/BHKHOCTH, TAK M ONJ0JOTBOPSAIOIEN
cniocobHocTH ciepmuen |15, 17], a ato MoxeT npouc-
XO/MHTL BCAEJACTBUE HAPYUIEHHS 1CAOCTHOCTH HMTO-
MIAIMATHYECKHX M MHTOXOHAPHATbHBIX MemGpan [6]
H/HIW CHUAEHHA MeTabonMYecKoro CTaTyca 3aMopo-
Aenno-orrasuneix Kierok |[10], norepn akrusrocti
AKPO3UHA H3-3d Pa3pPyileHHs akpocomul [1].

Hens wucciacpoBaHuit — M3YUCHHE COAEpKaHUS
OPYKTO3n B 3AKYIATE W JIMHAMHKH €€ YTHJIH3AUHH
HATHBHBIMH M KPHOKOHCEPBUPOBANHBIMKH CHEPMUAMY
JEJIOBEKA B HOPME M NPH acTeHOCHEPMUH, NPH HX
HHKYOMpOBaHUK B pacTBopax Kodedia i MeHTOKCH-
duanmuaa (11M), AKTyansHOCTL [JAHHBIX HOCHCAOBA-
HUH OYCBHAHA B CBA3N C BOSMOXKHOCTHIO IPHMEHEHHSA

ITpobnems: kpuobuonorus, 1999, Ne 4

cells after warming, that should be considered as the
integrity of an acrosomal apparatus, as well as such a
metabolism level, that will provide a high sperm mo-
tility. It is of common knowledge, that the cryopre-
servation process results in a decrease of both motility
and a fertilizing ability of spermatozoa [15,17], but it
may occur due to an impairment of the integrity of
cytoplasmatic and mitochondrial membranes [6]
and/or a metabolic status reduction of frozen-thawed
cells [10], a loss of acrosine activity due to an
acrosome destruction [1].

The aim of the investigations is to study the fruc-
tose content in an ejaculate and the dynamics of its
utilisation by native and cryopreserved human sper-
matozoa in the norm and at asthenospermia, during
their incubation in caffeine and pentoxifylline solu-
tions (PF). The actuality of the given investigations
is obvious due to the application possibility of the way
of human spermatozoa cryopreservation under ul-
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cniocoba KPMOKOHCEPBalMKM CHIEPMMEB YeJI0BeKa 1ph
csepxsbicokux (3 000 -5 000 K/mun) cxopoctax ox-
NaKIeHUs s co3TaHua KPHoOANKOB naTocrepMy-
YECKHX raMeT.

OfbexkToM HCCTeoBaHuit CAYKHIA CHepMa JIOHO-
poB, MoayyenHas MactypbanMeit nocae TPeXCBHOTO
noJsiosoro Boajlepxanus. Beero Owuno uccnejoBano
12 3aKyasTOB NpH HOpMocTiepmuu U 12 acteHocnep-
MUYECKMX 00pasnos. Jaxyasare nocne 30-MHHYTHOPO
PasKMAKCHMA B rtepmocTate npu 37 °C HMMenu KoH-
HEHTPpALUMIO KAeTOK Bonblie 20:10%/M1, NOABUIKHBIX
opm ans Hopmocnepmun Gonwiie 60%, ana acreHo-
cnepmitit He bonec 40%. Kpuokoicepsauuio cnepMues
OCYILECTHAAIN CBEPXOBICTPRIM OXJaAJICHHEM B KOH-
TeHHepax 13 MUULEBoR anioMHHHeBol donsri cornac-
Ho Merony [5]. Otorpesasn na Boasnoi Gane npw
Temnepatype 41 °C. [locae otorpesa k ofpasuam Ao-
baBnAMM Koenn B KOHEMHOH KonlewrTpauun 6 MM
nnn TP B konuentpaunmn 3,5 MM [9] 1 nukyGuposa-
aH 8 tepmocrate npu 37 °C. [loaBuKHOCTDL CnepMHen
oueduBaan B rederue 0, 60 1 120 mun. Konueurpa-
IIHIO KNETOK NOACHHTHISAIM B Kamepe [opsacsa,

Copepxkanne pyKTO3n ONPCAESTAAN [0 MCTOAY
Roe [4], B ocHOBe KOTOPOrO NEXUT KONOPHMETPHYUCC-
KOE HM3IMEPEHHE WIMEHEHMA OKPACKM HCCIEeAYEeMOro
pactsopa B peakiumn CeausaHosBa Ha (PpPyKTO3y €
pesopuMHoM B Knciod cpege. [laa atoro k 01 ma
afakynaTa B npobupke pobaensian 0.9 M gucrinimpo-
BAHHOI BOJIKI, NOCAE WX CMEIIMBaHuA K npobe noce-
Aosatensro aobarasan 2 Man 0.5 M pactBopa cepHo-
kuchoro uuaka u 2 ma 05 M NaOH. Cwmecs
HAIPEBAIN HAa KunAuleid Boasnoil bGanwe B TeucHue
3 MHH, a 3ateM uentpudyruposany 5 mui npu 300g.
K 2 s npospautoro beabenkosoro axerpaxra aobas-
aann 2 smn 0,1%-ro pacTBopa pesopumia u 6 M
30%-11 HCL. Tloay4eniyio cMech HarpeBa/iy Ha BOJIS-
noii Gawe npn Temnmepatype 80-85°C B Teuenuc
10 Mun, nocse yero OBICTPO OXAARANKM TOA NPOTOY-
HOM BOADH. MHTEHCHBHOCTh OKPAacKW H3AMEDHAAN Ha
oroanexTpokonopumerpe (k=520 um). Conepxa-
HUe (PPYKTO3B ONpeIeIssin 110 KaidOPOBOUHOH KpH-
BOi, NOCTPOEHHONH € MOMOLLbI WCCAea0BAHMEA cTaH-
AapTHeIX passegedut | M pacrsopa  Qipykrosm.
MpyKTOIN3 BRIMHCAAIN MO Pa3HOCTH HAYAThHBIX
KOHEUHBIX 3HAYeHN I KOMHYecTBa (DPVKTOILT, IOJYUYeH-
Horo uepes 1 u 2 y unkybanuu. Cratneritieckyio of-
paboTKY PeayabTaToB NPOBOANAN 110 MeToay CThIAeH-
Ta—Miepa.

B xone wuccaepoBanuil yCTAHOBNECHK OTAHYMA
(P<0,05) B conecp#annn GpyKToanl B CeMEHHOMN
niasme npH sopMociepmun 15,0 £ 0.3 MM 1 acreno-
cnepmun 10,5+ 0,4 MM. Cam dakr HHIKOro conepxa-
HHS (PPYKTOIR B IAKYIIATE MOKCT CEUAETENLCTBOBATD
06 aHAPOreHHOI IMINOMYHKUHK CCMCHHUKOR, HO HeJl0-
CTaToOMEH AIA CYxAeHHMA 0 (QYHKUHOHANIBHON AKTHB-
HOCTH cnepmues [2].

Peaynbrarel necaefloBaHMil, npeacTasjieHHble B
Tabine, noKasuBawT, 410 Hanbonsuiee notpebieHue
(PYKTO3E] HATHBHBIMM CIEPMHAMU B 1HOPME M (IPH

[Mpobaeme: xpuobuonorusu, 1959, Ne 4

trarapid (3000 -5 000 K/min) cooling rates for the
pathospermal gametes cryobanks creation.

The investigation object was the donors’ sperm,
obtained by masturbation after a 3-days sexual absti-
nence. In the whole, 12 ejaculates at normospermia
and 12 asthenospermal samples were investigated.
Ejaculates after a 30-min liquefaction in a thermostate
at 37°C had the concentration of cells higher than
20-10%/ml, motile forms for normospermia more than
60#, for asthenospermia not more than 40#. Sperma-
tozoa cryopreservation was accomplished using ul-
trarapid cooling in food alluminium foil containers,
according to the method [5]. Thawing was carried out
at a warer bath at the temperature of 41 °C. After
warming one immediately added caffeine in a final
concentration of 6 mM or PF in a final concentration
of 3.5 mM [9] and incubated in a thermostate at
37 °C. Spermatozoa motility was estimated within 0;
60 and 120 min. Cell concentration was calculated in
the Gaoryaev's chamber.

Fructose content was determined according to the
Roc’s method [4], where colorimetric measurement of
the staining change of the studied solution in the
Selivanov’s reaction on fructose with resorcin in an
acidic medium is in its base. For this aim to 0.1 ml of
ejaculate in a vial 0.9 ml of a distilled water was
added, after their mixing one successively added to
the sample 2 ml of 0.5 M of zinc sulphate solution and
2 ml of 0.5 M of NaOH. The mixture was heated at a
boiling resorcin water bath within 5 min, then centri-
fuged during 5 min at 300g. To 2 ml of transparant
protein-free extraction one added 2 ml of 0.1%-solu-
tion of resorcin and 6 ml of 30%-HCI. The mixture
obtained was heated at a water bath at the tempera-
ture of 80-85 °C during 10 min, after that was rapidly
cooled in a running water. The staining intensity was
measured by means of photoelectrocolorimeter
(=520 nm). Fructose content was determined ac-
cording to a standard curve, plotted by means of the
investigations of standard dilutions of 1 M of fructose
solution. Fructolysis was calculated according to the
difference of initial and final values of fructose quan-
tity, obtained in 1 and 2 hours of incubation. A sta-
tistical proceeding of the results was done according
to the Student-Fisher method.

The differences (P <0.05) in fructose content in a
semen  plasm at normospermia 15.0x 0.3 mM and
10504 mM at asthenospermia were established
during the investigations. The fact itself of fructose
low content in an ejaculate can testify to an andro-
genic hypofunction of testes, but is not sufficient for
judging on spermatozoa functional activity [2].

The results of the investigations, presented in the
Table, demonstrate, that the most fructose consump-
tion by native spermatozoa in the norm and at asthe-
nospermia occured in the first hour of incubation.
After cryopreservation the fructose number in an
ejaculate did not change, because the matabolic proc-
esses in frozen spermatozoa were stopped, but its con-
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mia, that, obviously, was stipulated by
adenosine triphosphatases cryodestruc-
tion of a plasmatic membrane of cells
during freezing, which participated in
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Npumenamwe. Pazmamn qocrosepist (P < 0,05) no oTHOMEeRWO: 1 — K HATHBHOI spermia, having an initially low motility,
CYCHeRaMH OpH HOpMocnepMmins, 2 — HATHRHOMR CYCTIeH3IMH NPH acTeHOCHepMIng, 3 —— decrcase in a greater extent it after
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Dynamics of {ructose utilisation by normal and asthenic
human spermatozea, cryopreserved under conditions of ul-
trarapid (3 000 - 5000 K/min) cooling rates (n=6)
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Kax [IpM 3TOi NATOAOIMK 110 CPaBHCHKIO C HOPMO-
cniepmueii. KieTku npu acreHociepmMiH, HMeunce
H3HAYANBHO MH3KVIO 1OABMKHOCTE, euie Donbuie
cHUKaloT ve nocie otorpesa [3]. Knunmuecku obo-

Notes. The differences are statistically significant (P < 0.05) regarding
to: 1 — & nalive suspension al normospermia; 2 — a native suspen-
sion al asthenuspermia, 3 — a cryovpreserved suspension al nor-
mospermia; 4 — a eryopreserved suspension at asthenospermia.
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CHODAHHBIM ABNACTCHA TIOBBIIEHHE AHEDPTETHYECROID
CTATYCA ACTCHHYCCKHX CHEPMMERB, A HEr0 YacTo He-
[IOJIb3VIOTCHA PAITHYHBIC CTHMYJIATODE NMMOJABHAHOCTH,
NOBbILAILIHE ONA0AOTBOPALLYIC criocobrocTs. B [8,
11] Hanboabluee BHUMAHUC YAEASETCS MTPOM3BOAHBIM
METHJIKCAHTHHA,

(B PeIYJIBTATE NPOBEACHHBIX HCC/€I0BAHUA HaMK
OBLIO OLPEIENeNo, YTO WHKYDAIMA HATHBHLIX CTIEDMUER
B PACTBOPE, COACPKalleM Kodeui B KoHucHTpatimm 6 MM,
NoKasaia crarueriueckn goctosepuoe (P < 0,03 ) yeenu-
yeHHe (PPYKTOAM3a npu Hopmocnepmun Ha (0,5 MM /y
MOCIC NEPHOro Yaca Mukydausn v #a 0,4 MM /4 nocae
BTOPOro 10 CPAaBHEHHIO ¢ cyenensued KIeToK A0 CTH-
My, Jlna acreHocnepMmuueckux ofpaisuos arta
paasocth coctasuna 0,7 u 0,4 MM /4 nocie nepsoro u
BTOPOIo yaca mHkybauuu coorsercreenHo (P < 0,03).
Takum obpasom, KAETKH IPH ACTEHOCTIEPMHH TPOABH-
i BOABIIYIO MYBCTBHTEIRHOCTE K CTUMYIALNN Kodhe-
WHOM B TEYCHME MEpPBOTO Haca MuKyDHallMp, YeM NpH
nopmocnepmui. Hocne ororpesa ysennuenune $ppyk-
TOJIHA4 TIPH HOPMOCIIEPMHH B epBeil Hac nakybaunm
Obino 0.6 MM/, 4To zOCTOBEPHO He OTAMYACTCA 01
TAKOr0 e MOKa3aTeNs 118 HaTHBHHIX 00pasilos, B TO
BPEM#A KaK JUIA BTOPOTo 4aca MHKyOauun 7Ta pasHuna
coctasuna 1,2 mM/u (P <0,05), 4ro no4yrn 8 3 pasa
Goablle MO CPaBHEHMIO € HATHBHON CYCTIEH3WEN.
AcTeHoCNepMHYECKHE KACTKH [OC/E OTOTPEBA M CTH-
MYJAAUNE  KodeHHOM  VBEAHYWBAIH (PYKTOJIM3 Ha
0.9 MM /4 nocne nepsore u Ha 0,3 mM/4 nocae Bro-
poro 4yaca MHKYDAUMK 10 CPABHEHWMIO ¢ CYCIEH3HEH
cepmites 03 kodenHa, 4TO COOTBETCTBYET HAHHBIM
M3MEHEHUA colepkannd GPYKTO3bl /10 3aMOpaHBa-
Hua npu aroil natonoruu (P < 0,05). Takuwm obpaszom,
MAKCUMATbHBIT (PYKTOIN3 1P CTUMYJIHLHMK Clep-
MHEB KoiernHoM Habaogancs B HaTHBHBIX obpasiiax
P aCTeHOCHEPMMH B NEPBHIT Yac MHKyGalHM ¥ B
HOpMOCIEpMMUEcKHX 0bpasnax nocie oTorpesa, HO BO
Bropoil wac uHKyDaumy (rabmmua). ChaenyeT orMe-
THTh, 4TO JaHHBIE [IOJABHAHOCTH HE OTPaMAOT ITHUX
kosneHanmil PPYKTONIM3A, TTOKA3LIBAA 11TaBRHOE CHIDKE-
HHE MPOIEHTA MOABHKHEIX (POPM CIIEPMUER B TeUeHME
BCero nepuoja sxksuanbpaumnu (puc. 1). 10 cBA3axo,
H4/l0 1101aTaTh, € TEM, YTO HOABHAKHOCTL XdPaKTepH-
ayeT cocToAHMe obwero setabonnaMa coepmus,
BKJIK4AA, Kpome (PpYKTOAM3A, NPOHECt OFAoNeHHs
kuchoposa, pyuxkimo kpearuHpocdokiniaanoi cuc-
TEMhl, [1aNPaBACHHOCTL OCHOBHBIX MOHHBIX TPaaMen-
TOB, & TAKKE COXPAHHOCTL ABHMIATENABIOrO anmapara,
[I03TOMY MOMKET CAVKHMTL Auillb s Irpyboi oucHku
NMPOHCXOEANIMX ¢ KaeTKaMn Hamencuui. Ho noasep-
AKEHHOCTh CHEPMHEB CTHMYJ/IALUMH MCTHJKCAHTHHAMU
0C/1E€ OTOrPeBa CBMAETENLCTBYET O (PYHKIUMOHANBHON
HEJOCTHOCTH NERCYHCNEHHBX CHCTEM, MTO NMO3BOJIAET
COEeNdTh BbIBOA 0 BhicokoH addexkTusHoctn cuocoba
CBEPXOBICTPOIO DXJIAKIICH A,

Aparicio [7] cooCupin, uro [ID obragaer Gonee
BLIDAXKCHHBIM CTHMVJIHPYIOIWNUM ACHCTBHCM Ha cliep-
MHM 4esaoBCKa, yem koend. lanrbueiiiune wecniegora-
HHA noarsepansn adupextusnocts 1M kak crumyna-
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status of asthenic spermatozoa are clinically substan-
tiated, for that the motility different stimulators, in-
creasing a fertilizing ability, are used. In [8, 11] the
greatest attention is paid to methylxantine deriva-
tives.

As the result of the investigations conducted we
have determined, that native spermatozoa incubation
in the solution, containing caffeine in 6 mM concen-
tration, demonstrated a statistically significant
(P<0.05) increase in fructolysis at normospermia by
0.5 mM/hr after first hour of the incubation and by
0.4 M /hr afier the second one, in comparison with cell
suspension before the stimulation. For asthenospermi-
cal samples this difference made 0.7 and 0.4 M/hr
after the first and second hour of the incubation cor-
respondingly (P < 0.05). Thus, cells at asthenospermia
manifested a higher sensitivity to the stimulation by
caffeine within the first hour of the incubation, than
at normospermia. After warming the growth of fruc-
tolysis at normospermia in the first hour of incubation
was 0.6 mM /hr, that did not significantly differ from
the same index for native samples, meanwhile for the
second hour of incubation this difference made
1.2 mM/hr (P < 0.05), that was almost in 3 times
higher in comparison with a native suspension. Asthe-
nospermal cells after warming and stimulation by caf-
feine increased the fructolysis by 0.9 mM /hr after the
first hour of incubation and by 0.3 mM/hr after the
second one in comparison with spermatozoa suspen-
sion without caffeine, that corresponded to the data
of the fructose content change before freezing at this
patholgy (P < 0.05). Thus, a maximum fructolysis dur-
ing spermatozoa stimulation by caffeine was observed
in native samples at asthenospermia in the first hour
of incubation and in normospermical samples after
warming, but in the incubation second hour (Table).
It should be noted, that the motility data do not
reflect these fluctuations of fructolysis, showing a
smooth reduction of spermatozoa motile from percent-
age during all equilibraiton period (Fig. 1). It is prob-
ably related to the fact, that the motility characterizes
the state of a general metabolism of a spermatozoon,
including, excepting the fructolysis, the oxygen ab-
sorption process, the function of a creatine phosphok-
inase system, the direction of main ion gradients, as
well as the integrity of a motile apparatus. Therefore
the spermatozoa estimation on the mobility can serve
only for an approximate characteristics of the changes,
occuring with cells. But the spermatozoa subjection to
the stimulation by methylxantines after thawing tes-
tifies to a functional integrity of the mentioned sys-
tems, that allows to make a conclusion on a high
efficiency of the ultrarapid cooling way.

Aparicio [7] has reported, that PF possesses a more
manifested stimulating effect on human spermatozoa,
than caffeine. The following investigations confirmed,
the PF efficiency as the motility stimulator of cryo-
preserved spermatozoa [9,14]. Shen [18] have noted,
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Fig. 1. Motility change of human spermatozoa, incubated in 6 mM cal-
feine solution: 7 - native cell suspension at normospermia; 2 — native
cell suspension at asthenospermia; 3 — eryopreserved suspension at
normospermia; 4 -~ cryopreserved suspension al asthenosperimia

TOpa NOABHXHOCTH KPHOKOHCEDPBUPOBAHHBIX CLIEPMM-
es [9, 14]. Shen [18] ormerun, yro 11D yseauunnsan
NOABHHOCTL CTIEPMHEB YeNOBEKA N vifro Kak B HOP-
MaJBLHBIX ,TAK ¥ B acTeHocnepMuyeckux obpasuax.

Hcenenys norpebnenie dpykTo3nl B NPHCYTCTBUM
3.5 MM 11D, ang HaTHBHBIX CIEPMHEB NMPH HOPMO-
CIePMHN MBI HAawWaM yseauuenne dpykrosinza Ha
2,2 MM /4, ana kpuokancepeuposasHsIx ua 1,6 MM/
B nepsuiit yac makydauun (P < 0,05) u Ha 0,05 MM /u
u 1,1 MM /4 nocae sroporo waca uHKyOainn cooTBeT-
cTBeHHO (P < 0,05). Knerku npy acTeHoCnepMuy VTH-
JH3UPOBATH (PPYKTO3Y B HATHBHOM COCTORHHM Ha
1.8 MM/u Goabie B mepsuwit vac MHKy6anMH M Ha
1,5 MM /4 nocne arorpesa (P < 0,05). TTocae sroporo
yaca pasHocts cocrasuna 04 mM/yv jna HaTHBHON
cveneHaun U 1,6 MM/4 s KxpuoKoncepay poBaiion
(P < 0,05).

Ha ocHOBaHWH MOJYHEHHBIX AaHIBIX MOMKHO C/le-
J1aTh BHIBOJ, 4TO HPH CTUMYJIHLMK HATHBHLIX CIICPMH-
es 11D pesko veesimunsanocs notpebienve GpyKTO3H
B IEPBbIT yac HHKYDALMM 1158 HOPMOCIICDMHH M ACTe-
HOCHEPMUH, NIpUueM s Hopmocnepmui addekt Hrn
Gonee Boipaxen. [ocie kpuokoncepsaunn hpyKTOIN3
B TEYCHWE MEPBOro vaca wés pasHoMepHo wia obenx
HeCaeyeMulX Tpynil KieTok, CpaBHenie JaHHBIX YTH-
JU3alMY PPYKTO3ILI B TeMCHHE BTOPOrD Yaca UIs 1a-
THBHOH CYCHEHINH HOKA3AT0 JA0CTOBCPHOE CHHKEHue
CKOPOCTH pacnana caxapa B HOpPMe M NPH NaTOJIOMHH,
B TO BPEMS KaK NMOCAE KPUHOKOHCEPBauuu (PPYKTONHI
CAEPMHAMI OCTABAACH 1 BBICOKOM VPOBHE W €10 CKO-
pocTh Oul1a BOALIE NPH ACTEHOCHEPMMI, 4TO COTA-
CYETCH C IaHHBIMH NOABHANOCTH MPH 9TOH NATOA0I MM
(puc. 2). Takum obpasom, [T noggepxKusan yrmiau-
3auMio QPYKTO3IB KPHOKOHCEDBUPOBAHHBIMH  CIICP-
MHAMY B TEYEHHE JABYX 4acoB MHKyDalluu B OTHIHe
OT HATHUBHEIX 00pa3loB, B KOTOPEIX K KOHUY BTOPOTO
Haca OH CHHMKAICA A0 YPOBHA, COOTBCTCTBYIOLICTO
(DPYKTONM3Y B HECTHUMYJIHPOBAHHBIX KAETKAX.

Cneayetr OTMETHTB, Y4T0 COYETAHHE CBCPXBLICOKHX
CKOPOCTEH OXNAaAJIEHMA raMeT W CTHMYJIUDYIoUEro
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that PF increased the motility of human spermatozoa
in vitro both in normal and asthenospermal samples.

Investigating the fructose consumption in the pres-
ence of 3.5 mM of PF for native spermatozoa at nor-
mospermia we have found the growth of fructolysis by
2.2 mM/hr, for cryopreserved ones by 1.6 mM/hr in
the first incubation hour (P<003) and by
0.05 mM /hr and 1.1 mM /hr after the second incuba-
tion hour, correspondingly (P < 0.035). Cells at asthe-
nospermia utilized fructose in a native state by 1.8
mM /hr more, than in the first hour of incubation and
by 1.5 mM/hr after warming (£ < 0.05). After the
second hour the difference made 0.4 mM /hr for native
suspension and 1.6 mM/hr for eryopreserved one
(P < 0.05).

Basing on the data obtained, one can conclude,
that when stimulating native spermatozoa by PF, the
fructose consumption sharply increased in the first
hour of incubation for normospermia and asthenosper-
mia, moreover for the normospermia the effect was
more manifested. After cryopreservation the frue-
tolysis proceeded uniformly during the first hour for
both studied groups of cells. The data comparison of
the fructose utilisation during the second hour for a
native suspension has demonstrated a statistically sig-
nificant decrease in the rate of sugar decay in the norm
and at a pathology, meanwhile after cryoprescervation
the fructolysis by spermatozoa remained at a high
level and its rate was higher at asthenospermia, that
correlated with the motility data at this pathology
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Puc. 2. aMenenae noasuanoc ry CIEPMHER I I0BE R, “”K:\'ﬁ“ﬂﬂ'
padHbix 8 pacteope 3.5 vM THD: T — wavus Hopymociepaus;, 2 -
HATHEB ACTCHOCTICPMMA: 3 - KPHOKONCCPOHPOBS 1HAA CYCICHIMA 11PH
FFLMOBCTICTMEY, 4 — KEPHOKOHCCREAPDORAHHEH CYCIICHINA IPY acTe-
HOCHEPMUM.

Fig. 2. Motility change of human spermatoeos, incubated in 3.5 mM
PF sotution: 7 - native cell suspension at normospermia; 2 - native
cell suspension at asthenospermia; 3 — cryopreserved suspension at
normosperiia f eryopreserved suspension at asthenospermia.
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AEUCTBHS TMPOM3BOAHLIX MCTHJIKCAaHTHHA MOCIE 0TO-
rpeBa ABISETCH 3DPeKTHBHBIM CpeAcTBOM peabuiTa-
UHH ACTEHHYECKUX KIETOK B IPOLECCE UX KPHOKOH-
CEpPBAIINM, J
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(Fig. 2). Thus, PF maintained the fructose utilisation
by cryopreserved spermatozoa within 2 hours of incu-
hation as distinct from native samples, in those by the
end of the second hour the fructolysis reduced down
to the level corresponding to that one in cells before
the stimulation.

It should be noted, that the combination of ul-

trarapid cooling rates of gametes and a stimulating
effect of methylxantine derivatives after thawing is an
efficient means of asthenic cell rehabilitation within
the process of their eryopreservation.
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Hekotopsie Onodusnyeckue CBOMCTBA NMOJOBBIX
1 3MOPHOHATIBHBIX KJI€TOK CBHHBH,
OIPENEC/IAIOUIHE HX KPHOPEZHUCTEHTHOCTb.
L. PH{:HPE,IIEJIEHHE OCMOTHYECKHX H F€OMETPHUYECCKHX XAPAKTEPHCTHK
B IIONYIALHH OOIHTOB H AMICKICTOK

A. I TPOXUMEHKO, H. J1. BE3YTILIN
Xapskoackitii Huomexroaoudeckutl yerimp, noc, Kyaunumu

H. A. TOPJITMEHKO
Xapskoackuli cocydapcmaseHHsil MeouuHCKULl JHUBepCImem

Some Biophysical Properties of Porcine Sex and Embryonic
Cells, Determining their Cryoresistance.
I. Distribution of Osmotic and Geometric Characteristics
in Oocyte and Ova Population

A. G. TROKHIMENKO, N. D. BEZUGLY
Center of Biotechnology, Kharkov, Kulinichi

N. A. GORDIENKO
Kharkov State Medical Universily

GHPEﬂE‘J‘IE“HD KOIMYECTRD OCMOTHYEerKM AKTHMBHOM BROAbLI, OCMOTHYECKM HeaKTHBHLIX H HEINIPOHMEAHIIMY BELICCTE B QOLMTAEX ¥
ARLEKNeTHAX CBMHLM, & TAKME TAKME FenMeTDMYEeCKHe XapPaKTepUCTHRH COUMTOB, Kax guamerp, obimi obmeM 1 abeomomunm obiknem
OCMOTHMECKH HEAKTHBHEIX BEIECTB, CTATMCTHYECKOR PACTIpenenente 3Tux nemrunH, [lposeged KOPPenAMORESUT AHAIHMS HA HATHYMe
CEBA3IM MEeaLay obBeMoM 00OLMTA M O0beMOM OCMOTHYUSCKM HEeAKTHBHLEIX BOLISCTE M Dopeaenaed HDHI'.I'JEI}]-III:'I-H"H'I' EORpe AL, Hoxazano,
YTO OCMOTHYeC KM COCTAR OOLIMTOR CBMHLM AODCTOREPHO HE OTAMYEETCR OT OCMOTHYECKOID COCTUEBA OOLUMTOR M ANLUEKAETOK APYTHX BHANOB
MITEKONWTaKIL X,

Buanauenn KLUILRICTs OCMOTHYMHO SKTHEHOL BOAM, OCMOTHYHO HEAKTHRHMX TA HETIPOHMEANMUY POHOBHN B OOUMTAX | ARIERMTHHAX
CHMHI, & TAKOM TAKI MEOMETPMYR] XAPaKTEPUCTHKM OOUMTIR, AK NIaMeTp, 3araasHMi Ta abromoThnli ob'cM OCMOTHYHO HeaKTHBHIX
PEYHOBMHE, CTATHCTHYHMIL poanoglt umx semrum, [Ipopegeno xopensAuifiamil avamia Ha HEABHICTEL 98'A3Ky six ob'emMoM ooUMTY Ta
0b'eEMOM OCMOTHYHO HEAKTHMBHMX DEYOBMH | Bvadavedo xoeditfent xopenawi [loxazaxo, 110 38 CoMOTHYHMM CRAINUM OOMMTH T
eMOpioNM CRMHL BIPOriaHo He BIAPIEHAKTECA BiL OOUMTIE Ta eMOpiomn IHIIMX BWTR CCABLIB

The volumes of osmaotically active water, ocsmotically nonactive and impermeable substances in oocyles and ova, as well as
geometric parameters of porcine oocytes, such as diameter, total volume and absolute volume and statistic distribution of these
values were determined. Correlative analysis of existence of relationship between gocyte volume and csmotically nonactive substance
volume was carried out and the correlation was calculated. It was shown that the osmotic composition of pig oocytes and ovum did
not significantly differ from the osmolic composition of other mammalian species gocyles and ova

OcHOBHBIC 0BBEKTHI COBPEMEHNON HHOTEXHOIOMHN Qocytes and embryos of animals are main objects
BOCNPOM3BCHEHNA — 3ITO ﬂﬁugmlﬂ TKW W EMF.IPHHHLI of modern I'Ept'r}dllf.ti{]ll himtcchnnlngy. {.;'-I'}'DF]I‘ESETVEI'
CEALCKOXO3SIICTEEHHBIX KHBOTHRIX. BamupivMm araiiamu tion and long-term storage of reproductive cells are
GHOTEXHOIOTHYECKHX [IPOLECCOB SBNSITCH KPHOKOH- important stages of biotechnological processes. Oo-
COPBAUMA I JUTHTENLHOC XPaHEHHE PEIPOAYKTHBILIX cyles in vitro maturation with fﬂiinwing fertilization
KaeTok. Coapesatne cOUHTOR i PHTO ¢ NOCIEAYIOUHM allows to obtain a large number of embryos. For many
ONIOAOTBOPEHHEM [03BOJASET UOAY4MTE Goanmoe  cattle species the task of cryopreservation of sexual

konuuecTBo sm6puonos. /s MHornx Buaos ceascko-  and embryonic cells is solved, excluding the pig's em-
X03AHCTBCHHBIX KUBOTHBIX Tpobiesa kpuokoncepsa-  bryos, in particular of early development stages [5-7].
UKW DOJIOBLIX H ?]MﬁpliﬂHﬂthlih]K KJAETOK PeIlcHa, 3a It is known, that osmotic |1Tﬂﬂf.‘l’ti[f5 determine
HCKIDUeHITEM -']HE"DH”H{.IH CBHHBM, [Jfﬂﬁ(‘lIHﬂ pAnHMX main TEgﬂIi‘l!—il.it'E of the response L0 ].{.JW 1'ump[3rﬂt|1rﬂ'
craii passuTis [5-7). effect. Therefore in this work we studied osmotic and

HMasecTHo, uTo oceMoTHYCCKHE CBOHCTBA KJICTOK OI- geometric characteristics of pig oocytes and their sta-
PeAeAIOT FNABHEIE 3AKOHOMEPHOCTH peakinn ta uua-  tistical distribution with the aim of further investiga-

KoTemnepatypioe roaaciictaue. 1lostomy s pabore  tion of these data to optimize the freezing method.
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H3YHATHCD OCMOTHYECKHE H TCOMETPHYMECKHE XapaKTe-
PHCTHKH OOUHTOB CBHHLBHM H WX CTATHCTHYMCCKHE pac-

NPEAENEHUA € LEJbKD AANbHEHINCIO HCC/IELOBAlHS
ATHX AaHIIbLIX A/19 ONTHMH3AINH METO/Ia 3aMOpPaXHBa-
HHA.

llepenoc KneTok U3 0410 Cpe/ibl B JIPVTYIO BhI3bi-
BAET HapylUeHWE TEPMOAMHAMHYECKOIO DaBHOBCCHA
MENLY BHE- 1 BHYTPHKJIETOYHBIM PactsopamMHM, neob-
XOIHMBIM YCIOBHEM KOTOPOTO SABASCTCA PaBCHCTBO
FHAYEHHMIT XMMHYECKHX MOTEHIHANOB NPOHHKAIOUIMX
yepes smemOpany Bemecrs BUC W BHYTPHM  KJICTKH.
OcHOBHBIM 1IPEHATCTBHEM NI it y3uN B CHCTEME
ABJIAKTCAH MEM'ﬁpHHM. TaAK KaK HA HEX COCPE10TOYEH
nepenaisl OCMOTHYECKOIO JIABJICHUS, B TO BPEMS Kak
Cro rpa/IHEHTaMH B ME}I{MEME’FEHHH}: 0DIACTAX MOKHO
npededpeysb [8]. Obnuno pactsoputens (Boaa) npo-
HHKaeT yepes MemOpanbl KAeTOK 3AUMTENbHO Obl-
CTpee, YeM MONCKy bl Apyrux sewects. Toatomy nps
IIEPEHOCe KJICTKH M3 HM30TOHHYECKOTO B I'MIIEPTOHM-
yecKHii pacTeop ec o0beM B Havale IKCIHOIMIMN
YMEHBIHAETCH HACTOJLKO, 4TO CyMMapiiad KOHLEHTPA-
ILH5A BbIPABHHBACTCH M3-3d OTTOKA BOAbl U3 KIETKH, YTO
onpesiesiserca Kak crauusa ee obeapoxunanus. Mmenno
ITH TEOPETHHECKNE NPEANOChINKH OhlH MONOKeHbl B
OCHOBY METOAMKH HACTOAULEND MCCIELOBAHMA,

OounTel M3BJIEKaNM U3 ANHHHKOR YOHTLIX XKIBOT-
HbiX Oe3 NATONOrMYECKHX WAMCHCHHI B TEYEHUe vaca
nocne yHOA, NOACUUTBIBAIH HX 00llee KOMUYECTBO M
PA3NCIAIH N0 MOPPOAOIrHHECKHUM [IPHAIHAKAM: DOLMTHI
C VBEJIMYETTHBIM U CPEIHHM KYMYJIKOCOM H paBHOMED-
HO OKDAlleHHO UUTOMIa3MOl paccMaTPHBANHChE KaK
NMOJHOUEeHHLIe, a Be3 KyMynioca UIH ¢ pelyUHPOBaH-
HbIM KYMV.IIOCOM OTHOCWIN K atperuyeckuM. Hituce-
KIeTKH I10TYYATH NOCae J03PEBAHKA OOUHTOB B Cpede
ans Kyawtusuposanus TCM-199 ¢ ropmonaibHbIMK
aobaskamu npu 5% CO, B BO3LYXE H NPH TeMIEpaTy-
pe 38,5 °C B repMocTate 40 craany mMetadasn 11

Ocmotiyeckne ocobeHHOCTH OOLMTOB CBMHLM AHa-
JTH3WPOBAJIH MO H3MEHEHHIO OCMOTHYECKOID 0DbeMA B
runeprodnyeckux pactBopax NaCl pasanunoil ocmo-
jssaprocti. [lo Metony BosomoMeTpHi ¢ NMOMOWbLIO
MOJIVABTOMATHYECKON YCTAHOBKY 1718 M3YYCHUA 0CMO-
THHECKHX oOcobeHHOCTER aluerteTok u aMOpuonos
miekonuTaonmx [ 1] gukcnposanocs navcnenne pas-
MEPOB 00BEKTA NPH NOIPYKEHHH €10 B PacTEOP Heoh-
XOIMMOI0 COCTABA, TEMIEPATYPR M KOHLCHTPALHM.
Ilpu 5Tom B KavecTBe M3OTOHHMYMECKO!'D PAcCTBOPA WC-
nosb3osain docdatno-conesoit Gyvdep Jlwoavhekko.
lHo sanucanuniM 5 H6aze ganuvix [IIBM naobpaxenn-
AM PRCCUNTHIBANH OTHOCHTENILHBLI KACTOYHBH 00beM,
KHHETHKA KOToporo Obl1a OCHOROM ANA ONpeae/ieHHs
OCMOTHYECKMX [IAPaMETPOB [IPU COMOCTABIEHHHW 3KC-
MEPHMEHTAILHBIX M PaCYeTHBIX JaHHLIX METOI0M
BAPHALMOHHOTO aHanusa. PesynbTate 0bpabarhisain
CTATHCTHYECKH 110 MeToly Crhioaenra—Innepa ¢ ue-
NOAL30BAHUEM KOPPEJAIIHOHHOIO alla/luid U BLIABIE-
HHEM 3aKOHa Pacnpeie/icHHs NapaMeTpos.

Jns vecnenosaHna OB Henonnsosauwm 177 oo-
IHMTOB CBHHBY H 26 sl IleKIeTOK, KOTOPBIC HPH MOIPy-

ITpoGnemu: kpuobuonorun, 1999, No 4

Cell transfer from one to another medium causes
the impairment of thermodynamic balance between
extra- and intracellular solutions, an essential condi-
tion of which is the equality of the values between
chemical potentials of substances, penetrating through
the membrane into and out of a cell. General obstacle
for diffusion in the system is membranes, since over-
falls of osmotic pressure are concentrated on them,
meanwhile its gradients in intermembrane fields can
be neglected [8]. Usually solvent (water) penetrates
via the cell membrane more rapidly than the molecules
of other substances. Therefore when transferring a cell
froni isotenic into hypertonic solution its volume at
the exposure beginning reduces in such an extent, that
total concentration gets equal due to water outflux
out of a cell, that is defined as its dehydration. It is
these theoretical preconditions were laid into the base
of this study methods.

Qocyte were isolated from ova of slaughtered ani-
mals without pathological changes within an hour
after slaughtering, their total number was calculated
and divided into morphological characteristics: oo-
cytes with an increased and average cumulus and
evenly stained cytoplasm were considered as integral
ones, and without cumulus or with a reduced one were
referred as atretic. Ova were obtained after oocytes
maturation in the TSM-199 medium for culturing
with hormonal additives at 5% CO, in air and tem-
perature of 38.5°C in a thermostate upto metaphase
I1 stage.

Osmotic peculiarities of pig oocytes were analyzed
on the change of osmotic volume in NaCl hypertonic
solutions of various osmolarity. According to the volu-
mometry method by means of semi-automatic device
for the studying of osmotic peculiarities of mammalian
ova and embryos [1] the change in the object sizes was
fixed during its submerging into the solution of nec-
essary composition, temperature and concentration. In
this case Dulbecco phosphate saline buffer was used
as an isotonic solution. According to the images re-
corded in the computer data base a relative cellular
volume was calculated, the kinetics of which was the
basis for determining the osmotic parameters. When
comparing the experimental as calculated data by the
method variational analysis, the results were statisti-
cally processed by the Student—Fisher's method using
the correlational analysis and revealing the law of
parameters’ distribution.

For the investigations 177 porcine oocytes and
27 ova were used, they being plunged into a hypertonic
solution demonstrated positive osmotic reaction. In the
majority of oocytes, selected by morphological charac-
teristics, a positive osmotic reaction was not observed:
due 1o the damage of cytoplasmatic membranes they
could not response as absolute osmometers.

The picture of relative volume change of oocytes
in various hypertonic NaCl solutions is presented in
Fig. 1. The cells act as absolute osmometers in a wide
range of experimental concentrations, because the de-
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ACHMH B FMIEPTOHNIECKHH DACTBOP JIaBa/ld NOJOMH -
TENLIYID OCMOTHUYECKYW peakitiio. Y OoJLilinHCTBa
OOLUTOR, 0TODPAHKKIX 110 MOPHOTOrMIecKuM npuiana-
KaM, [OJIOKHTCIbHAA OCMOTHYECKAR DPEAKUMA He na-
Hmoaanack: M3-3a NOBPEAAEHHE 1MTONIAZMATHYEC-
KHX MeMDbpan oHM HE MO pearnpoBath Kak
abCONOTHBIE OCMOMETPEL

[(pachuk H3IMEHEHHH OTHOCUTENLHOTO OObeMa 00-
UMTOR B PasAH4YHbIX TUNEPTONHYECKMX pacTsopax
NaCl npeacrasaen sa puc. 1. Knerku seayr cebs kak
aDCOMIOTHBIC OCMOMETPEI B NIHPOKOM JIHAIAZOHE DKC-
NEPUMEHTAIBHBIX KOHUEHTPaIlliil, TaK Kak 3aBHCH-
MOCTb OTHOCHTEABHOrO 00heMa 01 KOHIEHTPAILWK B
koopaunatax Banr-loduba asaserca auncitHoM.

s KonwdecTBeNUOro ONPEAe/IeHHA HCKOMBIX
napamerpos NOCTPOHM MOJENb OJIMHOMHOH M3QJAHPO-
BaHHOH KMETKH Kak abco/loTHOMO 0CMOMETpa.

AbcomoTnniii 06beM KIETKH

VF=VH:+FF+VI-+ V,. (1)
rae V, — pacrsopurenn (Boaa); V V;, — pacrsopen-
HbIE HPOHHKAOUIHE W Heupnﬁummume BEHIECTBA;

Vy, — 0CMOTHYECKH HEAKTHUBHBIE Beuiecrsa |2].

B pacrsopax wenponukawownx semecrs (HITB) B
KJACTKE He t‘ﬂﬂﬂpiﬂilT{:H ll[H]HHHﬂTGILT.H?L BEILECTE
{V =10}, a tax kak xonnuecteo HIIB 8 knetke nocro-
:FIHHD HX 00beM MOKHO CYMMUDOBATL ¢ 0OLEMOM OC-
MOTHYECKH HCAKTHBHLIX BElLECTHB. (}ﬁ BEM Elﬂ..rl.i'lﬂﬂ Ta
COCTOMT M3 MeMmDOpaH BHYTPMKTETOYHRIX OPraHes,
BLICOKOMOJICKYISPHBIX BEWECTs THIa GeaKkoB, nura-
TeALHBIX BentecTs W ap. [las jgaasueiiliero anainsa
}'ﬂﬂﬁﬂﬁ'ﬁ" I'I'EP'EETH K OTHOCHTS/IBHBIM 2 SHAYCHHAM
0OBEMOB, N0 KOTOPhIMM [OHIMACTCS OTHOILEHWE Te-
Kywero sHadenus ofwema K o0heMy B M30TONHYECKHX
VCIOBHAX.

B OTHOCHTCNMLHLIX BEJTHYHHAX NTPARHI0 KJAEeTOY110-
ro obbema OHyner UMeTh BUL

U=t +(1 —vy-0;)0 + 1, (2)
e v.= Vo) / VEY — ornocnTenshblii KIETOYHRIN
Uﬁ'l:-EM, o= V“ o)/ 'if"lf O — OTHOCHTCABHBI 0OBCM

EHyTpnmrmtumn ROJIBI; vy, =V / VIS OTHOCH-
TeJbHbI 00BbEM OCMOTHYECKH HEAKTHEHLIX BEICCTE;
v;=V.,/ Ve — otHocutensubiit 0buesm HenpoHHikaio-
HIHX BEHLECTB.

Tak kak xknerka sanscresa abCONOTHRIM OCMOMET-
POM B IIMPOKOM JIHANA30HE KOHICHTPAIUMHA, OTHOCH-
TEJALHOE KOJMUYECTBO BHYTPHKIETOYHON BOILI MOMKET
OeiTh Oupeneneno no aakony Banr-Todda:

i Cl-mn/’ Ej_r*_ (3)
Toraa otHOCHTEABHBIH 00beM KIETKH
v (=10 +v:+(1 -0, -0 XC™/CF). (4)

OtHocnTenbHLIH 0DBCM OCMOTHYECKHY HEAKTHBHRX
W HENPOHHKAIOUIHX BENIECTE ONPENCIAETCH KaK TOMKA
MEPECEYEHHA ¢ OCBID OpAMNAT (DYHKIIMM OTHOCHTENb-
HOTro KaeTouHoro obwema ot KOHLEHTDAIIMH B KOODJ1M -
narax Banr-Todupa, loGasounniM K HEMY J10 HOJHOTO
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0 n:z u:-i u:a u:a _;
(1,5) (1,2) (0,9) (0,6) (0,3)
Cisa /G, b
rel. un.

Puc. 1. Ornocite bt ofvbeM ooMTOR caiL i pacTeopax NaCl
FIH.'lJ‘IH'IIII]ﬁ Torsocti: [l JECHUDHMOH T I JTAHCHHRA, ——
— AUNPOKCAMAIHA ¢ HOMODERN ypasteHnH (1) - (6).

Fig. 1. Relative volume of pig oocytes in the NaCl solutions of dif-
ferent tonicity: B — experimental values; —— - approximation by
means of the cquations (4)=(6).

pendency of relative volume on the concentration in
the Van't-Hoff coordinates is linear one.

For qualitative determination of the parameters
sought for we compose the model of single isolated
cell as an absolute osmometer.

An absolute cell volume is:

V-r.= Hr--l' Vp* vi+ V.Fr* (H

- dissolved pene-
!y, — osmoti-

where V,, — solvent (water); V,,,
trating and non-penetrating su )t-'LFIH{ £s;
cally inactive substances [2].

In the solutions of non-penetrating substances
(NPS) a cell does not comprise penetrating ones
(V,=0), and since the NPS quantity in a cell is con-
-.Ld:ll their volume can be summed with the one of
osmotically inactive substances. The ballast volume
consists of the membranes of intracellualr organelles,
highly molecular substances of protein type, nutritive
substances etc. For further analysis it is more conven-
ient Lo use relative volume values, that is the ratio of
current. volume value to the volume under isotonic
conditions. In relative values the rule of cellular vol-
ume will be represented as follows:

r1{_=r1h+{1 _'Il'llh _Ilj] S i"_":. {2}
where v.= V(1) / V7 — relative  cellular volume;
v= VH o )/ Vi'y, — relative volume of intracellular

water; .TJ =V /'F"‘“ — relative volume of osmotically
inactive substances; v;=V; /' V- - relative volume of
non-penctrating substances.

Since a cell is an absolute osmometer in a wide
range of concentrations, a rclative number of intracel-
lular water can be defined by Van't-Hoff law:

=E 7 CF

ETH]

y (3)

then a relative cell volume will be as follows:
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KAeTouHOro obbema asnserca obbeM cBobOAHON BO/LI
B knerke. B obiacty ceepXxrunepToHHYECKHX KOHIEeH-
Tpanmii Ou11a MCNOAB30BaHA JTHHEHAA AIIIPOKCHMAIIHA
OIBITHRX JaHIbBIX 718 HIHAlla30HA :lRl:TIEPﬂMEHJ,'HJIh-
HLIX KOHUEHTPAUMH C NOMOIILBIO MCTOAA HAMMEHKIITNX
KBAAPATOB, CYTh METOAA COCTOUT B TOM, 4TODLI HAWTH
Takoi Koadpduunent (C=pv,+1;), npu  KOoTOpoM
CYMMa KBAAPaToB Pas’HOCTH MEAHJLY TEeOPeTHYeCKHMH
M FFK{'IIEPHMEITTEIJIHIHHH FHAYEIINEMH @ KMACTOUYHBIX
oObeMon Obla MHHMAILHOIT, T.C.

‘A

[“;ﬂ:upj el :'j]

= Mmin,
J:

rae v."°P — pacyeTHwle 3HaueHHA mno dopmyae (4);
v — JKCIEPHUMEHTANbHBIC 3HAYEHWHA, | — HOMCP
JRCNEPHMENTA, .i? — KOJHYECTBO SRCINCPHMEHTOE.

Ha onpeaenennst munumysma dyakiMn cueayer,
YTO

: v (D) —(@ Jmn]_lz
EL. [(F ) ¥ J'|

=1 !

=0 (5)

[Tocae noacranosxku ypasnenus (4) 5 (5) u mare-

MATHYCCKMX 1LPeohPasoBankil MCKOMBIHR 00beMm
v i

k ;. Y 4 R |
( { Cr‘rmf.f{ {‘T yr ){{-r.l'!‘jlﬂ.n}f . Cilf-l.l f[{:i.ﬂ }j}

= el
ﬁ {1 -GN ﬂ
E1 ’

& (6)

-
-

Ornocurensusiit ofibeM HeNPOHUKAWINX Yepes
LHHTONJIA3MATHIECKYI0 MeMOpaHy BENIECTB B KJICTKE

GG (7)

1 p
ne M, p — MOJEKYAAPHBIA BEC H TUIOTHOCTD BHYTPH-
KJIETOYHBLIX OCMOTHUYECKH HCAKTHHEHBIX BEIECTH.

Hamu 65114 HCNONB30BaRB] PACTBOPL CNENYIOMHX
ocMoisiprocTeit: 290 (uaoTonua), 322, 357, 414, 533,
740 m 1 102 mocm. Ilpu Bribope KORUEHTPAUNM CO-
Gmoaaiack NpHOIU3MTENBHARA AMUEIHOCTL B H3MEHe-
HUH oTHOCHTENBHOrO obbema B koopawnarax Bawr-
[oda.

Peayasrarn pacueros no dopmyaam (4), (6) n (7)
MOKA3AIM, STO OTHOCHTEABHLIH 00BEM OCMOTHHECKH
HEAKTHBHLIX BEICCTR, cBODOMHON BOAK H HENPOHHKA-
WIHX BCUECTE B 00OlHTaX CBHHLH B CPEAHCM COCTAaB-
nser 33,02+ 217 66,08+ 217; 0,71 +0.03% coorser-
creenno. B nonyasiig oonutos obbeM 0CMOTHYECKH
HEAKTUBHLIX BEILecTB M ofheM CBOBOIHOI BOJBI [1PH-
HUMan sHaqgenus 18-35 wu 65-81% coorsercTBEHNO.
B aiinexneTkax CBUHBH OTHOCHTEBHBIH ofbeM ocMo-
THYECKH HEAKTHBHBIX BellecTs, CBOOOIHOH BO/b M He-
NPOHWKAIOUIMX BEUIECTB B OOLUNTAX CBHHBH B CPEIHEM
cocTapaser 2805+ 2.08; 71,95+ 2,08; 0,78 + 0,03% co-
OTBETCTBEHHO.
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(4)

A relative volume of osmotically inactive and non-
penetrating substances is determined as a intersection
point with an ordinate axis of the function of relative
cellular volume on the concentration in Van't-Hoff
coordinates. The volume of free water in a cell is its
additional one up to a complete cellular volume. In
the field of extrahypertonic concentrations a linear
approximation of experimental data was used for the
range of cxperimental concentrations by means of the
method of the least squares.

The meihod essence is to find such coefficient
(C=wvy,+v,), at which the sum of squares difference
between theoretical and experimental values of cellu-
lar volumes was minimal, that is

v () =ty +0;+ (1 - 05 -2, XC5%/ CF)

k P

Z \-{rj:;hmr}j_{t_fﬁll}jj = min,

=
where “theor” means calculated values according to
the formula (4); “exp” — experimental values; j — ex-
periment number; & — number of experiments. As it
follows from the function minimum:

(5)

When substituting the equation (4) into (5) and
mathematic transformations the volume souhgt for
will be as follows:

vty =
k
(1-c*ACY Yt - c=°ACTY
;f_:tx X‘ )

(6)

Relative volume of non-penetrating through cyto-
plasmatic membrane substances in a cell:

M

I‘tC D

(7)
where M, p — molecular weight and density of intra-
cellular osmotically inactive substances.

We used the solutions of following osmolarities: 290
(isotony), 322,357, 414, 533, 740 and 1 102 mOsm.
When selecting the concentration, an approximate
linearity in the change of relative volume in the coor-
dinates of Van't-Hoff was met.

The results of calculations according to the formu-
lae (4), (6) and (7) showed, that relative volume of
osmotically inactive substances free water and non-
penetrating substances in pig oocytes in average made
33.02+217;, 66.08+217;, 0.71£0.03%, correspond-
ingly. In population of oocytes the volume of osmoti-
cally inactive substances and the volume of free water
had the values 18-35 and 65-81%, correspondingly.
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beian onpejsencHb Takue rcoMeTpHYECKEC XapakK-
TEPUCTHKH COIMTOR CBMHBH, Kak jJuaMerp, obmmit u
abconoTHul 00beM OCMOTMYECKH HCAKTMBHLIX Be-
mects. JHaMetrp OOUMTOB NPUHHMAL  3HAUEHMA
117-157 mkm, B cpennem 145=7.5 mkm, obnmil
obvem wietkn  0,71-107 = 1,74-10” mxm, B cpeanem
(1,42 + 0,06)-10° mxnm”. Paccumrannsii  abeomoTobii
06bEM OCMOTHYECKM HEAKTHUBHHIX BEUIECTE COCTABAN
0,26-10" — 1,01-10° mxM°, B cpesem (0,56 1+ 0,08)x
x10° mxm®. Bee OMPeNeCcHHbIE DpavMeTpel BAPEHPYIOT B
npegenax 20%. Takas suauyrensias BapHAIAs CBA3AHA ©
MHAMBHAVATEHBIMY OCOBCHROCTAMH GOLUTOR H ANYHHKOB,
M3 KOTOPbIX Ol OBLUTH H3RICUEHH,

J1a noaTBepA/IeHMA THOOTE3R O HOPMAILHOCTH
pacnpefesieHHsA JIAHHLIX MApaMeTpoB OLLIW 1OCTPO-
E€HN IMOUPUYECKHE BapHALMOHNEE PAIb i rpadury
pacnpeaenenus obbema Kaetku H obbsema ocmoTHeC-
Ki HeakTHBHBX Bewecrs {puc. 2, 3). Ho Bapuaumon-
HAA KPHBas He NO3BONRET ¢ HOMHOH YBEPEHHOCTHIO
TOBOPHTDL O 3aKOHE PacnpeleseHus COBOKVIHOCTH, H3
KOTOpoit BasTa ubopka. Ha seawinse nwoboro sapbi-
PYIOIIETO NPHAHAKA CKAZLIBAETCH WIHAHWE MHOTOYHC-
JNCHHBIX, B TOM 4YHCIE ¥ cayuaiiHuix (akropos, HCKa-
AMaoMKX YeTKYi0 Kaprully sapbuposBatus. [Hoatomy
THIIOTEAY O 3AKOHE DACUPEAENCHNS HPOBCPAIAK C 11O-
MOLLBLIO KO3(PPUUMEHTOB AaCUMMETDHE G M 3KCIecca
E,. Jlanubpie KpUTEpHM MOMOTYT 1IPH aHAIU3€ yCTa-
HOBJAEHHA JCHCTEMA BO3MOMKHLIX TTPHYIHH, BLIILIBAK-
IHX OTKJIOHEHHE XAPAKTEDPA PaclpeiAC/eHHs OT HOP-
MansHoro. s obuero obvema oouwtos U obnema
basuacra ony npeacTasicHs B Tabiu. 1. IMnupryecky
onpeaeaeHane Benudiisl Koadpuirenta acuMMer-
PHH M 3KCLECCA I8 IIPHHATOrO YPOBHA 3HAYHMOCTH
He npesbluaoT Tabsauunnle anavdenus [3], caenosa-
TEAbHO, THIOTE3A O HOPMAILHOCTH PACHPeTenen i
SHAYEHHH oObeMa 001 HMTa H OReEMa NCMOTHIECKH He-
aKTHBHBIX BEWeCTB noaTeepKaacTea. OTpHiaressHoe
OTKJIOHEHHE CBHAETENBCTBYET O cKoce rpathuucckoro
pacnpeeelms BAEBo, OTPHIIATENBHEI 3KCLeCC — 0
MIAOCKOBEPINHHHOCTH WK ABYTropbOCTH pacnpeuee-

;

L
Lab
i

=
-
1
L]

fnoTHocTs pacnpenenelni, OTH.aA.
Distribution density, rel. units

] 1
08 10 1,2 14 16 18 20

Ofuem KNETEX, mim” - 10°
Cell volume, pum®- 10°

Puc. 2, lTaoTmaocts pacipeieaciiins aboosomnom olimesa ke k.

Fig. 2. Disuribution depsity of 2 cell absolute volume
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In pig ova a relative volume of osmotically inactive
substances, free water and non-penetrating substances
in pig oocytes in average makes 28.05 1 2.08;
71.95 1 2.08; 0,78 £ 0.03%, correspondingly.

Such geometric characteristics of pig oocytes as
diameter, general and absolute volume of osmotically
imactive substances were determined. Queyte diameter
had the values of 117-157um, in average of
145+7.5um, general cell volume — 0.71-10°-
~1.74-10% wm™, in average (1.42 + 0.06)-10° pm®. Calcu-
lated absoiute volume of osmorically inactive sub-
stances made 0.26-10° - 1.01-10° um®, in average
(0.56 +1.08)}-10° },Lm"}, All determined parameters vary
within the limits of 20%. Such a significant variation
is connected to individual peculiarities of cocytes and
ova, from where they were taken.

To confirm the hypothesis on a normality of given
parameters distribution the empirical variational rows
and distribution schemes were composed, as well as
ones of cell volume and volume of osmotically inactive
substances (Fig. 2, 3). However a variational curve
does not allow to completely speak about distribution
law of the totality, from which the excerption was
performed. Many factors, including accidental ones,
distorting a distinct picture of variation, affect the
value of any varving feature. So the hypothesis on the
distribution law was checked by means of the coeffi-
cients of asymmetry ¢ and excess E,. These criteria
will help when analysing the establishment of the
effect of possibie causes, resulting in the deviation of
distribution character from normal one. Table 1 rep-
resents total volume of oocytes and the ballast volume.
Empirically determined values of the coefficient of
asymmetry and excess for given significance level do
not exceed the table values [3], consequently the hy-
pothesis on the normality on the distribution of values
of oocyte volume and the one of osmotically inactive
substances is confirmed. Negative deviation testifies
to a left-slanted graphic distribution, negative ex-

§ os-
E £
£
. - ™
miad
; 2 o3 -
28
£302-
as
a
£ 0,1 -
=
=
0,0 T T T T 17 71 1
n,z' n;" u|IE nla 1.“
Dbvam CCMOTHHBCKN HEAKTMEHEIX BRLLECTE, KM - !HE

Volume of osmotically nonactive substances, um’- 10°

Puc. 3. [l acimiocts pacinpeaeienns abconoriomn offeMa ocMoTk-
YECKH HCAKTHIIbIX BEILECTH

Fig. 3. Distribution density of osmotically nonactive substances ab-
solute vilume,
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Hust. Ha 3Hak 1 BenuuuHy 3KClECCa OKA3BIBAET BJMA-
HUE CJIOKEHHE PA/IA HEOHOPO/IHAIX HOPMAThHBIX PaC-
npeaeneHuil, a MMEHHO Pa3HOPOJIHLIX NONVIAIHI 00-
uurtos. Henpessiuienwe koaddmipenra acuMMerpum
YCTAHOB/JEHHOI HOPMBI 1IADAMETPOB PaclipeaeieHins
HpH ﬁllﬂﬂﬂl'HLEE{'_"I:{HH HeCTenoBaHWAX JINAa JJaHHOTO
ypoBHs 3HauuMocTd (a = 5% no I. @. Jlakuny) csu-
ACTENBCTBYET O TOM, MTO 3TH IIU]I}".I'JHLI,HH Pi:l.':l.-"”ri'““ﬂ
MO IPYNNOBLM CpeaHuM 00LEMOB, HO CXOAHBI 110
MIOTHOCTH PacipeieieHns.

TaGauua 1

YUucnennble XapakTepucTHEn pacnpejeacaui abcomor-
AOTD OD'LEMA KACTEM M 0DbBeMa OCMOTHYECKH HEAKTHER-
HbIX BEIECTHE B NONYJAAUMM GOIMTOR CHMHLN

Pacnpenenemme ofbema | JTRACHEHME JKCUeCce, OTH. 81,
i (ckoe), OTH. 1.

Knetkn -0, 72 0,26

OcMoTHYecKH ! 0,46 ' =0,60

HEARTHBHEX BealecTs " SR

B mactosmer spems HeussecTHw Mopihosiornyec-
KHE M LHTOJOTHYECKHE TIPHAHAKH, 110 KOTOPBIM MOXHO
ONPEAETNTL CNOCOGHOCTb DOLUNTOB K PasBUTHIO i Tifro
M JanbHEHWEeMY OIVIONOTBOPEHHK. TakonuMH MOIyT
OuTh abcomoTHbii obbem, 00beEM OCMOTHYCCKH HEax-
THEHDLIX BEULECTH MM B3AMMOCBA3Ib MEKTY 3THMH napa-
meTpamu. IloaToMy Ha ocHOBE NOMYYEHHBIX pacipeie-
Jenunii  OmI1 NpoBesleH  KOPPCJAIMOHHBIG  anatus
HCCACAOBAHMA HATMYNA JHHEHHOH KOPPEJiALHOHHON
cBAaN mexay abcomoTHbiM obbemom oolta W abco-
JMOTHBIM 00BEMOM OCMOTHYECKH HEAKTHBHBIX BCILECTH,
MeRY abcomoTHLIM 06BEMOM OOIMTA W OTHOCHTEb-
HBIM OOBEMOM OCMOTHYECKH HEAKTHBHBIX BEWICCTE M OI1-
pefenenn Koxppuuuental koppernsiuun K. B nepsom
cayyae K, =0,709 (P<0,001), T.e. cymecTByer aunei-
Has NOJOKHTENTLHAS KOPPeNSUMOHHAA CBA3bL, CTETeNb
CONPAKEHHUA JIOCTATOMHO Bhlcokan. (CaegoBRaTeAbHO,
obUIHIl 00BeM KIETKH 3aBHCHT OT 00beMa, 3AHUMAEMOTD
MUTATEILHLEIMH BEIIECTBAMH M BHYTPHKJAETOUHBIMH Op-
ranessiaMi.  Bo sropom caydae K, = 0,560 (P <0,05),
T.€. [IPHIHAKH BapPbUPYIOT OOJIEE HEABUCHMO.

Ecan cpaBHHTS HOJAYYEHHBIE DE3YJILTATL ¢ 1aTiibl-
MU 110 OCMOTHYECKOMY COCTaBY OOUWTOB JAPYrUx
BHJIOB MJICKOITHTAIOWHX (Tabs. 2), TO MOKHO VBH/IETD,
4TO KOJMYECTBO OCMOTHHECKH AKTHBHOI BOAK COCTAB-
nsger 70-90%, a ocMOTHYECKH HEeaKTHBHBIX BEIICCTB —

Tabauua 2

OTHOCHTEILABII 0DLEM OCMOTHYECKM HCAKTHBHLIX BE-
WECTR OOINWTOB, MHNeKICTOR U IMBPUOROR HEROTOPLIX
BMIOB MJA€KOIMTAKLIIHNX

- = u B g PO ——— e

P e TRt =

Oraocnrensintit obbew

Buna obsexTta OCMOTHMECKM HEAKTHBHBIX
BelecTs (M = m)
Ainernersu u smOpHMOHL! MBILIK 0,20 = 0,03
OmbpsoRL: Kpoauka _ 0,23 + 0,03
OoumTel KOPOBL! i 0,29 = (1,08
Mopyant oBgs i 0,26 + 0,06
OotTs CBMERM I 0,33 £ 0,02
FitueneTr cBmiLY o 028004
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cess — to flat top-like and two-hump like distribu-
tions. The summing of heterogenous normal distribu-
tions, namely heterogenous oocyte populations affects
the excess sign and value. Not exceeding by the asym-
metrical coefficient of established norm of distribution
parameters during biological studies fore given level
of significance (& =5% according to G. F. Lakin) tes-
tifies to the fact that these populations are different
on the group average volumes, but similar on distri-
bution density.

Table 1

Numeric characterisites of distributions of absolute cell
volume and the volume of osmotically inactive sub-
stances in the population of pig oocytes

o ——

Deviation (slant),  Excess, relative

of relative units units
A cell | -0,72 0,26
Osmotically nonactive 0,46 -0,60
substances | : it

Nowadays morphological and cytological features
(absolute volume, volume of osmotically inactive sub-
stances or interaction between these parameters ac-
cording to those one can define the capability of oo-
eytes to the development in vitro and further
fertilization are known. Therefore on the basis of ob-
tained distributions a correlational analysis on the
study of the presense of linear correlational connec-
tion between oocyte absolute volume and absolute
volume of osmotically inactive substances, between
oocyte absolute volume and relative volume of osmo-
tically inactive substances was carried-out and the
correlation coefficients K were determined. In the first
case K;=0.709 (P<0.001), that is there is a linear
positiva correlational connection, the degree of conju-
gation is quite high. So total cellular volume depends
on the volume, occupied by nutritive substances and
intracellular  organelles. In the second case
Ky =0.560 (P<0.05), that is the features vary more
independently.

If to compare the obtained results with the data
on osmotic composition of other mammalian species
oocytes (Table 2), then one can note that the number
of osmotically active water makes 70-90% and osmo-
tically inactive substances — 10-30% [2, 4]. We can
conclude, that osmotic composition of pig oocytes
statistically do not differ from that for oocytes, ova

Table 2

Relative volume of osmotically inactive substances of
oocytes, ova and embryos of some mammalian species

e — d

- i . <= Top® L. &

Relative volume of
osmotically nonactive

substances {ﬂ'{ =z _?I_P_IJ

— i

Object type

Murine oocytes and embryos 0.20 z 0.03
Rat's emrbyos i 0.23+0.03
Cow’s embryos ! 0.29 = 0.08
Sheep’s morulae I 0.26 = (.06
Pig’s nocyles | 0.33 = 0.02
B i3 RN SRR SN INtES | fexi 1|1, (S
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10-30% |2, 4]. Moxno cienars 8LIBOI, 4TO OCMOTH-
YecKHH cocTaB COHHTOR CBHHBH JIOCTOBCPHO HE OT.THYd-
eTcd OT TAKOI0 18 COLIMTOR, SifIeKIeTOK M 3MOPHONOR
JPYIHX BHJIOB MAEKONHTAKONINY, 34 WCKAIOYEHHEM
ambpuoHOB Mbin. OTaHYHe 0CMOTHIECKOIO COCTABa
ANUEKIETOK MBILIY MOATBEPANACTCH, KO/ TIPH MOP-
(hoMOrHYECKHX HCCICADBaHUAX HabJIOAIOTCH pasin-
YHUS B CTCHEHH TIPOIPAYHOCTH ILMTOMTA3MBL
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and embryos of other mammalian species, excluding
mice embryos. The distinction of osmotic composition
of mice oocytes is confirmed, when under morphologi-
cal investigations the differences in the degree of cy-
toplasm transparence are obscrved.
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Induced by PEG-1500 Elimination of the Membrane Proteins
of Human Erythrocytes

Yu. V. KUCHERENKO, E. D ROZANOVA

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

Heeneaopasno maMeHeHMe KONMMECTBEHHOID cOCTABRA OENKOB DPMTPOLMTOR Yenoseka Ha srane npefobpaboTrit KNeTox KPUOKOHCE-
pragToM Ha ocsose [1OT-1500. MMokazawo, wro koauuecTrso aketrparupyesoro IIOT-1500 Genxa 3aBMCHT OT TEMIIEPATYPAl M BpeMeHM

BRCTIOAMIPN KIETOK B KPMOSALIMTHOM pacTsope

locnipxeno aMiny KIIBKICHOTD CKAagy DLIKIR epHMTPOLMTIE JIOIMHH Ha e1ani nepeyndpoliKn KXITHH KPIOKOHCEDPBAHTOM Ha OCHOBL
TNEr-1500. llokasano, mo xiaskicrs excrparosasoro ITET-1500 Ginka sanemurs Bl TeMDepaTypl i Yacy eKCOOIMINL KIITHMR Y

KPIO3aXHCHOMY po3umHi

Change in the guantitative composition of human erythrocyte proteins at the stage of pretreatment of cells by eryoprotective
medium containing PEG-1500. It has been shown that the quantity of extracted protein by PEG-1500 depends on the temperature

and period of exposition of eells in eryoprotective solution,

MaBecTHO, 4TO AK30reHHLIE AHIAH/L, K MUCAY KO-
TOPLIX MOIYT OBITE OTHECEHK OCMOTHYECKH AKTUBHbBIE
kpuonporekropsl (ITBH, 3T » t.4), upy obuiynbix
(PHIHONOTHHECKHX TEMIepaTypax BaI3LIBAIOT NEPepac-
Npeaesenne THCHePCHO PacioNoXenubix MeMOpaHHbIX
Oenaxkos u peuenTopos, (OPMHPYSH arperupoBaHHbLIE
JAOMEND! WK JOKaALHbIE BuIAYNBaHNUA MembpaHs! |2,
6]. B [1, 3] nokazano, 4to yeToHUMBOCTE KIETOK K
AEHCTBHIO HUBKUX Temneparyp B npucytetBuy [191-
1500 3aBHCHT OT Cro KOHUEHTPALME, AIHTCABHOCTH
BOJAEHCTBUA W TeMIlepaTypul cpeabl uukybauumn. Xo-
AofoBad 00paboTKa HPHTPOLMTOR HPH MONOKHTE1b-
HOIl Huakoi temneparype (0-4 °C) cnocobersyer no-
BhILIEHWIO YCTOHYHMBOCTH KJETOK K JACHCTBHIO HUIKHX
TeMmnepatyp [1]. B apurpousTax, vukyOHPOBAHHBIX ©
N2I-1500 npu 0-4 °C, nocie s3amopaxi{BaHnA-0TO-
I'peBa XOpoHio COXPAaHAETCA KayeeTBEHHDLI H KoHye-
CTBCHHBIH cocTas iHTOoCcKeneTHbIX Beakos [3], xots
NPOMCXOANT HEKOTOPASA 1OTEPS AKTHHOBKLIX MOHOMEDOR,

Aeiictane [1IT-1500 ua Genxoswii cocran mem-
OpaH 3pHTPOLMTOB A JTATIE, NPEAIIECTBYIONICM 3aMO0-
paxkUBaHHIO, Uayyeno HegoctaTouno. leas paborm —
HCCNEA0BANNE BIHAHMA UIMTCIBHOCTH KOHTAKTa Kile-
ToK ¢ 30%-m pactsopom [13T-1500 na xoamuecrsen-
Wil cocTan DenkoB MemMOpan IPUTPOIMTOR YEJIOBEKA,
HIKyOHposaHHBIX nipy 4 1 22 °C,

MatepuanoM HecneaoBaHHA CAYKHAH IPHTPOIM-
Thl JOHOPCKOH KPOBH YEJ0BEKA, KOHCEPBHPOBAHHONH
Ha cpeie “Imoruup’, co cpokoM XpaHeHus ao 4-x
cytok. Mcuoabiosanin KpHOKOHCEpBaHT Ha OCHOBE
IT2T-1500 (30%-it pactsop MMAT-1500 Ha 15 MM doce-
dharnom Gydepe, pll 7,4), conepxammit 150 vM NaCl,
Mocae yaanenns 11143Mbl 3pUTPOMACCY JABAKAB OT-

[Ipofineme kprobuonornm, 1999, No 4

It is known, that exogenous ligands, reffered as
osmotically active cryoprotectants (PVP, PEG etc.),
at physiological temperatures cause redistribution of
dispersially located membrane proteins and receptors,
by forming the aggregated domains or a local mem-
brane convexities [2, 6]. |1, 3] show, that cell stability
to the effect of low temperatures in the presense of
PEG-1500 depends on its concentration, duration of
the effect and temperature of incubation medium.
Erythrocytes’ cold processing at positive low tempera-
ture (04 °C) promotes to an increase of cell stability
to low temperature effect [1]. In erythrocytes, incu-
bated with PEG-500 at 0-4°C, a qualitative and
quantitative content of cytoskeleton proteins is well
preserved after freezing-thawing, though some loss of
actine monomers occurs,

The PEG-1500 effect on the erythrocyte mem-
brane protein content at the stage, preceeding freez-
ing, i1s insufficiently studied. The aim of the given
work is the investigation of the effect of cell contact
duration with 30% PEG-1500 solution on a quantita-
tive content of human erythrocyte membrane pro-
teins, incubated at 4 and 22°C. Erythrocytes of
human donor's blood, preserved with the “Glugycyr”
medium, up to 4 days storage, were the material for
investigation. The cryoprotective medium containing
PEG-1500 (30% PEG-1500 solution on 15 mM phos-
phate buffer, pH 7.4), with 150 mM of NaCl was used.
After plasm removal, erythromass was twice washed
by 0.9% NaCl (5 min, 1 200g). At the temperature of
4 or 22°C cryoprotective solution 1:1 (v/v) was
added to the erythrocyte suspension (hematocrit was
0.8 +0.05 1/1). The samples were thermostated, then
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muisasan 0,9%-m NaCl (5 mun, 1 200g). K cycnenaun
apurpountos (remaroxpur cocrtapnan 0.8 0,05 a/xn)
nobaBnaaM pacTeOp KpuokohcepsaHta 1:1 (10 obve-
My) tpn temnepartype 4 wan 22 °C. Obpasisl TepMo-
CTATHPOBANY, 110CAE  4ero  1eHTPUpYIrHpoBaHHEM
emeck (10 mun, 1 200g) vagocalouHYI KUIKOCThH OT-
ACAAIH OT NAOTHOH cycleHsitn kaerok. Komieurpa-
unio Genka B HALO0CANOMHON KHIKOCTH QlPEeLes iy
CleKTPogOTOMETPHYECKH Ha Anute Boanu 280 HM Ha
crekrpometpe “Unicam SPRO00 URS” (Beankobpu-
rannA) no meroay Bapbypra v Kpucruana [4).

Cnextpet HIMP nanocanounoii suakocti ¢ [131-
1500 peructpuporain na cuexrpomerpe “Tesla BS
597A” ¢ paboueit wactoroit 100 MTI'u ans nporonos.
B xayectse BHewHero srtanoHa ucnonssosanu JICC
(2,2-numernn-2-cunanenrtan-3-cyvasdonar  HaTpua).
Ma puc. 1 suano, uro ywe nocae 5 mun nukybGanmm
EPHTPGHHTGB C pﬂCTEﬂpDM MOJTHITHIIEHTIIMKOTTA B
CNEeKTPax HAAOCAMOYHON KuAKocTH obHapyKHBaeTCH
Gesok. [lpu atom kosinuectro benka, akcTparnpyemo-
ro 113T-1500, e 3apuceno o1 TeMNEPATYPHOIO PEKn-
Ma 00paboTKH KIETOK. YBeJWgenue AIuTeabHoCTH
HHKYOaLUH 3pHTpoUHTOB ¢ pactsopom 11911500 npu
KOMHATHOH TeMuepatype 10 40 MiH conpoBoXxaaeTcs
BO3pacTaHHeM KoHuenTpaunn OciKa B HagocajioMHoil
KUIKOCTH, B TO BPEMA KaK npyu xoJsogosoi obpaborke
ATOT npouecce Bulpaxen caabee. Jdansueiuwee ysenu-
YEHWE BPEMEHH KOHTAKTA KAETOK € PACTBOPOM KPUO-
KOHCEPBAHTA MPHBOAUT K POCTY KOHUEHTPAIK Oc/iKa
B Hajocaaxe, joctHras avadenuda = 1,93 mr/mn
(t=4°Cyu C=191 mr/mn (¢t =22°C) nocne Tpexya-
coBOH HHKyDaLun,

Ueenenosanus meronom 'H-AMP cnekrpockonun
VKa3bIBAIOT HA CBA3L NOJYUIMPHIHBI JIMHKIT B ciekTpax
HAMOCAIOMEONH JKHAKOCTH ¥ LIUTEALI0CTH AKBUIAKHG-
PaunM 3PHTPOUNTOB B cpene, codepaanteit TTOT-1500
(puc. 2). IkcTpakumus NoJUsSTHACHTINKOIEM GCIKOB
{'.Ilﬂﬂﬂﬁ{'TH}-'ET BOJAPACTAHHK) rereporedinocTH {}ﬁIJEII;I-

4,0 4

KonuenTpaumwn Benka, mrimn
Concentration of protein, mg/mi

Puc. 1. JasncuMocts KouuesTpaiiy 0eika B HAloCAonHon mxmn-
KOCTH (Mr/sn) oT ppesenn wukyhaim aputpoignos ¢ J0%-w pac-
Toposm [LAT-1500 npu temoeparype; 1 —4°C; 2 - 22°C.

Fig. 1. Dependence of protein concentration in supernatant liquid
(mg/ml) on time of erythrocyles’ incubation with 30% solution of
PEG-1500 at cemperature; 7 —4°C; 2 - 22°(,

[1poGaeme: kpuobuonoruwm, 1999, No 4
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supernatant liquid was separated from a dense cell
suspension by centrifugation (10 min, 1 200g). Pro-
tein concentration in the supernatant liquid was spec-
trophotometrically determined on the wave length of
280 nm by means of the “Unicam SPR000 URS" spec-
trometer (Great Britain) by Varburg’s and Cristian’s
method |4].

PMR spectra of supernatant liquid with PEG-1500
were recorded by the “Tesla BS 597A" spectrometer
with an operating frequency 100 MHz for protons. As
an inuer standard the DSS was used. Fig. 1 showed,
that wiready after 5 min of erythrocyte incubation
with polyethvlene glyeol solution, protein was re-
vealed in the supernatant liquid spectra. Amount of
protein, extracted by PEG-1500, did not depend on
the temperature regime of cell treatment. An increase
of erythrocytes’ incubation duration with PEG-1500
solution at a room temperature up to 40 min accom-
panies with the increase of protein concentration in a
supernatant liquid, where as at a cold treatment this
process is slightly expressed.

The further increase in the time of cell exposition
in cryoprotectant’s solution results in the growth of
protein concentration in supernatant, reaching the
values of =153 mg/ml (t=4°C) and
C=1.91 mg/ml (+ =22 °C) after 3 hrs incubation.

The investigations by means of the "TH-NMR spec-
troscopy indicate the correlation of a halfwidth in the
spectra of supernatant liquid and duration of ervthro-
cytes' equilibration in the medium, containing PEG-
1500 (Fig. 2). Protein extraction by polyethylene glycol
promotes to the increase in sample heterogeneity, and
consequently, Lo the halfwidth increase and amplitude
reduction of a water and cryoprotectant signals.

Erythrocyte storage in a cryoprotective medium
within 3 days at a room temperature results in the
further increase of the membrane proteins' elimination
into an outer medium and the erythrocytes hemolysis.
Protein concentration in the erythrocytes' super-

U .
i
.Y
[
| | T | R 1 |
4 3 2 1 0 =1 =2 ;‘Fﬁ

Puc. 2. 'H-8MP CHEKTPLE HAA0CanDMoR MIKOCTH, COlCpaRauieH
T 1500 (r= 22 °C) nocac: 7 - 5 MHE RikyGanusy HpUTPOLKHTOR ¢
30%-m pacteopos 11500, 2 — 40 man wukybannw; 3 — ninxyba-
WA B Teueue | CYT.

Fig. 2. "I11-NMR spectra of supernatant hiquid containing PEG-1500
(t=22°C) after: 1 — 5 min of erythrocytes’ incubation with 30%
solution of PEG-1500; 2 -- 40 min of incubation; ¥ — incubation
during 1 day.
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OB, @ CAEMOBATENRHD, VBEJIWHEHHK) TOAYINHPHHET U
YMEHbLIIEHHID aMIIMTVAB CHTHANMOB  MOCAOLUEHNS
BO/LKI 1 KPMOIPOTEKTOPA.

Xpanenue apUTPOLUHTOR B KPHOZALLMTHON cpeie B
TeYenne 3-X CYTOK [IPH KOMHATHOH TeMicparype (ipm-
BOIUT K JAaJbHCHIICMY VBEJAHYEHWIO H/HMHHALLKA
MemOpatHbix OEAKOB BO BHELIHION CPe/Iy W reMosiaa
apurpountos. Korientpauna Genka B Haxocaaoqyoi
KHAKOCTH 3pUTpoltMToB, WHKyOuposannwmx ¢ [13T-
1500 npu t=4°C B TeucHHC 3-X CYTOK, HAMEHAACD
HEZHAYMTENBHO, YTO, BOIMOMKII0, CBA3AHO cO cTabuan-
3alMeit CTPYKTYPL MeMmOpartuix HDCNKOB,

Taxum obpasom, noayucHusic B pabore NaHHBIC yKa-
3bIBAIOT, YTO MIMEHEHHC KOTMYCCTBEHTIOND cocTaBa Oel-
KOB 3PUTPOIMTOB YeN0BEKa (ReposTHee Brelo, MemOpaH-
HeIX OenKoB) npoaBnAeTca Ha otane nperobpabotkn
KAETOK KPHO3AIHUTHLIM pacTopos [1I1-1500 1o 3amo-
paxusadus. Konuuwecrso axcrparupyemoro 1127-1500
OeIKa 3ABUCHT OT TEMIIEPATYPBI 1 BPEMETTH IKCIIO3HIIMH
KIETOK B PACTROPE KPHONPOTEKTOPA.
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natant liquid, incubated with PEG-1500 at 4°C
within 3 days changed slightly, that is probably con-
nected with the stabilization of membrane protein
structure.

Thus, obtained in the work data point to the
change in qualitative human erythrocyte protein com-
position (likely of membrane proteins) develops at the
stage of cell pretreatment by cryoprotective solution
PEG-1500 hefore freezing. The quantity of protein,
extracted by PEG-1500 depends on the temperature
and peried of exposition of cells in a cryoprotectant
soluticn,

REFERENCES

1. Babychuk L. A., Zemlyanskikh N. G. Polyethylene oxide
1500 and the temperature effect on the peculiarities of
erythrocyte membrane modification // Problemy knobiolo-
gii.— 1996.- Ne 4 - P, 32-38.

Belous A M. Role of cytoskeleton proteins in cell cold
stability // Kriobiologia.— 1990.- Ne 3- P. 3-12

Belous A. M., Gulevsky A. K., Babijichuk L. A et al Role
of cytoskeleton proteins in the change of erythrocyte stability
at the temperature and osmotic effect // Kriobiologia.—
1990 - Ne 4 - P 3-13,

Doson R., Elligt D., Ehiot U., Jones K. Ref. book of bio-
chemistry.— M.: Mir, 1991 - P. 464.

Faisst 5., Seibicke S. A hypothesis on the mechanism of
polyethylene glycol (PEG) — mediated membrane fusion
/i Cell. Biol. Int. Repts.— 1987 - 11, Ne 7 - P, 5663

. Isomaa B., Hagerstrand H., Paatero G. | L. Membrane
alterations induced by amphyphiles // AlLA.- 1989.- 16,
Ne 3.— P, 274-280.

Accepted in 06.10.98

Problems of cryobiology, 1999, Ne 4

iMiA 2BTOPCHKW



YOK 57.043+611.018+612 582

UDC 57.043+611.018+612.592

BrusiHue OXJIAKIEHHA HA CTPYKTYPHO-(DYHKITHOHAIBHOE
COCTOSTHHE OOHOBJIAIONIUXCA KIETOK
HKETYNOYHO-KHIIEIHOTO TPAKTA

B. ©. KO3JIOBA, T. H. KOPYEHKO, M. U. I1IIETHHCKHUH
Hucmumym npobnem kpuobuonoeuu u kpuomedunyunut HAH Yepaunst, e. Xaptkos

Cooling Effect on Structural and Functional State
of Renewed Gastroenteric Tract Cells

V. F. KOZLOVA. T. N. YURCHENKO, M. |. SCHETINSKY

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
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Adaa obHosrmolpmes THaHe HETYA0UHO-KMILEHOTO TRAKTE XapaKTepia KIetoHan opMa PDereHepaiiin © HaTHeM BCeX JacTed
mapdbepora Huaxue TeMmepaTypsl B IHANEI0HE KPHOYCTOINMBOCTH CTPYRTYP BBLANT Ha BHYTPH- M MenvmidiepoaHbIe B3aMMO0THOILEHMA
wnerok, axmsumpyior 1HRK-csmremipyiomyo cnocobyocTs kaMOMATBALIX 3NEMEHTOR CIMIMCTRI ODONOYERX WEIYIKG 1 KMOESHWKA ©

NOCASYIOLIEH KX Nposmidepainest, Murparped, madxpepeiMaliesi M NMOJHLIM BOCCTAHORICHMEM OPraHoB DOCTE KPHDIecTPYKLUM.

Jlns OMOBRMOBAHMX TRAHMH LLTYHKOBO-KMILKOBOID TPAKTY XaPaKTepHa KT THHHA GOpMy peredepaitll 3 HasBHICTIO BOIX HacTHH Tuibepony
Huasxi TeMmepaTypH B QanasoH KPIOCTINKROCT CIPYRTYD BILMBAKTE HA AHYTRIUNEG- | MIBIMDEPOHHT BIGEMOIB A KT THHE, aXTHEIIYIOTL
AHK-curresyiouy amatdicTs KaMBiambHIX ENeMenTis caMa30BuX oDOJOHOK ULTYHKY | KMINENMHUKY @ TOSATLIION X npoaidepalici,
MITPAMiE, hePenLlaiclo | NOBHMM BIAHOBTEHHAM OPTanis MICAA EPIoaecTpyRLiL

For renewed tissues of gastroenteric tract a cellular form of regeneration is charactenstic in the presence of all differone parts. Low
temperatures in the range of structure cryoresistance affect intra- and interdifferone interactions of cells |, activate DNA-syntheuzing ability
of cambial elements of mucuos membranes of stomach and intestine with following their pruliferation, migration, differentiation and a

complete recovery of organs after cryodestruction.

Ilpu MccneqoBanun BAHANKA OXTAAAEHHS 1A CO-
CTOAHHE PAIIHYHBIX TKAHCH Kak (uaoreHeTHYECKH
CTOAHBIIHXCA CHCTEM THCTOJMIONHYECKHX JJIEMCHTOR,
obbeanHennbx 06meil crpyKTypoil, hyHKIIHENR 1 npo-
Hexoaaenuem 2], BaXKHLIM MOMEHTOM HBAACTCA YHET
Mx npoandeparHBEHOI ClIOCODHOCTH, HOCKOJILKY HMCHHO
Xapakrep KJIeTOYHOH NOonyasiuu 1 ocobeHHoCTH pere-
HePAILMH 00YCAORIHBAIOT PA3BUTHE KOMIIJICKCA KOMIIEH-
EETG]]HQ"IIPHEHG{:‘JEHTEJI]:-Hh.I.‘{ HnpolUcccos B OPpraHax H
BO3MOMHOCTE TIOJTHOTO WJIH HENOJAHOTO BOCCTaHOB/E-
HHA OM00OLEKTOB Mocae NOBPEXKIEHHA.

B nacrosee Bpems no tuny pereicpannn [2, 9]
IPHHATA CaeAyionas Knaccupurauns teaneil:

1) cratuyeckue, uan crabunseie (MHOKapa, rau-
FJIHO3HLIC KAETKH IEHTPANLHOW HEPBHOH CHCTEMBI),
BRICOKOH CIeuHaIH3aIIHH, YTPATHBILNE CHOCOOHOCTD
K AcjdeHdo (14 HHX XapakrepHa TOILKO BHYTPHKIe-
TOUHAas opMa pererepalnm);

2) pactyuine (neyens, NOYKH, JCTKHE, CKeJLeTHbIE
H ThadKHe MLIIUILI, BEFEeTATHBHAA HEpBHAA CHCTEMA,
IHAOKPHHHBIE OPrafbl, MOKETYI0UHAA KCIe3a), TAK-
AKE BbICOKOCNEUHATH3HPOBAHHBIC, 1IPEHMYUIECTBEHHO
¢ BHYTPHKIeTO4YHOH dopmoil perenepalini, Ho B Oli-
PCAESIEHHBIX OKCTPEMANBHBIX CHTYALLHAX EHGCUﬁHHE K
PaIMHOKEHHID W Anddepenmannm;

3) cbuosafwUIMecH, WK AA0HABHBIE ¢ KACTOYHOM
popmoit peredepanny (SNHAEPMUC, CAHIHCTHIE 000-
JOYKH KeTYAOUHO- KHILEIIOrD TPaKTa, JAMXaTCaLHLIX
MYTEH, MOUYCNIOJOBOH CHCTCMBL, & TAaKKe JHIAOTENuit,

ITpobnems! kpuobuomoruu, 1999, No 4

When studying a cooling effect on the state of
various tissues as phylogenetically settled systems of
histological elements, combined by a general struc-
ture, function and origin [2], an important moment is
taking into consideration their proliferative ability,
since this character of cellular population and regen-
eration peculiarities stipulate the development of the
complex of compensatory and adaptive processes in
organs and possibilities of a complete or incomplete
recovery of bioobjects after a damage.

Nowadays according to the type of regeneration [2,
9] the following classification of tissues was assumed:

1) static or stable (myocardium, ganglious cells of
central nerve system), high specialization, which lost
the ability to divide (only intracellular form of regen-
eration is characteristic for them);

2) growing (liver, kidneys, lungs, skeletal and
smooth muscles, vegetative nerve system, endocrinic
organs, pancreas), as well as non-specialized, predomi-
nantly with intracellular form of regeneration, but in
certain extreme situations capable to reproduction
and differentiation:

3) rencwed or labile with cellular form of regen-
eration (epidermis, mucuous membrane of gastroen-
teric tract, respiratory tract, urogenital system, as well
as endothelium, mesothelium, crumb connective tis-
sue, hemopoietic system).

Froblems of cryobiology, 1999, Ne 4
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ME30TeJINil, PRIXJIAs COEMHUTE/IbHAS TKaHb, Kpose-
TBOPHAS CHCTEMA).

B hu3auonorHueckux VEIOBHEX B CIM3UCTHIX 000-
JIOUKAX KeJyJI0vHO-KHIIEYHOro TPakTa IIPOMCXOIUT
eCTECTBEHHOE ODHOBJEHHE CTPYKTYD, YACThIE MUTO3KI
# OLICTpoe NONOJIHCHHE KACTOK HAaYHHAIOT (IPeBBINIAT
noTpefHOCTL B HUX, YTO NPUBOANT K rnbenn dactn
KJIETOK W BRIBEJICHUIO X U3 TKaHW. [Ipi atom knerou-
HAad NOTCPA YpasHOBeUWBaeTcs nopoobpasoBanneM
KJICTOK WK NPOAYKUMA KICTOK C/ICTKA TIPEBbILIAET MX
rubenb. B 0OHOBASIOINXCA TKAAY CHHXPOHHO IIPO-
TekaloT npoueccul nponudepani, Murpauuu u and-
deperInalINH, 4 TAKKE OTTOpKeHUst H TbenH KIeToK,
3aBepLIAIOIIMX CBOH AM3HeHHwld uuwa |2, 9, 10].

B xpuobuonornyecknx cutyauusx Goablioe aHade-
HHE uMeeT Ki1etouHo-trdwpeporbll coctas oprasos,
ONPefenaoiing XapakTep AecTPYKIIMKY H THII THCTOrEe-
He3a ¢ npeodaalaHiemM KNeToMHON, BHYTPUKIETOYHOMH
WIH CMEILAHHOM (GopM pere’Hepanlnit CoOTRETCTBEHHO
Ut O0HOBIAIOUIMXCA, CTa0HIbHBIX W PACTYULHX TKAHEH.
Knerounsni audpepon — arto rucroreHeTHYECKHH pan
KJIETOK, B KOTOPOM 110 CTENCHH npoandeparnBHOil ak-
THBUOCTH YCAOBHO BRICJAAT KaMOHAIbHYIO, CPEAHII0
TmdbepeHINPYOMYIOCE 0 KOHEYHY D (BBICOKOCEL[H-
anuanposanuyio) 1actu |2, 4]. [lna obHosnsiowmnxces
TKaHel XapakTepua knertovHas (opma perenepaimu ¢
OJHOBPEMCHHBIM HanuuueM Bcex dactell andipepona.
Jonst peryvisiGim npOTeKAnMX NPoLeccoB BaXKHO OI1-
penennTh, Ha Kakoil yuacTok AnpdepoHa M KaKuM
06pasoM ACHCTBYIOT HHAKHE TEMNEPaTyphI.

ANEKBaTHOH MOJENbLIO 719 WAYYEHWA BCeX napa-
METPOB CIEKTPA BiauMoAeHcTBHA Xono4a ¢ HrnoodnLek-
TOM ABJIAETCA JIOKAJbHOE KpHoBosgelcTsue in silu,
NPH KOTOPOM COrJIacHO TeMIepaTypHoMy Npodinaio na
PA3HBIX PACCTOAHMAX OT MECTa KPHOAIILIMKAIIMA Bhl-
JENAT TPH 30HBl OXJAKIECHHA C TOBPEAIAIOIINM,
CTHMYIHPYIOIHM M runomerabonudeckum addexra-
Mu |5, 7, 8].

Llean HacTOALLETO HCCNETOBAHUA — H3VYEHHE OCO-
bGeHHOCTEN NTOKANRHOIO ACHCTBUA HH3KHUX TEMNEPaTyp
in situ #Ha MmopdodyHKIIMOHATEHOE coCTOsHUe 0OHOB-
JAOUHMXCA TKAHEH KeJy0YHO-KHINeYHOro Tpaxkra.

JKcnepuMenTsl NpoBoaAnan fa Oennix Gecnopon-
HBIX Kphicax-camilax maccoi 180-220 r. Bcem xmusor-
HEIM NOA 3PHUPHLIM HAPKO30M NOCAE JanapoToMHH
pacceKain KeayaoK no HobILOH KPHRHAHE MUILEBOL-
HOW uacTH. B nepsoit cepuu onwton Kpuosoaaeicrane
HA CAH3UCTYIO 000704KY QVHILILHON YacTH METy/IKa
HaHoCHIHM B TevyeHde 180 ¢ xpuoanniuxkatopom (aua-
METpoM 2 MM), OXJaKIEHHLIM KWIKHM A30TOM 10
temnepatypul -84 °C. Tepmorpadmuecknii KonrpoJis
BO BpeMsl OMepainy BbUIOJAHAIM € 1HOMOUIBK TpPex
ME/Ib-KOHCTAHTAHOBLIX TCPMONAP, BMOHTHPOBAIHLIX B
CTIELHATBHYI0 MOJNOKKY KPYrioil ¢opmMbl M pacnoso-
AEHHBIX JAPYT OT JIpyra Ha pacCTOAHUH 2 MM, HAYMHAA
ot uenTpa. Ilokasanusa perucrpupoBasn camonuciem
K-399. Kuporuex 3abuBasn myTem Jekanitaimu noj
JerkuM 3npHbiM Hapko3oMm. Marepunan (cTenky xe-
NYNKA W OpHiexawmni K Heil yyacTok ABeHalllaTu-

[Ipobaemta xpuobionormu, 1999, Ne 4

Under physiological conditions a natural renewal
of structures occurs, frequent mitoses and rapid en-
largement of cells begin to exceede the need in them,
that results to the death of the part of the cells and
their release from a tissue. In this case cellular loss is
compensated by new formation of cells or the produc-
tion of cells slightly exceeds its death. In renewing
tissues the processes of proliferation, migration and
differentiation, as well as rejection and death of the
cells, completing their vital cycle take place [9, 10].

In cryobiological situations a cellular-differone
composition of the organs, determining the character
of destruction and the type of histogenesis with a
predomination of cellular, intracellular or combined
forms of regeneration correspondingly for renewing,
stable and growing tissues, has a great value. Cellular
differone is histogenetic row of cells, where on the
extent of proliferative activity a cambial, middle dif-
ferentiating and final (highly specified) parts are de-
fined [2, 4]. For renewing tissues a regeneration cel-
lular form with simultaneous existence of all differone
parts is characteristic one. For the regulation of pro-
ceeding processes it is important to determine what
differone site is affected by low temperatures and the
way of this effect.

Local cryoeffect in situ is an adequate model for
the studying of all the parameters of cold interaction
spectrum with an bioobject, at which according to a
temperature profile three cooling zones with damag-
ing, stimulating and hypermetabolic effects are found
at different distance from the eryoapplication location
5, 7, 8].

The aim of given investigation is the study of
peculiarities of local low temperature effect in situ on
morphofunctional state of renewing tissues of gas-
troenteric tract.

The experiments were carried out in white bree-
dless male rats of 180-220 g. All animals under ether
narcosis after laparotomy the stomach was dissected
along esophageal part greater curvature. In the first
series of experiments a cryoeffect on mucuous mem-
brane of stomach fundal part was applied within
180 sec by means of cryoapplicator (2 mm diameter),
cooled by a liquid nitrogen down to the temperature
ol -84 °C. Thermographic control during the opera-
tion was accomplished by means of three copper-con-
stantan thermocouples, mounted into a round special
base and located in the 2 mm distance from each
other, begining from the center. The data were re-
corded by means of the K-399 recorder.

Animals were decapitated under a light ether nar-
cosis. The material (stomach wall and adjacent duo-
denal site) was taken for morphological investigations
in 1 and 24 hrs, as well as in 7, 14, 30, 60 and 90 days
after cryoeffect, taking into account main phases of
destructive-recovering processes. The control group
consisted of stomach-operated animals but without
cryoeffect. The material for histological and histo-
chemical investigations was obtained at the same

Problems of cryobiclogy, 1998, Ne 4
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JVIAKAZ ¥ NpMIekKaiuidi K Hell yyacToOK JIBeHailaTH-
NEePCTHON KHITKK) AN8 MOPDOTOTHYECKHX HCCICDBA-
Hui orbupann vepea 1 u 24 u, a Taxxe depes 7, 14,
30, 60 n 90 cyT nmocae KPHOBOIACHCTBHA C YMETOM
OCHOBHBIX a3 JeCTPYKTHMBHO-BOCCTAHOBHTEIhHBIX
NPOIECCOB.

KonrpoabHas rpyrna cOCTOANA M3 KUMBOTHLIX, KO-
TOPBIM NPOBCACHO ONEPATUBHOC BMEUIATETLCTED HA
Kenavake, Ho Ges KpuosoaaeicTBis. Marepuan ana
THCTONOTHYECKMX M THCTOXHMHYECKHX HCCJIeI0Ba M|
GpaM B TC e CPOKH, 4T W B HepRoil cepuH OnbIToB.
Obfpasupsl oprados puxcuposasn 8 10%-m pactsope
uedTpankioro copmanita. Llenonanm-riapaguHosee
CPe3bl TONUMHOH 7 MKM OKPAalIHBATH TeMATOKCHIIM-
HOM JPAHXA W 203HHOM, a Takke peakTHsom Hlndda
M aiBUHAHOBEIM cHHUM 1o Moypr s olpeaeneHns
FJIHKONPOTEHHOB W [IHKO3aMHHOIIMKAHOS.

JAHK-cuuresupyionryio cnocoOHOCTD KIETOK CTEHKH
AKEAVAKA W KUIIEYHHKA H3YYANM METO/IOM PagH0aBTO-
rpatiy Ha 30-e CYTKH NocIe KPHOBO3IBIHCTBHA: JKHBOT-
HBIM KOMTPOJILHON ¥ 1ToaonsiTHOI rpyni 3a 2 ¥ 10 32604
OAHOKDPATHO BHYTPHODIOIHHHEO BBOAMM ~ H-TUMMTHH B
aose 37 Mbxk,/r maccel tena (1 MxKun-r) © MoaspHoi
aktusnocTuio 1 790 Thr/vmoas (48 kKu/voan). Ky-
coukn oplanos ¢dukcuposann B cmecn  Kaphya
UESITOHAMH-TTAPaIMHOBLIE CPE3BI TOJUIHHOH 3 MKM
OKPallIMBa/IH TeMATOKCHIHNOM M 303HIOM C TIped-
BAPHTEABHOH pasnoasrorpathuell MerKo3epHHCTOMH
aMyascued THita M. JauTensHocTh AKCNO3HUMH CO-
crapuaa 3 wegenu. PaguoasTtorpadsl OUEHNBAJIN 110
MOKasaTeIaM BIUHOYCHIt ~ H-THMuAnYa SApaMI Kie-
TOK VKa3aHHLIX OPraHos.

B peayabrate NpoBEAeHHOIO HCCAE0BAHHMA YCTa-
HOBJIEHO, 4TO B MEPBOWH CEPHMU OITKITOB MOC/Ie OXJIaM-
JAEHWR TEMIICDATYPA CTEHOK MENyAKa KUBOTHBIX HOJ
KpHoannnukatopom cumxanace ao -—-280x20°C
(3ona ), uwa pacctoAaumMH 2 MM OT €ro Kpaa — no
-7.71£23°C (3ona II) » pucradeliee caenyiougx
2 mm (soma 1) ona gocrurana 5,6 £ 2,3 °C. Jdosupo-
BAHHOE JIOKAIhHOC KPHOBOJIAEHCTBHC HA CAM3NCTYIO
0DONOUKY (DYHIATLHOTO OT/AENA KEAYAKa BLIABIBACT
YeTKYIO 00/1acTh 3aMOpaxHBaAHHA BCEll TONM CTCHKM
weayaka. [locne pasmopaxusanna B HEll OTMEYATHCE
FEMOpPparuy, OTCYHOCTh M [MOBPEXRIEHHE  TKAHEH
(puc. 1). B uenrpe atoi obaacTti, B 0CHOBHOM B MeCTe
KOHTAKTA TRKaHK ¢ KpuoannaukaropoM (3oxa ), B Te-
yerue 24 4 paspMBaeTCs KOAryiasiuMOHsBI Hexkpos ¢
M3bSA3BNEHHEM CTCHKK Kenyika (puc. 2).

B neperie sackl nocie Kprosoaneficisus rucrono-
THYCCKH ONPeae/LIuTHCh AMETCPALHK NOKPOBHOTO 311H-
TEIWA, KJIETOK Tiepelieika, MWelkd #u JHa Kenes
byuransHoro otaena xeayaxka. OHU HOCKUAM HEKPO-
OHOTHYECKHIT XaPAKTEP W BHIPAXKAIMCH B W3MEHCHHH
KAETKaMH THHKTOPHAJILBHBIX CBOMCTE, NOMOIEHH3a1LHM
i HAOYXaRMM [HTOIIAIMEL, KAPHOPEKCHCE W JIM3HCE,
[Ipy arom HAOTOAAINCH APTEPHATLHOE M BCHO3HOEC
MOJMHOKPOBHE, CTadbl, TpoMbo3b H KpoBonaananus. B
PEayILTATe NOBLIICHMA COCY/IHCTOH 11POHHLUACMOCTH
B OKDYHKAMNYIO CPELY aKTHUBHO TTPOMCXOANIAN JKCCY-

[Mpobaeme kpuobnonornm, 1999, No 4

terms that in the first series of experiments, The sam-
ples of organs were fixed in 10%-solution of neutral
formalin. Celloidin-paraffin sections of 7 um width
were stained by Erlich hematoxylin and eosin, as well
as Shiff reagent and alciane blue on Moury for the
determination of glycoproteins and glycosaminegly-
canes. DNA-svnthesizing ability of stcomach wall and
intestine cells were studied by the method of ra-
dicautography to the 30th day after cryoeffect: ani-
mals of th= control and experimental groups in 2 hrs
before slaughiering were once intraperitoneally
injected with “II-thymidine in the dose of 37 MBk/g
of body mass (1uC-g) with molar activity of
1 790 TBk/M (48 kC/M). Pieces of the organs were
fixed in the Karnua mixture; celloidin-paraffin slices
of 5 um width were stained by hematoxylin and eosin
with preliminary radioautography by finely grained
emulsion of M type. The exposure duration made
3 weeks. Radivautographs were estimated by the in-
dices of “H-thymidine inclusion by cellular nuclei of
the organs mentioned,

In the result of conducted investigation it has been
established that in the first series of experimets after
cooling the temperature of animals’ stomach walls
under  cryoapplicator  decreased  down  to
~28.0+ 2.0°C (zone 1), at the distance of 2 mm of its
edge — down 1o -7.7 £2.3°C ( zone 1), at the dis-
tance of the next 2 mm (zone 1), it reached
5.6+ 2.3°C. Dosed local eryoeffect on mucuous mem-
brane of fundal stomach part causes the appearance of
a distinct region of freezing of the whole stomach wall
width. After freeze-thawing hemorrhages, oedema and
damage of tissues were found in it (Fig. 1). In this
range center mainly in the site of tissue contact with
cryoapplicator (zone I) during 24 hrs a coagulational
necrosis with stomach wall ulceration develops
(Fig. 2).

In the first hours after crvoeffect the alterations of
covering epithelium, isthmus cells, neck and glands’
fundus of stomach fundal part were histologically de-
termined. They had necrobiotical character and rep-
resented the change in tinctorial properties by cell,
homogenezation and swelling of cytoplasm, karyor-
hexis and lysis. In this case we observed arterial and
venous plethora, stases, thromboses and bleedings. In
the result of an increase in vascular permeability into
an environment the plasm exudation and emigration
of blood form clements occurred.

In submucuous base and muscular membrane a
large number of young alcyanophylic labrocytes, gly-
cosamoniglycanes accumulated, tissue oedema devel-
oped, physiological balance of main substance of con-
nective tissue impaired, However on a general
background of alternative changes the cells of connec-
tive tissue were relatively cryoresistant.

To the end of the first day in the zone 1 a total
cryonecrosis of mucuous membrane and partially sub-
mucuous base, limited by leucocyte torus from sublay-
ing tissue, developed. Infiltration of nectrotic mass

Problems of crvobiciogy, 1999, Ne 4
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Puc. 1. leMopparin, 0TESHOCTs W NOBPEKACHHE CARAKCTON 0oaoy-
KW mﬂﬂ}',ﬂ"ﬁ. HOCSTE RO TBHOM ) i.‘-.']!i'll._}llﬁiﬂHﬂ&[iﬂﬂ-m:lMllFﬂJﬁHﬂﬂHHﬂ.
(OIpacka reMaToRCHINIOM B WEiHHoM. <80,

Fig. 1. Hemorrhage, oedema amd damage of gastric mucuous mern-
brane after local frecec-thawing, Hematoxylin and cosin staining, <90

AAUMA T1J1A3MBI M OMUrpainns (DOPMEHHBIX JJEMCHTOB
KPOBH.

B nogcanancroil ocHore ¥ Mbieduoil oboaouke
HAKAIUMBAIOCH DOJALIIOE KOJIUYCCTBO MOJOABIX allb-
NHAHODWIbIBIX Na0POIHTOB, IIHKOIAMMHOMTHKAHOB,
PasBHBANICA OTEK TKAHCH, Hapy Waioch U3N0JIoTHYeC-
KOEe pasHOBECHE OCHOBHOIO BCIUECTBA COEJMHHTE k-
HOM Trann. OHako Ha obuem oHE aTbTepaTHBHBIX
M3MEHEHHI KJIETKM COCAMHMUTENLHON TKauW OblIn oT-
HOCHTE/IbHO KPHOYCTONYHBLL

K KoHIY nepsbiX cyTok B 3ohe | pasBuBanca 1o-
Ta/IbHBII KPHOHCKPO3 CR3UCTOH 000M04KN W YacTHY-
HO [OACTH3MCTON OCHOBRBI, OrpaHHbentLbid oT nojie-
Aaueir Tkany Jelikonvrapuniv sajgom. [poncxoanna
MHOHABTPALHA HEKPOTHYECKOH Maces! (puc. 3) u B
MEHBUICH Mepe OKPYIKalonieit Tkasu nonumopdoanep-
HuIMH nedkouuTamuy ([1AJ1).

B 3zone II, rne temneparypa rkanm npu xKproBoa-
geHcTBMu goctHrana —7,7 £ 2.3 °C, » teyeHHe HepBLIX
CYTOK HEKpPOOMO3Y NMOABEPrajics TOALKO LHOKPORNBI
anuteaui. [Ancrpodmyeckue HIMEHEHUSA HapHETAb-
HBIX, CJIM3NCTBIX, A4 TAKKC rJIABHBIX W IHTEPOIH/L0-
KPHHHBLIX KAE€TOK hyluaanbHblX Kened KeayaKka HocH-
Jin 00paTUMBIl XapakTep.

B canaucTrom CEKPETE NOKPOBHOIO 3HMTEIMA W 1He-
E4HBIX KAETOK, B ODBIYHBIX YCIOBHAX DOTATLIX TIHKO-
nporeMHaMu, npeodnasand  TAWKO3AMMHOIAHKAHBL.
MyxouaHoMy HaOyXaHul MOABEPra’ach CoeguHi-
TEABHO-TKAHHAA OCHORA CODCTBCHHON TINACTHHKH CITH-
IMCTONH OBOIOYKH MKeJIYAKA ¢ HAKOILIEHHEM 1VIHKO33a-
MHHOLJTHKAHOB M IJIa3MeHHBIX OeiKoB, ruapartaume
M OTCYHOCTBIO OCHOBHOTO BEINECTBA, XOTA MHOTHE
KOMIIOHEHTE! PhIXJ0I BONOKHUCTOR COCAMHUTENbHON
TKatu (pubpobaacTsl, ACAKOUMT, TIAZMATHYECKHE H
JPYTHE KACTKM) OCTABANHCE 083 BHAMMBIX M3MEHCHHIA,

B oraanennoil sone Ill, Temnepatypa B Kotopoi
cHuanacs 10 5,6 £23°C, B OCHOBHOM HaPYIIATHChH
MHKPOUMPKYIAUMA W KPOBCHANOJIICHWE COCYIOB
CTEHKH KCTY/IKA, 3MUTCAMAILHBIE CTPYKTYPBl HE OT-
JMUANUCH OT KOHTPOJIA,

[Ipobnemu kpuobuomorun, 19949, No 4
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Pue. 2. Koary asusoniibii HeKpOs W M3LA3EACHHE CTEHKH Keay/lKa B
MECTE KOHTZEKTE TKAdHH C H['IHHEHII.."JHKETG!:HJH "iE'i}E._i ILTTHH nocse
kpuopoaiedcTena. OKpacka reMaToKCHJIMHOM M D03HH0M, x 90,

Fig. 2. Coagulational necrosis and uleeration of gastric wall in the
site of Lissue contact with eryoapplicator in 1 day after ervoeffect.
Hematoxylin and eosin staining. =90

(Fig. 3) and in a less extent surrounding tissue by
polymorphonuclear leucocytes (PNL) took place.

In the zone 11, where the tissue temperature at
cryoeffect reached -7.7 +2.3 °C duirng the first day
only covering epithelium was subjected to necrosis.
Dystrophic changes of parietal, mucuous, as well as
main and enteroendocrinic cells of stomach fundal
glands had a reversible character.

In a mucnous secretion of covering epithelium and
cervical cells under usual conditions rich with glyco-
proteins, glycosamineglycans predominated. Connec-
tive tissue base with of own plate of stomach mucuos
membrane with the accumulation of glycoseaminegly-
cans and plasm proteins, hydration and oedema of
main substance, although many components of crumb
fibrous connective tissue (fibroblasts, leucocytes,
plasm and other cells) remained without any visible
changes.

In remote zone 111 the temperature in which re-
duced down to 5.6 +2.3°C mainly the microcircula-
tion and blood filling of stomach wall vessels impaired,
epithelial structures did not differ from the control.

To the 7th day the zone I reduced in the dimen-
sions, the ulceration with the diameter of
1.05£0.06 mm had an even roundish edges and was
localized in a mucuous membrane and submucuous
base, meanwhile almost complete mutilation of ne-
crotic masses with destroyed PNL took place and
ulcer edge epithelization began. Under the effect of
proteolytic PNL enzymes also the tissue lysis and its
phagocytosis by multiple macrophages, including
siderophages, were observed, a big number of young
labrocytes appeared. From the side of submucuous
base granulational tissue rich with cellualr elements
intensively developed. All this testifies to a typical and
not complicated course of inflammation in tomach
wall tissue and a rapid transfer of alternative and
excudative phases into proliferative one.
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Puc. 3. /lelkonurapnas MRMUABTPALUKA HEKPOTHYLCKOHN  MacCbl
CTEMKM ACAy/Ka 20Hb | depes oyt nocae kpuosoiaciicrang. Ox-
PacK FeMaTORCHIHHOM 1 303HHOM. <),

Fig. 3. Leucocyte infiltration of necrotic mass of stomach wall of the
zome 1in 24 hrs atter eryoeffect, Hematoxylin and cosin staining, <90

Ha 7-e cytkn nabmojennii 3oHa | ymeusmanace B
pasMmepax, uabAasgenue amamerpoM 1,05 £ 0,06 mm
HMCNIO0 POBHLIC ODKPYIIBIE Kpas M JIOKANN3NDBANIOCH B
CAMIHCTOHN ﬂﬁﬂﬂﬂ‘{ﬂ'ﬂ H ]'IDIH."."IHHH['TDILT{ OCHOBE, [lp}’i‘-lt‘&i
MPOUCXOANAA LIOYTH NIOJHAA MYTHAAILHA HEKPOTHYEC-
KHX macce ¢ paspymusmmmucs HAJL 1 savnpanacs
IMATENHIALNA KD S3BLL. HD,.-'I BAMAHHUEM IMPOTCOJH-
THyecknx hepventor 1151 nabawnancsa rakxke Juanc
TKAHK 1 ee darouMTo3d MHOFOMHMCACHHRIMH Makpoda-
ramMu, B TOM 4Hclie cHiepodaramMy, noanisaioce Hone-
Hoe KOAHYecTBO Moaoanx nabpounros. Co CTopotsl
MOACAMIUCTON OCHOBEI MHTEHCHBHO Pa3sBHBANACH IPa-
HYJSIUMOHHAS TKalb, H0raTas KNeTovHbIMH DJeMeHTaMu,
Bee a1o cBHIETENLCTBYET O THNHYHOM M HEOCIOAKHET -
HOM TeYEeHHH BOCHANCNNA B TKAHAX CTEHKH MKCNYILKA
i BLICTPOM NEPeXo/ie aNbTEepaTHBHON W JIKCCYAaTHB-
uoii a3 8 npoaudepaTHBHyIO.

Ilponeccn nposaudepaitym Tkaneh nanbonee BeIpa-
AEHB B npuaexaniei K xpuonekpoay sone [l B can-
auctoit obonouke Habnwganucs runeprpodua, runep-
MIA3WA  BCEX SMUTETMAJNLHBIX ANEMENTOB, KIETOK
COEAMHMUTENBHON M MbIIIEYHON TKaned (puc. 4), uro
NPOABNANOCH B YCHJACHHOM JENEHHN KIETOK Nepenei-
Ka W Welikd GyHAAAbHBIX Keaed, ofHORNCHHM 110-
HPUE-HUFD JNMATCTIHA H €0 HACJIOEHWNH 1A KA H3bLHA3-
pnenns. [Ipu aroMm couancreie KieTkl pripabaTsiBain
GonbiIoe KOMHYECTBO MYKOH/IHOIO CEKPETH, B KOTOPOM
npeobnagann ramkodamuuorankans (UAD). Masectua
sanurTnan poab FAT or nospesxaennii ana acasumxcs
iietToK. [ToaToMy MX NOSBACHKHE B I¢HEPATHBIION 30He
MOKHO pacCMaTpMBaTh KakK ajanTallHOHIIVIO PCakiifig,
HAIPABJICHHYIO Ha COXPAHCHHE [TV 14 MOJT0/IBIX KJETOK.
I'AT nakannuBaniuch TaxiKe B OCHOBHOM BELIECTBE
{‘DE{‘.THEHHHE NAACTHHKH CJIHEHCTE.'IE& Dﬁﬂ."lﬂli KH H 04~
CﬁHEHﬂTﬂF{ OCHOBLI, 4TO ﬁﬁ}'f_'JIﬁHJ'IHHEJI[} [NOBBITNICHALC
TKAHCBOH H COCYIIMCTOR IIPOHUIIACMOCTH, F'MJAPATAIINIO
TKaHed u AMHUIpalND KJIETOK KPUHH Hi COCYJTHCTOrO
pycia. PeakruBHoe COCTOAHHE COBAMNMTENLHO-TKaH-
HEIX 3JCMOTTTOR {fﬂﬁCTBEHHﬂﬁ MJIACTHITEKH CAUIUCTOH
000MOYKH W NOACTHINCTON OCHOBLI DasBMBAIOCH W B
E&TEE OTAAMCHITRIX VHACTRAX CTCHEKH KETYIRA H]'}I-I OT-

[Ipobnemsl kpuobuonornun, 1999, Ne 4

Tissue proliferation processes are the most mani-
fested in cryonecrosis-adjacent zone 11, In mucuous
membrane hypertrophy, hyperplasia of all epithehal
elements, cells of connective and muscular tissues
were observed (Fig. 4), that was manifested in intesi-
fied cell division of isthmus and fundal gland neck,
renewal of covering epithelium and its stratification
on the edges of ulceration. In this case mucuous cells
produced a large number of mucuos secretion, where
glycosamineglyeans (GAG) predominated. Protective
role of GAG against damage for dividing cells is
known. Therefore their appearance in generative zone
can be considered as adaptational response, directed
to the preservation of voung cells pool. GAG were also
accumulated in main substance of own plate of mucu-
ous membrane and submucuous base, that stipulated
an increase in tissuc and vascular permeability, tissue
hydration and blood cell emigration from the vascular
channel. Reactive state of connective tissue elements
of own plate of mucuous membrane and submucuous
base developed even in more remote sites of stomach
wall at relatively stable state of epithelial elements.

To the 14th day the fundis and edges of ulceration
were filled by maturing, rich with collagenous fibres
granulational tissue, covered with stratified cpithe-
lium. We should pay an attention to the possibility of
regeneration only at a proper epihtelial and connective
tissue interaction, since only at normal development
and essential maturation of granulations an epithelial
tissue may be completely recovered.

In the zone 1 the division, emigration and differen-
tiation of epithelial cells, forming simple tubular
glands, were observed. Mucuous membrane in given
period had simplified, intestine type of structure
(Fig. 5). Mucuous cells similar to goblet-like intestine
cells, produced a secretion rich with glycoproteins and
glveosoamineglycanes. In the zone IT hyperplasia of
covering epithelium, compensatory hypertrophy of
fundal gland cells were noted and they gained the

- e L 1-:uj1l

7

Poc, 4, Tuneprpodiia B THNEPIIasHa KIETOR MW TeIHANBHON, co-
CAMHUTEARNOR o MBHIICUHOR TKanel crenky weayiaka sodu 1 na
TC CYTKM DOCIC KPR HKRTTAMH. (Mepac ke rTeMaTORCHANHOM 1 30~
AnHone, =4l

Fig, 4. | lypertraphy and hyperplasia of cells of epithelial, connective and
mascular tissoe of pastie wall Hematoxvlin and eosan staning. <90
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HOCHTENLHOM CTabOMIBHOM COCTOAHWM 3NHTEIHA G-
HKIX SJIEMEHTOR.

K 14-M cyTKam JHO M Kpas W3bAIBACHIA 3a110J1H8-
NHCh co3peBaioleit, HOraTol KOJIATeHOBBIMK BOJIOK-
HaM¥ FPaHYIALHOHHON TKAHBIO, MOKPLITOH HACAOKB-
IHMCA DITHTEIHEM. CJIE.EIYET Dﬁ]]ﬂTH'!.’h BHHMAHMKC Ha
BOIMOXKHOCTh pPETeHepaliMy NpH COOTBETCTRYHOLIEM
INUTEIHATBHO-COBAMHNUTENbHO-TKAIIHOM  B3aMMOOT-
HOIIEHHM, TAK KaK TOALKO NIPH HOPMAJIbHOM PasRHTHH
M JOCTAaTOMHOM CO3PeBAHMM IPAHVIALUNN MOMeT noJ-
HOCTBHIO BOCCTAHOBHTRCA JIINTEIHAIBHAR TKallb.

B sone 1 wabmopanucu meneHue, sMHIPauma w
JupdepeiinpoBKa IMHTENHAIBHKX KIETOK, hopMi-
pyIOIKUX npocreie TyOyaapueic xeneawl, Cansueras
0bo10UKa B TaHHbIH NEPHOI MMesIa YIIDOIeHHbIH, K-
meqyHblit THn crpoennst (puc. 5). Comancrue KneTkn,
[lD,E[DﬁHﬂ B{JKHJIUHHD.HHM KIETKaM KHILCYHHKA, Bhipa-
GatwiBasI cexpeT, GoraTbid rAMKONMPOTEMHAMHI M LM~
KO3AMHWHOIIMKaHaMu,

B aone Il ormevannces runepnnasms noKpoBHOTO
IHUTENHMH, KOMINEHCATOPHAA uneptpodua  KICToK
GYHALTEHBIX XKesled ¥ OHM npuobpeTani BH KHCTO-
obpasubIx pacumpennit (puc. 6). CauancToie KIeTKH
BRIZENANM BONBINOE KOIHYECTBO MYKONIHOTO CCKPETA.

Ha 14-e cyTkn BO Bcex 30HaX CTEHKH Keayaka
IPOMCXONT0  BBRIPABHHUBAHME KUCIOTHO-OCHOBIIOD
PAaBHOBECHA OCHOBHOTO BEUIECTBA COEMIIMTENLHOM
TRAHH, YTO BLHIPpAXAJIOCE B YMEHBUWEHHH aJLIHANIG-
Gunbibix ¥ noasaesnn Hndd-noaoknrenpumx ane-
MEHTOB M CBHACTENLCTBORANO 0 3amene [AD rimko-
npotedHamMu. Ilpu aTOM CHHXAMKCh alMAO3 W
FHAPOPHIBHOCTE TKAHEH, a TaKKe COCYAMCTO-TKaHE-
Basi MPOILNILAEMOCTD, MPOMCXO/IHIN VCHIIEHHAA NPOIH-
depauna KIeTOK COETMHNUTENBHOI TKAHH U THIEPTPO-
s meimeynoil. CoberseHnas niacTHHKA CJIHINCTON
000/104KH 1 nojic/u3ncTas ochosa bl Gorats Gubd-
pobaactamu, aumdountamu, Makpodaramu ¥ sabpo-
HHTAMI,

Taxum obpazom, namesennsa MophohyIKUHONAIL-
HOO COCTOAHHA TKaHeH BCeil CTCHRH KCeAYAKa, Ha-

e

Puc. 5. Knmeyssté T CTPOCHHS CARIHCTOR 0DOJ0YKK KeayaKa
aonbl | wa 14-c cyrem nocae kpuoposaeictens. Oxpacka remaTo-
KCAAMUOM 1 20006, x40,

Fig. 5. Intestinal type of gastric mucuous membrane of the Ist one Lo
the 14ch day after eryoeffect. Hematoxylin and eosin staining. =90

Ipofinemut kpuobuonormu, 19949, No 4

view of cyst-like extensions (Fig. 6). Mucuous cells
produced a great quantity of mucoid secretion.

To the 14th day in all zones of stomach wall a
levelling of acid-base balance of main substance of
connective tissue, that was manifested in a decrease
of alcianophilic and appearance of Shiff-positive ele-
ments and testified on the GAG replacement by gly-
coproteins, In this case acidosis and hydrophility of
tissues reduced, as well as vascular tissue permeability
did, an intensified proliferation of cells of connective
tissue cncl hypertrophy of muscular ones took place.
Own i e of mucuous membrane and submucuos base
were rich with fibroblasts, lymphocytes, macrophages
and labrocytes.

Thus the changes in morphofunctional state of tis-
sues and all stomach wall observed to the 14th days
after cryoeffect reflect an intesified development of the
processes of recovery and compensation of impaired
structures and their incompleteness, that causes the
necessity of conducting the further investigations
with the prolongation of observation terms and with
profound studying the proliferative activity of stom-
ach cells by means of new methodical approaches,
including DNA-synthesizing ability of gastroenteric
tract cells.

As following investigations showed, to the 30th
day a cryonecrosis organization occurred. Mature
granulational rissue, decreasing in its size, transferred
into a smooth scarry one. Reparative regencration not
only of covering epithelium and glands of mucuous
membrane, but also elements of connective and mus-
cular tissues of lower laying layers were observed. On
morphofunctional state recovered mucuous membrane
of the zone | with signs of compensatory hypertrophy
resembled corresponding membrane of the zone 11 to
the 7th day after cryoeffect (Fig. 7). Its epithelial
elements renewal occurred due to the proliferation of
cells of isthmus and upper part of fundal gland neck,
that was confirmed by the data of historadicautograp-
ghy. Major number (80-90%) of labelled “H-thymid-

L : i.' 1 " ;s p = . . : . . » IS .
Puc. 6. KuetooGpaznoe pactimperse hyilansibix Kees smeayaKa o

sone 11 na 14-¢ cytin nocre kpuososieiicrens, Okpacka remaro-
KCHIMHOM # 303110M. %900,

Fig. 6. Cyst-like widening of gastrie fundal glands in the 1ind zone to
the 14th day after eryoeffect. Hematoxylin and cosin staining, =90
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bmoaaembie na 14-e cyTKM [ocjae KpHOBOBACHCTBUA,
OTPaXalT YCHJIEHHOE DPa3BHTHE NPOLECCOB BOCCTA-
HOBJIEHMA U KOMIEHCAIMH HAPYUEHHBIX CTPYKTYD W
MX HEe3aBepUIeHHOCTD, YTO BhI3bIBAET HEOOXOAMMOCTH
NpoOBENeHNA 1abHeHIINX HCCAEA0BaAHM ¢ MPOLIEHH -
eM CPOKOB HabmoaeHuit M ¢ yraybaensusiM HayueHem
npoandepaTHBION aKTHBHOCTH KIETOK KETY/IKa ¢ 1o-
MOLBIO HOBBIX METOAMYECKMX TOJAXOA0B, BKJIKOYAN
AHK-cuureaupyomyio  cnocodliocTs KIETOK #Keay-
AOYHO-KMUICYHOIO TPAKT.

Kak nokasanu jansHeiinine ncenenonsanns, Ha 30-e
CYTKH  IIPOHCXOAWIA  OPraniaaliusd  KPHOHEKpo3a.
Cospesiuas IpaHyIAUMOHHASA TKallL, VMCHBIUAACL B
paaMepax, npeppamanack B nexkuyio pybuosyiwo. la-
bnofatach pellapaTUBHAA PereHepalMs He TOALKO 1o-
KPOBHOTO U TEANA H IKees canancroi obonouky, HO
H 3JIEMEHTOB COEQMHMTENBHON W MBIICIHOH TKAHEH
HuxKenexalwmnx caoes. llo MophodyHKUHOHANBHOMY
COCTOSHWIO BOCCTAHOBJEHHAA CaU3MCTas 000JI0TKA
30HBl | € HPHIHAKAMH KOMIICHCATOPHOI THnepTpody
HaANOMHHAJIA COOTBETCTBYIOYI0 060104uKyY 30ub1 1] Ha
7-€ cyTku nocsie kpHososaeicrsua (puc. 7). Obnos-
JIEHHE €€ NUTENHAIBHBIX aJ1eMEHTOB [IPOHCXOANI0 34
cieT npoawdepalny KIeToK Tepeuieifka i BepXHe#
HACTH WICHKM (PyHAAABHBIX Kejes, 4TO NOATBEP/IHIN
Aannsie ructopajnoasrorpadin. OcHosroe Koaude-
crBo (80-90%) meuennnix “H-TuMuannoM KI1eToK 1a-
XOAMIUCE B 3TOI KaMmOManLwHOMH, HIH reHepaTHBHOMN
aone (puc. 8). B nei npeobaagann nuskoaudibepen-
LHPOBAHHBIE KAETKH, a Takke ObM BLIABJIEHL! [JIH-
KOMPOTEMHK M TIMKO3aMHHOITIMKAHE!, obeciieynBaio-
HIHE 3ALIHTY AENAUIMXCA KIETOK OT HOBPEKAEHHS,

Ha 30-e cyrku nabuoganock nojHoe Bocctanosie-
Hue Tkanell causncrolt obonouxu B sone Il Oanako
B HEH BCe eule npotexany ODosee nuTeHcusHbie OMo-
CHHTETHYECKME IPOLECcChl, B ToM ucae cunTes JIHK
ﬁhm bonbure, yem B sonax I u I Muaexe mesennsix
SH-tumuannom snep pasnsincs 12,5+ 0,8% (p < 0,05).
EC'HE JOKANH3AUNH TAKHX KIETOK HECKOIBKO Paciim-
peHa Kak B HANpasJeHWH NOBEPXHOCTH CIANANCTOI

.ﬂil . W, L g b o -*g
Pwc. 7. Bocoranopaeinan canaucras oboaoMKa Kedyaka 3omn | Hva
J0-¢ cytn nocae kprososaelcTena, OKPACKE TEMATOKCHANIOM 1
03HHOM. =90,

Fig. 7. Recovered gastric mucuous membrane of the 1st zone o the
30th day after eryocffect. Hematoxylin and eosin staining, =90

Ilpofnemur kpuobuonors, 1999, No 4

ine cells were in this cambial or regenerative zone
(Fig. 8). Low differentiated cells predominated in it
as well as glvecoproteins and glycosamineglycanes, pro-
viding the protection of dividing cells against a dam-
age, were revealed.

To the 30th day we obscrved a complete recovery
of mucuous membrane tissues in the zone I1. However
more intensive biosynthetic process were still in pro-
gress in it, including DNA synthesis was higher, than
in the zones I and I11. The index of *H-thymidine
labelled nuclei was equal to 12.5+0.8% (p < 0.05).
Localization zone of these cells is slightly widened
both in the direction of mucuous membrane surface
and into the region of stomach fundal glands (Fig. 9).
If now the sources of tumors, emigration ways and
occuring at this differentiation, as well as involution
and extrusion of covering epithelium are well studied
and do not cause the contradictions, then in respect
of the rest cells, forming fundal glands, common no-
tions are absent. Our data confirm the view [1, 9, 11],
that from generative zone the *H-thymidine labelled
cells migrate in two opposite directions: one type of
them to the stomach surface, another one — to the
fundus of fundal glands, simultaneously being sub-
jected to differentiation correspondingly into surface
epitheliocytes (mucocytes), other — into main and
parictal cells of stomach fundal glands. Replenishment
of the rest ones is generally accomplished by the dif-
ferentiation from the cells-precursors, although the
way of self-renewal is not excluded, since in our ex-
periments in these cells the figures of mitosis were
found. Probably, it is related to stimulating effect of
low temperatures and one more proves an important
role of structural components of the adjacent zone [1
in the processes of reparative regeneration of tissues
even at its final stage.

In the zone III a stomach mucuous membrane has
a characterstic structure, DNA-synthesizing ability of
cells is slightly higher (10.7 £0.3%), than in the zone I

3 o
Puc. 8. Meuennbie "H=THMumnom 1c1eTin kaMOmansioi 30Ms! cim-
SHCTON OBONONKH Keayaka va 30-¢ CVTER N0Cae KproBoaIeHCTBMA.
I'ncropaamoanTorpachis. <90,

Fig. 8. ') I-thymidine labelled cells of cambial zone of gastric mucuous
membrane to the 30th day after crvoetect Historadioautography, =90
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obonovKK, Tak ¥ B obnacTs HYHAATBHBIX Keaes xKe-
aynka (puc. 9). Ecan B HacTosiiee BpeMst HCTOUHNMKH
HOBOODPA3OBAHMA, TIYTH IMUIDALIMK ¥ TPOUCXO/AILEH
npH 31oM audpepeHlHalni, a TAKKe WHBOIIOUMH U
IKCTPY3HH [MOBEPXHOCTHOTO 3IMTHTEHA XOPOUIO H3YHe-
Hhi H PasHOIJIACHH He BLI3LIBAKOT, TO B OTHOLICHHWH
OCTAIBLHBIX KIeTOK, 00pasyiomux dyHIanLHEe Kee-
3bl, OOWIENPHHATHIE MNPEICTABNCHHA OTCYTCTBYIOT,
Haum namiibie noarsepxaawT muenne [1, 9, 11], uro
M3 TEeHEePARTUBHOH 30HB MEUCHHLIC SH-THMHMHOM
KJAETKH MMIPHPYIOT B JBYX 1UPOTMBOMOOMKHBIX Ha-
NPABJIEHHAX: OIHM K NOBEPXHOCTH XKENYIIKA, APYrue —
KO HY (DYHAAIBHBIX KeNes, OAHOBPOMCHHO NDJBEpPra-
Ach au(depeHiHALNY, COOTBETCTBEHHO B NOBEpPX-
HOCTHBIC AMUTETHOIMTE (MYKOLMTE), A TAKKE B I71aB-
Hblé H [ApHETANbHBIE KIETKH (HIANBHWX XKeled
}KE.J]},',EI,,KH. nﬂl'[ﬂﬂliEHHE Nnacnejanux U{T}FMELf'I'B.‘IHL‘TCH
raaBHbiM 00pasoM nyTeM uudupepeHnMaiMe M3 K1eTok
NPEALIECTBEHHUKDB, XOTH HE WCKIIHMEH M ITYTh caMool-
HOBJIEHHA, I'I'EH:HI'.}.-'II:KF B HalIHX BKCIIE!L'!HMEHTHI B JTHX
KIeTKAX serpedanuchk durypul mutoaa, Ilo sceil sepo-
ATHOCTH, 3TO CBAIAHO CO CTUMYJIHPYIOILKM AeHCTBHEM
HU3KHX TEMNEPATYP H JIOKASBIBACT BAKHYK POJib
CTPYKTYPHBIX KOMNOHEHTOB mpuiexaieif sonw [l B
lpoleccax penapaTUBHON pereHepalni TKaHel aaxe
Ha €e 3aBepilaAouICM JTane.

B sone Il cauancras obonouka xenyaka nmeer
Xapakreproe ctpoenne, JIHK-cuuresnpyiowas cro-
cobnocTh KNeTok Heckobko Beime (10,7 £0,3%), vem
B 30He | H B KOHTPOJC, HO PasHMI@ CTATHCTHYECKH
nepoctosepua (p > 0,05). Takum obpasom, B Heche-
AYEMBIH TTepHOJ BO BCeX 30Hax ciuaucTas obosovka
XAPAKTEPH30BAIACh THITMYHBIMM JINIA KETYIKa Kelle-
3HCTHIM CTPOEHMEM W BLICOKOH (hyHRKUMONANLIOH ak-
THBHOCTRIO. [lo KayecTBennoMmy coctaBy ec MyKoMa-
HblH CECKPET, KdK H BH IU}H"IT}D.’H:'. ED..’J.E]IH{HJ'] CcMeECh
JUKONPOTEMHOB M [NIMKO3AMUHOIIMKAHOB, 1TO CBH-
AETEIBCTBOBAJIO O NOJHOLEHHOM 32IUMTHOM KOMIO-
HeHTe caMaucToli obojoukn xenyaka (puc. 10). Ha-
PRIy ¢ 3tuM, B ravOoKo JekauluX cJI0AX CTeHKH
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Pue 9. PaciiupeHue 30HB A0KEAWIAIHH MEMEHHBIX - rmnamuHon

KACTOK 3 CHET MX IMMIPallil B PA3ibIX HAHPABACHNHX CANIACTON
obonodKK Keayaka. Fucropatmoasrorpadus. =90,

Fig. 9. Widening of the localization zone of *H-thymidine labelled

cells due to their emmigration in difierent directions of gastric mu-
cous membrane. Histoautoradiography, =90

[Tpobaeme kpuobuonorm, 1999, Ne 4

and in the control, but the difference is statistically
not true (p > 0.05). Thus in the studied period a mu-
cuous membrane in all zones was characterized by
typical for a stomach glandular structure and a high
functional activity. On qualitative content its mucoid
secretion as well as in the control contained the mix-
ture of glycoproteins and glycosamineglycanes, that
testified to a integral protective component of stom-
ach mucuous membrane (Fig. 10). Together with this
in deeplv laying layers of stomach wall even to the
30th day after cryoeffect the signs of inflammatory
reaction as leucocyte-macrophage infiltration of tis-
sues of submucuous and muscular membranes were
revealed (Fig. 11). To the 2-3 months’ term a com-
plete organization and epithelization of the cryode-
struction zone and normalization of morphofunctional
state of all stomach wall occurred.

In the duodenal wall after local cryoeffect no mani-
fested alternative changes in all periods of observa-
tions were found. However in early terms (1-7 days)
the vessels blood filling and lymphoid infiltration of
own late of mucuous membrane and submucuous base,
as well as intensified release of mucus by goblet-like
cells and epithelium rejection of villi took place. In
later terms (7-14 days) some increase in mitotic ac-
tivity of cells crypts was noted. To the 30th day after
cryoeffect morphofunctional state of duodenal mucu-
ous membrane reached the control level. In epithelium
of mucuous membrane of experimental animals an in-
tensive DNA synthesis was obscrved, at this not only
stem elements of villi, but also a majority of crypt cells
(85-90%), icluding dividing ones, except goblet-like
ones, were intensively labelled by “H- Lhylmdme. A
large number of labelled cells of connective tissue of
experimental animals villi was noted, that testified to
their reactive state (Fig. 12).

Summarizing the results of experimental investiga-
tions, we can state, that local cryoeffect
(t=-28,0+20°C and lower) causes a damage in

Puec. 10. lTonsnoueHn il KauecTsediibii 1 KOAWYecToesisiil cocTan
MYKOHAHOTO CCXPETA CAHANCTOH obonoukn xeayixa ua 30-e cyTrm
nocae kKpuososacHerens. Oxpacka 1o Moypu. «50.

Fig. 10, Integral qualitative and gquantitative composition of mucoid

secrel of gastric mucous membrane to the 30th day after cryoeffect.
Staining by Moury. <90

Problems of eryobiology, 1999, Ne 4
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Heayaka aaxe na 30-e cyTKM nocsie KpUOBO3AEHCTBIA
BCE EILE BHIABMSJIMCE IIPU3HAKH BOCIHAIHTENbHOH
peakuuy B BHAE JeHKouMTapHo-MakpodarajibHol HH-
DHALTPALMK TKAHEH NOACAM3NCTOR U MbILEYHON
obonouex (puc. 11). K 2-3-mecaunomy cpoky npouc-
XOAW/IH [0JHAS OPradK3ailHA U NMUTCAN3AUNA 30HbI
KPHOAECTPYKUHMH 1 HOpmaauzauua mopdodyHKuno-
HAJIBHOIO COCTOAHWA BCEH CTEHKM Keay/aKa.

B crenke ABEHAJIIATHIEPCTHOH KUILKK Ooche no-
KajJlbHOrO KPHUOBO3JAecTBHA He 00OHApYKeHo BbIpa-
MKEeHHEIX AJIbTCPATUBHLIX MIMCHEHMI BO BCE IEPHOBI
Habnonenun. Oanako B padnne cpoku (1-7-¢ cyTKH)
HMEJIH MECTO KPOBEHATIOMHEHHE COCYA0B H AMMGBOUA-
Hast MHDHILTPAUUA COOCTBCHHON HAACTUHKH CJINIH-
CTOM O0OMOUKH M NOACHNINCTON OCHOBLI, A TAKKE YCH-
JEHHOE Bhl/ieaeHHEe CIIH3H ﬁﬂHﬂ.ﬁDBHﬂHMMH KNeThkaMM
M OTTOPXKEHHME BMUTEIHS BOPCHHOK,

B Gonee nosgnue cpoku (7-14-€ cyTkn) orMeva-
NOCh HEKOTOPOE MOBbILIEHHE MHTOTHYECKDH AKTHBHOC-
TH KIeTok Kpuit. K 30-M cyTkaMm nocne xpuososaeii-
cTBHA MOpdodyHKUNMOHANTEHOE COCTOAHNE CAHANCTON
ﬂﬁﬂﬂﬂ‘l KH ﬂHEHﬂ,’[HﬂTHHEp{‘TI[Uﬁ KHUUIKH I'Il][{ﬁﬂ}[,'.lﬁﬂ'
och K VPOBHIO KoHTponA. B auutennm cauwamcroit
ﬂ'ﬁﬂJlﬂ‘iHH NOJAMILITHRX XHUBOTHLIX f!ﬁﬁ.-’il-l]ﬂﬂ.ﬂ[‘.ﬂ HH-
TeHcHBHWH Ouocuures JIHK, npn atom He Tonsko
CTBOJIOBbLIE 3/1EMEHTHI BOPCHHOK, K KOTOPBIM OTHOCHT
ManoaugubepeHinpoBaiHbie TMIMHAPHYECKHE KIeT-
KH, HO ¥ GoabUIMHCTBO KieTok kpunt (85-90%), B Tom
YHCAe W Aensuimecs, Kpome HOKATOBHAHBIX, WHTCH-
CHBHOD METHNHCL jH-THMHﬂHHGM. ﬂTME'—!ﬂJIﬂEh 60,’]_11-
Hoe KONMHYeCTBD MEeYEHRIX KIMeTOK CﬂEﬂHHHTE‘thHﬂﬁ
TKaHH BOPCHHOK IOJONBITHRX AHBOTHBIX, 4T0 CBHAE-
TeJACTBYET 06 UX peakTWBHOM cocToalinmn (puc. 12).

Gﬁﬂﬁﬂlﬂﬂ p{f.'i}fﬂhTEThE BECI'IE‘}'JI-IMFIITIII'-'FII:.II HeoJe-
JOBAHMI, MOXKHO YTBEPAKAATH, 4TO JOKAILHOE KPHO-
pogacHcTene (L=-280+20°C u Humke) BoI3bIBAET
NOBPEARJICHHUE CTEHKH HEJI}'II.HH H I}HEBHTHC THIITHYHOIO
HEOC/IOHEHHOTO BOCHANHTENBHOrO npouecca ¢ Hwi-
CTPhIM TIEPEXO/IOM AJbTEPATHBHOM M IKCCY/HATHBHOM
taz B npoandepatusiyo. Metounnkom penapatns-
HOM pereHepaliiii 3nMTeIHAIBHOH TKAHH CAH3HCTON

OYKH XKeJy/IKa B MECTe KPUOICCTPYKITHK ABAAIOT-

Pue. 11, Jlciikounrapuo-makpodharanbias ainuasTpanvs noacim-
IRCTOR OCHOBB! CTENKKM Kenyaka Ha 30-e cyTkr nocae Kpuososaaei-
craus, DKpacka reMatoRcHIMBoM B a03uiom. =9

Fig. 11. Levcocyvte-macrophage infiltration of submucuous base of
gastric wall Lo the 30th day after cryvoeftect. Hematoxylin and eosin
staining. x4
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stomach wall and the development of typic non-com-
plicated inflammatory process with a rapid transition
of alternative and exudative phases into proliferative
one. The source of reparative regencration of epithelial
tissue of stomach mucuous membrane in the site of
cryodestruction are the cells of isthmus and neck of
fundal glands of the adjacent zone (1 =-7,7 £ 2,3 °C).
Structures of this zone are charactenized by non-lethal
damages and more intensive biosynthetic and prolif-
erative processes, including DNA-synthesizing ability
of cells and an intensified function of glandular tissue.
The obtained data are correlated with the results of
studied and the hypothesis [10] of the tissue growth
regulation, explaining an increase of proliferative ac-
tivity of cells in the adjacent to cryonecrosis distinctly
defined zone of stomach mucuous membrane of differ-
ent concentration of keylons, acting mainly by not
humoral way, but local one. We have noted the me-
diated stimulating low temperature effect in the range
of 7.7+ 2.3 °C and higher on morphofunctional state
of mucuos gastric and duodenal membranes, that was
a ground for applying the mildest and most efficient
cryotherapy of human duodenal peptic ulcers under
clinical conditions [7].

The hypothesis of “cryorenewal” |3, 6], according
to which favorable stimulating effect is stipulated by
the change in regulatory properties of cellular genome,
causes a scientific interest.

We have established, that low temperatures in the
range of cryoresistance of structures affect intra- and
interdifferone interactions of renewed tissue cells,
stimulate initial links of differone by means of activi-
zation of DNA-synthesizing ability of cambial ele-
ments of mucuous gastric and dundenal membranes
with following their proliferation and complete organ
recovery,

Puc. 12. Mirencnnnas merka *H-THMimionm HAED KAOTOK KPHIT W
COCAHHATEALION TRAWH BOPCHHOK CAMSHCTONR 00OA0MKH IBeHalILa-
THREPCTHOH KHBIKH Ha 30-e CyTKH noCHe Kpuosnaaedcrans. uero-
panuoarrorpachus. « 180,

Fig. 12 Intensive labelling by *H-thymidine of erypt cell nuclei of
connective wissue of ducdenal mucuos membrane villi o the 30th
days alter cryoeffect. Historadioautography. = 180
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CA KJIETKH llepemeilka ¥ wedkn GyHIaTbHbIX Keses
npunexatieit sonsl (f=-7,7+23°C). Crpykrypni
3TOH 30HBI XAPAKTEPHIYIOTCH HEJTCTANBHLIMI NOBPLHK-
neHusiMi 1 Donee MHTEHCHBHBEIMY OHOCHHTETHUYCCKH-
MH H TIpoanGepaTHBHLIMI [IPOLECCAMM, B TOM YHCIAC
JAHK-cuntesupyomeir cnocobHoCTHIO KICTOK B YCH-
neHHOH pyHKIMeH xeneanctoin Tkaun. omyvienneie
AaHHbIe COTJIACYIOTCA ¢ Pe3yJbTaTaMi HCC/eI0Banui
n runotesoit [10] pervaaunn pocra Tkanei, obbsc-
HAKILER NOBbIWIeHKe TpoaUdepaTHBHON AKTHRHOCTH
KJIETOK B NPWIEKRILEHR K KPHOHEKPO3Y YETKO OrpaHi-
YeHHON 301le CAM3NCTOH 060NCUKK KeyiKa Pa3iny-
HOM KOMIEHTPAUMEH Keitjonos, KOTopuie ACHCTBYIOT B
OonbuIeii MEPE HE T'YMOPAIBHBIM IIYTEM, i JOKAILHO,
Hamu ormeveno onmocpeaoBaHHOC CTHMVYIHDYRONEE
BJMAHHE  HHIKHX  TEMIEPATYP B AMala3oHe
=7,7+2,3°C » seiwe Ha MophodyHKIKOBATLHOE CO-
CTOAHME CHUANCTOH oDONOMKH KeJyaKa M ABCHA/a-
THHCPCTHOH KHIIKH, 4T0 HABHJIOCDH 06GCHOBAHHEM
npumeneHns Hauwbosee wmagAmed n ahdexTHBHOR
KPHOTEPANIHHK AVOAEHA/IbHBIX NENTHYECKHX A3B 4elNo-
BeKa B kaunnke |7].

Hay'Hplit MHTEPEC BLI3LIBAET THNOTe3a “Kpuoob-
nossienus’ |3, 6], cornacHo kotopoi GraronpusTHOE
CTUMYJIHPYIOULEE JIEHCTBHE HU3KMX TeMmuepaTyp oly-
CJIOBJIENI0 MIMEHEHHEM PEeryisTOPHLIX CBOMCTB KJe-
TOMHOI'O FeHOMA.

Hamu yerasomnedo, 4to HW3KHE TEMIepaTyphl B
JHAUA30HE KPUOYCTOMYHMBOCTH CTPYKTYD BJMSIIOT Ha
BHYTPH- W  MedAMDOHEPOHHLIE  B3ANMOOTHONIEHNS
KAeTOK OOHOBAAKMIMXCA TKaHel, CTHMYJINPYKT Ha-
HalbHble 3BeHbA auddepoHa nyreM aKTHBH3AIIWM
JAHK-cunteaupyiomeil cnocobnocty  kaMOHaNbHBIX
INCMEHTOB CAH3UCTLIX 060/104eK ACAY/TKa B KHILEY -
HUKa ¢ NMocAeayiled ux npoaudepauneil 1 noJiHbM
BOCCTAHOBJICHHMEM OPIAHOB.
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OcMoTHYECKas MOZH(PHUKAUUA TPAHCTIOPTA MIPOTOHOB
B 3PUTPOLIMUTAX B CYJIAb(MATHOH cpene

B. B. PAMA3AHOB, H. A. JIYITUJIOBA, A. ©®. TOAPHH, T. 1. BOHJAPEHKO
Huemumym npobaem kpuobuonoeuu u kpuomedusunst HAH Ykpaunst, 2. Xapekos

Proton Transport Osmotic Modification in Erythrocytes
in a Sulphatic Modium

V. V. RAMAZANOV, N. A. LUPILOVA, A. F. TODRIN, T. P BONDARENKO

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

H{Iﬂi‘:ﬂ[lli&.’lli KOTPRHCAOPRT MPOTOHOE H dHAGHOE B 3DHTRITATAX YeI0RERE, ”U,‘I!}"Ii‘rIHLl.Ii‘ Y ALTATE HOIBOIHKT [DCUTON0KATH, HTO
TPAHCNOPT B FTHHEPTOHAYMCCKHX CPeaax 1o CPABNe D ¢ WU OHHYECKOH E{H’-‘J‘I,HI:-"E ONPEACIHETCR COCTORHACM feakon NHTOCKETETA.

JAOCHLKYBANW KOTPAHCNOPT NPOTOHIB | AHIOHIB B CPHTPOUMTAX J0ANHN. OTPHMANT PUSY.IBTATH A03BOARIOT HIPHIYCTHTH, 110 TPAHCHOPT
AHIOHIR Y CIOETYTOHIY X l.'-l:."l:ﬂ,.'.\'.[ﬂu“ltl'&x b IIﬂpEHHHJIIIi T Flr'i"ﬂ':llfl."ﬁ'l ‘.'L"I'H",-"I,HI].HII]I:J-[ DHAHAYACTIELCH CTANOM ﬁi-'l:HHl LA TE MR [

Anion and proton cotransport in human eryihrocytes was investigated. The results obtained permit to suppose, that anion transport
in hypertonic media in comparison with an isotonic medium is derermined by eytoskeletan protein state,

[Tepepacnpenenenne aHWOHOB MEXKIY KIETKOH H
CPEI0ii MOC/IE BRIXOAA BOJAL! TAKKE ABAAETCH OTBETOM
Ha ocMmoTuYeckoe sosaeiictsne [6] u moxer OwiTh
OQHHM M3 OCHOBNBIX KOHTPOAMPYIOWMX (dakTopos B
AHHAMHKC “i'}Tﬂ']:lH KadTHOHOB Ka/inAa ¥ PA3BUTHH XOJ0-
AOBOIO 1I0BPEXKAEHNA DpUTPOLKTOR [2].

Iwapoobunie dparmentsl TpancmeMOpaHROro /10
mena Genxa noaocer 3 memOpan apuTpounToB 0bpasy-
0T KaHAJONOA0OHYI0 CTPYKTYPY M OCVUECTBAAKT
AHHOH-TPaHCROPTHYIO yrkuuio [11], rorna Kak umn-
TONa3MATHYECKHH [OMEH COOEPKHT CBAIBIBAIOULAE
caliTel 14 0e/IKOB UMTOCKEeNeTa, rIHKOJIHTHYECKHX
tepmenton 1 remoraobunta [12]. Jdomeds MoryT OuiTh
npoTeaIMTHYEeCKH paiieNneHbi, NpH 9TOM TpaHCNopT-
Has crnocobHoCTE MemOpaHHoOro (iparMenTta 3HauM-
Tensno He uamenserca [17, 18] Oupaxo dyuxnmo-
HAJBHBIE B3AMMOOTHOLIEHMA JIBYX MacTel OfHOro
benka npucyrersywor [5, 14, 18] TpancmemOpar Huil
dparMenT MOKeT nepecekaTs JMHMANLI Guenoit 1o
12 paa [11] u, crefoBaTeNibHO, BLINIOAHATD, HAPSIAY C
HMTOCKENETOM, apMHpPYOLLVIO (vixin membpatn
[15]. Moandmranus saaumogeicTeus Oenxa noso-
chl 3 € LNTOCKENCTOM TIPUBOAMT K NOTEpe cliocobioc-
TH 3PHTPOIMTOB HIMEHATE CBOID POPMY NpH OCMOTH-
YECKOM BOIJEHCTBIM M NPHODPETATL YCTOMYHBOCTD K
rUnepTodnieckoMy woky [3].

CornacHo NPUBEACHHBIM TAHHBIM, MO0 NPeLIo-
JOXKHTL, 4TO lj,]}'ﬂﬁl.l.llﬂil“]!ﬂﬂﬂﬂ]!ﬁ AHHOHHOTO KdHANA
IPH OCMOTHYECKOM BOJIEHCTBUM BYIET onpelenaTses
cocToAnneM uuTockeseTa. PyHKUHONATLHAR B3aHMO-
CBA3b YKASAHHBIX CTPYKTYD MOXET CAYMKHUTH OCHOBOM
118 Pa3BUTHA NOBPEKIAEHHA IPUTPOLUNTOB B YCIOBHAX
X0JIOIOBOTD M OCMOTHYECKOTO BOIJACHCTEMA.

JPUTPOLINTEL TOJAYHANW M3 JIOHOPCKON KpPOBM
HETBIPCXKPATHBLIM OTMbIBAHHEM B CpeCjle, COACPKallLel
150 mMmonn/n NaCl u 10 mmonw/n tpuc (pH 7,4).

IIpofnems: xpuobuonormm, 1999, No 4
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Anion redistribution between a cell and a medium
after water release is also the response to an osmotic
effect |6] and can be one of the main controlling
factors in the dynamics of potassium cation loss and
development of erythrocyte cold damage [2]. Hydro-
phobic fragments of a transmembranous domain of
band 3 protein of erythrocytes form a channel-like
structure and accomplish an anion-transport function
[11], meanwhile a cytoplasmic domain contains bind-
ing sites for cyroskeleton proteins, glucolytic enzymes
and hemoglobin [12]. The domains can be proteoliti-
cally divided, thereat a transport ability of a membra-
nous fragment does not significantly change [17, 18].
However, the functional interactions of two parts of
one protein are present |5, 14, 18]. A transmembra-
nous fragment can cross a lipid bilaver upto 12 times
[11] and, consequently, perform, among with cyto-
skeleton, membrane reinforcing function [15]. The
modification of band 3 protein interaction with a
cytoskeleton results in a loss of erythrocyte ability to
change their shape during osmotic effect and gain the
resistance to a hypertonic shock [3].

According to the data mentioned, one can suppose,
that the anion channel functioning during osmotic
effect will be determined by the cytoskeleton state.
Functional interaction of the structures indicated can
serve as the basis for development of ervthrocyte dam-
age under conditions of cold and osmotic effects.

Erythrocytes were obtained from a donor blood by
a fourfold washing-out in the medium containing
NaCl 150 mMol/l and tris (pH 7.4) 10 mMol/l. Cel-
lular sediment (50 ul) was combined with 2 ml of
experimental medium (7.0 pH value without buffer)
in a thermostated cell with pH-electrode. The change
in pIf of erythrocyte suspension was controlled using
a recorder,
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Ocanok knerox (50 Mxn) komGuuuposanu ¢ 2 M1 aKc-
NEPHMEHTA/IbHOI cpeanl (3nasenne pH 7,0 6ea Gyde-
pa) B tepmocTaTHpyeMoil averke ¢ pH anektponoM.
Hamenenue pH cycnessny apuTpoliMTOB KOHTPOIHPO-
BAJIH CAMOINUCIIEM.

ObMen BHYTPHKJIETOMHOTO XI0PHAA HA BHEKICTOM-
Hblil cynnpar B vedabydepeHnoil cpeie conpoBOXKIa-
eTcH nocaedoBatenbiio Qazoil dakucacHus 1o gasoi
JanienauMBaHuA cyclensuu spurpounrtos | 16]. Tpance-
IOPT NPOTOHOB M3 KJICTKH W B KIETKY MOXIO Npei-
CTABHTH PEAKIIMAMM 1IEPBOrO NOPAJIKA:

k1 K2
fI.l- . H“ " Hu e f_l"'r .

(1)

B A4HHOM CAy4Yae KHHCTHEA NPoIecca OlUckiBacTca
CHCTEMON VDaBHEHMIA;

M-k H1:

R e (2)
d|H,]

"_d;[l_:k‘.!l“n]-

Pasgenciine nepeMesHbIX U MHTEIPHPOBANKE VPaBHE-
HHit (2) "8” HaualbHBIX yeaoBuax =0; [H, = [HY
|Hy=[Hy]" nacr: :

()= [11)" exp (~kyt ) ;

3)
[Hy) = [Hy)" exp (=kyt ) . .

IMoacranoska ypasuennit (3) 8 (2) npuBOMT CHCTEMY
(2) x suay;

d|H,] o
=" F = ki[H;]" exp (ki) ; 4
d|Hy| " S
- = kol Hy|" exp (=kyt ).

JKCITEPUMEHTAILHBIC JAHHBLIE TOKAILIBAKT, YTO KOJIM-
YEeCTBO [MPOTOHOB, TPAHCIOPTHPYEMOE H3  KICTKM,
PdBHO KOMTHYECTBY NpOTOHOB, HE}CT}FHHBMEM}' B WJeT-
kv. Caexosarensno, |H;]"=|H,]"=[H],. C yuerom
ATOr0 BHINOJHAM KOMOHHUPOBAHME YPABHEHHH CHCTE-
mut {(4);

i |
- S (0 Ry exp (k) -y exp Ry ).

Huterpuposanine npuBoaMT ypasiesue (5) K BHAY:
[H) = [H]" [exp (-t ) — exp (-t )] . (6)

JxcnepumenTansian asyxdasnaa pll kpusas umeer
MAKCHMYM B MOMEHT BpPEMCHH [ , OlpeaeTseMbli
ypasHenem (5),

: [E*[El

(3)

Madke

elt
(=1 MK

= [H]" [k exp (~kyt ) = by exp (=kt, i )] =0, (7)

OTKy/1a

: 3
rma}“- = In [fﬁiﬁkl 5 : {H)
Ry
Hpobnems: kpuobuonori, 1999, Ne 4

The change of an intracellular chloride for an ex-
tracellular sulphate in a medium without buffer is
consequently accompanied by the oxidation phase and
alkalization phase of erythrocyte suspension [ 16]. Pro-
ton transport out of a cell and into a cell can be
presented by the first order reactions:

k1 k2

In the given case the process kinetics is described by
the equations system:

d{I1;]

& "~ alHl: 2)
d[Hy)

g =kl

The variables separation and equations integration (2)
under initial conditions ¢=0; [H,=|I1|" [Hy=[H,]"
makes:

|H,) = H) exp(-kyt) ;
| Hyl = [Hu]ﬂEKF’ (~kyt).

The equation (3) substitution in (2) results the system
(2) in the form:

(3)

d| H.
- 'id'fli = k,[11,]" exp (~k,t );
d ;) : ()

The experimental data show, that the proton quantity,
being transported out of a cell is equal to the proton
number entered a cell. Consequently, [H,]% = [H,]" =
=[H], . Taking that into consideration, let's perform
the system (4) equations combining;

- %—l = IH’]EJI [k, exp(=kt)—-kyexp(=kyt)]. (5)
The integration results the equation (5) i the form:
[H] = [H]" [exp (<k,t ) - exp (~kyt )] . (6)

An experimental two-phase pH curve has maximum in
the time moment f,,, , determined by the equation

(3),

).,

- IH]u [kj exp {'klrmax} i k! £xp f_kirntax” =0, (D)

where

(8)

b
Umax = In [ﬁ; {ii‘} ‘

Correspondingly, a maximum proton concentration is

!‘fﬂrmux = ["I"r.l'::I [{kzﬁl}_lx{kz/kl_” —

~ (kg /R ) eVl A1) (9)
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CooTBETCTBEHHO MAKCHMAILHAN KOHUEHTPAINS Mpo-
TOHOB

0 14k, sk 1
[H Ve = [H" [Cky )™/ 7D

— (kA Y SRR LD (9)

Menoabaysi akCNCpHMEHTANBHBIE MTAPAMETDRL . .,
[ aie » 11", 0 ypasrenssim (8) i (9) moxuo pac-
CYMTATh KOHCTAHTBI Ry 1t ky . lleperoc npoToHOB Yepes
MeMOpaHy 3PUTPOIMTOR ONDETETRICA N0 CABUIY 3Ha-
yeHus pH Bo  BHEKNETOUNHOH cpeac,  MO3TOMY
[H"=[Hg-[H: M =M yiee = [Hlg. o€
[Hlo. [H)yawer [H), — xoHUEHTPaumM npoToHoB B
CPefie B HA“ane IKCNCPUMEHTA, B MOMCHT [... M
NpH  MaKCHMANBHOM 3AKMCACHUMH B TPUCYTCTBHH
100-200 mxM jnupuaamMona (Koueutpanus, neob-
XOAUMAST AN MHTHOMPOBAHKS TPAHCHOPTA HDOTOHOR
B KJETKY) COOTBETCTBEHHO.

Ha ocHoBe moayyeHHLIX KOHCTAHT COMTACHO Teo-
PHH NEPEXOANOID COCTOANMA M COOTBETCTBYIOUIEIO
ypasienus [4]

k=(kyT/h) exp (AS" /Ry exp (-AH"/RTY,  (10)

nocne npeobpasoBaiiMa KOTOPOro

lg (kh/ky,T)=(AS"/2,303R) — (AH" /2303R)(1/ T,
(11)

crpousy rpadmku TeMIEpaTyYpHON 3aBHCHMOCTI B KO-
OpAMHATAX Ig{kh{kﬂﬁ or 1/7T, rne & — xoHcTanTa
ckopocTH; b — woctoannas [lnanka; ky — koncravra
Bonsumana; T -- abcomornas temnepatypa;, R — ra-
sosas nocroannas; AST, AH® — sHTponMA M AHTAIbL-
ITHA aKTHBALHN.

Croboany 3HEPIHIO AKTHBAUMM ONPEJIEIANN 110
(hopmyne

(12)

HMcenonasays Meto HanMenbluMx KBA/IPaTOB, Bel'MCAA-
JIN TEPMOJIHHAMUYECKNUC 1APAMETPRI TPAHCIIOPTA TPO-
TOHOR,

WecaenoBanne TeMiepatypHoil 3aBHCHMOCTH Tpaic-
NopTa NPOTOHOB M3 KJIETKH BLIABIIO ABA 1IPAMOJN-
HEHHBIX YUacTKa B WMHTepsajde temueparyp 1-65 u
6,0-36 °C (puc. 1) c IHTATBNMAMY AKTHUBALHM, PAB-
HeIMH 32,3 1 4,8 kKkan/Mouab. 11py 5TOM aHTPONMA aK-
THBAUMM cocTtasnaaa d1 A4 um —-47,1 gan/mMonn/Tpan
cootsercreerto (Tabua. 1). Ceoboauan IHEPIrHA aKkTH-
BalMH 3HAYMTCIBHO HE M3MCHANAChE NPH NEPEXode oT
OJHOTO TeMIEePaTYPHOro yuactka x apyvromy. [nnep-
TOHMHUECKOE BOJJCHCTBHE NMPH BOIPACTAHHM KOHUEHT-
paumn cyasbara go 800 MMons/i nian koMGUHHpoBa-
HHe cpeant uukybaunn ¢ 900 mmons/n caxaposst
BhI3BIBACT HEKOTOPOE MHrUOMpOBaHUC TPAHCTIOPTA, a
TAKAC TMOABIACHHE JONOJHHTENLHBIX H3JIOMOB B HI-
Tepsaie 13-15, 20-30, n 37 °C. B obuiem cnyvae ru-
NMEPTOHHYCCKOE BOJACHCTHHE IIPHBENO K YMCHBIIEHHIO
3HAYCHM 3UTANBLIINK AKTHBAIMH W [NEPEMEeNe 3HaKa
AHTPONHM € MOJOKHTENLHOTO HA OTPHLATENbLILIH B
uutTeprajac 1-65°C, noBwlIEHTD 3HAYEHHH IHTAIB-

AG" =AH - TAS .

[Ipobnemst kpuobuonormu, 1999, No 4

Using £, | 1]« « [H]" experimental parameters,
according to the equations (8) and (9) one can calcu-
late &, and k, constants. Proton transfer through
erythrocyte membrane was determined by the shift of
pH wvalue in an extracellular medium, therefore
[H]" = [H]y - |H]o; [Htyy = [H]yax— 1 H]y: where
[Hly, [H),.x. |H], — proton concentrations in the
medium in the experiment beginning, in ¢, moment
and aL a maximum oxidation in the presence of
100-200 uM of dipyridamole (rhe concentration, nec-
essary [or the proton transport inhibition into a cell),
corresnondingly.

Basing un the constants obtained, according to the
transitive state theory and the corresponding equation

4]

k= (kyT/h) exp (AS" /Ry exp (-AIT /RTY,  (10)

after the transformation of which

Ig (kh/k ) = (AS" /2.303R) — (AH" /2303R)1/T)
(11)

one plotted the temperature dependence graphs in
lg (kh/kgT) coordinates on 1/ T, where k& — rate con-
stant; h — the Planck’s constant; ky — the
Boltzmann’s constant; T — absolute temperature; R —
gas constant; AS*, AI" — the activation entropy and
enthalpy.

The activation free energy was determined using
the formula

AG® =AI" - TAS" . (12)
Using the method of the least squares the proton
transport state variables were calculated.

The investigation of a temperature dependence of
proton transport out of a cell have revealed two rec-
tilinear sites in 1-6.5 and 6.5-56 °C wmnmperature range
(Fig. 1) with the activation enthalpies, equal to 32.3
and 4.8 kcal/mol. Thereat the activation entropy
made 51.4 and -47.1 cal/mol/grad, correspondingly
(Table 1). Activation free encrgy did not significantly
change during the transfer from one temperature site
to another. A hvpertonic effect during an increase in
sulphate concentration upto 800 mMol/1 or the incu-
bation medium combining with 900 mMol/l of suc-
crose causes a certain transport inhibition as well as
the appearance of additional bendings in 13-15,
20-30 and 37 °C range. In general case a hypertonic
effect resulted in values reduction in activation en-
thalpy and change of the entropy sign from a positive
to negative one in 1-6.5*C range, an increase in en-
thalpics values in 13-37 °C range and decrease in
enthalpies in the range of 37-57 °C (Table 1).

The investigation of proton transport into a cell
has revealed another character of a temperature de-
pendence. Two rectilinear sites in 15-35 and
35-53 °C temperature range (Iig. 2) with correspond-
ing activation enthalpies, equal to 27 and
10.8 kcal/mol and the activation entrapies of 22.15
and -30.6 cal/mol/grad were determined. Activation

Problems of cryobiclogy, 1999, Ne 4

n . "
ViaTepian,

FAXVILEHWAW aBTODCBKWM NpPpaBOM



- 14,5 5

- 15,5 +
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Puc. L. TeMneparypisie  JdBHCHMOCTH TRANCHGPTA NPOTONOL 13
KAETKW B cpeaax, cojepxamnx: 7 120 mmons/a NaasOy: 2
B0 smvoin/n NazSOy 3 — 120 mmonn/a NazSOy + 900 mmons/a
CAXdPEEb

Fig. 1. Temperature dependences of proton transport out of a cell in
the media, containing: 1 — 120 mMol/1 Na,50); 2 - 800 mMol /i
Na,50; 7 — 120 mMol /1 Na, 50, + 900 mMol/| succrose

nuik B uuTepBade 13-37°C ¥ yMeHblWeHHID JHTAAb-
nui B obaactu 37-57 °C (1aba. 1).

Hecnenopanue Tpancriopra NporoHOB B KACTKY
BhIABIIO HHOM XapakTep TEMIIePATYPHON 3aBHCHMOC-
TH. Onpegensnoch ABa NPAMOJMHEHHBIX y4acTka B

Tabnanpa 1

free energy did not practically change (Table 2). Their
common peculiarity is the observed transport inacti-
vation in hypertonic medium at the temperature,
higher than 40 °C. Thereat the rate of transport inhi-
bition is higher in a sulphate medium (Fig. 2,
curve 2),

Thus, the results obtained demonstrate a different
sensitivity to the temperature and hypertonic effects
of two defferently directed proton fluxes. In isotonic
medium the changes in proton transport system are
observed at 6.5 °C, meanwhile proton transport into a
cell shews a bending at 37 °C. An osmotic effect does
not cause the activation of proton transport out of a
cell, proton transport into a cell is more sensitive to
the temperature change and its activation at the tem-
perature higher than 40 °C is noted. However a partial
inhibition during hypertonic effect is revealed in both
Cases.

According to the [17] in the erythrocytes, placed
into a sulphate medium, chloride and proton release
in oxidation phase and chloride exchange for an ex-
tracellular sulphate and proton in alkalization phase
occur. It is evident, that the mechanisms of the given
transport processes are not similar, their behaviour in
response to the change in the incubation medium
temperature and osmolarity (Fig. 1, 2, Table 1, 2) is
different. Chlorine anion release out of a cell according
to the electrochemical potential gradient can occur by

Tahle 1

TepmoampnamuderKkne napamerps! TPAHCHOPTA POTOHOR M3 KJACTEM B CVALMDATILIX cpelax

Thermodynamic parameters of proton transport out of a cell in sulphate media

120 wM Na,SO

TN T T T

Yenorua akcnepume 50, 800 M Na,S0, | 120mM Na,S0, + 300 M caxapossl
Experiment conditions 120 mM Na, S0, 800 mM Na,S0, i 120 mM of Na,50, + 900 mM succrose
;o) T . cacr, T - et bt B A it htcasity N
rlfiﬂﬁfpnaﬂ remnepatyp, °C 1 g5 | g5-53  15-125 15-25 30-53 3-125 13-20 25-37 3757
Temperature range, °C |
. XKKaJ,/Mons —_— - . '
32,3 4,8 15,1 7.8 2,7 18 11,5 | 6.4 1,1
aH keal /mol 2 _ |
s FAL/MOAL/TRUR 51,4 -47,1 -12,1 -38,9 | =539 -§,2 265 | -43.2 -60,5
A5 Ealf“|mlll.;grad T 1 i B | p yia [ | 1 1
| | |
AG HHH,H:J'HIZL'IB 181 | 183 19,1 190 ' 19,0 19.0 19,1 19,4 20,2
|- — =W }E.Falbml:li o B . e ' = e —— - [ ] o I 1 e S T N,

HHTepBasiax Temnepatyp 15-35 1 35-53 °C (puc. 2) ¢
COOTBETCTBYIOUMMY 3HTANBIMAMHM aKTMBallnd, pas-
Heimu 27 1 10,8 KKai/Moab M 2HTPOIHAMHA aKTHBALMNI
2215 n =306 xkan/moan/rpap. Ceolojpnas sueprus
AKTUBAIMH NPaKTHYECKH He MaMedsnack (taba. 2).
THneprosnyeckoe BO3ACHCTEHE NPHBOANT K MHTHOMH-
POBAHHIO TPANCIIOPTA NMPOTOHOB, O/IHAKD BLIABNSCTCH
HEKOTOPOE OTAWNMe MeAJlY CpelaMi ¢ PazTHYHBIMH
coctaBamu (puc. 2). O6uieit ocobeHHOCTBIO WX ABNAETCS
TO, YTO B FMIEPTOHMYECKHX CPC/laX OTMEYAETCH MHAKTH-
BallMA Tpancroprta npy remneparype soiwe 40 °C, [1pn
ITOM CKOPOCTh MHIMOMPOBAHMA 1DaHCHOPTA BhILIE B
cyibtharnoil cpeae (puc. 2, kpusas 2).

Taxknwm obpazos, nonyuenHsle PE3YILTATH IOKA3L-
BAIOT PAXTHYHYIO 4YBCTBHTENBHOCTEL K TEMIEpaType o
FHTIEPTOHHYECKHM BO3AeHCTEHAM ABYX pajHoHalpan-
JIEHHBIX NOTOKOR NporToHoB. B MaoToHHYecKol cpene

IMpobremul xpuobuonorun, 1999, No 4

a channel mechanism [8], meanwhile the transport
exchangeable type includes the conformational fluc-
tuations of membranous fragments of an anion carrier
[11]. Transport exchangeable type, not depending on
anion structure possesses the activation energies in
the limits of 19-32 keal/mol [9, 10]. A considerable
difference in the enthalpies of proton transport acti-
vation out of a cell and into a cell (Table 1, 2) may
testify to the existence of a channel and exchangeable
type of chloride transport. Thereat a channel type is
characterized by a lower activation enthalpy
(5 kcal/mol). Probably anion transport, not accompa-
nying by considerable changes in channel conforma-
tion, requires lesser energy. At the anion transport
exchangeable type, when the transier cycle is accom-
panied by significant changes in the orientation of

37 Problems of cryobiology, 1999, Ne 4
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H3IMEHEHHA B CHCTEME TPAHCNOPTa POTOHOB N3 KJIEeT-
Kit orMeqaloTes npu 6,5 °C, Toraa Kak TpaHCnopT npo-
TOHOB B KJIeTKY noka3sipaet uanom npu 37 °C. Ocmo-
THYECKOE BO3ZEHCTBME HE BhI3bIBAET WHAKTUBALMM
TPAHCIIOPTA MPOTOHOR M3 KIETKY, TPAHCHIOPT 1IPOTOHOR
B KJ1eTKY Gosee uyBCTBHTEICH K MAMEHEHHIO Temnepa-
TYDBl H OTMEYAeTCS ero MHAKTHBAIHA NPH TeMIlepaTy-
pe sbie 40 °C. Onuako wacTu4noe dHrnbMposanmue
NPU TUHEPTOHHYECKOM BO3AEHCTBHH BLISBIACTCH B
OO0DHX Cayvanx.

Cornacio [17), B IpUTPOLIMTAX, TIOMCILCHHLIX B
CYJILDATIYIO CPeay, NPOMCXOAMT BhIXO/L XJ0OpHJa W
nporoHa B hase sakucaenus W obMen Xiaopiga Ha
BHEKNETOMHAIH CyJibipaT U mpoTon B dale aaulenadn-
panus. OueBMIHO, MEXAHH3Mb] JIAHHAIX TPAHCIIOPTHLIX
HPOLECCoB OT/AMYAITCH, COOTBETCTBEHHD W PA3/IHYHO
MOBEJIEHNE WX B OTBET HA M3MEHEHME TeMMeparTypsl U
OCMOJIAPHOCTH cpeakl MHKyOauun (puc. 1, 2, tabn. 1,
2). Brixoj aHHMOHOB Xnopa M3 KJIETKH 1O IPAJHEHTY
INEKTPOXUMHYECKOTO MOTEHIIHAIA MOMXKCT [IPOHCXO-
IUTh 110 KaHalbHOMY Mexanuamy [8], torna xax o6-
MEHHBIH THI1 TPAHCTIOPTA BKIOYAET KOH(pOPMALKOHHBIE
dayxryaiiun MembpanHsiX (hparMEeHTOB aHHOHHOTO
neperocuuka [11].

O6mennblii THN TPAHCIIOPTa HE3ABHCHMO OT CTPYK-
TYpH aHHOHOB 00/a7aeT IUCPIHAMH AKTHBAIIMN B
npeaenax 19-32 kkan/mons [9, 10]. 3vauurennHoe
pazjinumne B 3UTANBIHMAX AKTHUBALHUM TPaHCNOPTA IIPO-
TOHOB M3 KJIETKH M B wieTky (Taba. 1, 2) MoxeT cBH-
JETENBCTBOBATL O CYLIECTBOBAHMN KAaHAIBHOIO M
oOMeHHOTO THIA TpaHcuopra xJopuia. Ilpu aToMm
KaHANLHBIH Tl XapakTtepuayercsi 6onee HW3KOH BH-
Tajbiunel akrueaimu (5 kxan/mons), Beposrho,
TPAUCHOPT AHHOHOB, KOTOPBLIH HE COIPOBOMKIACTCA
3HAMMTENBHBIMH H3MeHeHUAMH Koudopmanu xana-
n0B, Tpebyer medbiie sueprin. [Ipn ofmenHom THNe
TPAHCIOPTa AHMOHOB, KOTNa LHKT [epeHoca canpo-
BOKJIAETCH 3NAYMTEIbHLIMH H3IMCHEHWAMH B OPHEHTA-
nn Membpatinbix diparmentos Gesika monocskl 3 oTHO-
CUTEJILHO APYr ApYra, 3Hepruf aKTHBAIHH HAMHOIO
oinie (19-32 kkan/mons). Tlonyuenwnas sesnquta
BHTANBIINM aKTHBALMK B (palde 3alleayMBaHnsa B MH-
Tepeasie Temneparyp 15-35 °C (tabda. 2) coorsercrny-
eT faunsm [9, 10].

Tabanna 2

- 15,0 1
ra
E~
=
o
B - 18,0 -
= 17,0 T T T T !
3.0 31 3,2 33 34 35
(uTy-10""°

Puc, 2, Temnepatypible 3apucHMOCTH TRANCHORDTa NPOTOHOE B
KACTKY B Cpeiax, cogepskauiuwx: T — 120 mmoas/a NaeSO4, 2 —
BOD mmons/n Na:SOq T - 120 smmoas/n NaaSOyg + 8900 mmons,/a
Caxapoanl,

Fig. 2. Temperature dependences of proton transport into a cell in
the media, containing: 7 -- 120 mMol/l Na,50,; 2 — 800 mMol/|
Na,50,; 3 — 120 mMol/l Na,50, + 800 mMol/1 succrose.

membranous fragments of band 3 protein regarding to
each other, the activation energy is much higher
(19-32 kcal/mol). The obtained value of the activa-
tion enthalpy in alkalization phase in 15-35 °C tempera-
ture range (Table 2) corresponds to the data [9, 10].

The bendings revealed at the temperature 6.5
(Fig. 1) and 35 °C (Fig. 2) do not correspond to the
phase transfers of lipids in erythrocyte membranes
and, obviously, are the consequence of the change in
a structural and functional state of the band 3 protein.
In the given casc the change in a phase state of mem-
branous lipids may not affect the function of anion
channel. However at a hypertonic effect additional
bendings in the curves of a temperatural dependence
of 20 and 25°C (Fig. 1), 20 and 22°C (Fig. 2) are
observed, that, probably, are determined by physical
state of membranous lipids.

According to the [10], the investigation of a tem-
perature dependency of sulphate exchange has re-
vealed a bending in Arrhenius plot at 30°C. One
supposes, that such a phase transfer may be related to
the change of a rate-limiting step in an exchangeable
type of anion transport [10] or with a temperature
modification of only an entrance step in the exchange
transport cycle [9]. A sharp change in the temperature

Table 2

Tepmoaumammueckme napaMerTpsl TPARCIIOPTA IPOTOHOE B KJISTKY B CYILDaTHLIX cpeaax

Thermodynamic parameters of proton transport into a cell in sulphate media

Yenosusa Excnepn;é;::___.liﬂ mM Na,S50, ) - 8O0 MM NE_EEG: 120 mM h‘a;-ﬁﬂli +900 MM ca_nxapmu_ .
B EEPETE_W_EI?_L_%EHEPE. : _lf?:l.’} mM Na.‘;‘_sﬂ* B = _EEII] mL'EES{Jq - ._I_EF{J mM I.E E&sz -': E mM succrose
fg;f;:zfuz“:;r:{% Cl 15-35 ' 35-53  15-20 ]' 20-28 | 28-40 & 40-48 | 15-22 30-40 | 40-53
AH' :f:’:l*’:;:ﬂ“l”“ | 270 | 108 | 29,8 266 | 173 -65,1 | 238 e | -350
AS" ::ﬂm’;';’:f“ | 23,9 | -30,6 24 4 | 20,3 -43,9 -275 | B4 | =100 -178
LA~ SR S NE IL IR 3N NN NN
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Buissnennsie  uanoMmMul npu temneparype 6.5
(puc. 1) 1 35 °C (puc. 2) ne cooTBeTCTRYIOT (Pa3OBLIM
niepexojiaM JUNHAOB B MeMmOpaHax 3pPHTPOLMTOB H,
O4EBMAHO, SRIAKIOTCA CIEACTBHEM H3MEHCHHA CTPYK-
TYPHO-DYHKIMOHAILHOMD cocTosHMA Oenka nosocm 3.
B nanvom ciayuae maMmenenme $azoBora cocToAHnA
MEeMOpPAHHBIX JIMIIWAOB MOXKET 1i€ CKasbiBaTbCA Ha
pyHKIHN aHHoHHOTO KaHanma, (OIHako upu runepro-
HUYECKOM  BOSAEHCTBUMH OTMCHAKOTCH ONOJHUTE b
HLIE M3/10MBLI HA KPUBLIX TEMITEe Aty pHoil 3aBHCHMOCTH
20 u 25°C (puc. 1), 20 u 22°C (puc. 2), KoTopbie,
BEPOATHO, ONPEAESAIOTCHE (PUINUCCKIM COCTOAHMEM
MeMOpaHHBIX AMIHIA0S.

Cornacno [10], nccnenosanme TeMIeparypHoil 3asm-
cumocT obMeHa cy/ibarta BEIABHIO HANOM Ha rpadiKe
Apperuyca npu 30 °C. [peanonarawr, uro Takoit daso-
BRI nepexo/; MomeT ObITh CBA3AH € NepeMencit cko-
POCTb-THMUTHUPYIONIETO Wara B 0OMEHHOM THIE TPaHC-
nopra anuwoHoB [10] wam ¢ TemneparypHoi
MopiduKaLmedi TONbKO BXOAHOIO LAl B TPAHCIIOPTHOM
unkne obmena [9]. [Mepesiom Ha KpHBOI TeMneparypHoil
sasicumocty ipx 35 °C npu oOMEHHOM THIE TPaHcIop-
Ta Xn0puaa Ha cyasdar ¥ npoton (puc. 2), BEPOATHO,
HE CBA3aH C NepexkiiyeHeM CKOPOCTh-TMMUTHDVIoIe-
To WIara, TAaK KaK XJ10pWL 11pH oOMeHe TpanciiopTHpyerca
HA 4-5 nopankos GwicTpee cyabdaTa,

OTHOCHTE/IBHO BEICOKOE 3HAYCHHE IHTATLIUH aK-
THBaunK {27 Kka1/M0/b) H NONGKNTETbHAR BLIAHYH-
Ha 3HTPONMK akTuBaumu (22 Kan/mMons/rpaji) s vn-
Tepsase Temnepatyp 15-35°C (taba. 2) yKaselBaioT
Ha TO, 410 0OMEH aHHOHOB COIPOBOXIacTCA KOoH(pOp-
MATIHOHHLIMH M3MeHEHUAMH OosbiHHCcTBa MeMOpan-
HEIX cermMeHTORB Denka noxocw 3 [9, 10]. TonyuenHue
3HAUEHUA TePMO/IMHAMHYECKHX napamerpon (Tadn. 2)
HE3HAYMTENLHO OTANYAIOTCA 0T HMEIOIHXCA B JIHTe-
paType W XapakTepHbl /uia OGOJLIIWHCTBE HEOPraHu-
YECKHX ZHMOHOB HE3ABUCHMO OT UX BAJIEHTHOCTH M
CTPYKTYDh! [H].

Tpancnopr xnopuia ¢ nporoHoMm n3 knetkn B dase
3AKUCJIEHNA B MHTepBane Ttemnepatyp 6,5-56°C
(puc. 1), BEpoATHO, NPOMCXOIHT KaHAbHBIM CHOCO-
bom. Ha jaannoe npeanonokeHue YKaablBalOT HUBKOE
JHAYEHHE IHTANLNHY akTHBanMyM (4.8 KKan/Moib) M
OTPHUATENDbHAA BeJAHYMHA AHTPONHM  AKTHBALHH
(—47 kan/Moab/Tpaa) (taba. 1), OaHako B HHAKOTEM-
neparypiHom vaTepranie (1-6,5°C) sHrannsins akrTu-
BallHH HAMHOIO Bbilile M cocTapiser 32 kkan/Moib, a
IHTPONHA ABIAECTCA [HONOKUTENBHOH 1 COOTBCTCTRYET
a1 kan/Mons/rpaa. Takue TepMoIHiaMHYECKHC NaPa-
METDPhl YKA3LIBAIOT, 4TO B ZaH0H o0aacTH TeMiaepaTyp
JHTABINA AKTHBAIIMK KAaHATBHOIO THO@ TPaHCIOpTa
XJIOPHIA MOXKET M3MeHATbCA Beaeacroue mMoanduka-
UMK B3aumozeiicTBiit Hesika nosocu 3 ¢ MemOpaHub-
MH cTpykTypaMu. ManoMm reMneparypHoil 3aBHCHMOC-
TH TpaHcnopra nNpoToHos B obaactw 6,5 °C MoKeT
onpefesnThes (PazoBhiM pazle/ieHHeM JIMITHACR, KOTO-
poe onocpeayercs psaumoaeiictBuem Oenaka nono-
col 4.1 ¢ MembGpanoii [7]. B orsowensn nocnegsero
NPetnoIoKeHHs HW3IBECTHO, H4To npoTeoans Oenka
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dependence curve at 35 °C at an exchangeable type of
chloride transport for sulphate and proton (Fig. 2),
probably, is not related to the switching of a rate-lim-
iting step, because during the exchange, chloride is
transported by 4-5 orders more rapidly than sulphate.

A relatively high value of the activation enthalpy
(27 kcal/mol) and a positive value of the activation
entropy (22 cal/mol/grad) in 15-35 °C temperature
range (Table 2) point vo the fact, that anion exchange
1s accompanied by conformational changes of the major-
ity of membranous segments of band 3 protein [9, 10].
The wvaiues of thermodynamic parameters obtained
(Table 2) shightly differ from the literature ones and are
typical for the majority of inorganic anions inde-
pendingly on their valency and structure [9].

Chloride transport with a proton out of a cell in
the oxidation phase in 6.5-56 °C temperature range
(Fig. 1), probably occurs by a channel way. The
activation enthalpy low value (4.8 kcal/mol) and a
negative value of the activation entropy
(47 cal/mol/grad) (Table 1) point to the given sup-
position. However in a low temperature range
(1-6.5 2C) the activation enthalpy is much higher and
makes 32 kecal/mol, but the entropy is positive and
corresponds to 51 cal/mol/grad. Such thermodynamic
parameters point to the fact, that in the given tem-
perature field the activation enthalpy of a channel
type of chloride transport can change due to the modi-
fication of the band 3 protein interaction with mem-
branous structures.

The bending of the proton transport temperature
dependence in the field of 6.5°C may be determined
by the lipid phase division, that is mediated by the
interaction of band 4.1 protein with a membrane [7].
Regarding the last supposition it is known, that the
band 4.1 protein proteolysis, providing the cytoskele-
ton integration and its attachment to a membrane, or
erythrocyte treatment with A23187 ionophore con-
tributes to the transfer desappearance at 8 °C [13].

A hypertonic effect to cells results in the interac-
tion modification of membranous proteins and lipids
[1]. Probably, due to this fact not only the inhibition
of proton transport, but the appearance of additional
fractures and vertical shifts in the curves of a tempera-
ture dependence are observed (Fig. 1, 2). Vertical rup-
tures of temperatural dependences when investigating
the membranes using spin labels [12] or erythrocyte
hemolysis [1] are the typical phenomenon at a hyper-
tonic effect. Not only the distinction in the sensitivity
to a temperature of proton transport out of a cell into
a cell, but the fact, that higher than 40 °C a hypertonic
medium causes the inactivation of sulphate entrance
with proton in the alkalization phase (Fig. 2), point
to the existence of two types of chloride transport
mechanisms. At the same time proton release with
chloride in the oxidation phase is not activated higher
than the mentioned temperature, but the curve ben-
ding is observed (Fig. 1). According to the [12] a
phase transfer at 40 °C in a hypertonic medium, de-
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monock! 4.1, KoTophiit ofiecnieynBaeT HETErPALMK) 1LK-
TOCKENETa N IPUKPEnsienne ero Kk MemOpane, nii ob-
paborka apurpoumtos nonodopom A23187 cnocober-
BYeT ncuesHoBeHr0 nepexoja upu 8 °C [13].

[ HIepTOHHYECKOEe BO3AELIICTBHE HA KIETKY NPHBO-
IUT K MOAMDHKERIHE BIANMOJIEINCTBHI MeMODaHHLIX
penkos W aunuaos [1]. Bepositeo, Beaeacrsue atoro
OTMEYACTCA HE TOJBKO HHTHOHPOBaHWC TPAHCIOPTa
NPOTOHOB, HO | TOABAEHHC AONIOJHHTENBHBIX IIEPeio-
MOB M BEPTHKaAbHLIX CMEIEHNH HAa KPUBBIX TeMIiepa-
Typuoi  saspcumocTd (pue. 1, 2). BeprukasibHbie
pPaspbiBbl TEMIEPATYPHBIX 3ABHCHMOCTEH 1IPH HCCae-
A0BaHUM MeMOPaH cnMHOBLIMM MeTkamu [12] nau re-
MOJIH34 ApUTpoUHTOB [1] SBAHIOTCH XapakTepHbIM
ABJAEHHEM NDH rHneprouiseckoM podjeicreuu. Ha
CYI{ECTROBAHHE J[BYX THIIOBR MEXAHHIMORB TPAHCNODTA
XNOpHIa YKa3biBaeT He TOJbKO pasiniue B UyBCTBH-
TEJBHOCTH K TEMIIEPATYPEe TPAHCNOPTA NPOTOHOB U3
KJAETKH H B KNETKY, HO ¥ 70, 410 suiine 40 °C runep-
TOHMYECKAA CPeAa BhI3LIBAET MHAKTHBALMIO BXOAa
cyaetdara ¢ nporoHom B ase 3aulesauMBaHNA
(puc. 2). B To e Bpemsi BLIXOA NPOTOHOR ¢ XJOPHIOM
B thase 3aKMCACHMA He HHAKTHBHPYETCH Bbille YKa3at-
HOW TEMNEPATYPBl, XOTA H3JIOM KPHBOH OTMEUacTCH
(puc. 1). Cornacno [12], dazoswmil nepexox npu
40 °C B runepToHHYECKON cpeae, onpeaenseMblil crea-
PHHOBOH MCTKOH, OTpaMaeT H3MEHCHHME CTPYKIVPHOIO
COCTOAHMA CHEKTpHHA B uptockeaere, Craenopatenn-
HO, MOHO NPEUNONOAHTE, YTO NIPH FHIEPTOHHYECKOM
BO3NEHCTRMN Kak KaHATbHLIL, Tak ¥ oOMeHHbIH Cno-
cob TpancHOPTA aHIOHOB 3HAMHTENLHO ONPeIessIeTcs
ﬁ'('.JlﬂH'JlHHIrI.a'IJ:IHMH H3AUMOACHCTBHAMY B MEMﬁIJMIHH
H cocToRHMeM DENKOB UMTOCKENETa.

Kak 66110 orMeueHo, THIEPTOHHUIECKOE BOSAEHCT-
BHE Bhi3bIBAET BEPTHKAIBHLIE DAIPLIBLI ¥ CMEIEHHA B
TEMIEPATYPHOH 3aBMCMMOCTH HE TOIbKO TPaHCIOpTa
HpoToroB (prc. |, 2), HO W HOABUKHOCTH CIIMHOBON
MeTKH [12] ¥ OCMOTHUYECKOID TeMOTH3A IPHTPOUNTOB
[1]. Hanbonee pripaxenneiit pa3puis 5 (aze 3akicie-
HUA BbuBaserca npy 125°C B rUneproHMueckKoi
cyabaTHOIl cpee, a4 B THNEPTOHHYCCKOR CaXapo3noi
CPele 3MeCh OTMEUAeTCA Hajiom Ge3 pasphiBa KPHBOH
(puc. 1, Tabn. 1), Kpuasle teMmneparypHol 3aBMCH-
MOCTH TPAHCTIOPTA MPOTOHOB B KACTKY TAKMKE 110/1BED-
raloTC Pasph!BaM HPH 'HOEPTOHNUMECKOM BO3ACHCT-
K. B cyasdaruoil cpepe cmenienne HacTylaeT npu
20°C, 8 caxapoaroil — npu 27 °C., Kposme roro, B
cyabpatHod cpeae pa3puis Goaee seipaxes. [pu
TPAHCIIOPTE NPOTOHOB H3 KJACTKH B MHTEDBAME TeMIle-
paryp 1-6,5 °C runeproHuuecKoe BO3ACIICTBHE TPH-
BOMMT K CHMKCHHIO 3HTANBNMM axTHBauuu (puc. 1,
tabn. 1). B ase samenaympanug i y4acTxe
15-27 °C sHTaNsNVs akTUBALKH 3HAYMTEIBHO HE W3-
Mmensaerca (puc. 2, taba. 2).

Taxkum 0bpazoM, OCHOBRBAACE Ha PAIJAHYHON Tem-
NEPATYPHOH YYBCTBHTE/IBHOCTH I BbIMHCASHHBIX TCP-
MOIHHAMHYECKIIX [ADAMETPAX, MOKHO NPEANnosio-
AHTh, Y4TO TPALICHOPT NPOTONOB M AHMOHOB XJI0Pa U3

APHUTPOLHTOB B cy/ibdarHoll cpene NPOACXOIMT NO
RdHAJIbHOMY MUXAHHIMY, TOU4d KaK BXOJ HDOTOINB K|

[Ipobnems! kpuobuonorss, 1999, No 4

4

termined by a stearin label, reflects the change in
spectrine structural state in a cytoskeleton. Conse-
quently, one can suppose, that during a hypertonic
effect both channel and exchangeable ways of anion
transport are considerably determined by protein-lipid
interactions in membranes and by cytoskeleton pro-
tein state.

As it has been noted, a hypertonic effect causes
vertical ruptures and shifts in a temperature depen-
dence of not only proton transport (Fig. 1, 2), but the
spin label motility [12] and erythrocyte osmotic
hemolysis [1]. The most manifested rupture in the
oxidation phase is revealed at 12,5 °C in a hypertonic
sulphate medium, but in hyperetonic succrose medium
a bending without curve rupture in oxidation phase is
revealed at 12.5 °C in a hypertonic sulphate medium,
but in a hypertonic sucerose medium a bending with-
out curve rupture if observed here (Fig. 1, Table 1).
The temperature dependence curves of proton trans-
port into a cell are subjected to the ruptures at a
hvpertonic effect too. In a sulphate medium a shift
occurs at 20 °C, in a succrose one — at 27 °C. Besides,
in a sulphate medium the rupture is more manifested.
During proton transport out of a cell in 1-6.5°C
temperature range a hypertonic effect results in a
decrease of the activation enthalpy (Fig. 1, Table 1).
In the alkalization phase in the site of 15-27 °C the
activation enthalpy does not significantly change
(Fig. 2, Table 2).

Thus, basing on a different. temperature sensitivity
and calculated thermodynamic parameters one can
suppose, that chlorine proton and anion transport
from erythrocytes in a sulphate medium occurs by a
channel mechanism, meanwhile the proton and sul-
phate entrance is realized by an exchangeable type of
transport as the exchange for an intracellular chloride.
The results obtained point to the fact, that under
hypertonic effect the functioning of an anion channel
and a carrier are determined by cytoskeletal proteins
state and protein-lipid interactions in a membrane.
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Cooling Effect on the Contents of Bioelements in Tissues
of Animals of Mature and Pubertant Age
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Mecnenopana muraMuka cogepskanma Guosaementos (53J) B TRAHAX MUIOBKOMG MO3Ta M APYIMX OPTraHoB GelkiX KPhIC B BO3PECTE
3-x ¥ G-t MECHLIER [10)] BIOWAHMEM XOT00:4, Ellr HHTAKTHEIX HHBOTHRIX YCOTAHUBECHLL .'.I.[]-[_‘."i"[..lﬂ.i:‘i..l!ihli;" ]:IIJ-EIJEI-’."J'PI.I:JH I.HH..“H'IHH ['ﬂ.ﬂ.E'PH"LEIﬂ'IH
BD B ronosRoM Moare u IpyrHX OpraHax M OTCYTCTEME PasTMuMit B ChipopoTEe KpoBu OfINee OXJaOeHne IpH TeMnepaType
10£1 °C smampBano usMesennd cofepxcannn B B olenx rpynmax, Ho 8 passoi crenedn B nyleprarTthoM sospacTe aHaumMreNsHBE
HaMeHeHMA copepacadma B3, ocobenno menn, oTMEYEHE B TMOOTATAMYCE, 3 TAKHE B NEYSHK U JeTKHX, ¥ NOI0BOADETAIX MUBOTHEIX B
nNeYerd o JerkHuy HapMedHEncs ITF'}EHM}"'IUE("['H-EHHU YpPuBelibh HAJLITHA, MAErddA M HaTRHA. B HEORDFTeKCE ol X BUSIPEUTHRIR rpynn
uaMeHeHMA OBLLI NOCTOBEPHE!, HO B MEHBINEH CTENeHHM,

Hocaigaeno pnamiky pmicty Gioenementia (BE) y TRauMHAX MOIOBHOTD MOAKY Ta IHIUKX oprasis Gimix wypis y Big 3-x ta 6-Te
MICALIB MO BILTHROM JaralibHore OXONOIAeHHA, ¥ IHTaRTHUX TBAPMH BCTAHOBIEHO BIPOTIIHI BiKOBI BIAMINHAOCT! CHnagy BE y romosaoMy
MOZKY TH IHIUTHX Opradax, BUACYTHICTE P3NPl ¥ CHMPOBATLL KpoBl. 3arajbLie oxXoapsedas npe resmneparypi 10 + 1 °C aukamkano
PI3HOIO CTYIIeHA 3MIHK BMICTY BE y obox rpynax. ¥ nyDepraTHOoMY Rinl 3raurl asuuak amicty BE, ocolummo smim, cnocrepiranmca y
FiNOTAMAMYC], @ TUKOM YV NEiNOi TA Jeresax; ¥ CTATeBOIPLIMX [IYPIE ¥ NewHL T3 JereHAX SMII]BABCH DIESHbL KNI, MArHiio Ta
RaTpi. ¥ Heokoprexcl obox BikoBMX rpyn awian BE Gymi rakom siporinul, ase MeHIIow Mipax

Dynamies of bicelements (BE) eontents in tissues of white rats® brain and other organs it the age of 3 anf 6 months under cold
eifect was investigated. In intact animals statistically significant age differences in the BE content in brain and other organs, as
well as the absence of differences in blood serum were established, General cooling at the temperature of 10 £ 1 °C caused the
changes in the BE content in both groups but in various extent, In pubertant age the considerable changes of the BE contents,
especlally copper were found in hypothalamus and also in liver and lungs, in mature an'mals in biver and lungs generally the level
of caleium, magnesium and sodium changed. In neocortex of both age groups the changes were statistically true but in less expressed.

Pasnosecue B3, HeoOXomnMuIX 1A peainsaillny
OOMEIHEIX NPOLECCOB, PEryJidlii, Pa3BUTHA OPraHmni-
Ma, ABIAETCH BAKHLIM TOKA3ATENEM €10 COCTOAHMNSA,
OTKI0HEHHA B MUKPODJIEMENTHOM TOMEOCTA3e 1107
BIAMAHKEM 3K30- 1 aujjorennny hakTopos onperens-
0T HAPYLUEHHE HOPMATBHOTO DVIKLHONHPOBAIIHA TeX
uian uuplx cucrem [1, 6], Ocobento 910 BaxHO B BOA3-
PACTHOM ACIIEKTE, MOCKOAbLKY B [MEPHOIL COMATONOIO-
BOTO CO3PEBAHHA OPraHHaM, BCICACTBHE HeyCTOHYH-
BOCTH M He3penoctd ero (PVHKINOHAMLHRIX CHCTEM,

ITpobnems: kpuobuonnrun, 1999, Ne 4

The equilibrium of the BE, necessary for the re-
alization of metabolic processes, regulation, organism
development, is an important index of its state, De-
viations in microclement homeostasis under the effect
of exo- and endogenic factors determine the disorder
of normal functioning of these or those systems [1, 6].
Especially it is important in an age aspect, because in
the perod of somatosexual maturation an organism
due to instability and immaturity of its functional
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DoNee YA3SBHM M NOABEPKEH HCFATMBHBIM BIMAHHAM
HebAronpUATHEIX ¥ nospeskaaoninx daxropos (2, 8].
OAHUM M3 PACTPOCTPAaHEHHBIX (DAKTOPOR BAHAHNA OK-
pysatonieit cpensl Ha OPraHMaM ABMISETCA  XOMOL.
[lens paboTe — uccaepoBaHue JuHaMukn BD B pas-
HbIX TKAHAX 3MBOTHLIX 1IPH CO/JEPKAHHM WX B YCJIO-
BUSX ITOHMIKEHHOI TeMeparypsl. Obutee oxiaxiesue
KHBOTHAX OCYIECTEAANOCE B KAMEPE OPHIHNAILHOH
KOHCTPYKIHK, 0DOPYAOBAHHON  MHAWBHAYAJALHBIMH
KJIETKAMM LA SKHBOTHBIX, CHCTEMONW BCHTHISALNH U
nojtepanBaouieil temneparypy sa yposie 10+ 1 °C.
bBeanie Kpuicki-caMiiel JMHUM Bucrtap noasepriJincs
oblieMy OXTaKIENHIO B TEUEHHE »-X AHCH 110 1 U B
DAHO ¥ TO XK€ BPEMA CYTOK.

CpaBHHTENbHBIH ananud cosepkanus b2 B Transx
MHTAKTHLIX KUBOTHRIX (Tabi. 1) He BuABHA BO3pac-
THRIX padJHUUi B ChIBOPOTKe Kpobu. JlocToBepHas
pPa3HMIa OTMEUEHa B CTPYKTYpax rOJIOBHOTO MO3ra
(HEOKODPTCKCE ¥ THNOTATaAMYCe), HOUKaX, CEe3CHKe 1
JETKHX, @ B MEHBIIEH CTENEHH — B MIE4eHH ¥ Cepilue.
Bausnve obltero oxXJakAeHHA NO-PaslioMy OTpasu-
N0Ch Ha AMHAMHUKCe cogepxkanua b B pazanunbix op-
raHax, KOTOpas MMea Kak CXOJICTBO, TAK M pPaiiinyus
B obenx BoapacTHuX rpynnax (taba, 2, 3).

Hoctosepubie namenernua B nabmojpanm npaku-
MECKH BO BCEX OpraHax XMBOTHHIX M nyDepraTtHoro w
MOJOBO3PENOTO BO3PACTA, HO B padauinoi crenenn, C
BLICOKOH CTENEHLI JIOCTOBEPHOCTH PA3JIM4a10Ch CO-
Aepkanve B2 Bo MHOTMX MecaeayeMmuix TRanax (no
HUCXOARULIEH ) LIMHKA, ME/1H, MATHUA W KANBI[HA; W3-
MEHEHWS COAePXKaHHA HAaTpHs HabMonal0Ch TONLKO B
4-X opranax. O/IHAKO 3TH H3MEHENHA A0CTHIAIT MAK-
CHMYMa Yy MONOBO3PEJBbIX AKHUBOTHHEIX — B HCHUCHH M
JETKUX, Y KHBOTHHX NMyGepraTHOro Bo3pacta - rumno-
TAAAMYCE, CE/le3eHKe, a TAKKE [eyeH! H aerkux. bonee
BLIPAKENHAA JIWHAMHMKA OTMEYanach y J-MecsauHbIX
HKUBOTHBIX M B CBIBOPOTKE KPOBH,

¥V KHBOTHBRIX NyGepTATHOrO BO3PacTa BO BCCX MC-
CAeAyeMhbIX TKAHAX MHTEHCHBHCEE BCEro HIMOHAIOCh
CO/lEP/KAHME ME/IH, & 3aTEM KAJTbIIMA, MATHHA W ILHHKA.
Y NoJoBO3PC/BIX KHBOTHRIX B HOALINER cTCNCHH 13-
MEHAMCH YPOBEHDL HATPHSA, KAJILIIMA 1 MariiMd, a 3aTeM
KaaHAa W mean., MUtMMaibHBIE HAMEHCHHA B TKallAX
nybepratHOH rpYNNb IpeTepresas HaTpui, 4 B TKa-
HAX [0OJ0BO3PENOl rpyliib — IHIIK.

Takas pasnas crelieHb THHAMUKH cojlepkanug b,
KOTOpblE TECHO B3aMMOCBA3aHb! C (PEPMEHTHLIMM CHC-
TEMAMM, TOPMOHANbIIOH PEryJIsIiCcH, BUTAMHHAMA H
ApYyruMH OHONOIMYMECKH AKTHBHBLIMH COEIMHEHMAMU
[4, 3], asaserca, BOIMOKHO, CAECTEHEM H3MEHCHHH
MeTab0IHIECKMX NPOLECCOB RO/ BAHAHKEM OXJIaKIe-
HA. Pasnbimin 0KaswiBaoTCcA M OPraHbi- MHILEHH
OPraHniMa B 3aBHCHMOCTH OT BO3pacTa, a ClejoBa-
TE/ALHO, H OT CTCHEHW 3PEOCTH CTPYKTYPHO-(rYHKIIH-
OHANMBHON OpraHu3aliuu xusiieobecneden s opranua-
Ma. Ml3MeHYMBOCTL YPOBHA KajilbUMA M MArHMA, Kak
APYrHX Baxubix B3, B 4acTHOCTH HaTpHs, Kajidi,
MEIH W LIMHKE, B BRICOKOH Mepe onpejaenseT cocTos-
HHE OOMEHHLIX TIPOLIECCOB, HEPBHON peryaainu [5),

[Tpobneme! kpuobuonormu, 1999, No 4

systems is more vulnareable and subjected to negative
effects of unfavorable and damaging factors [2, 8].
Cold is one of widely spreaded factors of the environ-
mental effect on an organism. The aim of this work is
the study of the BE dynamics in different animal
tissues when keeping them under conditions of low-
ered temperature. General cooling of animals was ac-
complished in the chamber of original design,
equipped with individual cages for animals, ventila-
tion system and maintaining the temperature at the
level o! 10 + 1 °C. White male rats of Wistar line were
subjected to general cooling within 3 days by 1 hr at
the same time of a day.

Comparative analysis of the BE contents in tissues
of intact animals (Table 1) did not reveal any age
differences in blood serum. Statistically true difference
was noted in the brain structures (neocortex and hy-
pothalamus), kidneys, spleen and lungs, and in less
extent — in liver and heart. The effect of general
cooling in different way affected the dynamics of the
BE contents in various organs, that was both similar
and differences in both age groups (Tables 2, 3).

Statisticall true changes in the BE were observed
in practically all organs of animals both of pubertant
and mature age, but in various extent. With a high
degree of statistically significance the BE contents
differed in many studied tissues (in descending order):
zine, copper, magnesium and calcium; the changes of
sodium contents were observed only in 4 organs.
However these changes reached the maximum in ma-
ture animals in liver and lungs, in animals of pubertant
age in hypothalamus and spleen. More manifested dy-
namics was noted in 3 months’ animals and in blood
Serum.

In animals of pubertant age in all studied tissues
the copper contents changed much more intensively,
and than of calcium, magnesium and zinc. In mature
animalsin a greater extent the level of sodium, calcium
and magnesium changed and then of potassium and
copper. Minimal changes in tissucs of pubertant group
were observed for sodium, and in the tissues of mature
one — zinc.

Such a different degree of the BE contents dynam-
ics, that are very tightly connected to enzymic sys-
tems, hormonal regulation, vitamines and other bio-
logically active compounds [4, 5] is probably the
consequence of the change in metabolic processes
under cooling effect. The organs-“targets” occurred to
be different depending on the age, and consequently
on the maturity degree of strucutral and funcitonal
organization of an organism’s vital providing. The
changeability of calcium and magnesium level, as well
as other important BE, in particular sodium, potasium,
copper, zinc in a high extent determines the state of
metabolic processes, nerve regulation [5], reactivity
and adaptational opportunities of an organism.

The obtained data on more versatile and multidi-
rectied dynamics of the BE content in the group of
3-month's animals (pubertant age), in particular in
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PEAKTHBHOCTH W a/lanTallMOHHBIX BO3MOKHOCTEN Op-
FAHU3MA.

Ionyuenume gannpie o Honee pasuonbpasnoil n
pPasHOHANPAaBAEHHONR JIMHAMUKe conepxanns bD w
rpyinne 3-MecsyHbIX KHBOTHLIX (nybepraTHhid BO3-
pacT), B HACTHOCTH, B TAKOH BAKHOH CTPYKTYpE, Kak
FHITOTANAMYC, BOAMOMXKHO, OTPaXaoT BoNbIIVIO YA3RH-
MOCTL B 3TOM BO3pacTe HepedpalibHbIX MEXaHH3MOB
peryiauuy dyukaunii. C apyroit cTopoms, 4TO noi-
TBEpAJIaeTcst W Jjankinivmu [3, 7], Takupe umsmenenus
MOTYT HIPATh ONPEICACHHY 0 HONOKHTETRHYI POh B
PCOPranu3alMy JeATCABHOCTH L[CHTPAJbHBIX Peryms-
TOPHLIX MEXAHH3MOB, TOCKOILKY OHW MPEIOCTABIAIOT
Oonee wHpoKne BOIMOXKHOCTH 15 OPMHPOBAHNSA
aJANTHBHBIX PEAKIMil OPraHuaMa Ha HK30- M IIJI0Ten-
Hble BO3EHCTBUA B MyOGEpTaTHOM BO3IPACTE.
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such an important structure as hypothalamus, prob-
ably, reflect a great vulnarebility of cerebral mecha-
nisms of the functions regulation in this age. From
another hand, that is confirmed by the data [3, 7]
these changes may play a certain positive role in the
reorganization of the activity of central regulatory
mechanisms, since they render wider opportunities to
form adaptive responses of an organism to exo- and
endogenic effects in pubertant age.
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Effect of Storage Conditions on Sugar-lytic Properties
of Cryopreserved and Frozen-dried Bacteria Escherichia Coli

I. P. VYSEKANTSEV, L. V. STEPANYUK

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

YCTEAROBRNEHO, YTO KPHOKOHCLPBMPOBAHME M JHOGILTMIALMA He MIMEHAKT CHEKTD CaxXaPOanTHYeckiy csoiicts Dakrepurt B mo xe
BPEMA AXTHBHOCTE [J-TANaRTOSMIATE B NPOUECCe AaMOPaNHBAHHA-OTOIPERS, THOMMAMAZIMKM W XpadeHua mofummanposanssx fak-
TepuH npu Temnepatypax or 37 no -25 °C crsocaeres. Haamume B cpese KOHCEPBHPOBAHMA AHTHMOKCHIAAHTE THOMOYEBHHBE ClocodeT-
ByeT Donee BLICORON COXPAHHOCTHM GKTHMBHOCTH [-TAfarTosMiasn B auodiuiM3anpoBaHHeix DaKTepuax

Beranorneno, mo KpickoHcepByBaHRES | odinizania e aMiRNIOTS CHEKTP CaXaponiTHHENX BaacThrocTeRH Sartepilt ¥ Toi me qac
AKTHBHICTE [-rajaxioamgasm B npouec 3aMopOeyBaHHA-BigirpisasA, modimaanil 1 adepirania modimizosanux Daxrepilt npr TeM-
nepatrypax Big &7 no =25 °C awokyersen. HansricTs y CepeaoBMili KOHCEPBYBAHHA ANTHOKCHIAHTY TIOMOYMeBMHM cnpnAc Oinbilu
BMCOKIA LLnoCTI aktuadocT] P-rasaxroasaasy B modinizosanmx GaxkTepiax.

It has been established, that eryopreservation and freeze-drying do not change the spectrum of bacteria sugar-lytic propertics. A the
same Lime the B-galactosidase activity in the process of frecze-thawing, freeze-deying and storage of frozen-dined bacteria at the
temperatures from 37 down to =25 °C decreases. Thiourea presence as an antioxsdant in ervopreservation medinm contributes to a higher

integrity of [-galactosidase activity in frozen-dried bacteria.

Ocuopubie 1pefoBanna K ¢rocoHaM KOHCEPBHPO-
BAHMA MHKPOOPIAHHAMOB — 0becneveHie COXPAHHOCTH
WX KU3HCCNOCOOHOCTH, FeHOTHNA i HYIKUMOHAIBHO-
[0 COCTOAHHA, CBAIAHHOMG C COXPANCHHEM (}]EIIGTHIIH*
veckux csoicre |8, 9], Haubonee addexrmnsnbivn
METOJIaMH KOHCEPBHPOBAHUA MUKPOOPraHH3MOB 5B-
JAKTCA KPUOKOHCCPBUPOBAHKC W Jnohiinaanng |4,
8]. boapinoe anadenne B obecnederHnun COXPaHHOCTH
MHKPOOPIAHHIMOB 11PH KPUOKOHCCPBHPUBAHME W JINO-
QUIH3AUMH UMEeT COCTAR CPEAbl KOBL eDRHPOBAHNA, &
MPH AHODHANIANNN — elle H TEMHCPUTYPR XpaHeHus
nvodimnaanpesannsix obpasnoe [2]. Hockoasiky Gax-
tepu E. coli asnawtea C-rereporpotdhaMu 1 HX Mo-
TpeOHOCTb B Viaepoae oOccneunBaoT caXxapoJnTiiec-
Kie (PepMeHTE 33 CHCT TAKHX HCTOUHUKOB, KAK caxapa
¥ MHOroaroMmuble cnuprel [3], nesnw Hacrosiero
HCCTENOBAHMA ORIO M3AYYEHNC BAMSHMA COCTaBa 3a-
IMUTHBIX CPEJ] H TCMIEPATYPEI XPAHEHHSL 1A CANAPOJIN-
THYECKHE CBOWCTBA KPUHOKOHCEPBHPOBAHHLIX W JHO-
dpuanauposannux daxrepuit E. coll,

O0nekToM MCCAEQOBAHNA  CAVAKHIM  ODaKTepun
E. coli B (mtamm nonyyed na PoccnicKol Kouekitn
INPOMBILLICHHEIX MuKkpoopranuamos, FTHHHW resern-
ka, Mocksa). bakrepuu REIpalmmean B MHHCPAIEHON
cpeae M9 [7] npu 37 °C ¢ aspauucii 1o Hayana cTa-
HHOHAPHOM dassl pocTa, ocamaaiH UeHTpHDYIrHpoBa-

[Ipobnemsl kpuobuonormm, 1999, Nov 4

Main requirements to cryopreservation ways of
microorganisms are the providing of their viability,
gene type and functional state, related 1o the preser-
vation of phenotypic properties |8, 9]. Cryopreserva-
tion and freeze-drying arce the most efficient cryopre-
servation methods of microorganisms |4, 8] A
significant value in providing microorganism integrity
at cryopreservation and freeze-drying belongs to the
composition of ecryopreservation medium, and at
freeze-drying — the storage remperature of frozen-
dried samples [2]. Since £ coli bacteria are C-hete-
rotrophs and their need in carbon is provided by
sugar-lylic enzymes due to such sources as sugars and
multiatom alcohols [3]. The aim of this study was to
investigate the effect of composition of protective
media and storage temperature on sugar lytic proper-
ties of cryoprescrved and frozen-dried E coli bacteria.

E. coli B bacteria (the strain was received from the
Russian collection of industrial microorganisms, State
R&D Institute of genetics, Moscow). Bacteria were
grown in the M9 mineral medium [7] at 37 °C with
an aeration before starting a stationary growth phase.
Bacteria were sedimented by centrifugation (15 min
at 4 000 rot/min) and were resuspended in cryopre-
servation media. The following media were used for
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HueM (15 mun npu 4 000 ob/Mun) 1 pecycnenamnpo-
BaJIM B Cpe/laXx KOHCEPBHPOBaHUA. /115 KPHOKOHCEPBH-
POBAHKUA MCIIOJABI0BANH CAEJAVIONINE CPejibi. MKHE-
panbHasi cpeaa M9, cpera M9 + 10% AMCO, cpena
M9 + 10% ranuepuna, cpeaa MS - 10% caxapoab.
cpesta M9 + 10% 11950-400. Jlnoduamanposann Hak-
Tepuu B cpeae 1 (cpeaa M9 + 10% caxaposst + 1%
KenatHHa) u B cpete 2 (cpega MY + 10% caxapo-
apt +~ 1% mesatuda + 1% THOMOYEBHIN).

baxrepuu 3aMoOpaduBAIN NOTPYARCHIEM B IKWKHH
a30T, MCNOMAL3YA METAVIHYMECKHMC KOHTeiHeps 00b-
eMoM 10 mn. Xpanuau obpasun! B #HUAKOM A30TE, OTO-
rpeBanu Ha Boasnoi bane upnu 37 °C.

Jdas moduimasanmy (va yeranorke Y 3B-2 npona-
soactea CKTB ¢ OI1 MNNTKuK HAH Yxkpannw, Xapn-
KOB) DAaKTepPHHM BHOCHUIN 110 1 M B IIEHHUNAN NHOBLIE
daakonni, OO0pasi 3aMopamuBald B KaMepe 0
-30 °C co ckopoctsio 2 °C /mun. CybmiManno uposo-
AWIH  NpH OCTATOMHOM  JABICHHM B KaMepe
130-180 wmlla. Koneunas TemnepaTypa CyLWKH
17-20°C. OcratouHas BJaKHOCTL AHODHAN3HPOBANK-
HeIx ofipasuor 1,5-3%. Xpauunu obpasun repMmeTiy-
HO YiakoBanHbIMH upi temneparypax 37, 4, —10,
=25, =70°C, peruapaTHpoBaAIH JIHCTHIIHPOBAHHON
BOJIO.

Caxapo/MTrieckyio aKkTHBHOCTE BaxTepnil nayda-
JM 110 cnocobHoCTH hepMenTupoBaTL caxapa (I10Ko-
3y, MAJILTO3Y, MAKTO3V, MAHHUT, caxapoay) [3].

AKTHBHOCTB (-ranaktoanjiasnl, GepMenTa, Karaim-
IUPVIOLLETO THAPOITHI [-TAlaKToanI08, ONPEae/isuin 110
Metoly, onucannomy B [7); Gakrepui OoTMBIBAIKH OT
CPeIkl KOHCEPBUPOBAHKA W PECYCNCIANPOBAIIM /10 KOH-
wentpain 1-10% xn/man B cpene 1xA. Husneenocof-
HocTh Daktepuii onpeaessm no cnocobuoctit hopmu-
POBATL MAKPOKOJIOHWH Ha arapu3osaHHoil cpeae |3].
CramucTiyeckyo 06paboTKy HONYYEHHBIX Pesy IbTaToR
MPOBOIHIIN 1O OOIENTPUHATHIM METOIMKaM |5].

Tabaunmna 1

cryopreservatoin: M9 mineral medium, M9 medi-
um + 10% DMSO, M9 medium + 10% glycerol, M9
medium + 10% sucrose, M9 medium + 10% PEO-400.
Bacteria were frozen-dried in the medium 1 (M9 me-
dium + 10% sucrose — 1% gelatin) and in the me-
dium 2 (M9 medium + 10% sucrose + 1% gela-
tin + 1% thiourea).

Bacteria were frozen by means of the immersion
into a liquid nitrogen using metal containers with the
volume of 10 ml. Samples were stored in a liquid
nitrogen, thawed on a water bath ax 37 °C.

For {reere-drying bacteria were placed by 1 ml into
penicillin bottles by means of UZV-2 produced by
Special Designing and Technical Bureau with Experi-
mental Unit of the Institute for Problems of Cryobi-
ology and Cryomedicine of the National Academy of
Sciences of the Ukraine. The samples were frozen in
the chamber down to —-30°C with the rate of
2°C/min. Sublimation was carried out at residual
pressure in the chamber of 130-180 mPa. Final tem-
perature of drying made 17-20 °C. Residual humidity
of frozen-dried samples made 1.5-3%. Samples were
stored as hermetically sealed at the temperature of 37,
4, =10, =25, =70°C and were rehydrated by distilled
water.

Sugar-lytic activity of bacterium was studied on
the ability to fermentate glucose, maltose, lactose,
mannitol, sucrose [5].

B-galactasidase activity, enzyme, catalizing B-ga-
lactasides hydrolysis was determined according to the
method described in [7]; bacteria were washed out of
cryopreservation medium and resuspended up to the
concentration of 1-10% cells/ml in the 1xA medium,
Bacteria viability was determined on the ability to
form macrocolonies on a dense medium [3]. Statistical
processing of obtained results was conducied on com-
mon methods [5].

Table 1

Koawuecrso munanecnocobamix Baxtepuii E. cold xpanmusumixen npn temneparype -196 °C p pazammisHbIX 3allnTHBIX

Cpetax

Number of wahle E. coli bacteria, stored at lhe temperature of —196 °C in varous protective media

il il = e - o E———,

Cpok xpasens, Mec
Term of storage, months

Io kpuoxoncepBuposanma (4.5 H,H} Lo
(®ORTPONE 1)

Before  cryopreservation

(control 1) |
Cpasy noche xpuoxodcep- (3,91 0,2)107° |
BUPOBAHMA (ROHTRONL 2)

Just after eryopreservation

(4.0 +0.2)10°

(3.8 +0,4)10"""

{control 2)
12 tﬂﬂ*ﬂi}lﬂ”" {‘]r+ﬂ'%]ll]g'
24 e | (38+03)10°"  (3.8+04)10°

Htmmn, CTRO HMEIHECTINCOOHBIX § nam*epmi B | s nocne :-:paﬂﬂmn B 38 UIHTHLIX C[J#JJ.JK
Mumber of viable bacteria i inl ml afler ler storage in protective media

MO | M9 + 10% .ﬂ'h'ICD ["l-'IH+ lﬂ%rmmep}ma M9 + 10% caxapoan: | M8 + 10% T1D0-400
| M§ + 10% DMSO '~ M8 + 10% glyceral

A ——— T

= o m—p—

(3.7 = 0.3)10°

(3,5+03)10"" (3,0 £0,4)10"" (3,9 £ 0,3)-10°""

(3.0 +0,3)10""
(29+03)10°"

(3,3 £0,5)10""
_(38204)10°"

(3,8 +0,4)10""
(38 +04)10°"

NMpumesasmnn :.rpuBEHh nunepuwnmum BEPOAETHOCTI MENCTY CPEAHMMM IHAMEHNAMYI CPAdy NOCIE 3aMOPAMHBANMA M NOCHE XPaHeHMA

B xuaxoMm azore, p > ()05,
P, = 0,05,

YPOoBEHL QOBEPHTE JLHOK BEROATHOCTH M2RILY CPEIHMMH JHaYeHMAME A0 M CPpady DoCae 3aMODaHHBAHMA,

Notes: ‘level of confidential probability between average values just after {reezing and after storage in a liquid nitrogen, p > 0.05;
“the level of confidentia!l probability belween average values belore and just after freezing; p, > 0.05.

I1pobaemst kpuobuanor, 1999, No 4

Problems of cryobiology, 1999, No 4

MaTtepian, aaxviliernit aBBTOPCEKWM NMpaBoM



[lpu xpanesns KPMOKOHCEPBHPOBAHHBIX OaxkTepnii
3 TEMCHHE JABYX JIET HX JKHIHECTIOCOOHOCTL HE H3Me-
Hadach. KoamdecTBo uaHecnocoOHbIX Auodnanam-
POBaHHBIX DAKTEPHil 31BMCENO OT COCTABA CPEbl ¥
Temiepatypsl Xpatchnsa (tadn. 1). Bonee smicokywo
COXPaHHOCTh DakTepHH Kak Ha artanax Jgnoduinsa-
UMK, TAK ¥ B Npolecce WX XpaHerus obecnevnbaia
cpeja 2 ¢ pobannenuenm THoMoueBuHL (tabn 2). Taxk,
B cpene 1 koanuectso Hakrepiit, nornbuimx na stamax
npotecca anodpuansannn, Owino  Ooabiie, 4YeM B
cpeae 2. Ilpu temneparype xpanenus 37 °C Gaxrepnn,
auobuaHanposatisie B cpeae 1, nornbanm  vepea
1 mecau, upn 4 °C — Mexny 3-m n 12-m mecanamu
xpanenus. lpu remneparypax =10, =25, =70 °C 8 06-
pasuax ¢ OaxkTepHAMH, JHO(QWINZHPOBAHHBIMKM B
cpenge 1, xuanecnocobnuie HAKTEPHM COXPAHAIMCH B
TEYEHNE JBYX JIeT, OIHAKO UX KOJHHECTBO B Npouecce
XpaHeHHs AOCTOBEPHO cHUKanoch, C HOHMKCHMEM

Tabavwna 2

During the storage of cryopreserved bacteria
within two years their viability did not change. The
number of viable frozen-dried bacteria depended on
the medium composition and storage temperature
(Table 1). The medium 2 with adding thiourea pro-
vided a higher bacteria integrity both at the stages of
freeze-dryving and in the process of their storage
(Table 2). Thus in the medium 1 the bacteria died at
the stages of freeze-drving process were more, than in
the medivm 2. At the storage temperature of 37 °C
the bacteria. Frozen-dried in the medium 1, died in a
month, at 4°C - between the 3rd and 12th months
of their storage. At the temperatures of -10, -25,
—70 °C wviable bacteria were preserved within 2 years
in the samples with bacteria, frozen-dried in the me-
dium 1, but their number in the storage process sig-
nificantly decreased. In the medium 2 viable bacteria
preserved within 2 years at the temperatures of 4,

Table 2

Bumsanne cpeipl KONCEPEHPOBAHMA M TEMMEPATYPLI XPaHeisl Ha KOJINYECTRO JKHIHECHOCODHLIX TN IH3MpoRan-

neix Daxtepuit E. col:

The effect of eryopreservation medium and storage temperature on the number of viable frozen-dried E. coli

bacteria

Cpena
Cpox xpadHesms, Mec |KDH¢LPEHPU-E&HHH
Storage term, months ' Cryopreservation |

medium

87
| (1,68 £ 0,30)-10"

— o —— e s

o ..moqnmmauumu
{(KOHTDOAL 1)

Befare freeze-drying .

(control 1) | '

Cpa3sy nocie nuognz- |

3ALH (KOETPOAbL 2)

Just after freeze-dry-

ing (control 2) i
1

I?

L]

3
12
20
24 i

|
(8,03+0,27)10°*"

(1,28 + 0,20)-10°"

Sl

HD.TIH'I-IHI_‘TBG H:H::Hecnumﬁumx Dax eruH B1wn, xpdlmamuxrﬂ A TMOhH THIUDORA HANM

=k =L LI L

COCTOAHMH TPM TeMnepatypax, °C

Number of frozen-dried bacteria in 1 ml, stored 11 a frozen-dried state under

Lempera tures, “C

4 =10

=25 =0

|
+
|
|
‘

(1,24+0,27)10"°"
. i (1,0110,323-10" "
| (1,21+0.25)»10° "

(2,49+0,39)10%"

0 1(3,3440,21)-10" "
1(5,33+0,76)-10*°
(1,52+0,30)-10

(4,28=0,30)-10% "
(4,300 34)10%
 (4,40:0,40)-10° "

(2.44=0,32-10%"
(B.400,35) m"'
° . (6,0+0,38)10""

Ao auodpunuaaipm (1,40 + 0,28)-10"
(ROHTPONL 1) ; 3
Before frecze-drying
(control 1) |
Cpaay nocze amoduurm- | | (6,56:+0,30)- 10
J3AUMM (ROHTPOTE 2)
Just after freeze-dry-
ing (control 2)
] (2,34
2 ()

LR

+0,4110%" | (3.10+0,34310°" |
(1,50=0,31)-10"" ,
4 | (7,40+0,22)10° " '

2 (6,2340,30)-10% " (2,13=0,28)10%" | (4,7720,25)-10%" (68,8640 58)10% "

| B
(3.0140,50).10

20 {3,1420,31310°" (5.18= UEQ}]H" (4,10£0,30)- llt”' (5.40+0,47)10% "

" A |

E— e L= = - -

(1,06+0,36) 10" * . (3,79+0,36)-10°

(1,2720,36)-10"" | (4,96+0,80)10° "

T — T = S

-

Npumesannn. § — sou@recnocoiible GARTERHE OTCYTCTBYIOT,
Cpasy nocie aModuIM3anmy ¥ B npouecce Xpaneruda, p < 0.05;
SIHAMEHMAMM 10 | Nocne Auodmansauing, p, < 0,05,

Notes: 0 — viable bacteria are absent;
storage process, p < 005, p> 005,
ing, p, < 0.05

[1pobaems! kpuobuonorus, 1999, Nu 4

YPOBEHDL JUBEPHTENBHOR BEDOATHOCTH MERIY CPeIHMMN SHaYeHMAM
p = 0,05;

YPOBEHD A0BEPHTEIBHOR BEPOATHOCTH MEWILY CPEeTHMMK

“level of confidential probability between average values just after freeze-drying and in
"the level of confidential probability belween average values before and just after freeze-dry-
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Tabnuna 3 Tahle 3

ArTusaocts f-rasakroamnazm Gaxrepnii E. coli, xpanusmmxcen npn remueparype —196 °C B pasamapsix saliMTHBIX
CPeax
ﬂ-galm:tuslrllse activity of E. coli bacteria, stored at the temp-&rﬂure of =196 °C in various prnteclwe media

= - = s = i~

: J“i.E".t‘HBHl}CTh ﬂ»-ra.r:a:-:mamaau en, p’ Mr EEJIRH moche xp-aHEHHH B 3ALMTHAIX CPelax
Cpok xpaperns, mec | ﬂ-galatmsudase actwny units/mg of protein, after storage in protective media

Fermof storage, mankhs: |/ M9 + 10% AMCO ' M9 + 10% ramuepuna | M9 + 10% caxapoas: M9 + 10% I1D0-400
M$ +10% DMSO M8 + 10% glyceral = M9 + 10% sucrose = M9 + 10% PEO-400

M4

e e ey

Ho KpuoxkoHCcepBMpPOBaHUA 806 = 24 790+ 17 - 794 r 23 840 £ 19 | B02 + 26
(koHETpOOE 1) r

Before  cryopreservation |

(control 1) ; .' '

Cpasy nocae kpuoxomeep-|  716£23° | BB« 19’ 702 4 447 786 + 21° ! 702 + 28°
BHpOBaRHMA (KoHTPOAL 2) | | |

Just after cryopreservation :

(control 2) . ' ;

12 714+ 16"-" HBO + 24" 704 £ 23" J 786 + 24" ™ ! 702+ 28"
B — ﬂﬂ_iﬂ' G G72434%% 7023007 ) TB6.£2877° 7042007

Mpumesannn: 'ymuem. OOBERMTENSHOH BEPOATHOCTH MENUTY CpeIHMMM 3HaMEeHMAMM 10 EPHOKDHCEDBUPOBAHHMA M B Npouecce XpaHe-

HMA KPMOKOHCEDBUPOBAHHLIX obpasnoe, p < 0,05, yposeds QOBepPHIeNbHOR BEPOATHOCTH MEMIY CPeIHMMM 3HAYMEHMAMH CPa3y nocne
samopaxusarua 1o -196 °C u nocae xpanenna kpuokoxcepsuposanxsix ofipazuoe, p, > 0,05,

Notes: level of confidential probability between average values beofre cryopreservation and in the process of storage of cryopre-
served samples; p <005, level of confidential probability just after freezing down to =196 °C and after storage of cryopreserved
samples; p, > 0.05.

Tabauna 4 Tahle 4

ATHBHOCTH [-ranakTosmaassl amoduumanposanamx Dakrepuit E. coli nocae xpanenus npu pasabix Temieparypax
B PasJNYMHBLIX JALMTHBIX Cpegax

f-galactosidase activity of [rozen-dried E. coli bacteria, after storage at various temperatures in different protective
media

i ' e i 4~ LTI il — s = T — — T T, e i T

Cpena AKTHMBHOCTE ﬁ-m..n& rcm‘;m:r.aau en./mr benxa, nocae :r:paHEmrm npH Tenmepa'rypnx b,
Cpok Xpametin, Mec  KOHCEPBUPOBAHUA | B-galactosidase activity, units/mg of protein, after storage at lla,-rn.;:u:r.:t'u.m:-:1 "
Storape term, months Cryupresen,rdmm —— T e
medium a7 : 4 | -10 =25 | =70
4" _|_ F— : [ —
Ho mm:;:mmalmn 814 19 ,
(ROHTPOTL 1) 1
Betfore freeze- dr-_.rmg|
{control 1) :
Yepes 6 4 noce jmuodi- 680+ 14" 680 + 16" 680 + 19" 680 +21° 680 + 20°
NHIRMH (KOHTPOITH 2) i '
In 6 hrs after freeze-
drying (control 2)
1 342 + 24" 540 = 20" 672+ 23"
3 , ; il 470 =117
12 ' - 0 0 420+ 32" 500 +26"" | 602+29"
20 1] 0
24 Y Y | S | NI (W | - < S - < S .+ - " Sl
o Jmnri'.n-mu:aaum _ B8+ 15
(RoETPONL 1) 9
Before freeze-drying
{control 1) -
Yepena 6 u nocne modm- BES = 14" 668 +23° BB + 17" 668 + 24° 668 + 227
NM3ALMH (KOHTPOIE 2)
In 6 hrs after trf-eze-|
drying {control 2) | ' s -
1 | 1 386:21% Hdf 29" 668267 |
3 | | 0 488418 |
12 ; 0 412+ 18" 43421 604224 640 = 20"
20 ! 0 402+ 16"
A e i 0. Je " ADRESYC | SEeaR . L GHrAT

Mpymenanun: | — orcyreTene AHINECNOCODHBLX KASTOK, y;umerrl:b ADBEPHTEALHOH BEPDOATHOCTH MEMIY CPeIHMMH JHAYCHMAMH 10
U nocne auodmamaamo, p < 0,05, ypnaem MOBEPMTEALHOA BEDOATHOCTH MERY CPeIHMMM JHAYEOHMAMM 10CAe JTHOMAMIAIMM M B
npotecce XpaHesna JTMoTHIMpoBAHHEIX 00paalos, p, < 0,00.

Notes: (} — viable bacteria are absent; the level of confidential probahility between average values before and after freeze-drying,
p<005; level of confidential probability between average values after freeze-drying and in the storage process of {rozen-dried
samples, p. < 0.03.
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TEMIIEPATYPEE XpPaHeHHd KonnuecTBO norubunx dak-
TepUit yMeHbllanocs. B cpene 2 xuanecnocobnuie
DAKTEPHH COXPaHS/IUCH B TEUEHHE IRV JIeT DK TeM-
neparypax 4, =10, =25, =70 °C. Ilpu remneparypax 4,
=10, -25°C koauuecTtBo ®usHecnocobuux Gakrepui
CHHAKANOCh B NPOIECce XpaHeHns, HO OCTABANOCH JI0-
CTATOMHO BRICOKMM 110 CPaBHEHHIO ¢ o0pasilaMu, JHO-
pummanposadasiMn B cpege 1. [lpn remneparype
~70 °C Gaktepun B cpesie 2 ne norubaim.

Y Beex xuanecnocobubix HakTepHil, XpaunBIUINXCA B
KPHOKOHCEPBUPOBANIOM M JIHODHIMINPOBAHHOM CO-
CTOHHMH, MOJHOCTBIO COXPAHMACH CIEKTD CaXapoiHTH-
YECKOW aKTUBHOCTH. AKTHBHOCTL thepMeHTa [-Iaiakro-
AMJAAR CHMALIACh TIOAE  3aMOD@KHBALINA-OTOTPEBA.
l1pu nocaeaywmem xpanenum upy —1596 °C akrusiocTsb
thepMenTa He MaMeHanack (Tabn. 3).

[Ipu smoduamaainn bakrepuil, Kak ¥ NpH NoOCAeny-
1011eM XpaHeHHH, aKTHBHOCTD [-ranakTosmniaibl CHRKa-
nack na seex aranax (rabn. 4), Hannuume THoMOMEBHHR
B cpeae 2 obecnennsano Bonee BLICOKYIO COXPaHHOCTD
depuenra. B obpazuax, xpanmsuxea npu -70 °C, ax-
THBHOCTEH (-TaTakTO3H 3L HEe CHHAKAIACL.

Mouyuennnie peayibTarThl CHUASTEILCTBYIOT O TOM,
YTO Npouecchl KPHOKOHCCPBUpoBaHUA W JIHod K uia-
UMK OOeCHeMuBalT  KaYeCTBEHHYID  COXPAHHOCTH
CTPYKTYP OaxkTepHanbHbIX KACTOK, Y4ACTBYIOUIMX B
depMeHTAINY EPEYHCIENLIX Bullie caxapos. Oana-
KO B KAETKAX BOSHHKAIOT HENeTAILHEE MOBPCKACHUA,
B PEeaysiLTaTe KOTOPBX CHUMKRETCA akrusnocts tep-
MeHTa P-ranaxkrosnjasel. Bo spema xpanchus obpas-
os npH —196 °C gonoidnuTenuHbIX NOBPEXIeHN He
HPOMCXOANT M AKTUBHOCTL iepMeHTa He CHKaeTCa,
B npouecce xpasenns anoduansupopanubix Oaxre-
pui depMecHTATHBHBIE M HedepMeuTaTHBHLIE peak-
UMM, B OCHOBHOM KaTaGoJMYCCKHE, N0-BU/IIMMOMY, HE
lpekpamaoTea. B peayastate pasBuBaOTCA 0ITOIHH-
TENLHBIC JeTATBHBIE (CHMMKACTCA KOJHYECTBO JKH3HE-
CNOCOOHLIX KAETOK 1PH VBEIWYEHHMM CPOKOB M M0-
BEILICIIHH TEMIJEPHT}FPH IPHIIE‘HHH} H HEJICTANAbBHBIC
(CHMXKAETCA AKTHBHOCTH [-ranakTo3uIassl) NOBpek-
aenus. Jlobannerue B cpelly KOHCEPBHPOBAHUA THO-
MOUYEBHHBI I/T1 CHHXXEHHE TEMIIEPATYPbl XPAHEHMA /10
=70 °C okaawinaer aammtneil s¢dext 1 obecneuubaer
MOBLIIEHHE COXPAHHOCTH B-TaNaKTo3uAa3b],
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=10, =25, =70 °C. At temperatures of 4, =10, -25°C
the number of viable bacteria reduced in the stirage
process, but remained quite a high in comparison with
the samples being frozen-dried in the medium 1. At
the temperature of -70°C the bacteria in the me-
dium 2 did not die. In all viable bacteria, stored in
cryopreserved and frozen-dried state. the spectrum of
sugar-lytic activity was completely kept. The activity
of B-galactosidase enzyme reduced after frecze-thaw-
ing. During following storage at —196 °C the enzyme
activity did not change (Table 3). Both during bacte-
ria freezo-drying and following storage the p-galac-
tosidase activity decreased (Table 4). The thiourea
presence in the medium 2 provided a higer enzyme
integrity. In the samples stored ar -70 °C the p-galac-
tosidase activity did not reduce. The results obtained
testify that the processes of cryopreservation and
freeze-drying provide a qualitative integrity of bacte-
rial structures of the cells, participating in the fermen-
tation of the mentioned above sugars.

However in cells non-lethal damages appear, re-
sulted in a decrcase of the B-galactosidase enzyme
activity. During the storage at —196 °C no additional
impairments occur and its activity does not reduce. In
the storage process of frozen-dried bacteria enzymatic
and non-enzymatic reactions, mainly catabolic ones,
probably do not stop. As the result additional lethal
(number of viable cells with an increase of the terms
and storage temperature decreascs) and non-lethal
(B-galactosidase activity reduces) damages develop.
An addition of thiourine or storage temperature de-
crease down to -70 °C cause a protective effect and
provide an increase in p-galactosidase integrity.
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BamsiHue 3KBHWIHOpPAIHH CIIEPMEBI Kapra
(Cyprinus Carpio L.) ¢ KpHOIIPOTEKTOPAMH
HA CKOPOCTh 3MOPHOHAIIBHOTO PA3BHTHA
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Effect of Carp (Cyprinus carpio L.) Sperm Equilibration
with Cryoprotectants cn the Rate
of Embryonic Development

S. V. TVOROVSKY
Kharkov National University named by V. N. Karazin

V. V. CHEREPANOV

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

Hayveno Bananne oxXJamIesna ¥ SRBUIMOPAUMH ClIEPMB] Kapna ¢ KPHOZAMIMTHON CPeaod, colepaae NPoHMKALIKe KPHOnpo-
TERTOPH aThrierTauEons (O7) 1 mumeTuncyaugorena (JIMCO), sa onaoJoTBOPAKNIYIG CNOCOGHOCTD CTIEPMHER M PasBUTHE SMOPHOHOR
kapna (Cyprinus carpio L.). YetanoRaero, w10 oXJaneHHe o sKeuaubpains cliepMsl Kaphia ¢ XpHosalyTHO! CPeaon, cofepxaniei
3T 1 JIMCC B 10%-X KOHUCHTPAUMAX, HE MAMEHANIOT GIAOACTBOPAKMEH cnocobHOCTH cOepMEl M TedeHun smbpuorenesza. Jlokasano,
o cpefa ¢ JIMCO 8 10%-if ROUNeRTPaLMy He OKA3LBAET BAMAHMA HA OMAGAOTBOPAKGINYK cnOcOBHOCTDL CTIEPMMER, HO JHAYHTENLHO
HAMEHAST CHOPOCTE TeyenuA aMOpyoredess. BeLtynaerne SuyMAOR nporexogyT #a 2 4 20 Muu paibine, 4eM B KOHTpone.

Busuenn BNAME OXOMOUCEHER T2 expinibpamii cnepMy HOpona 3 KPIO3aXMCHMM CepeloBMIIIeM, AKe MICTHTE NPOHMEAKY] Kpionpo-
Texropy eTvaenraikons (ET) | miseruncynsdoreng (JIMCO), sa sanmpamonqy 3ZaTHICTS cnepmilp | pozewTox embpioaia xopona
(Cyprinus carpio L) ¥eranosneno, min oxonofesna ta exsluifipaiin cnepMy Kopona 3 KPiO3aXMcHMM CEPENOBHIIEM, AKE MICTHTh
ET i IMCO p 10%-x KOHUEHTPAIIAK, HE IMIHIOE 3AINAHIOY0L 3aTHOCT] cnepmyt i nepebir emBpioreneay. Joseneso, o cepegoBMine
3 IMCO B 10% - xoHUeRTPALl] HE BOAMBAC HA 3AILTIAMIOIONY 3aTHICTL CIEPMIIR, 41e IHAYMHO AMIHOE IBrAxicTh nepebiry embpiore-
neay. Buaynaewna mmiueox Binbysaetsea Ha 2 rog 20 xB paniye, HI¥ Yy KOHTPOML

The effect of carp sperm cooling and equilibration with the cryoprotective medium, containing ethylene glycol (EG) and
dimethylsulphoxide (DMSO) penetrating eryoprotectanis on the spermatozoa fertilining activity and carp (Cyprinus carpio] embryos
development has been studied. It has been established, that carp sperm cooling and equilibration with the cryoprotective medium,
containing EG and DMSO in the 10% concentrations does not change the sperm fertilizing ability and embryogenesis course. [t is
proved, that the medium with DMSO in the 10% concentration does not affect the spermatozoa fertilizing ability, but considerably

changes the rate of embryogenesis course. Larvae hatehing occurs by 2 hrs 20 min earlier, than in the control.

Oxnaxinenne u akBuanbpaing cnepmnl ¢ KpHo3a-
MIHTHOH Cpeloil — MepBblil 3Tan NOJArOTOBKH CLIEPMbI
K KpHokoHcepBauuu. [la sarom atane B cnepyinux npo-
MCXONAT pasnnusule GHOXMMHYecKHe u dHanoNorH-
YECKHEe MPOLECChl, KOTOPEIE MOTYT MOJAYJIHPOBAThE W3-
MEHEHHS OCHOBHBIX (PHIUOJIOMHYMECKHX NapaMerpos
criepMien: NBHMKEHHE, [EHETPALUMIO KW CHJI0A0TBOPL-
HHEe AHIEeKIeTKH. BoaMokHe Takke M3MeHEeHUs reHe-
THYECKHX CBOMCTB CHEPMATO3OMIOB H MEXaHH3MOB,
PETYAHPYIOULHX DKCTIpEccHio renoma [6-9].

Lenn nannok paform — nayyenue Bo3jgelcTBHA
IIPOHHKAIOUMX KPHOUPOTEKTOPOB (3THICHIJIMKONA M
AUMETHICYIL(OKCHIA) B PA3THYHON KOHUEHTpaluM
Ha O1J0A0TBOPAIOUIVIO CHOCDOHOCTL CIEPMMEB U pas-
BuTHe amOpuonos kapua (Cyprinus carpio L.), nony-
HEHHBIX € MCNOJALIDBAHMEM 3TOI cnepmbl. PaboTth

[Ipobnemul kpuobuonornm, 19949, No 4

Sperm cooling and equilibration with cryoprotec-
tive medium is the first stage of sperm preparing to
cryopreservation. At this stage different biochemical
and physiological processes, that may modulate the
changes in main spermatozoa physiological parameters
occur in spermatozoa: motility, penetration and oocyte
fertilization. The changes in spermatozoa genetic char-
acteristics and mechanisms, regulating genome expres-
sion are also feasible [6, 9].

The aim of the given work is to study the effect of
penetrating cryoprotectants (EG and DMSO) in dif-
ferent concentrations on the sperm fertilizing ability
and carp embryo development (Cyprinus carpio L.),
obtained using this sperm. The experiments were car-
ried-out at the base of Limansky warm water fishery
farm in Kharkov region, the sex carp products were
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MpoBOAKAMCE Ha Oase JIMMAHCKOTO TeNAOBOAHOCO
puibHoro Xoasiicrsa B Xapbkosckoi obnacru, Guim
HCTOML30BAHBI MOJIOBLIE NPOAYKTel Kapna. CruMyns-
WHIO CO3PEBAHNA NPOBOIUAK NO TPAXHUHOHHDI phibo-
BOJAHOM METOAMKe, CaMlaM OJHOPA30BO  BROAMIM
BHYTPUMBILIEYHO IOMOreHaT runodusa M3 pacuera
2 MI/Kr Macces! i vepes 24 v noayyann ciepmy. Cam-
KaM Maccoi 34 Kr npoBoaHAK CTEMYJIALKK OBOreHe-
3a ABVKpATHON MHBCKUMell romorenarta runodpusa
Kapna #3 pacyeTa 3 MT/Kr Macchl Tena, HHuUeKIeTKH 1
criepMy coOMPanN B CyXHe W 4McThie eMKOCTH. Kave-
CTBO CHEPMbL [0 1 MOCNE IKBUANOPaUHH onpelensIn
BHAYAJILHO 110 MMKPOCKONOM NPH yeeanyeaun x200
M BHIPAKAIH B NPOUCHTAX NOABHAKHBIX KIETOK, ABH-
HKYIWMXCHA NPAMOAMHENRHO, NocTynare sH0, K obieMy
KOJTMHMECTBY KJIETOK B M0OJE 3peHnsd Mukpockona, Jlns
MPOBEACHUA IKCNEPUMEHTA CHEPMY OXJIaAIand B X0-
NOAHNBHMKE, OCTOPOKHO CMEIIHBAJIM B OTHOUICHWH
1:1 ¢ oxnaxaenHoi kpuosamurHOH cpepoil (K3C) w
IKBUAMOPHPORAIM B TEMCHUE Haca (IPH TeMilepaType
ok010 4 °C, Nocue Hero npoBOJIMIH OCEMEHCHME HKDS]
noayeyxum cnocobom, K3C conepxana crenvioume
xoMnonentel (MM): NaCl — 59, KC] — 0,68, L'-a[“lz —
0.68, Mg,50, — 2,1, NaHCO, — 27, caxaposa — 3.4,
D-manunt — 69, rayrarwon — 0,7, Tpuc-HCl — 118
(pH B.1) [4] » kpuoupoTexTopsl AHMeTHACY ILDOKCH
WAM DTHAEHTIKKONL, HaHDO/Mee HaCTO MCHOMbIYeMble
MpK 3aMOPOKUBAHUE criepMul puib, B 10-, 15- w 20%-i
KORileHTpauuy. [lpu npoBeaeHuyu 3SKCepUMeHTa B
qamky [lerpu k ukpe (okono 200 Knetok) npuausany
0,1 wma satusrolt wiw 0,2 M 3ksuanbpupoBaHIon
ciepvii, 20 M2 npyaosol Boan M IEPEMENIHBas
nepoM. Cpeansasa TteMmneparypa HHKYOAUHH  HKPBI
21,5 °C. 3a teuenuem ambpuorenecsa Haluonaan npu
MOMOIH  OMHOKYIApPA. JKCHEPUMENTh  [1POBOIKIH
6 pa3s Ha MKpe U crepMe, NoJAyYeHnol oT 6 caMOK 1
12 camuos.

B pesyasrare akcnepumenTos OwI/I0 yCTAHOBJIEHO,
yro axpibpanua cnepmul ¢ 31 B KOHIIEHTpaLHK OT
5 a0 10% ue oxasblBaeT BIMANHA Ha aKTHBHOCTL M
ONJIOA0TBOPSIONULYI0 CNOCOGHOCTE CHEPMHEB Kapna.
He obHapy®eHbl MSMEHCHMA W B CKODOCTH TEMeHUs
amOpuoresesa. AHATOTHYHBIE PE3YALTATE ORIJIN NOJY-
YEHBI HAMH [IPH ONJIOAOTBODEHNH NKDh CHEPMHAMH,
akpunubpuposasmMu ¢ JIMCO B 5- u 7.5%-11 xon-
HEHTPALIMM.

[Tpn wuxkybanMyu MKPLI, ONJOXOTBOPCIHON clep-
Mo, axBiuOpuporatnoil ¢ 10%-m JIMCO, obparn-
M BHEMaHKne Ha Gosiee PAHHHH BBIKNCB JIMMMHKM, B
cpeaieM Ha 2 g 20 mun, JletarnHoe HCCICA0BAHNE ATOTO
appexTa 10KA3aN0, 4TO ONEPEKERNe Pa3BHTHA V ITHX
amOpronoR (PUKCHPOBANIOCE, ViKe HAYHHAA €O CTAlHK
nepporo aenenus gpobaenua (PHCYHOR), T.e, 40 HAYa-
fa heHoTHNUMECKOro npoasacHisA hyaKkuun resoma,
HAaYMHAKIErOca €0 CTAAMM noaawel Oraacrynwm. B
NPOMEKYTKE MexRiy OaacTyaoil n MCAKORACTOYHOIM
MOPYIoH Habnofanach MakcniMaNbiasa CKOpocTh amb-
pHoreHead. BricOKas cKopocTs oliepekeHns B Pa3ni-
TUH TI0 OTHOWEHHIO X KOHTPOJI OTME4A1ach B Teqe-

Ipobnessl Kpuobuonornu, 1999, Ne 4

used. Maturation stimulation was conducted accord-
ing to the traditional fishery methods, hypophysis
homogenate was once intramuscularily injected to the
males in respeet of 2 mg/kg of the mass and in 24 hrs
the sperm was obtained. The stimulation of ovogenesis
by means of twofold injection of carp hypophysis ho-
mogenate in respect of 3 mg/kg of body mass was
done to 3-4 kg females. Oocyles and sperm were
taken into dry and clean vessels, Sperm quantity be-
fore and after equihbration was visually determined
bv means of microscope at =200 magnification and was
presented in the percentage of motile cells, moving
forwardly to a total number of cells in the microscope
vision field. To conduct the experiment the sperm was
cooled in a refrigerator, carefully mixed in the ratio
1:1 with cooled crvoprotective medium (CCM) and
equilibrated within an hour at the temperature about
4 °C, after that the larve insemination was carried out
by means of semi-dry method. The CCM contained
the following components (mM): NaCl — 39, KCI -
0.68, CaCl, — 0.68, Mg,S0, — 2.1, NaHCO4 — 27,
sucrose — 3.4, D-Mannit — 69, glutathione — 0.7,
Tris-HCl — 118 (p/l 8.1) |4] and DMSO or EG cryo-
protectants, that are frequently used for fish sperm
freezing in 10, 15 and 20% concentrations. When con-
ducting the experiments 0.1 m! of native or 0.2 ml of
equilibrated sperm, 20 m] pond water were added to
the Petri dish to the larvae (about 200 cells) and then
mixed by feather. An average temperature of larve
incubation made 21.5°C. The embryogenesis course
was observed by means of binocular. The experiments
were carried out 6 times in larvac and sperm, obtained
from 6 females and 12 males.

In the results of these experiments it has been
established, that sperm equilibration with EG in the
concentration from 5 to 10% does not affect the ac-
tivity and fertilizing ability of carp spermatozoa. No
changes were found in the rate of embryogenesis
course. Similar results were obtained by us when fer-
tilizing the larvae by the spermatozoa, equilibrated
with 10% DMSO, we paid attention to earlier larvae
hatching, in average by 2 hrs 20 min, More detailed
investigation of this effect demonstrated, that the
overstripping in the development of these embryos
were fixed even starting from the stage of the first
cleavage division (Figure), that was before the start
of phenotypical manifestation of genome function, be-
ginning fram the stage of late blastula. In the interval
between blastula and finely cellular morula a maxi-
mum embryvogenesis rate was observed. A high rate of
overstripping in the developmenr regarding to the
contrul was noted during embryonic development up
to the stage of eves pigmentation, after which it con-
siderably reduced.

Measurements of duration of one mitotic cycle of
the first cleavage stage 15 [2] at the temperature of
21.5°C showed, that this value in embryos, obtained
using the sperm incubated in 10% DMSO solution in
average by 2.5 min less then in the control and
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Hansine sk anOpanmy criepMel Kapiia nKpHOSAIIWY il CPee, coaep-
aawei 10%-0 JIMCO, Ha yeeanienne cropocTh passnius: 1 — Duacty-
Aa (B fuiacromepar); 2 - MEAKOKICTOUNAS MOpyaa; 3 — obpasooanine
TPCX 12D TYADHHIIHBIX COMMTOR W ILOTHLIX 33U4TKOR rias, 4 — panano
Hava-

CErMEHTALMK XBOCTOBOH ME3OACHMbE, 7 — NHrMCHTaIMS (had;, b
A0 MACCOROD BRLYTIACHHSA (P MIHHOK,

Carp sperm equilibration effect in cryoprotective medium, containing
10% DMSO, on the increase in the develspment rate: 7 - blastula
formation of 3 pairs of body
somites and dense eyes' rudiments; 4 — beginning of tal mesederm seg-
beginming of massive prelarvae

(8 blastomers); 2 — fine cellular moruta; 3

mentation. 5
hatching

cyes’ pigmentation: b -

HHe AMOpPHONATBHOTO PA3BUTHA J0 CTAJMI NHIMENTAa-
UMH TJa3, Nocae KOTOROH oHa 3HA4YUTCALIO ClMMKa-
JIach.

Mamepenna npoomkuTeIbHOCTH OZHOTO MHTOTH-
YECKOID UHMKJIA NEpBhIX craanil apobnenus 1 [2] npu
Temueparype 21,5 °C nokasanu, 410 3Ta BEJIHYHHA ¥
33\-1512.'!}1{]“1‘.}'5, MOJYHUEHIBIX C HCITONL3ORAIIHCM CIIEDMBI,
nukybuposanuoii 8 10%-m pacrsope /IMCO, & cpes-
HeM Ha 2,5 MUH MEHBUIC, HCM B ROHTPOJIE, W H[}Hﬁ.le"
AManack K rakosoil  aaa  temucparypw 23 °C
(21,5 muu). ¥ koutpossunx amMOpinoHoB 1 v ambpuo-
HOB, NOJABEPIHYTHIX JAPYIHM 3KCHCPHMEHTAILHBIM
BO3ACHCTEMAM, CKOPOCTb Pa3BUTHA HE OTAHYAlach oT
ONUCAHHOH JUTA Kapna TnpH JlaHluol TeMmnepaTtype
(vp=24 mun) [3]. lpy ymenbwennn abconioTHOro
3HaYeHMA T obulero speMenin amOpHOreHesa yBesin-
HHIOCH KOAUYECTRO Tpy , TPOIUEIIHX 0T OIVIOAOTBOPE-
HisA 10 BuKacBa (1611, B Kontpoae u 1771, B onbire
¢ 10%-m AMCO). MMo-Buaumomy, IpH HCH0/ALIOBA-
MMM TAKUX CHEPMHEB JIMHCHNOCTL M3MENCHHUA T, B
AMANA3oHe HEPECTOBLIX TEMIEPATYD HApYLAeTcs, a
CKOPOCTh ApobJIeHHSA ONPCAEINETCA AW PCTyaHupyer-
CH CNEPMATO30U/IAMH MM KAKHMN-TO HX KOMIIOHEH-
TaMy. Tak Kak yBeJIMYEHHE CKOPOCTH 3MOPHOIIAIbLHOD-
Fro PaspUTHA HAYMHACT NPOABIATLCH YKE HA NEpPBhIX
cTannax ApobiieHns, HEBOIMOKHO TIPCILHOIOKHTh, 4TO
3107 MDDEKT BRIALIBACTCH FCHCTHMECKHM ANIAPaToM
CaMoro cnepMus (OH BEJTIOYACTCH HA CTAAMH HO3IHEH
Gaactyst, npubAMANTENLHO Yepes 6 4 1100A¢ ONLA00-
TBOperHus ). ClreaoBaTensHo, VBETHUEHHE CKOPOCTH
Pa3BUTHS BLI3BANO JT1HH0 HEMOCPCUCTBEHHLIM BIHAHN-
eM JIMCO sBcacacrsue npaMoro KOHTaxkTa pasdapiel-
HOH K3C crniepmibl ¢ SHLEKICTKON, XOTA NPH HOAYCY-
XOM Crnocobe  OceMeneyms  HTOT  KONTAKT  [OMTH
otcyrerayeT (pasbasnerue cnepmhl Bovioil s 100 pas),
Anb0 KAKMM-TO KOMIIOHEHTOM CHEPMATO30M/LA, HaMe-
HUBUeMcs o soaneictsdem /IMCO u ocTaiomumen
B OOILIA3ME DOHUHTA nocae obpasoBaHHAa MYKCKOLO
nponykievea. Masectro, wro B cucteme in vitru HTO-
asMaruieckas QpaKiMa OKalbiBaeT BIHAHME Ha
TPAHCKPHIILH K B H30JHPOBalHbIX AAPAX retlaTounTon
Kpbic {10, 11].

O6paGoTKy cnepMmbl Kaprion MyTarenamu, yJibTpa-
(PHONCTOBLIM M KECTKHUM FAMMa-HINAYICHHEM C CENICK-
IMOHHOIN 1eJaLio HenoasdyioT aasno. B paborax [7-
10] onucwmBaeTes, 1TO0 MAKCHMAILILIA MYTareHHbIN
apekT OT XMMUMECKHX BEUIECTB JIDCTHUTALTCH 1IPH
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(21.5 min). Both in control embryos and those sub-
jected to other experimental effects the development
rate did not differ from the mentioned for carp at
given temperature (Tt = 24 min) [3]. When decreasing
an absolute value 1y and total embryogenesis time the
quantity T, increased, that passed from {ertilization to
hatching (1617, in the control and 1777, in the ex-
periment with 10% DMSO). Obviously when using
these spermatozoa, the linearity of 1, changes in the
range of spawning temperatures impaired, and the
cleavage rate is determined or regulated by spermato-
zoa or some their components, Since an increase in the
embryonic development rate begins to manifest even
at the first cleavage stages, it is impossible to suppose,
that this effect is caused by genetic apparatus of the
spermatozoon itself (it triggers on the stage of late
blastula, approximately in 6 hrs after fertilization).
Therefore an increase in the development rate caused
either direct DMSO effect due to a direct contact of
diluted by CCM sperm with oocyte, although at semi-
dry method of insemination this contact was almost
absent (water diluted sperm in 100 times), or some
component of spermatozoon, changed under DMSO
effect and remaining in ooplasm of oocyte after male
pronucleus formation. It is known, that in in vitro
system cytoplasm fraction affects the transcription in
isolated nuclei of rats hepatocytes [10, 11].

Carp sperm treatment by mutagenes, ultraviolet
and hard pamma-radiation with selectional aim has
been used for a long time. The works [7 -10] show,
that maximum mutagenic effect from chemical sub-
stances is achieved at the effect only on mature sper-
matozoa. Dimethylsulphate is regarded by Tsoy R. M,
as the most toxic mutagene, being the precursor of
DMSO synthesis, which in trace quantities, probably
is contained in used by us pharmacopeic dimexide.

Bibenko [1] reports on the effect of cryoprotective
media, containing DMSO and EG in 10% concentra-
tions on fish genome, an increased death rate of em-
bryos in the period of initial phenotypical manifesta-
tion of genome function at early embryogenesis stages
between late blastula and gastrula was revealed. How-
ever in these investigations genetical consequences of
spermatozoa treatment by chemical substances are de-
scribed, but no attention is paid to the changes of time
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BO3JACHCTBUM TOABKO Ha 3pensie cnepmun. K nanbonee
TokcHiHeiM MyTarenam [loi P. M. otnocuT nnmetna-
cyALaT, ARMMOUINHCA NPeIINCCTREHHUKOM CHHTE34
JIMCO, xoTopslil B CICIOBBIX KOJIHUYCCTBAX, BOIMOXK-
HO, COACDAKHTCH B MCIIOJIB3OBAHHOM HAMH [I']EI.]'JMEHD'
NeRHOM IHMEKCHae,

() BanAnMM  KPUOIANIMTHRIX CPel, CONAEPKANLNX
AMCO u 31" B 10%-x koHeuTpaituax Ha renom pmo,
coobutaet bubenko O. B. (1], kotopan obHapyxnia
NOBBUITEHHYK) CMEPTHUCTh BHﬁIJ'HUHUH H Nepyo/ Ha-
YANBHOTO (PEHOTHIIMUECKOTO NPOABACHHA (DYHKUMH
remomMa i pannux craanax ombpuoreneda Mexay
1nosaneil 6aactvaoil u ractpynoi. OaHaxo B 3THX ue-
CACAOBAHMAX ONHCHIBAITCA FEHETHYHCCKIIE FOCICACT-
BUA 0OPABOTKH ClIEPMHEB XMMHYECKMMHI BEIIECTRAMM,
HO HE ﬂﬁpﬂﬂlﬂf‘TfH BHHMAaHHO 1ia MAMCHCHHA H]'J't'Ml'_’I-]-
HbIX OTHOWECHME MeRIY MophodiHinonort4eckimMu
npoueccamu y peib. B paborax |2, 3, 5] usyuanucs
BPEMEHHLIE OTHOWIEHWSA CKOPOCTH PasBHTHA, HO TIPH
BOBAEHCTBHH Temnepatypbl. O6HAPYKUTL Ke TaHIbIC,
OIHCH BARKOLIL M BPEMCIIIIHL‘ JAdBHCHMOCUTH MU]][I]{HI..'!H-
AMONOTHYMCCKAX ABNeHHIE B aMmOpnoresese peh npw
BOAACHCTBHH HA CHCPMUKM KAKMMMU-11n60 BellecTsami
H B TOM HHCIC KPHOIPOTEKTOPAME, HaM HE V/1AJI0ChH,
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relations between morphophysiological processes 1n
fish. In |2, 3, 5] time relations of the development rate
were studied, but under the effect of temperature.
However we could not managed to find the data,
describing time dependencies of morphophysiological
phenomena in fish embryogenesis under the effect of
some substances including cryoprotectants on sperma-
tozoa,
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Bansaue (PH3NKO-XUMHYECKHX (DAKTOPOB,
pPeaNIU3yeMbIX HA 3TAIIAX KPHMOKOHCEPBHPOBAHMAA,
HAa MOPDOPYHKIITHOHAIIBHBIE CBOMCTBA KYJIBTYPhI
Streptomyces fradiae BHUUTI-25A

A. A LIYLIAEBA, A. E. AHAHEHWHA
Hucrmumym npobaem kpuobuono2uu u kpuomeduuurts HAH Ykpaunst, e. Xapbkos

Effect of Physical and Chemical Factors,
Realized at the Cryopreservation Stages,
to Morphofunctional Properties of Sireptomyces fradiae
VNIIG-25A Culture

A. A. TSUTSAYEVA, A. E. ANANYINA

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

Mposeaens! YCeNemOBAHME N0 M3YYEHMID YCTOHMHBOCTH KYIRTYRL! Str, fradicge BHMUI-25A — npoayuenra apmuiuoTnka TNo-
dMHA — K BOROEHCTBRHE (PHUIKKO-XUMUYHecKMX (arTopos, peanMiyeMbiXx Ha dTalaX KpHOoKoHcepBupobausa, [loxasaHo CHMMeHME
KPMOYC TORYHBOCTH KISTOK NOCTE BOSASACTEHA XOTOA0ROND HIOKS, 38BMCHMOCTE HX COXPaHHOCTH OT BpEMERN 3KCTIOHMDOBAHMA, H3ME-
HEHMA IHAMEHWA pH CYCNeHAMOHHOM Cpefbl ¥ KOHUEHTPALIMKN XJI0PUIA HATPMA YCTAHOBABHO, HTO YEasZaHHbIC (DUIMEQ-XMMMHECKHE
PEAKTOPLI DKARBIBATH MOBPEXJALIEe TEHCTBME HA CIOPOBYIO M B DONLUIEH CTEIEHY HA BereTaTuanyio (opMsl Ky erypet Str. fradiae
BHUMI-25A.

MpoBeseHo J0CTIIAERHA MOA0 BUBYEHHN cTiAKoCTI KyaeTypr Str, fradice BHAIT-25A — npoayuenTa agTuiloTHKa TMAOIIHY —
a0 BOAKBY dhiamko-ximiuuux thakTopir, AKI peasisyoTheR Ha eTanax kpiokoncepeyrapnn. [loxasaso 3HIOKeHHA KPIOCTIAKOCT] KIITHA
MCAA BILIMBY XONOZOBOIO MIOKY, 3a/EMHICTL IX LLI0CTL Bij Yacy eXCNOHYBAaHHA, 3MisM sHaqens pH cycnessiimoro cepegoaMula i
KOHLUERTRaUll X10puay HaTplo. Verasorneno, o sraszanl hiauro-xiMigdl hakxTopy JU0ThL NOMIKGIKYIOUe HA CTIOPORY | B DLIbILLA MipI
Ha BEreTATHBHY (DOpMH XKyIsTYpM Str. fradiae BHIIT-25A.

The investigations on studing the Str. fradioge VNIIG-25A culture — tylozine antibiotic producent — resistance to Lhe effect of
physical and chemnical faclors, realized at the eryopreservation stages were carried out. A decrease in cell cryoresistance after a
cold shock effect, their integrity dependence on an exposure time, on the change in pH values of a suspension medium and sodium
chloride concentration have been shown It has been estahlished that the mentioned physical and chemical factors caused a damaging

effect on a spore form and in a greater extent on vegelative one of the Sitr, fradiae VNIIG-25A culture.

BonsimmucTeo MccieloBaTeneit oTMmedaer, uyTo B
HPOIECee OXJARICHUA-0TOrpesa  NOBpeRAatolinm
aeiicranem Ha buonoruveckune obperThl 00A31210T XO-
JIOAOBOIH LI0K, [MOEPKOHLUEHTPUPOBAHHLIE PACTBOP.I
NaCl, uamenenune pH pactsopos |1, 4].

Llens mccnenoBaHus — HIYYCHUE BAMAHHSA XO0JIO-
AOBOFO 1M0KA, HaMeHeHHA PH cpetnl KOHCEPBUPORA-
HMSl M TMIIEPKOHIEHTPaMK CONeH HATPHE HA CUHOPO-
BYIO H BeTeTaTHBHYIO (OPMBI KYAbTYpLl Str. fradiae,
KOTOPLIE BLIDAUMWBATH HA TBEPALIX M MULKMX [MTA-
TEJABHBIX PETMAMEHTHLIX Cpelax € MCNOJb30BaHHeM
KYKYPYIHOIO 3KCTPAKTa, COCBOM MYKH, MEJacchl H
kaprodebHOro KpaXMasa, NPUroTOBICHHLIX Ha BOJIO-
nposoanon soae [3].

Crnoposyio (hopmy Kyastyput Str. fradiae spipaniu-
BAIM HA TBEPJOH NHTatennHoW cpefe npu 28°C B
reyerne 10 cyT, BereTaTHBHYID — Ha JKMAKOH nuTa-
TeJABHOI Cpejie HAa Kayalkax O CKOPOCTLIO BPalieHus
260 of/Mun B TepMOCTATHPOBAHHOH KOMEuate MnpH
28 °C B Teuenne 48 u,

Koanuectso kononnecobpaayounx exuanil (KOE)
ONPEIEsIATH N0 YUY CPOPMHUPOBABUIMXCH MAKPOKO-

[Ipobnems: kpuoiuonorun, 1999, No 4

The majority of investigators note, that a cold
shock, NaCL hyperconcentrated solutions, a change in
pH solutions possess a damaging effect on biological
objects in the freeze-thawing process |1, 4].

The investigation aim was to study the effect of a
cold shock, change in pH of culturing medium and
sodium salts hyperconcentration on a spore and vege-
tative forms of the fradiae culture, that were culti-
vated in nutrient known media using a maize exstrac-
tion, soya meal, melassa and potato starch, prepared
using a tap water [3].

A spore form of the Str. fradiae culture was culu-
vated in a solid nutrient medium at 28 °C within
10 days, a vegetative one — in a liquid nutrient me-
dium in shakers with 260 rot/min rotation rate in a
thermostated room at 28 °C within 48 hours.

The quantity of colony-forming units (CFU) was
determined by a number of formed macrocolonies in
a solid nutrient regulated medium within 10 days at
the temperature of 28 °C [3].

Str. fradiae culture antibiotic activity before and
after cryopreservation was detected by means of a

Problems of cryobiology, 1999, No 4



JIOHHI HA TBEPIOH NUTATENBHOH PErTaMedTHOR cpeae
B Teyende 10 cyt nipu temnepatype 28 °C [3].

AHTHOHOTHYECKYI0 AKTHBHOCTB KYJIBTYpH Str. fra-
diae p0 W noc/e KPUOKOHCEPBHUPOBAHUA OIIPEJICsIH
ANPODYIHOHHLIM METOLOM C NPUMCHENNEM JIVHOK B
TOJME ArapoBOi nuratenbHOl cpeaw. B kauecrse
TECT-KYJLTYDPH  wcnonwsosanu  Bac. subtilis, mrramm
720 [3].

Kpuokoncepsuposaiue Kyawrypsl Str. fradiae npo-
BOIMMH B METAIMYECKHMX KOHTEHHEpax eMKOCTLIO
1 M. st KpHOKOHCEPBHPOBAHNA UCTIOJIBIOBAIM CIIO-
poByo opmy, CMBITYIO € AFAPHIOBAHHOR Cpeibl
koHueHTpalucid cnop 1-10% B 1 Ma1, # ABYXCYTOUHYIO
BEFETATHBHYI0 (HOPMY KYJARTYPHI B POCTOROI NiTa-
TeJLHOH PEerJiaMenTHOH cpelle ¢ THTPOM BETeTaTHBHBIX
xrerok 1-10% B 1 mu. O6pasiibl OXNAKIATH Ha NPO-
rpamvuoM samopaxusatene YOI11-6 npouwasogcrsa
CKTB ¢ OIT MITKuK HAI YkpanHu co ckopocTaMi
oxaagaenusa 1, 10, 400 °C/yun no -70 °C, nocse vero
obpazusl norpyxaan B xuaKuil asor (—196 °C).

Ana  m3ayvyenua YyBCTBUTENBHOCTH  KYJbTYphi
Str. fradiae x xononosomy moky 0,1 Ma cycnesanm
CNOP M BEreTaTuBIKIX KIETOK, Harpermx ao 28 °C,
OBICTpO BHOCHJIM B 9,9 MA AMCTHIJIMPOBAHHON BOASI,
oxjaxaeHHoi Jo 0 °C, K runeproHnueckoMy MoKy —
TAKOE He KOJIMYecTBO KIETOUHON CYCIIEH3HH BHOCHIIH
i pactsopnl NaCl oGbemosm 9.9 Ma ¢ KoHUeHTpanmei
0,5; 1; 2; 3 mons/n, B 000MX CIY4asAX pacTBOPHI Mepe-
MELIMBATH 1 cpa3y otbupanu npobu A1s nocnenyio-
1iero BbICEBA Ha TBEPAYIO NMUTATETbHVIO CPely.

[Ipm u3yuenun BAMAHMSA TUHCPKOUHILEHTPHPOBAH-
Huix pactsopoB NaCl Ha cnoposByw W BereTaTHBHYIO
thopmbl KyibTYpEI Str. fradiae kieTouHBIe CyCIIEH3IHM
B obbeme (0,1 M2 BHOCHIIH B FHITEPTOHNYECKHE PACTBO-
PRl XJ0PHIA HATPHA M BBUIEPKHBAIH B TeYeHHC
30 MuH npH HOPMOTEPMHUH ¢ MOCAEAYIOINM 0TOOPOM
Mpod M BHICEBOM Ha TBEPAVIO INTATCALHYIO CPEy.

Jlna nayuenus Bamauns uamenenua pH cpejan Kou-
CEPBHPOBAHMA Ha COXPAHNHOCTL CEOMCTE CIIOPOBOH KU BC-
retaTUBHOIN opM KynsTyphl Si7. fradiae wenonb3osain
PacTBOPB] AMCTHLTHPOBAHHOIH BO/ALI CO 3HaYeHnsamu pH
or 20 no 120. B 59 ma pacrsopa Braocunu no 0.1 mn
BIBECH CHOP WM BereTaTuBHLIX Kiaetok. Otbop nupob
mporasoanay 4epes 3 1 30 mMun 3xc1I03HLMH,

Moposioriio KIeToK M3V4alu B CBETOBOM MUKPO-
CKOTIE HA OKPAlleHHBIX METHJIEHOBLIM CHHMM IIpe-
naparax (yseaudenuc obwextiupa x90, okyaspa x10).
KyabTypanbhsie cBOHCTRA QNPEIENANN 110 XapaKTepy
POCTa KYJALTYPhI Ha THEPABIX H KHAKHX PerJiaMeHTHBIX
nUTaTeNbHBIX cpeaax. CTaTHCTHYecKyw oOpaboTky no-
JIYYEHHBIX JAHHBIX TPOH3BOAMAK 1TO KpHTepuaM CTbio-
Aerta—Puwmepa [4] npu yposre anaunmocta 0,95.

Ha ocnosanuy nposejeHHsIX MCCIe10BAHMI yCTa-
HOBJIEHD, YTO ONTHMaNbHLIMH CKOPOCTAMM OXJaxie-
HMS 18 cnoposoil (popMmbl Kyabrypw Str. fradiae
okazaqauck 1 1 400 °C/muu. Tlpu samopakusannu Be-
reTaTHBHON QopMbl MakcHMaIbHOe KoanuecTBo KOE
6bLI0 B CYCNEHAHAX, 3AMOPOKEHHBIX €O CKOPOCTLIO
oxaaxjaesua 10 °C /ymub (taba. 1).
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diffusive method using the holes in the agar nutrient
medium width. Bac. subtilis, 720 strain was used as a
test-culture |3].

Str. fradiae culture cryopreservation was per-
formed in 1 ml volume metal containers. A spore form,
washed-out from an agarized medium with 1.10% spore
concentrarion in 1| ml and a two-days vegetative form
of the culture in a growth nutrient regulated medium
with the vegetative cell titer of 1.10% in 1 ml were
used for the cryopreservation. The samples were
cooled using the UOP-6 programmable freezer, pro-
duced by Special Designing Technical Bureau with
the Experimental Unit of the Institute for Problems
of Cryobiology and Cryomedicine of the National
Academy of Sciences of the Ukraine with the cooling
rates of 1; 10: 400 °C/min down to =70 °C, after that
the samples were immersed into a liquid nitrogen
(—196 °C).

In order to investigate the Str. fradiae culture sen-
sitivity to a cold chock 0.1 ml of spore and vegetative
cell suspension, warmed up to 28°C were quickly
introduced into 9 ml of a distilled water, cooled down
to 0°C, to a hypertonic shock the same suspensions
were introduced into NaCl solutions of 9.9 ml volume
with 0.5; 1; 2; 3 mol/] concentration, in the both cases
the solutions were mixed and the samples for the
following inoculation into a solid nutrient medium
were selected.

When investigating NaCl hyperconcentrated solu-
tions effect on spore and vegetative forms of the
Str. fradiae culture, suspensions of spores and vege-
taive cells with 0.1 ml volume were introduced into
sodium chloride hypertonic solutions and maintained
within 30 min at normospermia with following selec-
tion of samples and the inoculation into a solid nutri-
ent medium,

To study the effect of cryopreservation medium pH
change on properties integrity of spore and vegetative
forms of the Str. fradiae culture discilled water solu-
tions with pH values from 2.0 to 12.0 were used. Spore
or vegetative cell suspension by 0.1 ml were intro-
duced into 9.9 ml of solution. The samples selection
was accomplished in 3 and 30 min of exposure.

Cell morphology was studied by a light microscope
in stained with methylene blue preparations (a x90
lens magnification, a =10 ocular magnification).

Cultural properties were determined according to
the culture growth character in solid and liquid regu-
lated nutrient medium. Statistical proceeding of the
data obtained was performed according to the Stu-
dent—Fisher [1] criteria at 0.95 significance level.

Basing on the investigations carried-out it has
been established, that 1 and 400 °C/min were optimal
cooling rates for a spore form of the Str. fradiae cul-
ture. When freezing its vegetative form, the CFU
maximum number was in the suspensions, frozen using
10 °C/min cooling rate (Table 1).

Under a cold shock effect the CFU quantity of a
spore form of the Str. fradiae culture decreased down
to 89.7% in comparison with the control.

Problems of eryobiclogy, 1989, No 4
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Tabamua 1

Table 1

Koswyectro KOE enoposoit u Beretamuinoit hopm KyaeTyphi Str. fradice nocae oxXaamacHun ¢ pa3HuIMH CKOPOCTAMMH

CFU number of spore and vegetative forms of the Str. fradige culture after cooling with different rates

o E ]

Hexogroe xomrdectso KOE [

B 1 (-10% (KOHTPOME)
CFU initial number in [ mi

dopMa KyALTYDL
Culture form

Kommectso KOE 8 1 s (-10%) nocne oxnannennn co ckopoetassu (°C/mun)
CFU number in 1 ml (x10*) after coaling with rates (°C/min)

= Sl T =T

0B o . | | 1 ) w 400
| PEREIESEN $tS%F | % | T+SE % i85z | %
" Cnoposas T 474012 Tl 5624002 |‘ 119.6 | 4274013 | 908 | 5.86+0,08 1246
Spore p<0,05 p>0,05 p <005
BereraTHaHa s 3,75+0,13 238+0,09 635 396+032 | 1056 | 3.38+0,00 50,2
. Vegewtive , p<005  p>005 | p-005

Mpumeganun: ¥ — cpegHee sHadeHMe, = ST — CcponHee KBANPaTHYMHOS OTKIOHEHME, P — YPOBEHL JOBEPMTENBEHON BePOATHOCTH
MENUIY CPeIHMMM IHAYEHMAMY B KOHTPOME o NOCTE KPUMOROHCEPBUDOBIAHMA

Notes: T — mean, + § ¥ — mean square devialion, p — confidential probability level between the means in the control and after

cryopreservation.

[lon niamAHMEM XOJOADBOrO IMOKA KOJHUECTBO
KOE cnoposoi dopsst kyastypm Str. fradiae cunxa-
Jock 10 89.7% no cpaBHEHHUI) ¢ KOHTPOJIEM.

[Mocne BosjelcTBHA XOJIOLOBOIO WOKA HA CNOPOBLIE
KJIEeTKH OTMEYasoch JOCTOBEPHOE CHHAKEHMC KOJWte-
CTBA JKMIHECTIOCOOHKIX KJIETOK B CYCHEH3IMM 1OC/e
KpHOKOHCepByuposaHusa (puc. 1)

Haubonee BuipakeHHOE CHHMKEHHE KOJHYCCTBA
KOE 8 cnoposwix cycncHansx, N0ABEPraBulMXca Xo-
JOJIOBOMY HIOKY 10 KPHOKOHCEPBHPOBAHMA, OTMEYa-
JIOCh NTOCTE 3aMOPAXKUBAHUA CO CKOPOCTAMUH OX1aK/[e-
HHA 1 1 10 °C/mH, XoNMoaoBoH IWOK TaKAKe 0Ka3biBaJ
ryfurenbHoe aeicTBHE HA KACTKHM  BEIeTATHBHON
dopmul KyabTypm Str. fradiae: crinixanocs Koawiect-
80 ee KOE wu cocrasnano 84,9% or kourponsa. [locne
JAMOPWKMBAHHA BETETATHBHBIX KJIETOK, NpEeABAPH-
TCAbHO [MOJBEPraBIIMXCcA BOSAEHCTBUIO XOJOL0BOIO
MOKa, OTMEYanoch cHUXKeHue kosuyectsa KOE no
CPABHEHHID € KOJMYECTBOM JKH3IHECTIOCOOHBIX KJICTOK
HaTHBHOH dopMmel KyabTyphl Str. fradiae, ocobenno
nocne oxnaxaeHus co ckopocramu 1 u 400 °C/mumn.
[locsie BO3jelicTBMA XOJIOLOBOIO 1MIOKA AOCTOBEPHO

E% 140 - p

: d

52 100- 2 4

*x B i i
"L

3

EE ~

gé 20 -

. 1 T 10 ' 400 :

Cropocte oxnamaemun, “Clmuu
Cooling rate, *C/min

Puc. 1, Koanuecrso KOE cnoposoi # seretarnonod dops KyabTy-
pisl Str, fradiae, KPHOKOHCCPBHPOBANHOW C PAIIHYMHLIMH CKOPOCTA-
MH OXNAACIEHNE: T — HATHBHONW CROPOBOR KYyALTYPR, £ — crioporoi
KYALTYPBL AOCAE XOUOJ0B0OM WOKa; 3 — Harnsiol BereTaTHEiomn
KYABTYPG, 4 — BEPETATHBHOH KYJLTYPhl HOCIE XOA0A0ROTO ILIOKA.

Fig. 1. CFU number of spore and vegelative forms of the Sir, fradiae
culture cryopreserved with differemt cooling rates: 1 — native spore
culture, 2 — spore culture after a cold shack; 3 — native vegelative
culture; 4 - vegetative culture after a cold shock.

[Ipobnemel xpuobuonorin, 1999, No 4

After a cold shock effect on spore cells a statisti-
cally significant decrease in viable cell number in sus-
pension after cryopreservation was observed (Fig. 1).

The most manifested reduction of the CFU num-
ber in spore suspensions, subjected to a cold shock
before cryopreservation was observed after freezing
with 1 and 10°C/min cooling rates. Cold shock
caused a ruinous effect to the cells of a vegetative form
of the Str. fradiae culture too: its CFU number de-
creased and made 84.9% of the control. After the
freezing of vegetative cells, preliminarily subjected to
a cold shock effect the reduction of the CFU quantity
in comparison with the number of viable cells of
Str. fradiae culture native form was noted, especially
after cooling with the rates of 1 and 400 °C/min. After
a cold shock effect the cell specific activity of both
spore and vegetative form of the Str. fradiae culture
stastically and significantly decreased (Table 2).

Table 2

Specific activity of native and cryopreserved spore and
vegetative forms of the Str. fradiae culture before and
after a cold shock effect

T

Experiment conditions Specific activity, unit/ml

Culture form [Cﬁgi;‘:te' iﬂfter freezing ! Fr;ﬁzu;ﬁ:::tﬂ
Control | 9300+84
Cold shock ‘81381 100°
Spore 1 8723 = B0 5404 + 85
10 7589 + 70 572170
— 400  87614100° 69174100
Control TH6D 72
Caold shock 6 308+ 50°
Vegetative 1 4735145 2725+ 90°
| 10 7 543 + 80" 15015+ 100"
e A00 (60364200  4050£75
Notes: — significance of differences in comparison with the

control, p < 0.05.

Specific activity of cryopreserved native spore sus-
pension maximally decreased after freezing with the
rate of 10 °C/min. After preliminary cold shock effect
on spore suspension a maximum specific activity dur-
ing freezing with the rate of 400 °C/min was observed.
High antibiotic activity was found in native samples

Problems of eryobiology, 1999, Nu 4



CHHAAACDH ["I]E‘UHI;HF]EEI{HH dKTHBHOCTE KJICTOK Kak
CHOPOBOH, TAK M BEreTaTMBHOH OPMBI KYJALTYPH
Str. fradiae (vabn. 2).

Tadbauwua 2

Conenpmpmueckas aKTHBHOCTL HATUBHON M KPHMOKOHCep-
BHPOBRANIONH CIIOPOBOI M BereTATUBHON (POPM KYALTYPLI
Str. fradiae no 1 nocne poaneiicTEMA XONOJOBOTO IIOKA

g e g - =1 T AL THE = -

Crienudmieckan aKTHBHOC T,

Yeaorua JKCIICDHMMEHTAE

e/ ma
:Hannpamnaanﬂe
Cropocts '
H::L:ﬁ:;hl bt o 'ﬁmi:;ffih'ﬂu" | ‘E[L‘r'i?;::nl‘ﬂ
“ - " r [ . &
C/wimm | HIOKA
. Kowrpons QAOG+BE |
| AONOAOBOH LIOK 8138 = 100"
Criopoeas | 1 8723+80° 5404 £ 85
. 10 75389 +70° BT21£70°
ol 400 BT7BLxl00 6917 + 100
KonTpons T BRS 2 72
-, T—— XONoooBOR 0K f 308 + 50°
. 1 4735445 2725+ 90°
S 10 75434£80° | 5015+ 100°
e 300, 5., 80562207 | 4050475
Mpumeuanne. — OCTOBEPHOCT: PalBfDii N0 CPABHOHMIO ©

roETpogeM, p < (0,035

Cnenndmyeckas aKTHBHOCTh  KPHOKOHCEPBHPO-
BAHHOM HATHUBHON CMIOPOBOIT CYCTICHINH MAKCHMAILHO
CHMATACHL NOCJE 3aMOPLKHBAHMSA €O CKOPOCTHIO
10 °C/vunn. Hocae npeapapuTeabiione BO3jAedCcTBHA
XOJIOZOBOTO NIOKA HA CHOPOBYIO CYCNEHIWI0 oTMmeya-
JIACH MAKCHMAIbHAA CHEMPHYECKAR AKTHBHOCT L [1PH
JaMopaxubaHiid co ckopoctbeio 400 *C/mun. Buicokaa
AHTHOMOTHYIECKAA AKTHMBHOCTL HAOMIOMANACL B HATHBHLBIX
ofipasnax nererarusHon GopMm KyasTypel Str. fra-
diae, 3aMopoxeHHBIX cO ckopocTthio 10 °C/vun, 1 no-
CTOBEPHO CHIKANACH NPH OXJIAKIEHHH €O CKOPOCTH-
M 1 1 400 °C/ymumn.

IHpu samMopaskupBanni CYCHEHIWH  BErCTATHBHLIX
KJIETOK, NPCIBADUTENLHO NOABEDrasiiuxcs X0NoJoBo-
MY IOKY, MAKCHMANTbHAA cneunduyeckan akTHBHOCTD
OTMEHAJACH B CAVMAC OXNAXACHNS 00paslioB CO CKO-
pocThin 10 °C/Mun,. KpuokoHcepBHPOBAHKE Berera-
THBHON dopmul KyabTypel Str. fradiae co ckopocTamy
oxaaxaenns 1w 400 °C/MuH mocae npeasapuTenbHo-
O BO3AEHCTBHA XOJ0L0BOTO WOKA TDHBOANAD K CHU-
AeHWI0 antHOHoTHYecKON akTueHoc Ty, [Tokasano, 4o
KaK HA BEreTaTHBHYI, TAK K Ha CHoposyio GopMy
KyAbTYphl  Sir. fradine rnieproHnyeckme PacTROpPh
XJOPHAZ HATPHS OKAILIBAANM (IOBPEKTaI0Mee geleT-
Bue. BaauMoaeHcTBHE CHIOPOBOHI CYCTIEH3HM € COEBLI-
MU  PACTBOPAMM  BBISLIBATO CHIGKCHHC KOJIMUCCTBA
KOE. ¥ peanyenye kounentpaumn NaCl npupomiio K
JlaJibHeHIIEMY CHUKEHNI0 KONYCCTBA ) U3Hecnocoh-
HBIX criop (puc. 2). Ecaun xonnentpanna NaCl noctn-
raZia MakCHMyMa H KIeTKH cnoposoi hopMbl akco-
HHPOBAIHCH B FHICPTONHYECKHX PACTBOpPax XJ0pu/ia
natpua B Teuciine 30 MuH, koauwuectso KOLE 6ui10
ADCTOBEPHO BLILIE, YEM B CYCIIEH3UY KICTOK, HHO/BED-
FABIIMXCH IMOKOBOMY BO3IEHCTEHIO B AHATOPMYHLIX
yeaoBuAxX. [pu Husknx kenuentpainax NaCl sospac-
Tano xoauiecrso KOE sereratnpuoift dhopMmbl npu

Hpobnemn kproGuonoruz, 1999, No 4

6l

of vegetative form of the Str. fradiae culture, frozen
with the rate of 10 °C/min and statistically significant
decreased during cooling with the rates of 1 and
400 °C/min.

When freczing vegetative cell suspensions, prelimi-
narily subjected to a cold shock, a maximim specific
activity was observed in the case of the samples cool-
ing with the rate of 10°C/min. 5t fradire culture
vegetative form cryopreservation with 1 and
400 °C/min cooling rates after cold shock preliminar
effect resulted in antibiotic acuvity reduction. 1t has
been shown, that sodium chloride hypertonic solu-
tions caused a damaging effect on both vegetative and
spore forms of Str. fradiae culture. Spore suspension
interaction with saline solutions caused a decrease in
the CFU number, Increase in NaCl concentration re-
sulted in the following reduction of viable spore quan-
tity (Fig. 2).

If NaCl concentration reached the maximum and
the spore form cells were exposed in sodium chloride
hypertonic solutions within 30 min, the CFU number
was statistically and significantly higher, than in the
cell suspension, subjected to a shock effect under the
same conditions. Under NaCl low concentrations the
CFU number of culture vegetative form increased
during cell exposure in solutions within 30 min.
Under hypertonic shock effect a number of viable
vegetative cells reduced (Fig. 3). This effect in a con-
siderable extent gained in strength with an increase
in NaCl concentration. CFU number of the culture
vegetative form, subjected to hypertonic shock at so-
dium chloride maximum concentration, was statisti-
cally and significantly lower, than in vegetative cell
suspension, being exposed during 30 min.

Under conditions when Str. fradiae culture cells
were subjected to the effect of hypertonic saline solu-
tions, the CFU number of the culture spore form was
statistically and sigmficantly higher, than in the sus-
pensions of vegetative form, especially under high
NaCl concentrations.

It has been established, that in 6.0-8.0 pff values
range, independently on the exposure duration, a

8
b

2

P
=)
I

I 1 I L

0.6 1

MNaCl, mons/n
NaCl, mol/l

Konwsecteo KOE, % ot xourpons
CFU number, % of the control

Puc. 2. Kassec o KO cnoposoll copsit kvanrypse Str. frudiae g
pacreopax NaCli 1 owcuomins 30 s & - ruiepronwsecsdin
HIOK

Fig. 2. CFU sumber of Str. fradine culture spore form i NaCl solu-
tions: 7 - 30 min exposure: 2 - hypertonic shock
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SKCHNOHHPOBAHHH KJIeTOK B pPacTBOpaX B Tedcnue
30 mun. lloa sausAHHeM THIEPTOHNYECKOTO 1IOKA KO-
JIMYECTRBO JKM3HECTIOCOOHBIX BETETATHBHRIX KJIETOK
cHixanoce (puc. 3). Jror addext B 3HAYHTENLHOH
CTEMEeHH YCHIMBAJICA ¢ VBEJMYCHHEM KOHUEHTpallMu
NaCl. Komuuecrso KOE seretatusnoil dhopmbl Kyib-
TYPbl, NOABEPrapeics rHNepTOHUMECKOMY LIOKY 1IPH
MAKCHMATbHON KOHIIEHTPAIHKE X10DK/1a HATPHA, Griso
JAOCTOBEPHO HMIKE, MEM B CYCIHEHAWM BETCTATHBHLIX
KIIeTOK, aKCHOHMpoBaHHBIX B Tevenue 30 mun.

B ycnosusax, koraa wnetkn Kyawtvpe: Str. fradiae
NOJABCPTATHCD EDH,ELEFICTBHHJ FHIICPTORMYIYUKHX COJie-
BhIX pacTBopoB, koandecteo KOE cnoposoil opmui
KyAbTYPB! ObIJIO AOCTOBEPHO Bhilli€, Y4€M B CYCITCH3UAX
BereTaTHBHOH (opMbl, 0COGEHHD 1IPH BBICOKUX KOH-
nenrpatmax NaCl.

YCTAHOBJEHO, YTO B MHTEPBaJie 3HaYCHHIT pit 6,0~
8,0, 1e3aBHCUMO OT HPOLOTKUTENLHOCTH IKCHOZHIIHM,
KOJHYECTBO JKM3HECNDCODHBIX KACTOK Kak l_‘l1{}pﬂliﬂﬁ+
TaK M BereTaTUBHON OPMB KyabTyphl Str. fradiae ne
H3MEHANOCD.

[lpn uamenenun a3uavennit pH pacrsopos B uie-
JOYHYID H KHCIYID CTOPOHY Ilaﬁﬂmﬂﬂ.’]ﬂﬂh AOCTOBCD-
Hoe cHiKenHe konddectsa KOE cnoposoit dopmbn
KvabTyphl, C yBEeNIMUYEHHEM BPEMEHM 3KCTIO3UIIUK OT-
PHILATE/IbHOE BINAHMC KMCJIBIX W UEJIOMHBIX 3HAaYe-
HHil pH Ha Au3necnocobGHOCTE CHOP YCHIMBAAOCH
(puc. 4).

IKCUOHHPOBAHHE BEreTATHBHBIX KJETOK B PACTBO-
pax ¢ pa3nu4HBIMH 3HaucHuAMHU pll npHBOIWIO K 10-
CTOBEPHOMY CHIGKCHHIO KOJIMHECTBA AHIHECIOCODHbIX
KJNETOK NPH YBEJIHYEHHH IES0UHOCTH 1 KHCIOTHOCTH
pactTBopos (puc. 5).

3Hauurenvnoe cHuxene konuyecrsa KOE sere-
TATHBHO DOPMBI KYJILTYPB! OTMEYAJIOCH NIPH YBEIH-
HEHHH BPEMEHH OKCITORHDOBAHKA KITCTOK B pacTBopax.
Cnopogas dopma Guina bosiee yeroilunsa K 1eACTEHIO
KHCIOTHBIX M menovnbix snadenni pH no cpasiennio
€ BErCTATHBHOI.

[Tonyuennsie peaynsTaThl CBUIETEALCTBYIOT O TOM,
HTO ONTHMAJIbHBIM PEAHMOM KPHOKOHCEPBHPOBaHHUA
cnopoBoit dopmut KvasTypel Str. fradine asnaerca

E 140 1
§ %]
8
EE‘IW-
® 5 ] 2
7& 60
W
H-E 1 1
82 20
EE ] I ] 1 i
5@ 2 4 7 8 10 12
pH

Puc. 4. Konwdecrso KOE cnoponoi dopsia kysbrypu Str. fradiae g
PACTRODAX € PadiHyMMbiMH Snadeddamu pH 1 — akcnoamims
J0 Mue; 2 — akcTIoaMIHE 3 Mu,

Fig. 4. CFLU number of Str. fradiae culture spore form in the solu-

tions with different p/f values: 7 - 30 min exposure; 2 - 3 min ex-
posure.
[Tpobaemul kpuobuonormu, 1999, No 4
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5 £ ]
i -
E 20-
E s 1 i 3 1 1
g 0,5 1 2 3
E E NaCl, monkin
NaCl, molll

Puc. 3. Kosmricerso KOE seretatusuoi dopmm kyaurypu Str. fra-
diae 8 pacivopax NaCek 1 — rapepronmyqcciknid ok, 2 - aKcnoan
pesesn D st

Fig. 3. CF1I nuinber of Sor. fradiae culture vegetative form after expo-
sure in NaCl solutions: 17— hypertonic shock; 2 — 30 mun exposure.

number of viable cells both spore and vegetative forms
of the Str. fradiae culture did not change.

At the change of the solutions pH values into
alkaline and acid side a statistically significant de-
crease in CFU number of the culture spore form was
observed. When augmenting the exposure time, a
negative effect of acid and alkaline pH values on spores
viability gained in strength (Fig. 4).

Vegetative cell exposure in the solutions with dif-
ferent pH values resulted in a statistically significant
decrease in a number of viable cells during the increase
in alkalinity and acidity of the solutions (Fig. 5).

A significant reduction of CFU number of the culture
vegetative form was noted during augmentation of the
exposure time in the solutions. The culture spore form
was more resisitant to the effect of acid alkaline pH
values in comparison with a vegetative one.

The results obtained testify to the fact, that
400 °C/min cooling rate is an optimal cryopreserva-
tion regimen for Str. fradiae culture spore form, and
10°C/min — for a vegetative one,

The values shown of optimal cooling rates testify
to the fact, that one of the leading damaging factors
for spore and vegetative forms of the Str. fradiae cul-
ture is a cold shock. During a slowly cooling a decrease
in its effect on cells is reached by an increase in time,
during which the temperature reduces and a gradual,

88
t
gﬂ 120 4
5 £ -
®£F 80+
w 2 2
Eﬁr 40 -
g 1 1
= 0 T T T T T 1
g 2 4 7 B 10 12
pH

Puc. 5. Koawaecrso KOE sererarnnnoi thopmsl gy swtype Str. fra-
diage n PLETROPDEX © DaLTHYHBEME JHaYCHHAMMA ﬂ.l” f— SECIEOAMILKBE
30 sun: 2 — agecnoasna 3 Mun,

Fig. 5. CFU number of Str fradiae culture vegetative form in the

solutions with different pH values: 7 - 30 min exposure;, 2 — 3 min
CXPOSUTE,
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ckopocth  oxsawaenmsa 400 °C/mun, a  pererarus-
o — 10 °C/Mun.

TlpiBenenHbe 3Hauesa ONTHMLILELIX CKOpOCTel
OXJAMICHUA CHUIETENBCTBYIOT O TOM, YTO WIHHUM N3
BCAYUIIHX NOBRERAANUNY (PAKTOPOB A8 COODOBOH 1
BereTaTHBHON thopM KyabTYpel Str. fradiae spasercs
X0A040B0H 10K, IpH MeieHnoM OXJaAICIHHN Clin-
HKEHHE €F0 BOVICHCTBUS HA KAETKH A0CTHTASTC] YRe-
JHYEHIEM BREMEHM, B TEHCHUC KOTOPOTO CHHKASTCH
TCMTEpaTypa 1 APOHCXOAUT MOCTENnenioe, MeHee
TPABMATIMCCKOC AJiA KAETOK, H3MeHeHHe (hH3HKo-Xu-
MHYECKHX cooitcTs Membpan # MeTaboimsMa.

Mpu ckopocrin oxnamaesus 400 °C/vun cHuaenie
OTPUILATETBHOIO BOALCHCTEUS XOJNONOBOTO IHOKA JA0CTH-
FAETCA COKPAUICHNEM BPCMCOHI  BO3JICHCTBHA HHIKHX
TeMIEPATVP 10 TOMKH Kpucranausanum [5, 7, 8).

Brickasanioe moaomeHHEe HOATBEPKAZIT PCIYIb-
TATH, NOJAYYEHHBIE TIDH W3YUEHN W XapakTepa Boaged-
CTBHA XOJOANBOIO NIDKA Ha CHOPOBYIO W BereTaTHB-
HY®)  hopmel Kyawtyvpel  Str. fradiae. 1lpu atom,
NOMHMO Tibenu JacT cropoBLIX M BEIETATHBHBIX
KJIETOK N0/, BOJACHCTRHEM XOA0A0BOM0 WOKA, CHUXA-
NACh UX YCTOHYHBOCTE K 3aMOPAKHBANHHIO, 4T0 ABJA-
ETCA JIOKA3ATC/ALCTBOM  OTPHLATENBHONO  BiMHIHA
ITOro (PaKTOPa Ha KAETKH B PULECCe KPHOKOHCEPRH-
POBatMH 1 OOBEKTHRHON HeOOXOHMOCTHIO CHIKEHUS
ero Boageicrama.

Bropay seyuiuy noppeszaniiuy hakropom s
CHOpoROI ¥ Bererarnsnoil popM KyabTyps Str. fra-
diae sApasercs  navedenue  xoHnewtpannn  NaCl
MHTERCHBHROCTE OTPHIATENLROID BIAHAHHA THIICPKO-
uenrpuposannex pacrsopos NaCl sasucena ot npo-
AONAHTENBHOCTYH BOICHCTBMA M KOHUEHTPAINH €TI0 B
pactBopax [£, 3, 6]. Orpuiaresvnmit adubexT poaieit-
CTBHA KOHUEHTPRUMOTIBIX paanentTos Oua McHee
BEIPAKEN [1DH MELJIEHHOM YBEJIUUCHRI KOHIIEHTDA-
nuu cosicd. 1lockonsKy HapacTaliMe KoHIENTPaUMu
NaCl npomexoant Ha atanax KpHUTAIMAALWN, CHU-
3UTh MHTEHCHWBHOCTL BAMAHHA KOHUEHTPALHONIBIX
FPaiHERTOR MOKHO VMEHLINEHWEM CROPOCTH OXJId#A -
JIEHHA, YTO CONPOBOMIAETCH MELICHUBIM (hOpPMIDORL-
HHUEM KpieTannos asiaa. B peayasrare s1oro MeaneHno
HApacTacT KOHIENTPALLAA comell, 4TO LO3BOJNSET ONTH-
MH3UPOBATE NPONECCH  O0E3IROKNBAHNA  KIETOK M
HperOXpatATh NX oT nospexactusa. C nomoubio Go-
CTPBIX CKOPOCTEH OXJadACHNA YAaeTCA, HCCMOTPA Ha
pealbHOE BAMSHUC KOHUCHTPAIMOUNLIX I'PATHENTOB,
CHM3UTE MX OTPHUATENLHOE BOJICHCIBHE Orarojaps
OLICTPOMY  CHMKEHHIO TCMUEDATYDhI  OKPYyHaei
CPEBI, KOUZQ YMEHBIMACTCH CKOPUCTh 3aMepsania
BO/AbI, BOJPACTAeT ee BAIKOUTE M HaMCtsioves qimau-
KO-XMMUUECKHe CBOHCTBA, KIETKH CraHosarca Bosee
YCTOIMMBBIME K BOMIEHCTEHIED I'MICPKOHLIEHTPHPO-
BAHHBLIX pacTeopob coleH. Huakise xouuenrTpanmm
COJIEIL 0OPA3VIOTCA TOABKO Ha ATANE OTOCPeBA H BOI-
AefCTBYIOT HAa KICTKH OdeHh ObiCTpO, TAK KaK B npo-
HECCE TAAHUA JAbd PACTBOD MOMCTITAILHO HEPEMeLH-
paetcH |3, 7, 8],

[Ipofnemur kpuobuoaoriu, 1994, No 4

less traumatic for cell, change in physical and chemical
properties of membranes and metabolism occurs,

At A00°C/min cooling rate a decrease in a nega-
tive effect of a cold shock is reached by the time
reduction of low temperature effect till the crystal-
lization point |3, 7, 8.

The results obtained when studying the character
of cold shock effeet on spore and vegetative forms of
the Str. fradiae culture confirm the postulate men-
voned. Thereat, along with the decay of a part of spore
and vegetative cells under a cold shock cffect, there
was 2 decrease in their resistance to freezing, that
proved this factor negative effect on the cells during
cryopraservation process and an chjective necessity of
its effect decrease,

The change in NaCl concenteation is the second
leading damaging factor for spore and vegetative
forms of the Str. fradiae culture. The intensity of a
negative effect of NaCl hyperconcentrated solutions
depended on the effect duration and its concentration
in solutions [2, 5, 7]. A negative effect of concentrated
gradient influence was a less manifested at a slow
increase in a salt concentration. Since the growth of
NaCl concentration occurs at the stages of crystal-
lization, it is pussible to reduce the intensity of con-
centrated gradient effect by a decrease in a cooling
rate, that is accompanied hy an ice crystal slow for-
mation. As the results of this fact the salt concentra-
tion slowly increases, that permits to optimize the
processes of cell dehydration and to preserve them
from a damage, Using the cooling rapid rates one
manages, inspite of a real influence of concentrated
gradients, to reduce their negative effect due to the
environmental temperature rapid decrease, when the
rate of water freezing reduces, its viscosity increases
and physical and chemical properties change, the cells
become more resistant 1o the effect of sale hypercon-
centrated solutions. Low salt concentrations are
formed only at the thawing stage and affecr cells very
quickly due 1o a solution immediate mixing during the
process of ice melting 5, 7, 8].

The investigations results testify to the fact, that
the change in hydrogen ion concentration is not the
leading damaging factor for spore and vegetative
forms of the Str. fradiae VNIIG-25A culture,

The results obtained are an experimental substan-
tiation of cooling optimal regimens for spore and vege-
tative forms of the Str. fradiae culture, nsing which a
negative effect of leading damaging factors on the cells
decreases. Different sensinivity to cooling rates of
spore und vegetative forms of the Str. fradiae culture
is stipulated by a low water content in streptomycetes
spores, by differences in their structural state, by the
metabolism inhibition and peculiarities of spore mem-
brane structure {9).

Thus, the determination of cell sensitivity to lead-
ing factors of cryodamages under normothermia con-
ditions gives the possibility to select groundly the
cooling regimens, permitting to maximally reduce

Problems of cryobiology, 18949, Ne4d
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PeayanTatul MeC/e0BaHHN  CBUACTCABCTBYIOT ©
TOM, 4YTO H3IMEHEHWE KOHUENTPAUWH BOLOPOIHBIX
HOHOB HE ABJIACTCH BELVIUIMM NOBPEeRAAIONY hakro-
POM JUIS CNOPOBOH M BercraTHBHONH (DOPM KyIAbTYPbI
Str. fradiae BHUMT-25A.

[ lonyueHHBIE peayahTaThi ARNAIOTCA SKCIEPHMEN-
TalbHbIM 060CHOBATIMEM ONTHMANBIILIX PCHKUMOB OX-
JAAKIAEHHUA 1718 CAOPOBOM W BCreTATHBHOH (HOPM KYJih-
Typel Sir. fradiae, ¢ nomoiibio KOTOPLIY. CHHXAETCA
OTPHUATEILHOE BIMAHNC HA KICTKH BUOVIIHX [10O-
Bpexaalonnx  dakropos. Paznnunas uyBCTBHTED-
HOCTh K CKOPOCTAM OXJAAIEHHA CNOPOoBOLI it sereTa-
THBHOH dopm KyasTypet Str. fradiae ofiyenosnena
HHAKNM COJACPAAHHEM BOIABL B CHOPAX CTDCIITOMHILE-
TOB, PA3/IHUHAMH B UX CTPYKTYPHOM COCTOSHUH, HH-
l'ﬂﬁHPDBHHHH Metabosnama M ocobennocTaMm CTpa-
eHus cnopopLx obosouek [9).

Takum ofipazoM, yCTAHORICHHE B YEAOBHAX HOPMO-
TEPMUH YYBCTBUTCIBHOCTH KJACTOK K BeAyunM ¢ak-
TOPAM KPHOMOBPEKICHUH A4eT BOIMOKNOCTE 000CHO-
BAHHO BLIOPATHL PEKMMBI OXJAKIEHHS, TIOIBOIAIOLLNE
MAKCHMAIBHO CHHGHTH HX OTPHUATENIBHOC BAHATAC HA
OHONOHYECKHE CHCTEMBI B MPOICCCC KPHOKOHCEPAIN-
POBAHHA,
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RKPHOMEIHIIHMNA CRYOMEDICINE
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KPHO3KCTPAKT XOpHOHA —
BOCCTAHOBHUTE/b OMOXHMHYECKHX IPOIECCOB
IPH IKCTIEPHMEHTAIBHOM BOCHATUTEIBHOM IIPOIIECCE YV KPBIC

B. A. IITHTBHO
Xupbkosckull 20cydupcmaseHHblil MedUuLUHCKIITL JHUBEPCUITETT

Chorion Cryoextraction is the Recovering Agent
of Biochemical Processes During an Experimental
Inflammatory Process in Rats

V. A. PITKO
Kharkov State Medical Universily

H:i_‘{"—lﬂ..’lHEb BUOXHMMHUCCKAC NOKASATENN B 11A3ME KPpUBH MHBOTHBIX C JKCHCDHMENTAILHLIM BOCHANCHAEM, Beeacnue KPHOGKCTPEKETA
XOPHOHA NOIBOJAET CHHAMTL THACCTh NPOTCKAHMA Npouecea W o Dosee panuae cpoks JoOHTHES HOopMasHaaiuy (pyiKionposans
METAOOIMHECKUX CHCTEM B OPFaAH3IME AHBOTHRX C JKCIHICPHMEHTANBIBEM BOCITAATHTE ILITBIM 11POIHECCOM,

Bupuaance SioxiMiumi NOKasivkm B naasMi KPOBl THAPHH 3 CKCTIEPMMCHTLALIAM Janasenusy. Yocaenus Kpiockerpaty xopiona
ACIBOAHE SMEHUINTH TAKKICTh NP0 riKanhs npouecy i 8 Glasin pannifi crpok aocarmi nopsanisanii hy nionysanng MeTalidimng cHetem
B OpraHliMi THAPHH 3 EKCHEPHMCHTEILHEM Jaladbliins 1TROIGCOM.

Biochemical indices in plasm of animal blood with an experimenta! inflammatory process are studied. The chorion eryoextraction
introduction allows to decrease the difficully of process course amd achieve the functioning normalization of metabolic systems in animals
organism with an experimental inflammatory processes.

[lonck nosbix aheKTHRILIX JeKAPCTBEHHBIX COe- The search of new efficient medical compounds,
AMHeHUH, 0baaaonnx OHoCTUMYIHPYIONINM ddidek- possessing 1 biostimulating effect is one of the tasks
TOM, — DHA W3 3ana4 cospementoi dapmakonorun.  of a modern pharmacology. The analysis of scientific
AHAN3 HayuHOIl AMTEpaTypHl noasosser npejanono-  literature allows to suppose, that fetal tissue prepara-

KHMTb, YTO (DeTa/IbHBIE TKAHEBBIE IPCMapatsl, noayyen-  tions, obtained in the result of abortions and labors
Hbi€ B peayabsTaTte abopros U pojos (xopHoH, niuantenta),  (chorion, placenta) may be efficient biogenic stimula-
MoryT OuTh addekTHBnEIMH GuoreHHLIMM cTHMYISI-  tors, recovering tissue and cell metabolism during the
TOPAMH, BOCCTAHABAMBalONIMMI MeTaloaunsm Tkaneit 1 series of pathological processes in an organisin |5, 6).
KJIETOK 11PH psJie MaToN0rHIecKHX Mpoleccon B opra- The study of rissue fetal cryoextractions as the
uuame |5, 6]. Cymectsennoe snaienne umeer nayde-  base for elaboration of new reliable methods for pre-

HHE TKAHEBHIX eTanbibiX KPHOIKCTPAKTOB Kak ocHo-  servation of tissue biclogical properties and the usage
BA  paspaloTKM  HaxexibiX  MeTogoB coxpancnus  of low temperatures as the factor, extracting biologi-
bHonoruueckux cpoitctB Tianeli M wucnoassowanns  cally active compounds [7.8] from them, has a great
HHIKUX TeMmneparyp B Kavectne diakiopa koropsiii  importance.

IKCTPArupyer M3 HUX DHOJOrHYCCKH AKTHEHLIE COeIH- The aim of the work was to study the effect of
nenus |7, 8). chorion eryoextraction (CC) on biocnemical processes

Ilens nawuoit pabormt — uccnenosauue sausuus  during the treatment of experimental inflammatory
kpuoakcTpakta xopuona (KX), paspaboransoro yye- process, elaborated by scientists of the Institute for
bt MTTKuK HAH Yxkpannw, na Guoxumuyeckne  Problems of Cryobiology and Crvomedicine of the
MPOUECChl MPH JEYEHHH BOCHANHTCALHOTO NPOIEcea. National Academy of Sciences of the Ukraine in 1997,

Onwrrsl nposeaenn Ha 66 Kpeicax-caMiax JTHOWH Experiments were conducted in 66 Wistar male
Bucrap maccoit 200-220 r. Dkcnepuments ocymects-  rats with the mass of 200-220 g. Experiments were
asany B coorserctsnn ¢ “llpaswnamu nposenenua pabor  carried-out according to the “Rules for conducting the
€ UCNONB30BAHMEM 3KcnepuMentaabnuix kusoTinix”,  works with the usage of experimental animals". Three

Beero Ob1o copmuposano 3 axcnepumentaisHsie  experimental groups of animals have been formed: in-
TPYTIIBI JKMBOTHBIX: MHTAKTHLIE, ¢ AKCTepuMenTaabibim  tact; with an experimental inflammation; with caused

BOCIIAJIEHHEM, C BhI3BAHHBIM JKCIEpUMeHTabHEIM Boc-  experimental inflammation and injection of chorion
NnaTeHueM i BBEIeHHEM KPHOIKCTPAKTA XOPHOHA. cryoextraction.

Maosteabio BOCTIATEHHA CIYRIT OCTPhIN ACEIITHYECKHH An acute asepric peritonitis, caused by means of
NEPUTONMT, BBISRIBACMEIIT BHYTPHOpIOWHHHLIM BBeie-  Intraperitoneal injection of 5 mg of A-karaginen
IIpobnems! kxpiobuonoruy, 1999, Ne & b4 Problems of eryobiology, 1999, Ne 4
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HueM 3 Mr A-kaparuniena (“Sigma”, CIHA), ncnonssy-
€MOT0 B DOJIBIIHHCTBE AKCTIEPUMEHTANBHLIX paspalo-
TOK JAHHOIO HanpanieHHs Kax ¢aororen [9], B 1 ma
M30TOHWYECKOro pacTBopa Xsiopujia Hatpus |1].

Jl1A ievyeHHs BOCHIAIMTENIBHOTO TIPOLECCH KPHODK-
CTPAKT XOpHOHA [7] BBOJIMTH BHYTPHUMBIIICTHO B 03¢
1 mn. Ileproe BReaeHue npenapaToB OCYICCTB/ANN
Cpaly nocac MOACJIHPOBAHHA BOCILLICHHSA, 3aTEéM H4a
3-v n 7-e cytn. JKuBoTHWX 3a0HBaTH JICKANHTAIIHCTH
Ha 6-it uac, 1-e, 3-u, 7-e, 10-e cyrxn.

() cocToanUM TPONECCOR HEPEKHCHOND SKUCACHHA
aunuaos (ITOJ]) cyanau no HakonacHMm HHOTYKTOB:
NPOMEKYTOMHBIX = JAWCHOBLIC KOHbIOraTs (J1IK) ¥ Ko-
HEYHBIX — MasoHoBbI aanbserw (MJA) |3, 4]. Mc-
nejgosany obwyw nakraraermaporenasuvio  (JUAT)
AKTHBHOCTL [0 YUIHOUIIMPOBAHHOMY IJIHHHYECKOMY
MeTtoay Habopa peaktuBoB dupmel Labsvstems ((Dun-
JNAHAMA), & TAKIKE Maccy CpeaHux mosexya [2].

Ha THEI..TIHI_[I:.J BH/AHO, HTO NPH BOCHATHTETBHOM
impouecce cnycta b 4 yposenn MA pesko nosniwa-
¢a (B 5,59 pas), uepes cyTKH OH /IOCTHIA CBOETO MHKA,
YBEJHUHBAACH B 8,4 pa3a 1o cPaBHEHHIO ¢ MCXOAHBIMK
pesinyuHamu. Yepea 72 u yposens MJIA neckonbko
CHWXaCA, ofHako od 6w B 7,77 pa3a sulli€, 96M B
KPOBH 310DOBBLIX XHUBOTHBIX. [la 7-it xens wabnioge-
anit coaepxanne MJIA 6buio see eme B 1,89 paza
BRIINE KOHTpoabHoro. Yepea 10 eyt nocae Moaennpo-
BaHWA ROCHAJNWTENBHOIO Mpouccca yposenh MJA
HOPMQIH3OBAICA M 1IPAKTHMECKH 1IC OTAMMAJICH OT
KOHTPOJIbIIBIX BEJTHYMLL

Bsenenne kpioskcerpakra xopuona Ha goHe Bocna-
JANTEABHOD APOIECCa HO3BONAI0 CHH3NTL TIOKAZATE N
MJA uepes 6 4 nabmoaennit 8 2,83 pasa Dto cocras-
nsno 50,48% o1 peaAnMHH, TTOAYHEHILIX MPH BOCHAIH-
TensHoM npouecce Ge3 npumencuua KX, Cnycra 3-e
cyrok yposens MJIA Obi1 yBEJIMUYEH 110 CPABHEHNK) C©
KOHTPOLHBIMY nokasatenamu 8 A8 pasa, Ha 7-e
CYTKM OH cocTasasan 68,2%, a cnycra 10 cyr — 77,8%
OT NOKA3aTeael, NOJYYEHHBIX 1IPH BOCNAMMTEIBHOM
npoiecce 6e3 npnmenenns KX.

(“Sigma”, USA) in | ml of sodium chloride isotonic
solution [1], used in the majority of experimental
claborations of the given direction as phlogogene [9],
served as an inflammatory model.

When treating an inflammatory process, chorion
cryoextraction [7] was intramuscularily injected in
the dose of 1 ml. The first preparation injection was
carried-out already after the inflammation modelling,
and then — to the 3rd and 7th day. Animals were
decapitated 1o the 6th hr, 1st, 3rd, 7th and 10th day.

About the state of lipid peroxidation processes
(LPO) we concluded by the products accumulation:
intermediate ones (diene conjugates (DC)) and final
ones (malone aldehyde (MDA)) [3, 4]. The general
lactate dehydrogenase activity (LDG), as well as an
average molecule mass (AMM) we estimated by
means of the uniform clinical method of reagents’ set,
produced by the Labsystems firm (Finland).

The presented table shows, that during an inflam-
matory process in 6 hrs the MDA level sharply in-
creased (in 5.59 times), in a day it reached its peak,
increasing in 8.4 times in comparison with the initial
values. In 72 hrs the MDA level slightly decreased,
but it was in 7,77 times higher, then in the blood of
healthy animals. To the 7th day of observations the
MDA content was still in 1,89 times higher then the
control one. In 10 days after the inflammatory process
modelling the MDA level was normalized and practi-
cally did not change from the control values.

The injection of chorion crycextraction at the
background of inflammatory process allowed to de-
crease the MDA indices in 2.83 times after the 6 hrs
of observations. It made 50.48% of the values, ob-
tained during an inflammatory process without the
CC application. In 3 days the MDA level was in-
creased in comparison with the control indices in
4.8 times,

By the 7th day it made 68.2%, and in 10 days it
was 77.8% of the indices, obtained during an inflam-
matory process without the CC application.

bBroxumugeckne NoKasarTe) M B JAIMe KPOBH KPLIC IIPY JKCHIEpUMenTaibLion socnanenuu (B) u aevenum kpuoak-

crpakTom xopuona (B + KX), n=6

Biochemical indices in rats’ blood plasm during an experimental inflammation (I) and when treating by means ol

chorion eryoextraction product (I + CCP), n=6

o e S

MIA, smoms/n H, mrons/n

Tt . s - o g = g mp o — =

JUIT, Mxka 1':—1:1:;'-.11. I

- MCM, yenen

Bpem#, 1 MDA, mMal/l W, mMaol/] AMM, cond.un LDG, peatal/l
Time, hrs B B + KX B B + KX B ' B+EKX . B | B+EX
[ I+ CCP | I+ CCP I 1+ CCP 1 { 1I+CCP

6 11,63+0,61° 582:0,29™"" ' 100,39+241° 8521172 | 0400,017° 0,26£0,019"""| 21,38+1,07" | 189010,90°
24 | 17,310,686  15,3820,54" | 130,4243,14° 119,8641,99"" | 0,38:0,021" 10,28+0.023""" 26,31+1,14"  20,87+096"
72 | 16,01-043" 989+0,33""" | 121,414204° ' 9927+1.68™"° | 029:0,014" 0,19+0012""° 27.02-1,16 |20,10+091"""
168 | 3904017 | 2661022 | 137.20:0,91" 22 7-0,21"" 0,17+0,011" 0,09+0,0068""" 13.98+0,49" | 950+032"
240 | 2,4840,11 1,93+0,17"" 22,3140,31 ! 21,9140,19 0,1140,009° 0,075+0,004" 11,6640,38 | 10,2740,44""
KorTpons 2.24+0,20 22.17+2.0 0,080,004 10,36+0.8
—("::Erl—!!'“l - - - Ak --.-—l- ey e B . == s i = L gy - — - - —_— e e I TR T T T - e
[pmmesanmns: | CTATHOTHHECKH AOCTOBEPHBIE PATLTHIMA 110 cpaBHeRmo ¢ xouTpoaem (p < 0,05), e CTATHCTHYIECKH INCTOBEPHLIE

PA3NKMMA N0 CPABHeHK 0 © Bocnaaennen (p < 0,05,

Notes.  — statistically significant differences in comparison with the contral (p < 003), =

comparnson with an inflammation (p < 0.05)
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AHANHM3 NPHBCACHHBIX JAHHBIX HO3BOIAET CALNATH
BRIBOJIW, 4TO JEHENHE BOCIHANWTCIRHOID [Mpolectd ¢
ucnonssopannem KX addextueao. O atom caute-
TEARCTBYIOT Doslee Huakue noxasatenn ypopiia MJIA
B AHHAMYKE M DOJICe PAHIME CPOKH er0 HODMATIBAIINM.

MccnepoBanne QyvHKLMONMPOBANKA HAYAILHOND
spera [10OJ] ceuaerenncrever, ute conepxaune K
MPH BOCHAIHTEABHOM Hpouecee ciyvers 6 4 Onlto yie-
anveno & A7 pasa no CcpaBneHdio © NMOKAZATENAMY
3N0POBBIX KHUBOTHBIX. Yepes cyrrn koamdecrso JIK
yBenMusaiocs 8 1,3 pasa 1o cpaBnesno ¢ nabnwoae-
HUEM cyCTA b 4 nociie pazBuTHA Bocialchud. Mepes
3-e cytox yponeun JIK neckonbko cmnkanca, oinako
abcomoTrsie Hokazarean Guan B 5,78 paza Buiute KoH-
TpoasHblX, Tk nokasadni npuxoauncs #a 1-e cyTKH
pa3BUTHA BoCcnanureapnoro lipouecca. Ha 7-¢ cyrku
noKasaTeny pednuin JIK 3HaYUTeILHO CHIDKATHC, 110
BCEC CHie Oniau YHBEJAHYEHB! O CPABINCHHKD € KOHTPOIb-
ueiMu (8 1,77 pasa). Hopmanusaima yposus JIK Huina
3aPErucTpHpoBana Ha 10-e cyrkn nabmogennii.

CpasHusan nokaszatenn yposna MJA u JIK b
IMHAMHKE BOCTIANHTEALIONO NPOLECC, CABAYET OTME-
THTL HoJee BhIpakeHHble HAMEHEHMS /18 nokasare-
ACH KoHeuroro npodykra upoucccos IMOJL

JdAnunaMuka uiMeHenMA PAKONACHHA NEPBUYHBIX
npoayeros O u conepxanna MJA cavaercaner-
BYET O TOM, 4TO [IDU BOCHAJMTEIRHOM 1POLEcce npo-
MCXOAMAM AKTHBAIMA CBODOARODAIMKATRHOTO OKHC-
JIEHHA THIIHA0B M DA3BHTHE OKUCIHTENbHOO CTpecea,

[TpuBeacnnan B Tabnuile JHHAMHKA MOKAJATCNECH
MoaeKys cpeddnx sMace (MCM) B nnasme Kposw
AMBOTHLIX € AKCHEPHMEHTANLHBIM BOCTANMTE/ hHEIM
NMPOLECCOM NMOKA3LIBAET, YTO ciiyers b 4 nocie Mmofe
AHPOBAHKA BOCHAIATENBHOTO NPOUECCa MPOHCXOIHI0
3HAUMTEARHOEe yBeudenue nokasateaecil MUM. TTnk
noKasaTenell npuxoguncy va 6- v 24-i yac nabmoae-
Hitit. B 211 KOHTPCAMPYOMBIC LIPOMUKY TKH BPCMCHH
MOKa3aTe/ i Dbl VBEARYCHD COOTRETCTBEHHO B D I
4,8 pasa No CPABHEHHIO C IOKA3BATEIAMH IPYILIL 310-
POBBIX KPbIC.

Hepea 3-e cyrox Habmoaesuit conepxanne MCM
B ILA3ME KPOBH AUBOTHBIX € BOCHANMTENBRHLIM 1LIPO-
ueccoM GulI0 tia 24% nMxKe, 4eM B KOHTPOJAHPYEMOi]
BpeMeHHOM Touke (O 1), Ho v B 2,135 paza suinie, yem
y saoposnx KUBoTHRIX. Cnyers 10 cyt nabmoaennii
cogepxate MCM coctapnsane 0,11 + 0,005 yea. en.,
410 B 1.4 Padd BLILNE, YeM ¥ 3/ 10DOBLIX MHBOTHLIX,
CHuxeHHe nokazatenelt ¢ MOMENTA HasaIa KOHTPOIA
S0 NOCAEAHCH KOHTPOTRPYEMOIT TOUMKH COCTaBsu0 72%,

[lpy aewennn BocnanutensHoro npoiecca KX o7-
meqeHo, 4To yepes 6 9 yposens MCM Onia yeennyed
B 3,25 pasa. B xodeunoit Touke nabawgennii (10 cyt)
nokazatenn MUM ve ornmyansncs o7 KOHTPOABIIBIX
BEJHYHH (IPVA 3M0POBLIX KHBOTHLIX).

AuHAMMKE aKTHBHOCTH  UMTONIA3MaTHHCCKOTO
tepmenta JULIT (rabanita) nokaswsaer, 4To yxe cliye-
TA 6 4 HADMOACHREA NOCTe MOAEAHPOBATKRA BOCHAIH-
TEARHOIO NPOTECCA AKTHBHOCTh (hepMEeHTA YVBEJIHYM-
Bajgack B 2,3 pasa, uepes cyTku ona Obaa eue Boilie

ITpobnembt kpuobuonoruy, 1998, No 4

The analysis of the presented data allows to con-
clude, that an inflammatory process treatment with
the CC usage is efficient. Lower indices of the MDA
level in dvnamics and earlier terms of its normaliza-
tion testify to this fact,

The investigation of functioning of the initial link
of the POL. process testifies, that DC content during
an inflammatorv process in 6 hrs was increased in
4.7 times in comparison with the indices of healthy
animals. In a day DC increased in 1.3 times in com-
parison with the ghservation in 6 hrs after the inflam-
mation development. In 3 davs the DC level slightly
decreased, but absolute indices were in 5.78 times
higher than the control ones. Indices peak was to the
st day of the mflammatory process development, To
the 7th day the indices of the DC values considerable
reduced, but were still increased in comparison with
the contral ones (by 1.77). The DC level normaliza-
tion was registered to the 10th day of observations,

When comparing the MDA and DC level in the
dynamics of inflammatory process, it should be noted,
that more manifested changes were observed for the
final product indices of LPO processes.

The dynamics of the changes in the accomulation
of LPO initial products and MDA content testifies,
that duriug an inflammatory process the activation of
lipid free radical oxidation and development of an
oxidative stress occured.

The dynamics of the indices of average mass mole-
cules (AMM) in animals’ blood plasm with an experi-
mental inflimmatory process, given in the table,
shows, that in 6 hrs after the inflammatory process
modelling a considerable increase of the AMM indices
occured, The indices peak was to the 6th and 24th
observation hrs. In these controlled time intervals the
indices were increased in 5 and 4.8 thines correspond-
ingly in comparison with the indices of healthy rat’s
group.

In 3 observation days the AMM level in animals
blood plasm with an inflaimmatory process was by 24%
lower, then in the controlled time point — 6 hrs, but
in 2.13 times higher, than in healthy animals. After
10 observation dyas the AMM content made
0.11 + 0.0035 relative umits. that in 1.4 times higher,
then in healthy animals. Indices decrease from the
moment of control beginning up to the last controlled
point made 72%.

When treating an inflanamatory process by means
of CC it was revealed, that in 6 hrs the AMM level
was increased in 3,25 times. In the final observation
point (10 days) the AMM indices not differed from
the control values (healthy animals’ group).

The dynamics of the LDG cytoplasmatic enzyme
(Table) activity shows, that already in 6 observation
hrs after the inflammatory process modelling, enzyme
activity inereased in 2.3 times, in a day it was higher
(in 2.76 times in comparison with the control). Indi-
ces peak was recorded to the 3rd obscrvation day
(28.4% of the control indices). In a week the LDG
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(B 2,76 pasa 1o cpapHenuio ¢ kouTpoiem). Ik noka-
JaTeJel 3aperucTpupoBad Ha 3-u cyTKM HabmwoeHHi
(28,4% or KoHTpoabHbIX nokazaTeneit), Cnyers uege-
a0 aktusHocTs JI/ anauurensHo cHinkanach, xors
Bee enle Obla yeenimyeda B 1,5 pasa 1o CpasHeHui ¢
AKTHMBHOCTBLIO TPYNIBL 3A0POBLIX AMBOTHMX, Ha 10-e
¢YTKH Habmonennit oda Geina yBenunyena B 1,2 pasa.

Canenyer nogqepkuyTh, 4TO B CJIVYAAX KOHTPOJIHPO-
BAHUA MPH BOCHAIMTEABHOM [POLECCE HAYATLHOTD M
KoHeuyHoro 3ecHbeB nipotecca IOV, a raske MCM nuk
H3MEHEHUH OTMEe4anca B nepsble cyTEN Habmogeui, a
MaKcHManbian aktueHocTs JUI — na 3-1 cyrin,

IIpy HCHONLIOBAHMM B IPYIIC KPLIC € BOCHLIN-
TellbHbIM fipoueccoM KX ormeuscno, yro depea 6 cyr
akTenocts JIATD Goina yeenntieda B 2 pasa 1o cpas-
HCHHMIO € AKTHBHOCTBI) 3JJOPOBHIX KUBOTHLIX, Yepes
CYTKH nokazatenu axktueHocTh JUJIIT cocrasnanu
74,4% o1 noxasarencil B rpylille ¢ BLIZBAHHBIM BOCIA-
Jeunem, Couxenne akrusiocti epmenra JIJIT B au-
HAMUWKe NpH aewendn KX cocrasnsno B cpegiem 3%
B KaX/10H KOHTpoanpyemol ao 3-x cytox touke, HMc-
CACOBAHUE AKTUBHOCTH epmenta Ha 3-u CyTKM 110-
Kasajlo, 4TO JIe4eHHe BOCHAIUTeNbHoro npouecca KX
NO3ROAANO0 CHH3WUTL ee Bonee, ueMm B 2 pasa 1o cpae-
HEHHIO ¢ NOKA3ATEIAMH B IPYITIEC MHBOTILX Oe3 npu-
menenua KX. AkTuBiocTs (epMenTa ocTasajachk ia
3TOM € ypoBHe W depe3 7 ¢yt HabioaeHuit.

Mexons na BuILEH3NOKEHHOTO, MOXKHO CAENaTh
BoIBOJ, 4TO KX xopuona oxaswinaer adpexrinsnoe
BAMAHHE HA JHHAMMKY BOCCTAHOBJENHA AKTHUBHOCTH
unTomnasmaruicckoro depmenta JUIT.

Hoayuennusie akcHepUMeHTAJBHEIEC JAHHBIC O CTa-
Onmmanpyoulem addekre KX npu aeueHuu Bocrnaim-
TEJABHBIX TTPONECCOB Y KPLIC A10T OCHOBAHWE NPEAio-
Jqarath  €ro  BuIpameHHyi)  adheKTiBHOCTL  TIpH
JedeHny BocnannrTeneiblX sadoneBanuil B KIHHHYeC-
KOH NPaKTHKe,
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activity considerably reduced, though it was increased
in 1.5 times in comparison with the activity of healthy
animals’ group, to the 10th day it was increased in
1.2 times.

It should be pointed, that in the cases of controlling
of initial and final links of the L.LPO process during an
inflammatory process, as well as the AMM onc, the peak
of changes was observed in the first chservation day, and
the maximum LDG activity was to the 3rd day.

When using CC in rat's group with an inflamma-
tory process it has been revealed, that in 6 days the
LDG aciivity was increased in 2 times in comparison
with ucalthy animals’ activity. In a day the LDG
indices were 74.4% of the indices in the group with
caused inflammation. A reduction of LDG enzyme
activity in dynamics when treating by the CC in
average made 5% in each controlled points down to
3 days. Investigation of the enzyme activity to the 3rd
day showed, that the treatment of inflammatory proc-
ess by CC allowed to reduce it more than twice in
comparison with the indices in animals' group without
applying the CCP. Enzyme activity remained at the
same level even in 7 days of observations.

Due to mentioned above we can conclude, that the
CC affected efficiently the dynamics of activity recov-
ery of LDG cytoplasmatic enzyme,

Experimental data obtained on the CC stabilizing
effect when treating inflammatory processes in rats,
permit Lo suppose its manifested efficiency when treat-
ing inflammatory diseases in clinical practice.
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AudepeHIAHUE Ti/1Xi/{ 10 BUBYEHHA NOKA3HHUKIB
I'YMOPAJILHOIO aHTHTHPEOIJHOIO iMyHiTETY Y XBOpHX Ha AIT
MiC/IsA KPiOT€HHOTO JiKyBAHHA

0. 1. KAPAHEHLIEB, B. B. XA3IEB
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Differential Approach to the Study of Humoral Antithyroid
Indices After Cryogenic Treatment of the Patients
with Autoimmune Thyroiditis

YU. I. KARACHENTSEYV, V. V. KHAZIEV

Ukrainian Scientific Research Istitute for Pharmacotherapy of Endocrine Diseases (USRIPhED),
Kharkouv
/7

Buauanm DOKadHMEM ryYMOPAJLHOIO AHTHTHPEOITHOTO iMyHiTeTy ¥ XBopex Ha AIT ma pporazal 24 MicAlE MEAA TPAAMILHHKMX
MeTOMIB XIPYPriuHOro MiKYBaHeA Ta y koMmbigamnii 2 iATpaonepanifsmum MyasTHpOR2 TEHUM 103004 HUM KPIOBILT (IMIAK). Kpurepiem
poanogLTy Ha Murrpyo byao cnissigromesna T-xeanepu fﬁ?ﬂp&ﬂ)pu 23 ta <3 lopeaeHo, LN ONEPALIA BURIMKAE AORTOTPMBAT
NMO3KMTUBHI IMIHY ¥ CHOTEM F'YMOPATBAOID AHTHTHREOLIBROTO iIMyHITeTY; RoMbiramin onepanii i IMJIK npusoqrs 140 6iasiu no3uMTHRBOTC

IMYHOKOPMTYIOHOTO BILTHBY, 0coBNMBO Nepiimi pik CNOCTEPeXERHA; BKAIAH] 3MIHEM MAKTL Pi3Hl TEHASHII V ILATPYNax XB0pMX 3 PI3HKM
koedinearom T-xennepu/T-cynpecopy, B0 NIATEEPAMYE AOUIALHICTE TAKOrD mubepeinifiore poanogny.

Hayuaau nokazaTem ryMopafbLHOro anTHTHPeCHIHOMD MMMyRirTera ¥ bomsbx ¢ AWUT B rewenue 24 mecauen nocne TpaIMiMoOH-
HLIX METOA0E XMPYDPrHHECKOro Jederns 1 8 xoMBuHauMY ¢ HHTPAONEDAMMOHHBLIM MYNLTHHOKAALILIM QO3MPOBEHHLM KPUOBO3IERCT-
apem (MIMIK) Kpurepsem pazzenenms Ha noarpymmil Oeino cootHomenne T-xeanepsy/T-cynpeccopst >3 u < 3. [loxazano, yro
OrepalMa BLALIBAST QOATUBDEMEHHBIE NOANTHBHLE MAMEHEHMN B CHUTEME TYMOGPEILHOM GHTHTHDEOMIHOID MUMMYHHTe A, KoMDunauns
onepatuBaore gedennA u MMIK npusoanT k Gooee BIPpAMeHHOMY HMMMYHOROPPUIHPYIOLIEMY BAMAHMIO, ocoDeHHO NepBsUl rofg
HADMIONeHUA, YRASEHHLIE HAMEHOHMA MMOKYT DAIIHUHLIE TEHISHIMY B MOLrPYNIaR ¢ pasmmanm kosddummentom T-xenmnmepr /T-cyn-
PeCCOPh, W0 NOATEBEPMAAET EnecnOiPEIHOCTE TAKOM TMdpepeRURPOBARRONT paige e A

Humoral antithyroid immune indexes after ordinary surgical treatment and in combination with intracperating multifocal
dosage cryoaction (IMDC) for the patients with autoimmune thyroiditis during 24 month are studied. Criterion of patients’
subdivision was interrelation T-helpers/T-suppressors =3 and <3. It is shows that surgical operation causes long-term positive
changes in the humoral antithyroid immune system; combination of surgical treatment and IMDC causes more effective immune
modulate action especially during the first year of observation; such changes have definite tendencies in the subgroups with different
interrelation T-helpers/T-suppressers. Thus, such differential subdivision becomes expedient.

Ay‘]'ﬂimynunﬂ 1'|1]]m)‘1}1]:'r [AIT) FANTHUIAETHCHA HAH - Autoimmune lhj_.-’l’tlil“ﬁh {:!'L!T] has remained the
Biabll MOMMPeHUM 3aXBOPIOBAHHAM uMToBMAHOT 3a-  most spreaded thyroid gland (TG) disease: one of
nosu (I113): onua 3 10-30 nopocanx xinox xsopie na  10-30 adult women suffers from AIT [11]. The pecu-
AIT [11]. Oco6ansocti natorenesy AIT, siacyrnicts  Harities of AI'T pathogenesis, absence of efficient spe-

rb(beﬁ‘r“ﬂnu] ﬂnﬁ-upj[t}il.[[-m'j Tﬂpani']' | CKOaJTHHUH Xapak- cific 1hr:r;1py and Eﬂmp“fﬂtf_‘d character of the disease
rep nepebiry XBopoOn BUMaramTs nonyKy Hosux, na-  course demand the search for new, pathogenetically
TOre obrpyH; x_sacobip i nikysauns, substantiated methods of their treatment. For exam-

Hanpuxuan, 1o HMA KpioBnanB sk camoctiiumii  ple, a local eryoaction as an independent method or a
/MeTol abo CKIaA0Ba YacTHHA KoMOIHOBAIIOro aikysau-  part of a combined treatment is widely applied in a
na Habys 1MPOKOIro BUKOpUCTanHA B Meauunni, Bax-  medicine. Their immune modulating effect on a hu-
AMBUM eheKTOM JMOKAIBIOID 3aCTOCYBAHHA HaAHMab-  man organism |7, 10] is an important effect of a local
KMX TEMIEpaTyp BBaXaeTbes ix iMynomonymotoua ais  application of ultra-low temperatures. The method of
a opranism mwoamuu |7, 10]. Metoa inTpaonepauiii-  intraoperating multifocal dosage cryoaction during
HOro My awtHdhoKanbpHOTO A030Banoro Kpiosnausy npu  the AIT treatment with a surgical invasion, developed
;‘IiE}'BRHHi AlT » Hip}rprjt”iﬁ” BTPYHAHHAM, HKHH 1}[_}3- H_]'J.d C!ini{'ﬂ”}' I'.III'U"-"(_‘d mn Hurﬁiﬂﬂl d[‘r.li'lrlmt‘ﬂt f_'lf th{'
pobaeno Ta kiiniuno anpobosano B xipypriunomy sii-  USRIPhED proved its significant immune correcting
misrenni YepHIMES, nosis cpoio swauny imytoxopu-  effect [8]. Different clinical variants of the AIT (with-
ryiouy aito [8]. Pissi wainiumi sapiantu AIT (6ea  out disorder of thyroid function, its hypertrophic and
HOPYILEHHA THPeoiaHoi dyukuil, fioro rineprpodiuna  atrophic forms ete. [1]) require a differential approach

ta atpodiuna dopmu i T.n. [1]), puMaraots aude-  to the estimation of the dynamics of immunological
PEHUIHHOIO NIVIXO/AY A0 OMIHKH JMHAMIKKM IMYHONO- indices in patients with AIT after operation using
FiaHUX noxasuukis v xeopux Ha AT nicns onepawii  IMDC. An important criterion of division of total
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i3 3acrocysannam IMJIK. Baxausum xpurepiem pos-
IHOALY 3araisiol KLIBKOCTI XBOPHX Ha HUIIPYIH €,
Hanpukiaz, cnieiasomenua T-xeanepis/T-cynpeco-
pin (Tx/Tc) [2]. Ockinbku, Ha AyMKY OaraTbox KjiiHi-
LMCTIB, Ueil IMYHOPEryasaTOPHUA 1HAEKC BBaXKaeTbCHA
MATOEHETHYHO KII0YOBMM, HeoOXiHO BpaxoByBaTH
iforo npu ouinill edeKTHBHOCTI IMYHOKOPHTYRMOIO
BOAMBY B nponeci gikysands xsopux na AIT. Meroa
IMAK oyno sukopucrano npn aikysanui 56 xsopux
Ha AIT; kourponsHa rpyna — 50 Xpopux, cllepoBaHux

3a 3pM4aitno Metoankow. [Nokasanusvn 10 omepaiti |
Hynn: anaymi poamipu 306y, HOro BHpakeHu WIIBHICTL t

Ta NPOrpecyo4Hil picT, ABHILA CTHCKAIIIA OPranls Wni
Ta CEPEAOCTIHNA, OHKONOriYHa HacTopoxeHlcTs. One-
paiii BUKOHYBATHCA 38 opranosfeniranymM HpHHIIM-
noM: y 70% XBOpMX IPOBEACHA EKOHOMiA Pe3ekiis
HI3 3 obop'a3koBoid pesexuicio Nepellniika, v
pewmiTH — KinacudHa cyOrotanwHa pedexuia 113 3a

metoaukoio O. B, Hikonaesa [4]. Tlpn dopmysarini

naparpaxeanbHux qactox 1113 3 meToio subopy dyHk-
HIOHAJILHO HeVUIKOAMKEeHUX JNAHOK 1T napedxuMn nn-
KOpHCTOBYBaBcA cnocif cyBouepauiiitoro suanatcn-
Hs Bornuw nimMdoniasmonntapaol ivdigsrpauil 8]

Kpioamiikauii (1-5) npopoauaHes ABTOHOMEHM
KpiolHcTpyMeHTOM abo 3a AONMOMOroK CTalioOHAPHOTD
anapaty “Kpioenektponiga-2" 3a po3pobacHoo y kii-
Hiui MeToamKow [9].&" 7

Cran KNTHHHOTO IMYHITETY BH3NAYABCA 38 METOAOM ™)

0. O. Apumna [4]. Jna suanavenns T-nmimbouurs
BHKOPHCTOBYBABCA MeTod “CIIONTAHHOMD" PO3ETKD-
YTBOPeHHA 3 epuTpouTami Hapana, B-msdbdonuris —
3 epuTpouMTaMu Mumi 3a merogom londal M. y
moaudikaiii P. B. [lerpora [5]. Ilpu Hiﬂhliitliﬂh{$
BranavenHl B-mmdonuris, T-nimbounris ta ix nomy-
AAIH BUKOPUCTOBYBABCA GIHOKYAAPHMA MIKPOCKON
“JIOMO" (Pocia). Kiaskicrs Tx i Tc Buruanu 23a jo-
HOMOroK) HaBanTaxysadsHoro tecty [3]. KinskicHo
AHTHTHPEOIINT AHTHTIZIA BU3HAYANMCA TPHIALOM O
Tranol winsnocti “liarnoct” (Ykpaina) Ta ananisato-
poM imynodepvenTaum (ATD-11-01C, Binopyes) [6].

Peayabratu obpobreni MeronomM BapiauiiftHoi cTa-
THCTHKM Ha octioBl KpuTepiis Ctbioncnta-Mimepa ta
nporpamM  Microsoft Excel'97 (uporpamuuii nmaxer),
Microsoft FoxPro (version 2.5) i Statistica (ver-
sion J.0).

Busuenna auHaMmIK#  IMyHOJIOTIHHOIO  CTATYCY
6yno npoBeAeHo y ABOX rpymax xsopux Ha AIT: y
lepily (KOHTPOJIbHY) YBIHIWIAK MAIICHTH, SKI noTpe-
OyBa/IW 3BHYANHOTO XipYPrivHoro BTpyYaits, y Apyry
(ocHoBHY) — xBOopl, ¥ AKX onepauis Oyia BHKOHaHa
3 BUKOPHCTANHAM KpioTexHikn, CnocTepeikeHua npo-
BOAMAHCA 10 onepauil i yepea 3, 6, 12, 24 mic. ¥
Mekax KoxHol rpyny Oyau sugiteni asi nigrpynm: y
nepiiiit sBuxinni snavenHa koedinienta Tx/Tec Gyan

nopMaabiumu, To6T0 <3, y aApyrii ueil Iv:t}r:{biuifn'rz

Oys 2 3. Bupuanucs NOKa3HMKKU AK KWITHHHOL, TaK |

YMOPaJIbHOT MaHkM IMyHHOI cucremu. [Ipu ubomy o

ocoOnWBa yBara NPUIINANACS NOKA3HUKAM F'YMOPa/ib-
HOTO aHTHUTHPEOIAHOIO IMYHITETY — aHTHTIIaM Jd0 TH-

Hpobaemel kxpuobuonorus, 1999, Ne 4 6S

number of patients into subgroups is for example the
T-helpers/T-suppressors (Th/Ts) ratio [2]. Therefore
according to the view of many clinicians this immune
regulating index is considered as pathogenetically key
one, it is necessary to take it into consideration when
estimating the efficiency of immune correcting effect
in the treatment process of patients with AIT.

The IMDC method was applied when treating
56 patients with AIT, the control group was 50 pa-
tients, eperated according to traditional methods. In-
dications for the operation were: large sizes of goiter,
its manifested density and progressing growth, phe-
nomena of neck organ and mediastinum pressing, on-
cological watchfulness. Operations were conducted
according 1o organ preserving principle: in 70% pa-
tients an economic TG resection with obligatory isth-
mus resection, in the rest — classic subtotal resection
of TG was done according to the methods of
0. V. Nikolayev |4]. During the formation of paratra-
cheal TG parts with the aim of selection of function-
ally non damaged sites of its parenchyma, the way of
suboperational determination lymphoplasmocyte infil-
tration foci was applied [8].

Cryoapplications (1-5) were conducted by inde-
pendent cryoinstrument or by means of stationary
apparatus “Krioelektronika-2" according to developed
in ¢linical conditions methods [9].

The state of cellular immunity was defined by mean
so the method of O. O. Yarylin [4]. To determine
T-lymphocytes the method of “spontancous” rosette
formation with ram erythrocytes, B-lymphocytes —
with mouse erythrocytes by the method of londal M.
in modification of R. V. Petrov was used [5].

During quantitative determination of B-lympho-
cytes, T-lymphocytes and their population a binocular
microscope “LOMO" (Russia) was used. The number
of Th and Ts were studied by means of a loading test
[3]. Antithyroid antibodies were quantitatively deter-
mined by means of the device of optical density “Di-
agnost” (Ukraine) and immune-enzymic analysator |-
C-01C (Byelorus) [6].

The results were processed by the method of varia-
tional statistics on the basis of the Student-Fisher
criteria and Microsoft FoxPro (version 2.5) and Sta-
tistica (version 5.0) software.

Investigation of the dynamics of immunological
status was conducted in two groups of patients with
AI'T: the first (control) group comprised the patients,
who required a traditional surgical invasion, the sec-
ond (main) one — the patients who were operated
using cryotechnique. Observations were carried out
before operation and in 3, 6, 12, 24 months. Within
each group two subgroups were divided: in the first
one initial values of the Th/Ts coefficient were nor-
mal, that was <3, in the second one this coefficient
was > 3. The parameters both of cellular and humoral
links of immune system were examined. In this case a
special attention was paid to the indices of humoral
antithyroid immunity — antibodies to thyroglobulin
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peornodyaina (AT ae—FH) | anTurizaM 10 Mikpoco-
maibHoro anturena (AT 1o MC). Anania orpuManux
panux (tadn. 1. 2) susaBME, IO IMYHOJOTIUHI OKAa3-
HUKH, AK! JOCTEKYBAIMCA, HA NPOTA31 YOLOro Hepia-
ay cnoctepexenis 6ym gocuths vectabiabiumin Bpa-
XOBYIOMH  3HAYHY JIOBTOTPURAJICTE  CHOCTEPEKEHh
(2 poxu), aana obcrasuna ne Oyaa HeCOOAIBANOI,
OCKIJIBKH TIOKAIHUKH IMVYHITETY NUIHIAKTh 3aKOHO-
MIPHUM KOJAWBaniaM (Haupukaal, 1000BUM, Ce30n-
HHM Tolo). Braciliok Uboro 3icTaBACHHS AdHHX, SK]
XAPAKTENHAVIOTE CTAH FYMOPLIBIOIO IMYHITETY Ha
eTanax CrocTepeAReHHs, NDBUHHO NPOBOIMTHCH JInde-
penutitio. Ak 1 ouikyBanocs, pIsHULA ¥ TPYHAX NOMiK
naienraMin 3 Koepivientamn Tx/Te< 3 1 2 3 suasu-
JIACA IHAYHOI, WO MIATBEPAMAO JAOILALHICTL TAKOIL
HIAXOAY A0 aHAMI3Y 1IMX MACHBIB JIAHKX.

Jlns Ginbin geranpdol of'€KTHBI3ANT BKA3aHMX
JAHHX HeoOXIAHO VRAKUO BHBYATH BUXIAHI MOKasn-
KM ¥ BCIX NIATPYNax XBOPHX, HKI AOCJHIAXYBaIMCH,
Tak, 10 omepaiii inEKCH aHTHTI Y XBOPUX, #KI BiIHO-
cathes A0 nijarpyn 3 Tx/Te 2 3, Hyan Maiixe y nistopa
pa3n Meuull, vix v nigrpynax 3 Tx/Tc < 3. Ananoriv-
HH CTal BU3HAYABCA | Y NOAATBILE CTPOKK 06CTEXKENIA,
To0TO 3MIHK iHgekeis Oyiin OInbI MOBUTRHI ¥ XBOPHX
marpyn 3 Tx/Tc 2 3. B obox rpynax npocrexysaiocs
snaqde anmxenus inaexcis AT g0 TT ta MC 3 mini-

Tadbaumua 1

(Ab to TG) and antibodies to microsomal antigen (Ab
to MS). The analysis of obtained data (Table 1, 2)
revealed, that immunological indieces within the whole
observation period were quite non-stable. Taking into
account considerably long duration of observations
(2 years) this circumstance was not unexpected, since
the immunity indices did not subjected to regular
deviations (e.g. daily, seasonal ones ete). Due to this
fact the comparing of the data, characterizing the state
of humoral immunity at the observation stages, should
be differentially done. As it was expected, the differ-
ence in the groups between patients with the coeffi-
cients Th/Ts <3 and =3 occurred to be significant,
that confirmed the expediency of such an approach to
the analysis ol these data massifs,

For more detailed objectivity of the mentioned
data it is necessary to carefully examine the initial
indices in all subgroups of patients under study. Thus
before operation the antibodies indices in patients
referred to the subgroups with Th/Ts > 3 were almost
in 1.5 times lower, than in those with Th/Ts<3.
Similar state was found for more distant terms of
observation: 1.e. the changes in the indices were more
slow in patients of the subgroups with Th/Ts23. In
both groups a considerable reduction in the indices of
Ab to TG and MS with the minimization of their

Table 1

JImpamika 3mis DOKaZHUELS FYMOPaibLnoro agrTurupeciauoro imynitery y rpyuax xsopux va AlT (Tx/Te < 3), onepo-
BaMUX iz sactocysannam IMJ/IK i za aeuuaiinon MeToaMKoK

The dynamics of indices change of humoral antithyroid immune system in the patients’ group with AIT

(Th/Ts < 3), operated using the IMDC and traditional method

T s = _——— —_— .- —_ e

—— = Tl

KimexicTs [ToxaaEMK IHIEKCY aNTHTLI
I'pyna xsopux, CTPOX HArIALY xpopux  CTaTMCTHMEMA NOKATHMK Antibody index
FPatients group, term of observation F'élllli':tﬂ Statistical index 10 TT 20 MC
number . o TG i MS
T o —— e ¥ e 1 at — e AT TR S B L e e T
1. o onepauii a6 X185 0,68 0,03 0,69+ 0,03
Before the operation
2. 3 mic nican onepauii Ges IMIK .25 Y. 8% 0,48 - 0,04 0,47 + 0,04
3 months after the operation without IMDC Pes < 0,0l < 10,001
3. 6 mic nicas onepawii bea IMIAK 25 X=5X (1,54 + 0,05 0,48+ 0,05
6 months after the nperation without IMDC P, .s < {1,005 < (1,001
4. 12 wmic mena onepatii Gea IMAK 23 X 85X 0,44 £ 0,04 0,58+ 0,05
I 2 months after the operation without TMDC P i < oo < (1,01
2. 24 sie mcar onepanil Gea IMIAK 24 ¥- 5% 082+ 106 046 +0,04
24 mnonths after the operation without IMDC Py < 0,1 < 0,001
6. 3sic meas onepauii 3 IMIK 31 X+ 85X 0,44 = 0,03 0,40 £ 0,02
3 months after the operation using IMDC Pi g < 0.001 < 0,001
\ P. i > 0,1 | >0,1
7. 6 mic nican onepanii 3 IMIK 30 X+ SX 0314004 | 0322005
6 months after the operation using TMDC Py < 0,001 < 0,001
P < 0,001 < 0,01
8. 12 mic micas onepauii 3 IMJK 24 X SX 0,32 +0.03 0,22 = 0,04
12 months after the operation using IMDC P, s < 0,001 < 0,001
Py < 0,02 < 0,01
9. 24 mic nicaa onepaudi 3 IMJIK 28 X + 5X : 0,55 + 0,08 0,62 + 0,06
24 months after the operation using IMDC | P 4 ' > 0,1 I >0,
- s i i Pia < 0,02 s U

NMpumirka P — pocTomipHieTs PlaHvil. rRyn, wo NORiRHKNOTLeH.

s L

I SRS S e —— e S LR A AL S P e = EETE N

Note: P — statistical significance of the difference between groups, that were compared.
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Tabanun 2

JiMaamika smMid DOKAIHUKIB FYMOpansHOre anTurupeoignoro imyuitery y rpynax xsopux ua AlIT (Tx/Te = 3), onepo-

panux 13 sacrocysanpam IMJIK 1 3a spwualinow merogmkow

The dynamics of indices change of humoral antithyroid immune system in the patients’ group with AIT

(Th/Ts = 3), operated using the IMDC anr.l traditional melhﬂd

TN T T T

ul'hm:mtrh

Ipyna xBopmux, cCTPOK HACIRLY | XBOPMX

Patients group, term of observation | Patients' |
| number |
Sy e
1. o -mepaluu L 49
Before the operation
2. 3 wmic nicaa onepati 6es IMJIK 24
4 months afler the operation without INDC
3. 6 mic nicaa onepauil 6ea [IMJIK 20
6 months after the operation without IMDC
4. 12 mic nicas onepami Gea IMIK 4 |
12 months after the operation without IMDC :
5. 24 mic nicas onepanii Gea [IMJIK | 20
24 months after the operation without IMDC |
6. 3 wmic oicas onepanii a IMJIK 1| 23
3 months after the operation using IMDC ,
7. 6 sic micna onepaii 3 IMIK _ 24
6 months after the operation using IMDC
8. 12 uic micaa onepawnii 3 IMIRK . 21
12 months after the operation using IMDC
0. 24 mic micas onepatin 3 IMJIK ! 21 i

24 months after the operation using IMDC

L = | T - " Sl B — - E B e

Mpumitea P — 0CTORIPHICTS PISHHIL rpyn, WO DOPIBHKIOTLEA.

-

Tahle 2

CraTHOTHIHEN DOKG3HHE
Statistical index

[MoxainMy iIHIeRcy AHTHTL

ﬁnt:hmh’ mdt!:-r.

b (3] Tl buls) "b'EC
to TG to MS
X+5Xx 0,40 + 0,06 047 =005
X+5% (1,49 + (0,05 0,50 + 0,07
i, > 0,1 > 0,1
X+ SX 0,36 + 0,03 (0,27 = 0,02
P, > 0,1 < 0,001
X + 85X 0,36 + 0,02 0,41 +0,00
> 0,1 > (1,1
X+ 585X 0,65 +0,08 0,57 £ 0,04
P, < 0,02 < 0,05
X+5X 0,39 + 0,05 (0,48 + 0,08
A =>0,1 > 0,1
P, >0,1 >0,1
X+8X% 0,33+ 0,04 0.1 +0,07
Ps >0,1 < {),05
P >0,1 =0,1
X+5X% 0,27 + 0,02 0,30 = 0,01
(- < 1,05 < 1,05
P < 0,01 < 1,01
X+5% 0,46 + 0,04 0,42 = 0,03
P > 0,1 > 0,1
Pag B T, (S

Note: P — statistical significance of the difference between groups, that were compared.

Mi3alll€wn IX 3naueHs NIpH cnocTtepexeddl 6 1 12 mic.
Ane qepes 2 poku nicns onepaull 3HOBY BLAMIMEHO
INABHIENNS IAX [0OKasHHKIB, 0CcoO/JMBO BUpadie y
KOHTPOLHIA IPyIi XBOPHX.

Hepea 2 poky nichs XipyprisHoro BTPyYanis y Xso-
PHX 3 MEHWIHUMM NOPYHIEHHAMU V CUCTEM] IMVYIHOIO
Harnagy (marpynu 3 Tx,/Tc < 3) kiibKiCHI 3HA4CHIHA
HAEKCIB AHTHTHPEOTIHNX AHTHTLN SHAYHO HePeBUilYy-

BAJIM TIOKA3HMKK ¥ XBopux miarpyn 3 Tx,/Te > 3. Moxk-"

JNHBO, TAKY PI3HHLI0 MOXHA NOSCHWTH THM, IO Y XBO-
pux nigepyn 3 Tx/Tce<3 ayroimynn  rpouecu
BIAOYBAIOTLCA NEPEBaXHO 33 PAXYHOK Ty MupaZibHOI
NAHKH IMYHITeTY, a ¥ niarpynax a Tx/Te 23 — nepe-
BaXHO 3a paxyHox poaaaiis v T-iivnisil cdereMmi
IMYHIOTO HarJTALy.

LHlono pisHuis Mik KOHTPOARHOK 1| pobouoK) TpY--

MNaMu, TO HA TIF{]T.FEHi YChOTO CTDOKY ﬂlﬁ'l'.‘TE}HEHIIH BH3-
Hauataca OLAbII CHpUAITAMBA JIMHAMIK2 1IMX TOKa3-
HUKIB Y XBODHX, ONEPOBAHMX 3 RHKOPHCTAHHAM

IM/AK. Tak, onucade siie mHaABMINEHHSA 1HICKCIBN

AHTHTL 4ePe3 /1Ba POKM MAE 3HAMHY KiJIbKICHY pidnm-
IO ¥ LMX rpynax: akmo nicas sukopuctadHs IMJIK
cepensl 3nadeHHA injescis antutia o TT 1 MC anwme
HabyiaH BHXIAHMX 3HaueHb abo 3aNMIIMIHCH MEHIIN-
MH, TO ¥ XBOPHX, OIICPOBAHMX 34 3BHYAHHOK METOIH-
KO, BOHM TCPEBMHLYBaAK BMXiLHi 3Hauyensa y 16
(AT no TT) i 1,2 paan (AT no MC) y nijrpyni 3

IIpofaeme xprobuonoris, 1299, Ne 4

values with the observation terms of 6 and 12 months
was found. However in 2 years after operation it was
again revealed an increase in these indices, especially
manifested in the control group of patients. In 2 years
after surgical invasion in the patients with less disor-
ders in the system of immune monitoring(subgroups
with Th/Ts < 3) the quantitative values of the indices
of antithyroid antibodies significantly exceeded the
indices in the patients of subgroups with Th/Ts=>3.
Probably this difference can be explained by the fact
that in patients of the subgroups with Th/Ts<3
autoimmune processes occur mainly due to humoral
link of immunity, and in the subgroups with
Th/Ts 23 — generally due to the impairments in T-
cellular system of immune monitoring.

As for the differences between the control and
experimental groups, more favourable dynamics of
these indices in patients operated using IMDC was
noted. Thus described above increase in the indices of
antibodies in 2 years has a significant quantitative
difference in these groups: if after application of
IMDC average values of the indices of antibodies to
TG and MS only reached initial values or remained
lower, than in the patients operated by means of a
common method, they exceeded initial values in 1.6
(Ab to TG) and 1.2 times (Ab to MS) in the subgroup

Problems of cryobiology, 1999, Ne 4



Tx/Tc23 ra y 1.2 paau (AT no MC) y miarpyni 3
1z Te<3§,
o — TakuM YHHOM, XipypriuHe BTPYHanns Nnpu JiKy-
a1 AlT BHKAMKae FoBroTpuBani aMinK rymopais-
Oro aHTHTHpeoianoro iMyHiTeTy. liTpaoncpaiiiine
Kpiorenne Jjikysanua npu AlT mae sHaunnil imyHo-
KOPHI'YIOUHH BIJIMB Ha 3MinCIMH BUHACHI0K XBOpoOH
TYMOPILHHH AHTHTUPEOT LN IMYHITET, NPH ILOMY
HAHOLTBI BMPA3HI MOBUTHBHL 3MIHM IMYHOJOITYHHX
MOKA3HMKIB CIIOCTEPITAKOTLCA ¥ Hepiini pik nicas xi-
pypriutoro srpysanns. Brasam aMminm MaoTh pissi
TeHACHWIT v niarpynax Xsopux 3 xoediieHraMu ciis-
pivowenua Tx/Te <31 Tx/Te 2 3, no nigrsepaxye
JOULIBHICTD TAKOTO AHQEPEHUIHHOIC PO3NoLIy npH
BHBYEHH] JIHHAMIKH CTAHY I'YMODAJIBHOID aHTHTHpe-
OIIHOrO IMYBITETY.
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with Th/Ts 23 and in 1.2 times (Ab to MS) in the
subgroup with Th/Ts < 3.

Thus surgical invasion when treating AIT causes
long-term changes of humoral antithyroid immunity.
Intracperational eryogenic treatment at AIT has sig-
nificant immune correcting effect on the change due
to the discase humoral antithyroid immunity, in this
case the most manifested positive changes in immu-
nological indices arc observed in the first year after
surgical invasion. The mentioned changes have differ-
ent tendencies in subgroups of patients with ratio
coefficients Th/Ts <3 and Th/Ts >3, that confirms
the expediency of such differential division when
studying the dynamics of humoral antithyroid immu-
nity state.
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BiaMsHHE TPAHCIVIAHTALMH KPHOKOHCEPBHPOBAHHOH
eToTecTUKYIAPHOM TKAHH YEJI0BEKA HA PYHKIIHOHAIBHOE
COCTOSAHUE PENPOJYKTUBHOM CHCTEMBI IIPH HEKOTOPHIX
dopMax MYKCKOIO 6€CIUTOHS
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Effect of Human Fetotesticular Tissue Transplantation
on Functional State of Reproductive System at Some Male
Infertility Forms

V. . GRISCHENRKO, V. A. KEROS

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

V. A. BONDARENKO
Ukrainian R&D Institute of Pharmacotherapy of Endocrinic Diseases, Kharkouv

lloxKasana THNAMMKS OCHOBH KX TIOKAZATCACH HH AP HOH CHCTEMBE CNEPMOrpasMM Y MYyHRUHH C HEKDTODI MM mLII}HﬂMH DCeCTLIOLNA
MOCAC TPANCIIAHTAIMK KPHOKOUCEDERDORAHHOH (DUETOTECTUEYIHPHOH TKAIH Yel0BeKa (KoTT Y) r aMHHOTHIeCKOR ofououke,

llokazana aMHamMika OCHOBHHX NMOKASHMKIE il I_UH'FIHHHEI:I CHCTCMH | CHICDMOTDAM ¥V “OJIOBIKIB 3 J.I,LHKI-!HH ﬂlﬂ'-l-DH:iMH feanianocTi nicas
TPANCILAGNTALl KPIOKONCEPHOBAROT (ETOTECTHRYPHOT TKanninn moaniin {KOTTI) s asiioriinii oo

Dynamics of main indices of endocrinic system and spermograms in men with some infertility forms after transplantations of
cryvopreserved human fetotesticular tissue in amniotic membrane has been shown (CHEFTT)

OanuM 13 METO0B KOppeKlHH aHaporenacduuuT-
HbIX COCTOSHHH Y MYAHHH ABJHCTCH TPAaHCITAHTALNA
TEKAHH, KNEeTOYHbLIX I{}F.?lhT}"EL Jl H{}I.t]]'r-‘im"IHBETDE H TEAHCBLIX
JRCTPAKTOB CEMCHHHKOR AHBOTHAIX I TLNOJ0B YEN0OBCKA.
[Tokazano [4], 4ro ansoTpaHcnAaHTauMs (PeTanbHOIO
AHYKA HA apTEPHAILHO-BEHOAHON HOMKKC MANLYHKAM C
NEPBHYHLIM HITOIOHAIH3MOM CTHMVIHPOBAIA [1IOJIOBOE
passuTie. Mcnonnsosanme kynstypnt kierok Jledamra
HOBODOAWJICHHEIX JIOROCAT Y JHL C FHIIOPOHEIH3MOM
NPUBOJIHIO K YVBOIMEHHD YpUBHH MYARCKOM: NoOMOBOrG
FOPMOHA W VJIVHIIeHHIO cnepMaToredHoll gyukumy |5,
6]. Oauaxko 3m4 uccnenopanusa OblIM NpOBeNeHbl ¢
MPUMEHEHNEM HATHBHBIX TKaHel. /latnbie 06 Henonbso-
BAlMH B KIMHHYECKOH NPAKTHKE TPaHCIIAHTAllHH KPHo-
HE}H{TE‘[}HHF}UEEHHHH TEaHH CEMEHHHREDR TULIDADR YEIOBE-
Kd B JOCTYITHOH Ham JUTepatype oTeyTerByior. B cesan
¢ 3THM 0colblii HHTEPeC NPeICTARIAIO H3YMEHHe BIWS-
HuA Metosa TpadcrianTaun KOTTY, paspaborannoro
B MTIKuK ITAHY [1], na dyuxumonansioe cocroanne
P!‘.HIIJ{'IH}'HTHBHI}H CHCTEeME] Y JHL MYAKCKOTI'D T0OJd.

MparMeHTs! TKAHKM CEMEHHUKOB T1040B MVYAKCKOro
noJjia, NoJy4eHHLle B peayabtate npepsiBaiua Gepe-
meHHOCTH (16-20 Hepens recraimi) No COUMHATBHBIM
H MeJHUHHCKHM IIOKa3aEHAM B YCOIOBHAX MMHEROO-
FrTHYeCcKOToD C'!.'Elﬂlit]l-lﬁpﬂ1 MOC/IC 3aMOPAARHBAHHA-OTTd-

[Npobanemul kpuobuonoris, 1999, No 4

One of the methods for the correction of androgen-
deficient states in men is the transplantation of tissue,
cellular structures, lyophilization products and tissues
extractions of animal’'s and human testes. It has been
shown [4], that allotransplantation of fetal testis on
arterial-venous stem to the boys with a primary hypo-
gonadism stimulated a sexual development. The usage
of Leydig's cell cultures of new born piglets in the per-
sons with hypogonadism resulted into an increase of the
level of male sexual hormone and improvement of sper-
matogenic function [5, 6]. However these studies were
conducted using native tissues. There are no available
data on the application in clinical practice of human fetal
testes cryopreserved tissue transplantation. In this con-
nection the study of the effect of the CHFTT transplan-
tation method, developed at the Institute for Problems
of Cryobiology & Cryomedicine of the National Acade-
my of Sciences of the Ukraine (1PC&C), on a functional
state of reproductive system in men, was of a special
interest [1].

Tissue fragments of male fetus testes, obtained in
the result of pregnancy interruption (16-20 weeks of
gestation term) according to social and medical indi-
cations under conditions of gynaecological in-patient
clinical hospital after the freeze-thawing on the pro-
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MBaHUA 1o nporpamme, paspaborannoit 8 UITKuK
HAHY [3), Opi1n norpyxens B aMIHOTHYECKY0 060-
JOYKY ¥ B VCIOBHAX ONEPAlHOliHON TPAHCIIAHTHPO-
BaHbi B MOAKOMHO-KHPOBYIO KJIETHATKY 7 MYKIHHAM
B Boapacte ot 22 g0 39 ner, KoTopbeie COCTOMAM B
becnnoanom OGpake Bonee 2-x sier, Tipn M3yuyeHHN
AHAMHECCTHYECKHXY JalHuIX, ﬂﬂ]’]ﬂMETpDB HHHI}UJIDI'H‘
HEeCKOTO CTATYCA, KBANTINDHMKAUHONHOW DUeHKH CTEneHM
MOJOBOTO PAZBUITHA [ 2], COCTOAMMA NIPEACTATEIRHOH Ke-
JC3bI K TOPMOHAIBLHOIO CTATYCA OhJIO BHIABICHO ¥ 1-10
OOIBHOTO NEPBUYHBIR npenyGepTaTHRIA FUIIOrOHATIHIM
€ BBHIDAKEHHOH TUMOTAa3HeH ceMeHHMKOB, v l-ro —
ROCTHYOCPTATHYIO THIONIA3NIO JCBOTO AMMKA KaK CIC/-
CTBME TEPEHECEHHOTD OCTPOND OPXHAMTWIMAMMMTA ¢
ofaHTepaurei UpHAATKA CEMEHHMKA cnpasa, v 5 0oJb-
HEIX — MAHoNaTHHecKoe Decrinoame (OTCYTCTBHE MpPH-
3HAKOB M'MIOTOHAAKIMA, KAKKX-THGO nocTabAsiMOHEbIX
NOPAXCHAN MAH BOCHAMHTENbHLIX 3abonenannit vogo-
BLIX oprartos). ¥ Beex DOABHBIX A0 TPAHCHAHTAIIMH
KDTTY 5 amunoTHYecKoi 060J0Ke 1 NOCAe Hee uepes
1 menemo, 1 v 2 Mecsia U3YHYAIOCh CONACPMKAHWE YPOB-
Heit Tecrocrepona (1), doamkyrocTEMyaHpYIONIEro
(OCT)y u motennuaupyiowero (JII) ropMosos B cbiBo-
POTKE KPOBH MMMYHOMDEPMEHTHBIM METOMNOM.

HuHamMuyecKkoe HccneoBaHKe KOJMHEeCTBEHHBIX H
KaueCcTBENHBIX lI0KasaTe el CIIePMOrpaMM 1poH3so-
aniock no obuwenpuuatoi Metoanke [7]. 3abopsr asi-
KyAATa NPOBOAHIHCH TOCHe H-THEBHOH CeKeyanbHoM
abCTHHEHIINK 10 UMILJaHTAaINY W yepes | u 2 Mecaua
nocie Hee.

B kauecTBe KOHTpONA cayxuan 20 npakTHYECKH
3NOPOBRIX MYKYHH B Bo3pacte 23-35 neT, uMennux
B Gpake JeTCH.

OcHOBHOH HENBID NPUMEHEHUA TPAHCILIATALMH

KOTTY spaserca BoCNoAHEHHE HEAOCTAIGIIETD KO-
JAUYECTBA MYMKCKOIO NOJOBOTD FOPMOHA B OPraBHaMe
Goasioro, Tlosromy oanoil K3 3aat Haluero HCeaeo-
BaHuA On10 penieHwe BONpoca, Kakum obpasom yka-
3aHHBIH METOA TepanmHM H3MEHACT YPOBHM TCCTOCTe-
POHA B CHIBOPOTKE KPOBN HA NPOTAARCHUK Buibpaniioro
nepuona Habmoaenua. M3 pucyHka, Ha KOTODPOM Npeji-
CTaBJAeHB! JaHUBIE 3TOH YacTh paboThl, BUAHO, MTO ViKe
yepes 1 negento nocae tpacnnantanun KOTTY or-
MEHACTCH TCHOACHIMA K [NDBBILEHWE) TECTOCTCPOHA B
ChiBOPOTKE KPOBM, HOCTHIAKOHIAM CBOCTO MaKCHMyMa
qeped | Mecsil ¥ coxpaHsoiasca npubanauTennio Ha
2TOM ypoBHe A0 2-x mecaues. Cpeliue 3HaYeHUA Tec-
TOCTEPOHA Kak Yepes 1, Taxk ¥ vepea 2 Mecsita nocne
TPAHCILIAHTANMHY Be OTMHYaauCh OT NGRAZATENEH, Xa-
PAKTEPHBLIX Ui NpakTHMeckKy 3a0posnix aul. Bee ato
CBHJIETENhCTBYET O TOM, HTO KAK MMHUMYM Ha 1IPOTH-
KEHUH 2-X MECSIEB OTMeYaeTca aiaporeHKoOMIIeHCH-
pywoutee Baranue Tpancmaanatara KDOTTY ua opra-

‘*‘"Jr & #

gram, developed at the IPC&C [3] were placed into
amniotic membrane and under conditions of opera-
tional room were transplanted into subcutaneous fat
to 7 men in the age range from 22 to 39 years, those
were infertile during their marriage within 2 years.
When studying anamnesis data, parameters of an-
drological status with the investigation of quantitative
estimation of the degree of sexual development [2],
the state of prostate and hormonal status was revealed
in one patient a primary prepubertant hypogonadism
with manifested testes hypoplasia in one patient -
post-pithertant left testis hypoplasia, as the conse-
quence of survived an acute orchoepididymitis with
obliteration of testis epididymis on the right and in
five patients — idiopatic infertility {the absence of
hypogonadism signs, any postablational damages or
inflammatory discases of genitals). The study of the
testosterone levels content, follicle stimulating (FSH)
and luteinizing hormone (LH)in blood serum by means
of immune cnzymic method was accomplished to all
patients before the CHFTT in amnpiotic membrane
transplantation and in one week, 1 and 2 months after
it. Dynamic study of qualitative and quantitative indices
of spermograms was carried-out according ro common
methods [3). Ejaculate harvesting was done after five
days’ sexual abstinence before inplantation and after |
and 2 months after it. 20 practically healthy men in the
age of 23-35 years old having children in their marriages
served as the control.

The main aim of CHFTT transplantarion applica-
tion is replenishment of insufficient quantity of male
sexual hormone in a patient’s organism. Thercfore one
of the tasks of our study was to solve the question in
what way the mentioned therapy method changed the
levels of testosterone in blood serum within the cho-
sen observation period. The data of this part of the
work are presented in the figure, from where one can
sce, that even in one week after CHFTT transplanta-
tion there is a tendency to an increase in testosterone
in blood serum reaching its maximum in one month
and keeping approximately at this level up to
2 months. Mean values of testosterone both in 1 and
2 months after transplantation did not differ from the
indices, characteristic for practically healthy persons.
All this testifies to the fact that at least within two
months  androgencompensating  eftece of CHFTT
transplant on a male organism is noted. Taking this
fact into account it would be interesting to trace how
the rising in spermatogencsis main regulatory hor-
mone, testosterone, affect che indices of spermograms

i in]’.hllil!.rl WAMOCHOHWRA CPUAHX aHaqe FEHH 180 TO0 TEMIHS 8l BOPMOT

TPANCTINAH TAIUNK
WAMCHOHMA 9o
WOHTROG, Lo - YRIEEH L

KDOTTY (M-m)y 1 - nexonsese gannwe 2, 3 4
| Heteam, 1 w2 mecsna coorpercrsenio; Il -
TECTOCTCpONA ¥ GUAbLHEEX.

? KB H 7 {lﬁt ACAYEMEIX MYEYHIE (WX BAHAHIHOM

The charzcter of changes i testosterone mean values in Dlood seran of
7 examined men under CHFTT transplamiation (M £ m): 1 — iniviai datz;

2,34 - in 1 week, in 1 month, 10 2 months, correspondingly. Il - con-
1 trol; 0 testosterone levels in patients.
[Tpobnemsbl xpuobnonoruy, 1999, No 4 74 Problems of cryobinlogy, 1959, Ne 4
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HU3M MYAKYHHDBL YulTbiBad 910, HHTEepecho bbiio npo-
CJAEANTH, KakiM 00pasoM TOABCM OCHOBHOIO peryJis-
TOPHOI'O rOpMOHa CHEPMATOICIIC3a TCCTOCTEPOIA BJH-
ST Ha [OKA3ATENH CIepMorpaMM y obciaenyeMalx
namy BoabHEX. Cruepmaronorndeckoe obcneaosBatme
A0 TPAHCILIAHTALMY BHABUNO ¥ 2-X OOAbHBIX a300cC-
nepmuio, v 3-x — onurosoocnepmuio 111 crenesn v v
2-x — oawrosococnepmuio 11 crenenm. Tlposeneunan
rpancnanTaiina KOTTY ne uamennna napamerpu
CHIEPMOrpaMM Vv JIHIL € a3gochepMuei, na uto Oblio
IPYAHO HAAEATHCH, YYHTLIBAS HAJNMYHC BHIPAKCHHOH
MMNONJIA3MH CEMEHHUKOB, a Takke ohHTYpPalMOHHOIO
fecninonua. B cBsan ¢ 9THM HAMM BLISCHANACH HHA-
MHKa CNepMorpaMm y J JHIl € HAHONaTHYCCKON OJTH-
rozoocnepmuein. Mo ananManposann xapaktep HaMme-
nenuit yposueid T, MCT w JIT v gaHHoOTO KOHTHHTCHTA
NI, a Take nokasareau cnepmorpamy (rabsmia).
[Ipn atoMm oTMevwanach Ta ®e TeHACHIUMA HIMCHEHUH
yposus T, uto 1 B o€l FPYNne, ¢ MaKCHMaTbhH LM
€ro NnoBHIIEHHEM B ChIBOPOTKE KPOBH “eped 1 mecsau
NoCae TpaHCIIAHTANK ¥ COXPAHEHHCM 3TOr0 YPOBHH
Ao 2-x mecaien. Cregyet orMeTHTh, 4T0, HECMOTPA Ha
yseanuenne T, xak cpennue anaycnud OCT, rak w JIT
HA TPOTSKEHHN BCEro lepuoia nabmoaeHuil cyniect-
BEHTIO HE OTWYAJAMCh OT MCXO/{HLIX JAHHBLIX, CPCIHME
3HAYEHMA KOTOPBIX COOTBETCTBOBAIM  KOHTPOJIO.
Takas AHHAMHKA TOPMOHA/ABHBIX TOKA3ATENEH JaeT
OCHOBAHWE MPEANTOJIOKNTE, YTO TPAHCIIAHTAIINN
KOTTYH smuam mMyikcekoro nota crocoberByer Hop-
MANW3ALMK TECTOCTEPOHEMMH, HE BJAMAA [IPH 3TOM
CYHIECTBEHHO Ha TOHAA0TPONHYK PyHKINIO rHinodin-
34, YTO XApPakTEPHO 1A KIACCHYCCKOI aHAPUICHO-
Tepanuy [1].

AHAIM3 NOKA3aTeIeH CEePMOrPAMM Y JHLL ¢ HOP-
MOTOHAJLOTPONHOI  OJIMID300CHEPMHCA depea | u
2 Mmecana nocne rpadciiadTammy KMOTTYH swmasun

onpefeneHnyio UxX aHHamMuky. Yepea | mecau He or-

in the patients we studied. Spermatological examina-
tion before transplantation revealed azoospermia in
2 patients, the ITIrd grade oligospermia in 3 patients
and the lInd grade oligozoospermia in 2 patients.
Conducted CHFTT transplantation did not change
the parameters of spermograms in persons with
azoospermia, that was difficult to be expected, taking
into consideration the presence of manifested testes
hypoplasia, as well as obturational infertility. In this
connection we elucidated the dynamics of spermo-
grams in persons with idiopathic oligozoospermia. We
analysed the character of the level changes in testos-
terone, FSH, LH in given persons, as well as the
indices of spermograms (Table). In this case the same
tendency of the changes of testosterone levels, that in
a general group with their maximum exceeding in a
blood serum in 1 month after transplantation and
keeping this level up to 2 months was found. It should
be noted that in spite of testosterone increase both
average values of FSH and LH during the whole
observation period significantly did not differ from
initial data, mean values of those corresponded to the
control. This dynamics of hormonal indices allows to
suppose, that CHFFT transplantation to men contrib-
utes to a normalization of testosteronemia, not affect-
ing in this case considerably gonadotropic function of
hypophysis, that is characteristic for a classical andro-
genotherapy [1).

The analysis of spermogram indices in persons with
normogonadotropic oligozoospermia in 1 and 2 months
after CHFFT transplantation revealed their certain
dynamics. In | month no significant increase in the
number of spermatozoa in 1 ml of ¢jaculate was noted,

AnHaMuKka rOpMOHANEHIIX NOKASATEACH M NApaAMETPOB CACPMOrpaMm y 5 obcaeayeMbiXx MYUYME ¢ OJUFOCTICPMMEH

nmoa Bausnuesm Tpadcnaantamm DTTY (M £ m)

Dynamics of hormonal indices and parameters of spermograms in 5 men being examined with oligospermia under

HFFT transplantation effect (M +m)

k= — L =

- - e r———— u T — - i

- ick.y _r_._-l-r'!--\.- T TERCT—
Bpemn nafimonenns |
Obzervation time ! Hannbie
Mecneayemsie ToKazaTean Mexomsne | ' ! o | RONTPONBRORN
Studied indices SRR Hepea 1 negemo| Hepes 1 mecry | Yepes 2 mecana YL
laitiel indioas in | week in I month in Zmonths | Contro! group data
TecTocTepon, HMOAL /N - ; TA4x15 | 10,6 4_-_1.*.1_ RS lir,l-:_i",-ﬁ 19.04£23 1911 1,1
Testosterone, nM /| | | Pya <0l P, ;<005 P, , <0,05
dCT, MEx,/mn | 49+14 1.6 + 1,0 4,4 +0.8 4,509 4,2 +0,4
FSH, Munil /ml | P, <003 p, <005 p, , <0,05
JIT', MEa/ma 36 +1.1 30%l1.1 33107 ot 2,0 4605
LH, Munit /ml p, , <005 P, 4 < 0,05 P, <005 |
KommecTso 3AKYAATA, M [ 28207 36410 3.4+08 i 44+03
Ejaculate quantity P, 5 < 0,05 P, , < 0,05
Kommectso criepMaTo3ongoRr 8 1w, som 9.1+4.0 14 8B+6,2 256+862 73,3+ 5,2
Spermatozoa number in | ml, min | p.>005 | p, <005 |
lIpotesT aKTHBHO NOIBMHKHLIX hopMm 0+ 5.4 - 255+15 27,7494 a0t 22
Percentage of actively motile forms | P4 <005 Py <005
[IpouenT nogsuscHbix dhopm 21,2497 t 47,7+9.4 389+77 720+t14
Percentage of motile forms i Py <005 | p, <001
[TpoueHT NATOMOrMHEC KM MIMeHEHHEX (hopM od4+133 | 440%105 300+4.1 187+14
Percentage of pathologicallychangedforms |__ . . 1 p,3=<005 | p_ <0l , T
Tpuseaanne. p — JOCTOREPHOCT: PAINHUMA NOKE3ATENER
Note: p — statistically significant differences in indices.
ITpobaemer xpuobuonorun, 1999, No 4 0 Problems of cryobioiogy, 1994, Ne 4



MEYATTOCH CFHIE'E'TH-EH HOMD VBEJHYMCHHA KOMHYCCTBA
CHEPMMEB B 1 MJ1 9AKYAATA, XOTH HPH 5TOM BOIPACTA
NPOLUEHT CPEHUX 3HAueHuit Kax obulero uMcna no-
JIBMKHBIX, TAK M aKTHBHO NOABHAHLIX WX chopm. B 10
Ke BpPEMHA 4Yeped 2 MecHla nocae TPAHCIUIanTalMn
CTATHCTHYECKH AOCTOBCPHO YBUJIH'ITHBAJTOCH CPEJIHEC
dHAYEHHEe KOJMHJYeCcTBa CrepMHeB B I MA HHHFRHTH
(p <0,05) Ha doHe 3HAYUTENLHOIC BO3PACTAHNS BCEX
ux noasuanwx dops (p < 0,01), Kotopble He oTiaHYa-
JIHCB OT CPEAHUX BEJIMYHH, XEDAKTEPHBIX /1A TIPAKTH-
4eckH 3n0posnix auni (p = 0,03).

Cihenyer Takike OTMETHTB, 4TO depes 2 Mecala
nocae TpadciaanTaunn KMOTTY ormeuanacs renaen-
UHA K YMEHDBLIEHHUIO NMPOLEHTA NATON0IHYECKH H3Me-
HeHHBIX dopm cnepmaTosonaos (p = 0,1).

Takum obpazom, rpaucinantaiins KOTTY aunam
M}"}I{{'Kﬂfﬁ evra ¢ ﬁ”ﬂ]:lﬂf‘fﬁ.'lf'd)”llﬁﬂ]hlﬂ-ﬂl COCTOAIIMNA-
MH CIOCODCTBYCT NOCTENEHHOMY [0ABEMY YDPOBHEN
MYACKOIO NOJIOBOIO rOpMOHA ChIBOPOTKM KPOBW € MaK-
CHMAJIBHBIMY €10 1T0KA3ATE/IAMH Ha YPOBHE (PU3N0I0TH-
YECKOM HOpMBbI deped | Mecsl M NOUICPKaHMM ITHX
BE/IHYMH HAa NPOTAKEHHH KAK MHHHMYM 2-X Mecsles
(Bpems mcenenosanus). Boapactanie B ChlBOpOTKe
KPOBH TeCTOCTEpPOHA HpH HOPMOTOHATOTDOITHOM CEKPe-
ropiomM Gecnomuu noche Tpanciantaidy KOTTY
CYILECTBEHHO He BauseT Ha yposuu JIT u OCT,

Tpancnnantauus KOTTY obnanaer cTuMyJiMpy-
UMM BAMAHMEM Ha CHEPMATOTeHHYIO (PYIKIHIO
AHYEK Y JIHIL € HOPMOTOHAZOTPOITHOH OJINTO300CIED-
muen I1-1I1 crenenn.

,;!T,I.-'IH ﬁﬁ_-'lEE ACTATBHOIO BHIACHCHMA XAPaKTeEPd Ha-
MEHEHHUH (VHKUHOHANBHOIO COCTOAHMA DPEIPOAYK-
THBHOH CHCTEMBI Y JIML MYXKCKOIO 0JA N0/ BIANSAHH-
eM Tparcnaantaguy KOTTY, B Tom yncie n B boaee
OTAAJeHble CPOKY, TPeOyIOTes JA0NOJAHNTENbHBIE HC-
CHNeJOBAHHA.
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although in this case the percentage of average values
of both total number of motile and actively moving
their forms enhanced. At the same time in 2 months
after transplantation an average value of the number
of spermatozoa in 1 ml of ejaculate (p <0.03) in-
creased statistically true on the background of signifi-
cant increase in all their motile forms (p < 0.01), that
did not differ from mean wvalues, characteristic for
practically healthy persons (p > 0.05).

It should be also noted that in 2 months after the
CHFFT transplantation, there was a tendency to a
reduction of the percentage of pathologically changed
spermatozoa forms (p = 0.1).

Thus, transplantation of CHFTT to the men with
androgendeficient states contributes to a gradual in-
crease in the levels of male sexual hormone of blood
serum with its maximum indices at level of physiologi-
cal norm level in 1 month and keeping these values
within at least 2 months (investigation time). An in-
crease of testosterone in blood serum at normogo-
nadotropic secretory infertility after the CHFFT
transplantation significantly does not affect the levels
of LH and FSH.

The CHFFT transplantation has a stimulating ef-
fect on spermatogenic function of testes in persons
with normogonadotropic oligozoospermia of the 11-
I11 grade.

Additional studies are necessary for more detailed
elucidation of the character of changes in functional
state of reproductive system in men under the CHFFT
transplantation effect including more distant terms.
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OCMOTHYECKOE NMOBEAEHHE 3MOPHUOHOB MBIIIIH B PACTBOPax
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0. . XPOMEHRKOBA, E. 1. CMOJILAHHUHOBA, JI. A. XAHWUHA
Hucrmumym npobaem kpuobuonozuu u kpuomeduyuritt HAH Ykpaunst, 2. Xapukos

Osmotic Behavior of Mice Embryos in Glycerol
and its Oxyethylated Derivative Solutions

0. B. KHROMENKOVA, E. . SMOLYANINOVA, L. A. KHANINA

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

Oanoid 1wz akTyasbHbixX 3anam KPAoDHOSOIMN SRIACTCH WeCe-
ADBAHHC BAWHHHA HOBLIX KPAOIAIUHTHLIX BEWCCTE Ha Moo -
Yo H:‘I"H] IO THOC Th H {Ib}’iIlE!lIHJI'.'H.-'Ib:i!I.I.{_‘ M S TCAH RUHC{'E}HH[I':.’-
CMBIX  HIIC TN, Hl CHHIH © TEM, T I'}H].I:]'I,.’IHE.]THI.IIHH KoTEETONR 1
Hpﬂﬂa-aum'ﬂluii ".'j.‘.ll'.’.."l_{" CONIPAMECH O (TIECTAM M HHt't't]tﬁML‘HH il
CHCTEME “KACTEA-OKPYRAMIIAR CPCAA”, WCCACTOBAHME [IPOILECCOn
HE{TM.'!H{'HE HHTACTCH I[l:!l'_ﬂ..'lilj,'ll-IMHM ATN0M OUEMKH BIAUANHA
KPHONPOTEXTOPOB 112 MOPdwdiy i KIMORAALI YK COXPan i Th KIeTOK.

et fannoi paboTel — cpaBHenie GCMUTHHCCKOTD 110BCACHHA
OHACTOMEPOR  JIBYXKASTONIRIX  IMOPHOMOB MbUIK B PACTBOPaX
THIHTHOMD [POIAKARILETD KPHOUPOTCKTOR — FARIEPHIL B UKCH-
ATHAMPOBAHNOTD NPOHIBOAHOID ranteputa (O31) co epeanei mo-
AeKyAApNoN Maccoi 145.

OBCKTOM HCCARLOBAHNA COVIKHIN ABYXIICTOMHBIE 3MODHOH b
MBILIW, noayucime or caMor auiuy CHA sospactosm b-8 HoL no
CTangapTHoi meToauke |1).

B palore Henoas3oRane BOLHBIE PACTRODL CMiepua n 01,
CHNTEAHDOEANNOIO C NPUMEHCHACH KaTAAUIATOPAE KACIDH TIPHPOLs
(pupara TpexdropucTors HOPA) B OTACAC  KPMOLPOTEKTORON
UINKuK HAH ¥xpaunn. Kak wipectno [4], b otanune ot meaonei,
Aaninlit HHTH_:EHIIHTHT! '.iIIHII_HI:iFI:lr"{_"'F IO HC R OO AT C
IPEHMY ICCTBCHHO (10 BTOPHYHOR THAPOKCAILHOR rpynne, Takus
Iﬁﬂil.'ﬂ]lﬂ.. MO NMPCEEHOMGEHTH B OMCC)q H.'!ﬂ.\il'lH:IH HETHM e O CPyi-
TYPbi € OKCHAITHACHORON NEnotKolt B NOADKEHUK 2 MOJIEKY B Fam-
nepuha: CH,OH-CHOCH,CHO) H-CH,OH (n=4), Drokcuaar
ObLY OUMIICH JHCTHAARIMEH B TAYBOKOM BAKYYME (OCTATOMHOC Jlal-
Jerne 21077 mm pr. or.). B KauecTEe KPUONPOTCRTORR HCHI k308 -
Ha (PpaKiHa €O CPpeaner MOACKYAApHOR maccoil 145 ¢ remnepary-
poi kunenus 107-110°C, OcmoTHveckoe IaIcHHe  PacTBOPON
onpeieasin © nomoutso oeMometTpa OMEA-1L-01

KiieTHKY NPOMIECCOR MACCDOOMEHA MERAY KIeTKOR W cpeaoi
MAYMAAH MCTOUAOM BOAOMOMETPHN ¢ KWHOPErReTpalmed nab:io)ia-
embix ARAcHud [3] Hpema kontakra aMODHMOHOR € HCCOEAVEMbIM
PaCTROPOM COCTARIAND ne Goaee 75 mun, [locae obpaborim doro
IACHKH DKCHCPHMCHTLTBHO ONPCICTANN HAMCHONAE DN Crye-
HUH KICTKY BO BPDEMEHH, alllpoKkciMupys ce chepoil  [lusamnka
MIMECHEHNA 00bEMa KIETOK COYKRHIA ocHOROI anaimia nponeccon
saccooimena [2), ec onpeacasin no dopmyie

: . Geidm
V,/ V=105, /507",

e Vi - mexounnil obseM etk ¥V, — obLes ICTKI B MOMCHT
BpeMCIi £ §; — MCXOQUER WAMLAL Ceacnis, S, - IIOINALL coye-
HHH B MOMCHT BPCMCHH L.

H.JIH BRI M3 A, t. ODEIROAHBAN W ﬁ.‘:l.',’lt‘:-“hli‘ifl]f.'l HPORCROULAT
H CPHYHOM It TOMEN e h=5 MHH, H MHNAMLAL S JHAYNEH S l-":I i b
cranafoT B 10.8%-m (1177 mOsm/kr) w 13.5%-m (1880 mOsm/xr)
pactaopax 0,53 £ 0,02 u 0,56 = 0.1 vexogiorn omseMa KIETKH Co-
OTRETCTHEHHD, ECH npHiaTh ODLCMHEYIO 0.0 OCMOTHHCCKH HeaK-
TMAHLIX BENECTE O B KIETIHE p-.‘:lHHUH H.E. JHAMCHHA MEHAMALTRHBIX
ol bCMOR KIIETOK JAH HETITHON AR BelieCTs C IJE]..I.If.H LEHE OCMO-
THHECKDH aKTHBIOCTHIO AN HL cocTawiats 04 1 0,32 wexonnoro
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One of eryobiology actual tasks is the investigation of the effect
of new cryoprotective substances on morphological integrity and
funcrional indices of the cells being cryopreserved, In connection
with the facl that cell equilibration in cryoprotective medium en-
tails the processes nf mass exchange in the “cell-environment”
system, the study of the mass exchange processes is an essential
stage for the estimation of the effecy of cryoprotectanis on morpho-
functional cell integrity.

The aim of given work is the comparison of osmotic behavior
of blastomeres of mice two-cellular embryos in the solutions of
typical penetrating cryoprotectant — glycerol and oxyethylated
glycerol (OEG) with an average molecular mass 145,

Twuo-cells mice embryos, obtained according to the standard
methods from CBA line females of 6-8 weeks served as the inves-
tigation object [1]

Aqueous solutions of glyeerol and OEG, synihesized using the
catalyser ol an acid origin (three fluorine boron etherate) at the
Department of cryoprotectants of the IPC&C of the National Acad-
emy of Seiences of the Ukraine were wsed in the work, As it is
known [4], into the contrast to alkali the given catalyst imitiates
the ethylene oxide joining generally to secondary hydroxyl group.
Thus in the mixture of isomers the presence of the structure with
oxyethylated chain in the 2 glycerol molecule position:
CH,OH-CHO(CH,CHO) H-CH,OH (n=4) can be supposed,
Ethoxylate was purified by distillation in a deep vacuum (residual
pressure 2-10°° mm of mercury colomn). The fraction with an av-
erage molecular mass 145 with boiling temperature of 107-110*C
was used as cryoprotectant. Osmotic pressure of Lhe solutions was
determined using OMKA-C-01 osmometer.

Mass exchange processes kinetics between a cell and medium
was studied by the method of volumetry with video recording of
observed phenomena |3]. The time of embryos contact with the
studied solution made not more than 75 min. After photofilm proe-
essing the change of cell section square within the Lime was deter-
mined by its approximation with a sphere, Dynamics of cell volume
changes served as the base for the analysis of mass exchange proc-
esses |2), it was defined according to the formula:

PR s L
V, Vo= 8, /5072,

where V, — initial cell volume; V., — eell volume in ¢ moment time;
Sy — imtial seclion square, S, — section square at { moment time,
Fig. 1 shows, that dehydration of blastomeres occurs in average
within 58 min and minimum V, values make in 10.8%
(1177 mOsm/kg) and 135% (1880 mOsm/kg) solutions
0.53 £ 0.02 and (.56 = 0.01 of initial cell volume, correspondingly, If
volumetric portion of osmotically inactive substances a in a cell is
assumed to be egual o 0.2, the values of mimimum cell volumes for
non-penetrating substances with similar osmotic activity should make
0.4 and 0.32 of inital volume [2]. Less dehydration obtained in the
experiment can be explained by glycerol penetration into a cell.

The volume change in blastomeres in QEG solutions is repre-
sented in Fig. 2, The value of maximum volume in 10% solution

Problems of cryobiclogy, 1999, Nu 4



V/V,

1.0

0,8

0,8
2

0.7 -
i

0.8 -
u"sl'll'l"l'l‘llltr'llllllllllll
0 1 000 2 000 3 000 4000 I, c

Puc. 1. Xapakrepsan danHcumocts ofihema OaactoMepa IHYXKIE-
TOMHOND ..'I‘Hﬁl]H[-IHH MBUEH OT BPEMCHH DECITOIMIIHE B [IHI._"I'II'E_IJ:H.I
rauuepuna: 1 - 10.8%, 2 — 13.5%.

Fig. 1. Characteristic dependency of mice two-cells’ embryo blas-
tomer volume on exposure time in glycerol solutions: 1 - 10.8%, 2
13.5%.

oiesa [2]. Medsinee o0eIBORMBAHNE, NOAYHENIOE B DKCIUPHMCH-
TC, MOKHO OOBHCHWTE TTPOHUKHORENNEM TAMICPAHA B KIETKY.

Mamenenme obsema Goactomepos s pactsopax Q01 npeacrawe-
Ho da pue. 2. 3vaueHie MuHMLsHOO O0sema B 10%-y pacraope
(2064 mOsm/kr) parno 0,88 + 0,03, a 8 20%-m (3470 mOsm,/wr) —
0,69 £ 0,02 nexoanoro o0beMa KACTKH, TOIVIA KaK PACCH T We
AH WACANBHOM ocMoMeTpa aravenun (pn o =02) cocrapasior
0,31 w 0,27 coorrererienno. Kak H3BCCTHO, B PACTBOPAX, COAEPKE-
IWAX NTPOUHKAKIIKT 1 HETPOHMKAWIMI KOMNORENTH, 00beM KieT-
KH NOCAE HDANOID OCMOTHHECKDIO YPaRHOBCIIHBANKHA ONPCACTHET-
CA  KOMIEHTpanuel denpoumkaminwero  komnouedra |3] flpe
YRCAHYCHHK O0IICH KOMIENTPAlMKA PACTROPA YDEAWMMBACTCA KON -
HEHTPAIHA KaK MPONHKRIOWINX, Tak 1 HENPOLUMKAOLIKX €10 KOMITo-
HEHTOB, YT OOLHCHACT MEHBLICE JHAMCHMC KJAeTOMNOID ofbiMa B
20%-m pacrrope, vem B 10%-m, Menbinee, 9o 8 Lanepune, obe-
BOAHBa e NACTOMEPOR ABYXITETOMHAX IMOPIONOE MBITIH B pacTBo-
pax Q20 1 OTCYTCTBME BRIPARCHHOH ABYXPAHIOCTH KPHBBIX MOKET
ObITh OOBACHEHO TEM, HTO B HHX IPHCYTCTHYIOT HHIKOMOMCKY IR IbIE
NOJHMEDI OMOUIONH, CKOPOCTD [IPOHMKHOBEHRA KOTOPBIX CPaBHHMa
CO CKOPOCTBE) NPOHUKHOBCHAM Boabl, Ha NOAYHCHHBIX  JEHHEIX
BCHA IO OMCHM TR ROMITLETUT RALLIH DRSO F e ML N BAURR TR LT B
pacrsopax OO (B npeanonosennn, Jro GaactoMepsl seayr cehs
KaK uiacaasitsie ocmosmerpst). Hpn a =02 ouu cocrasasor 340 w
480 mOsm g 10%-m ¢ 20%-m pacTROPIAX COOTRETETHEIHO

Tarum obpasom, npu HCIOALIOBANKK PACTHEOPOY, COACPIKALLMX
HPOHHEAIOUIHE K HENPOHUKAONIINE A00ABKH, YCTaHOBAEHD, 4TO YHC-
JAHHCHNE O0IEH KOHUCHTPRIMA PacTBOPOE IPMBOANT K sce Govee
BBIPAKEHHOH CTCICHH ODCIBOKHBAHHE WICTOK B PEIVABTATC YBC/H-
HEHMH 8 FTHX pil.l."]']:llﬂ'u!. HEH LT R L b l‘lt'lli]-!'l'l‘lH]",ﬂ.H.lIl[Enl O I-
HEHTA, HUIKOMONMCKYIAPHBIE KOMIOHEHTE, CKODOCTH HPOHHKHORE-
HHH  KOTOPLIX CPaBHMME €O CROPOCTHIO ITPOHMEHOBCHAR  BOIbI,
H['ﬂI'}"T !'IpHHﬂ,'LHTIr K {]TI;'}'TE D Iﬂ.pﬂbﬂ'ﬂpiu}ﬁ J1ALH ﬁﬂ.’!htilﬂ HET Hsl
HABCCTHBIX [IPOHUKAOUIAX KPUOIPOTEKTOPOR [BYXiPasHoi KMHETH-
EH OCMOTHYCCEOTD DOREIEHEH KARTOR,
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Fig. 2. Characteristic dependency of mice two-cells' embryo blas-
womer volume on exposure time in OEG solutions with man. 145
1—10%, 2 - 20%.

(2064 mOsm/kg) 15 equal to OBRE003 and n 20%
(370 mOsmy k) — 069002 of inital cell volume, meanwhile
caleulated for an ideal osmometer value (at a = 0.2) make 0.31 and
0.27, correspondingly. As it is known, in the solutions, containing
penctrating and non-penetrating components, the cell volume after
a complete osmotic balancing is determined by the concentration
of non-penctrating component [3]. When increasing a total concen-
Lration of the solution the concentration of both its penetrating and
non-penetrating components rises, that explains a less value of
cellular volume in 20% sofution, than in 10% one. Less i compar-
son with glycero! dehydtration of blastomeres of two-cells” mice
embryos 1n the sulutions of QOEG and the absence of manifested two
phase existence of curves can be explained by the fact, that there
are fow malecular polvmerhomologues in them, the penetration rate
of which is comparable with the rate of water penetration. The
obtained data can be used for the estimation of the concentration
of non-penetrating components in the OEG solutions (if blas-
tomeres are assumbed as wdeal osmometers). They make 340 and
480 mOsm in 10% and 20% solutions correspondingly at @ = 0.2,

Thus when using the solutions containing penevrating and non-
penetrating additives it has been established, that an increase of
total concentration of the solutions leads o more manifested degree
of cell dehydration in the result of nising of non-penetrating com-
ponent concentration in these solutions: low molecular components,
penetration rate of which s comparable with the one of water
penetration may result to the absence of a charactenstic two-phase
kineties of osmotical cell behaviour for the majority of known
PURELrALing Cryoprotectants.
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Dynamics of Macroergic Compound Degradation in Human
Isolated Erythrocvtes in the Presence of Glycerol

V. D. ZINCHENRKC

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

B saoauponaninwX apurpoiirax acsoseka pacnaa 2,3-DPO
VEKOPHETCH, €CAN B CPOAY CYCHENUPOBAIWA BBOLHTE KPMOIangmi -
Hbie BEWECTEA — fAKUepud, 1 2-nponananod, HoAMaTHICH KO
[1, 2]. Hean paforsl — HECACAOBANME IMHAMMEN PACIIALa MaKpoap-
rHHEcKHX cocamunetnil (ATP 1 ADP), hakouaenna neopranmyecko-
o hocdpara (P} i masencna obmero nyfa nyvKacoTiIor 8 apuaT-
POILKTAX YeqoDeKa npu MHKyOa| ux B cpene, cojepamen 15%
{olrbem) FANLEePHHA. :

Menoanansancs meton © P-S M, noarotosi ofipasios v pe-
FHCTPAIMA CHEKTPOR DHLIM Takumi Ke, Kax onucano 8 |1, 2] Kon-
ierTpauns mobnasinorn ADP, perncrpupyeMmoro B cUEKTpax Hp
AMP, navepanach 10 paanocTH MHTCHCHBHOCTEN 1- 1 B-nukos ATP
(y-uik ATE conepwut picran B-docdarusix rpyine ADP [3]), kou-
ienTpaiina A TP onpeaeasaacs no pureHeusaocTd f-umga. Hooy-
“HEHHbIE SABHCHMOCTH KonilenTpaii ATE, ADP, Pow olimero nyaa
H}"K.'ll"lr'lli,'ET]-Fi 07 BpEMCHK 11N '.:‘ﬁ"[_' MPEICTa RACHKL 10 PICY I,
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In human isolated erythrocyles the 2.3-DPG decay accelerates,
when introducing cryoprotective substances — glycerol, 1,2-pro-
pane dyal, polyethylene glycol into the medium under suspending
[1. 2. The aim of the work is to investigate the dynamics of
macroegic compound (ATP and ADP) decay, accumulation of an
inorganic phosphate (P, ) and the change of a total pool of nucleo-
tides in human erythrocytes when incubating them in the medium,
vontaining 15% (vel.) of glycerol.

The *'P-NMR method was vsed, the samples preparation and
the spectra recording were the same, as described in |1, 2]. The
concentration of a mobile ADP, being recorded in Hp.NMR spectra,
was measured according wo a difference of intensities of ATP y- and
B-peaks (ATP y-peak contamns a contribution of f-phosphate groups
of ADE [3]). ATP concentration was determined on the p-peak
intensity. The obtained dependencies of ATP, ADP, P, concentra-
vons and a total pool of nucleotides on the time at 20°C are
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JaRHCHMOCTH ROHICHTPANMA MOMILOBY COUAMNCIEEH, PETHCTPHRYEMBX B CIHCKT pax ? P-AMP HIKTHPOBA N HB X FPETROILHTOR, OT BPpCMEHHK

np 20°C: a — Des ranuepuna; G
Heopratuyec koro docdara.

i upHeyTersun 15% (ofibesm,) ramuepia: T — ATP; 2

ADP; 3 - ofmero nyna nykneornion; 4

Dependencies of concentrations of mobile compounds, recorded in spectra of 'P-NMR, in isolated erythrocytes, on the time at 20 °C: a

without glycerol; 6
phale.
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in the presence of 15% (voluine) of glycerol: 1 — AT 2 — ADI% 3 — a wotal pool of nucleotides; 4 - inorganic phos-
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Hayuhor OTCHETA BRCMEHE COOTROTCTEYET MOMEHTY (TMBIRKN HPIT-
POUHTOR OT ILAaIMid

Hps ovcyreremi rasuepiiia (puoyior @) yposess ATE w AP
L MA AEHCHT OT nEeMCIrE, MTPAME Fi b r_ 'IH.!"[H,'P:H},’”, 1] e
wonnenrpauna 2,.0-DPG 8 spurpoudTas ne nagaer wume 2 wM/a,
Mocre atoro valiswnaores naaene ypopna ATP w pocT yponiis
P, Obmes KOTWICCTHO HYKACOTIHIOB CHIKACTCA 11pumepio Ha 1%
D YKAIMBACT Ha MMMODHIMZANHO tacTe nyaia doctaTton, rias-
HBIM Dﬁpa.:ﬁ}h'l ] Ml_’}'ilh’l'ﬂTlE ll,.llt‘-EIHilllit C MArpmes vl KAl bIIHEM, YT
BeAET K Yumpeuno aunmn SM P dwoedwopa [3] Konenrpass ADP
cocTasnser oxono 107 or wornenrpagan ATP. Heboasuioo pos
pactanme yporHd ADP w sares naasscinee ero aaeHde ofsacHn-
OTeH TeM, 410 ADP AgaseTen NDOMEKYIOTHEIM HROAYICTOM MUY
ATP u P,

B npeeyieramsi rannepsia { pUeyHoK (7} lmt'um] AAIOTCH YMEHD
MSHHE NPOAGIRIWICALNOCTH JAr-NEPHOSE A0 2.0 4 M yDeiumacHie
CROPOCTH ROTOLCHHA KaeTor 110 ATP. Poer yporus ' nponcxommy
HECKOALEO DRCTpee, weM tagenpe yporis ATP. D10 Moo norarh,
CCH TIPUESTD BO BITAMEHWC, 4T0 P ARIAETCA KOHCUHLIM BPOLYKTOM
ACIPALAHMHE MAKPOOPIHYECKMY COCAMBEHHA 1 Ha BOSPACTIHHE €10
YPOEHA BAMAET pacoad ie Toabko ATP, no v 2.3-DPG.

Mo npeieranieniiuy pesyabTaton BWIHG, MTO 408 COXPaneing
SHEPTETHHCCKOND CTATYCA WIOTHPOBAHNBIX JPHTROUMTUS IIETKH HE
CAENYET XPAHHTL AOVIBLIE, YCM DPOAGIARTEIBHOCTE JAr-nepunia.
XA Pak1CpMaYI0WETD Pacnat Makposprusecknx cocantcnmid. B nupy-
CYTCTEHE CAHLCPWHA ITO BPEMA COXPALILECTCH
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presenfed in Lhe fgure, The beginning of the Gme counting corre-
sponds Lo the moment of erythrocyte washing from a plasn,

At glycerol absense (Figure ay the lovel of ATP and ADP
depends on a time very slightly, approxirately 5 hrs (lag-period),
untill the concentration of 2.3-DPG in erythrocytes does not de-
crease lower Lthan 2 M/ Afier that a decrease in ATP level and
a growth of P, level are observed. A total nomber of nucleotides
decreases approxamately by 10%. That points w an unimobilization
of phosphate pool part, mainly as a resols of the reaction with
magnesium o calem, that leads 1o the phosphorus NMR line
broadening [3]. ADP concentration makes about 10% of ATP eon-
cenbration. A slight increase in ADP level and then following s
redoction are explained by the fact, that ADP s an intermediary
product between ATE and P

in the presence of j.,'_-.'wml (Figure &) & reduction ol Lthe lag
period duration down to 2.5 hrs and an imcrease inoa rate of eell
exhaustion in ATP r t"!'l[]ll'_‘{" are observed. The growth of P, level
occurs a litthe bit more rapidly, than the fall in ATP level. One can
understand, if P is assunied as a final product of macroergic con-
pound degradation, and a decay now only of ATE, but of 23-DPG
too atfect its level increase

The resuits prsented show, for the proservation of an energetic
states of isolated coytbroeyies, the cells should pou be stored longer
than a lag-period duration, characterizing a decay of macroergic
compounds, This time 15 reduced in glyeern] presence.
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HHTEHCUBHOCTh OHOCHHTE3a Oe/IKa B 3MOPHOHAX Oe/IbIX
MBINIEH 11O BJIHAHHEM THIIOTEPMHYECKOH KOHCEPBAITHH
H JeViCTBUA (PPAKIHHA AMMUTEINUA KHINICYHHUKA
M3 3UuMHecnAmero cycnauka C. undulatus
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Intensity of Protein Biosynthesis in White Mice Embryos
under the Effect of Hypothermal Preservation
and the Action of Intestine Epithelium Fraction
from C. undulatus Hibernating Ground-squirrel

V. . ZAGNOYKO

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

B npeaviayvinux wecnhenosanuax [1] Hwao noxaszano, yro noa
BAMANHEM (Ipakiiim anuTeans (P3F), Belacienion ua KHilesiHKa
(1=10 &/1) snmHecnamero cycania O undulats, YARCTCA MPOJLTHTE
CPOKK Koncepsaiuy aMOpHoHos Geawmx mbineli. Do obyeaosieso
rufometaboscckm geiictemes B33 Kuwe ks cycanka Ha ax-
THBHOCTE OuochyTesa fenxa o ambGpronax Geaux Manned

Heas paninoi paboru — BuACcHHTL Bissnne MDD MOACKyaAp-
noit Mmacen 1-10 /1 ansmucensmern cycanka O wnddulatus va yrie-
TeHRE DUDCcHITesa GeaKa HPH MNOTEPMAMCCKOM XPancHnn amipi-
OHOB  OeflkX  MBUHCH M BOIMDANOCTE  ©T0  (OCACAYIDILETD
_ BOCCTRUOIICHMS,

Hepayw rpyuny (10 amOpHonoa) nociae sbiMpsanus 1oMeia-
an 8 cpery Jhonsbekko © cojepmanmes 10%-0 avOpronansnon
CHMROPOTKH W MPOBOAMIN MIOTONHBIA anaaws. Jra rpyina Oblia
KonTpoaasioi. Bropas myuna, cogepsanias Takse 10 ambpuonon
B epear Jwoashekko ¢ amOpuoHanBioN ChIBOPOTKOH, Oniaa wou-
TPOALHOR 1O OTHOMEHUEY K 3MGpuonaM, Xxpaunswnmey 24, 48 o
72 4 B epeae O3,

Crexanmisie asMinyist 3anonraan 0.5 sa cpeant oasbekso ¢
1026 AamOpHOBAILHOA ChIBOPOTKOM, 1OCAE YErD BHOCHIN ambpHD-
Hial, .‘HM"}'J‘“I! iC ﬁMﬁIPHHHHMH l"l'}"l]{:“'-iq'-l'l'[l Tl Ll OT ﬂ{h_‘.l]lil,ll[i_]l:i
Temneparypit (20 °C) 40 5 °C ¢ BRIACPRUBLATH NPH AAHTHOR TeMTe-
patype 5 smun. Oxnamaenue 0,5 v D3 DpOBOLLIE AU WIHY,
Mpn 3°C 8 amuyay © asOPHOMAMI N0 KATLTHM B coOTiomenns 11
aoBapasim 0,25 mr/a @D, [ocae otorpesa va poasnoi Gane |
vaaacuus Do) OCYUIECTRAAAM M3OTOHHBIN AHAAME CPacty B DoLdie
AOHOAHWTEABHOM KYALTHBHpOBaHMY B cpeste Buriena npw 37°C o
armoctepe Tpoinoero raza (5% CO,, 5% Oy, B0% N,). [Las anaanaa
aMOpsontnt (10 W) nosmenaan s 0.5 s cpeas BSM, conepaanied
"H-nefiunn (8 pooe 10 mxKn, pasoaktumiocts 1 miKu), u wingy-
Guposanu np 37 °C k& tevenne 3 4 JaTem npOMBIATH XOA0HON
cpeaoil, copepaamed  aeiinwn, Paspyinany  smMOpUOHL  1yTeM
1-KpaTHoro MX 3amMopasuiiia o ortansanna. Ocasoacnne Geikon
ocywecTrasan  opi 4 °C aobasnennes 2 M xonoanoi Tpexaop-
VERCYCHOW KACTOT L M Illfrv'.'..-’lt"_.li'g.’lﬂ-lil.l’hl NOMCHERHeM 3 MO XOA00r0
?""‘.-i';'l'” '.':llfpfﬂ ..'rl..'lh-l CRRERII LR T s 1D I‘I-In-.'ll.'_'!.'lh'l‘ll‘hl.llﬂfll i1!l1.lh[|:lhl ksl =
nepausany 10 Mun ipr 50 °C. ARTHBHOCTE BHOCHHTE A Onpeicas-
JAH C NOMOIBK CHCTYHEG, NOMEan GuasTp 8 14 M KMJKoro
CUHHIILLARTODA,

Ij{'!.l.:,"."ll:-TIiTM (BTN, IT|H‘,'1{"TE.ILTI'HJH.Il‘ d 'I'S,LEI,']IHLI,!, CHHACTEN b
CTBYIOT O NOYTH DoatoM vurubuposanin OnockHTeaa Deoka w omb-
IIHﬁI[H'ﬁ .'l'I'L-'III’I‘E'ﬁ AT ] ['l-'l:'FIiJl'L'll.MH"ll't,'H‘lli‘i [ed Itll'l.‘ll]‘l-ijll,l'll-l EIlJICYTh 10D
3-x CYVTOK, & TAKKE O NOAHOM BOCCTEHOBACHHH OuocHHTesa Oeska
IMOPHONOR B KYIRTYPE HOCAC SACOROND A0NOAHKTCALHOND KY.IbTH-
HUPOBAHHA AMOPHONOR, XPaMBIIHXCA & Tededne 24: 72 w,

IIpobnems: kpuobuonoriu, 1959, No 4
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Our previous investigations [1] it have shown, that under the
effect of epithelium fraction (ElY), separated from the intestine
(1-10 kD) of C undulatus hibernating ground-squirrel, we suc-
ceeded to prolong white mice embryos preservation. This fact is
stipulated by hypometabolic effect of the EF of ground squirrel's
intestine on the activity of protein biosynthesis in white mice
cmbryos.

The aim of the given ssork is 1o reveal the effect of the EF with
the molecolar mass of =10 kD of the EF of C undulatus hibernat-
ing ground-squirrel on the protein biosynthesis suppression during
hypothermal storage of white mice embryos and the pussibility of
its further recovery.

The first group (10 embryos) after washing-out were put into
the Dulbeceo medium with the content of 10% embryonic serum
and isotope analysis was carried-out, This group was the control
one, The secand group, containing also 10 embryos in the Dulbecco
medivim with an embryonie serum was the control one in respect
to the embryos, stored 24, 28 and 72 hrs in the EF medium,

Glass ampoules were fitled with 0.5 ml of the Dulbecco medium
with 10% of embrvonic serum, after this the embryos were placed
in. Ampoules with embryos were gradually cooled from the room
temperature (20 *C) down to 5°C and kepl under the given tem-
perature during 5 min. Cooling by means of 0.5 ml of EF was done
analogously. (.25 mg/! of the EF was added at 5°C in ampoule
with embryos by drops in the 11 rtio. After thawing on a water
bath and the EF removal, an isotopic analysis was already carried
out and after an additional colturing in the Vitten medivm at
37°C in the triple gas atmaosphere (5% of COy, 5% of Oy, 90% of
Na). Embryos (10 ones) were placed into 0.5 ml of the BSM ine-
dium, containing “H-leucine (in the dose of 10 pC, radivactivity —
1 mC) and incubated at 37 *C during 3 hrs. Then they were washed
with a cold serum, containing leucine. Embryos were destroyed by
10-times their freezing and thawing, Protein precipitation was con-
ducted at 4 °C by means of a cold trichloracidie acid addition and
further storage in 3 ml of cold 70% alcohol. With the aim of an
additional drying, the filters were held during 10 min at 50 °C,
Biosynthesis activity was measured by means of the counter, placing
the filter in 14 ml of a liquid scintillavor,

Presented i the table results of the experiments testify Lo a
complete recovery of protein biosynthesis in mice embryos after
hypothermal preservation up to 3 days, as well as to full recovery
of embryo protein biosynthesis in a culture after an hour additional
culturing of embryos, stored during 24, 72 hrs.

Problems of eryobiology, 1999, Ne 4



ARTHBHOCTE DrocunTesa DeNka p KiieTKax smbpuocnon
MbiUIEH NOCHE FUIOTEPHHYECKOTO XPaMeHHA B TedYenne
PAZNMYHOTO RPEMER (100 BAMARWEY ppakipni HInTe i

U3 TOREOre kmineunuea (1-10 »/1) sumsccnamero cye-
mka C. undulatus

v - _— AKTHBHOC TS DMOCHHTE A,
R ) N s s it
Ha'rummsie amiprons 1163 %35
Cpaay nocae XpaseHua: 24 u HET BEANUSHHA
48 4 | HEA AR TIOYEHNR
T2y HET BEOMCHAH

Mocae |-wicoBomo QoMoREW- :

TEABHOTO KYIbTHEHDOBIHMA. 24 3 r 1150+ 20
48 = 11350 138
L d2u N A5 1% ¥

Takim oHPAIOM, TPELICKCHH R METOA KONCEPRUPORAHNA amb-
PHOHOB MIEKOTATAOMAS HO380ANCT XPaiurs MX B Teqeme 72 4 B
CPEAC, He CONPAANIECHR NHMWICCKHY QPeHTOR, 4T0 HOKAKMACT Fede-
THIECKHE MAMEHERNA IMOPEORDE B DPOLUCCCE MY PAIRMTHA
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Protein biosynthesis activity in the cells of white mice
embryos after the hypothermal storage during different
time under the effect of small intestine epithelium frac-
tion (1-10 kD) of C. Undulatus hibernating ground-

sguirrel
Biosynthesis
Experimental conditions ~activity, imp/min
i =39
Native emnbryns : 1163 +15
Already aiter the preservation: 24 brs|  Noinclusion
45 hrs|  Noinclusion
LE- hrsi No inclusion
Afrer one-hour additional culturing: 24 hrs 1150 %20
48 hrs 1125+ 38
- L . T2hrs, 1110£47

Thus, the method proposed of manimalian embeyo preservation
allows 10 store Lthem during 72 hirs in the mediun, dovs not con-
Laining chemical agents, that excludes embryo genetic changes dur-
ing their developinent,
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MOAOMKEHHA

nPo KOHKypc Ha 306yTTs npemii
im. ur.-xop. HAH Ykpainu
BEAOYCA Anoarona Makcumonnua
AASI MOAOJHX BUEHHX 3a Kpalll Haykoesl poboTH
B raaysi Kpio610Aoril 1 KPIOMeJgHIIHHH

[1pemin npucymxsyetbes Moroanm suenum aupexropom lucruryty npobaem kpiobioorii i kpiome-
mipnn (ITTKIK) HAH Yxpaiun na sects supartnoro suenoro-gpiobiorora, oAHOro i3 3acHOBHHKIB
ITTKIK HAH Yxpaiuu, raypeara /lepmxannoi npemii Yxpainu, npemiit HAH Ykpainu im. O. O. Bo-
romoabus Ta iM. O. B. [Tananina, ua.-kop. HAH Ykpainu, npogecopa, aokropa MeanuHux Hayk
Beaoyca Anoarona Maxcumonnya

[ Ipemin npucymmyernca mopoky (B ciuni) okpemomy aBropy afo KOAGKTHBY aBTOpIB 3a Kpaiui
HAYKOBI poDOTH, & TAKOMX 3a cepll HAYKOBHX poOIT €HHOI TEMAaTHKH | 332 BIAKPHTTH Ta BHHAXO/H B
raaysi kpiobioaoril i kpiomeanuunn. Korektus, Bucynytuit Ha 3200yTTa npemii, NOBHHEH BKAIOYATH
AHIlIE OCHOBHMX IPOBLAHHX aBTOPIB, BHECOK AKHX OyB HaHOIAbIN BArOMuM, 1| MaTu B CBOEMY CKAa/|
He Giabuie Tpbox ocib. Ocobam, yaoctoenum npemit im. ua.-kop. HAH Ykpainu Beaoyca Anoarona
MakcumoBuua, BpYy4aeTbHCH AMIAOM BCTAaHOBAGHOTO 3paska Ha saciaanni Buaenol paau incrutyTy.

Poawmip npemii seranosaoe aupextop [TTRKIK HAH Ykpaivun B saresnocri sia nosabiozxersoro
(pinancysanusi, are ne meuwe 250 rpn.

Y koukypci momyTh OpaTH ydacTb HayKoBi CHIBPOGITHHKH, CTamepH-AOCAIAHHKH, acHipaHTH
[TTKIK (BkAtouno i acnipanti sapy6imuux kpain, ski Hapyaworbes B acmipautypi [TTKIK HAH
Ykpaiun), iHMx yeTaHoB | HAYKOBHX 3akAafiB YKpaiuu, a Tako cIiBpoGITHUKY | acnipalTH Kaeapu
kpiobioaorii KOHECKO sikom ne crapme 35 pokis.

[Ipaso Bucymatu xanamaaris ma 3p00yTra npemil HagaeTben BiaAiAaM IHCTHTYTY, Kadeapi Kpio-
Gioaorii TOHECKO, cekyism Buenoi pagu imcruryTty, iHmmm ycranoBam | HayKoBMM 3aKAazam
Ykpaiuu, akagemikam i ua.-kop. HAH Ykpainn.

Crpykrypa, saka sHcynyaa pobory ma 3a006yrrs npemii, ue mnismime 15 rpyaus npeacrasase
aupexropy I IKIK HAH Ykpainn ars nepenaui B kowmicito no poboti 3 HayKOBOIO MOAOAIO:

a) ofrpyHroBane I0AaHHA, AKe BKAIOYAE HAYKOBY XapaKTepUCTHKY poOOTH Ta KOPOTKY aHOTALilo;

6) onybaikosany naykosy poboty (cepito pobir), MaTepiarn HayKOBOTO JOCAIAZKeHHS 200 BHHAXOAY
y 2-X npuMipHHKaXx;

B) KOHKPETHY JIOBIKY MPO TBOPUHI BIlECOK Y TPALIO KOAKHOIO 3 aRTOpPIB poboTH;

r) peueHsii NPoBIAHKX y4eHHX Y raaysi kpiobioaorii i kpiomeauimny;

A) BIZOMOCTI Npo aBropa: Lpissuiie, iM's, 1o GaTbkoBi, pik | Micue Hapoazkenus, micue poGoTH,
nocaja.

Yci marepiaan, ski nojaloThcs Ha KOHKYpPC, TIOBMHHI OytH 3 Hanucom ~Ha 3gobyrra npewmii
iM. ua.-kop. HAH Yxpainu Beroyca Anoarona Maxcuvosnua s Moroanx suenux’ i BiANoBiAHHM
yHHOM oopmAaeni: poboti (HeonybaikoBani) MANHCYIOTb aBTOPH, AOBIAKH | peKomeHjanil — 3a-
BiAyioul BiasiaaMu (KoopamHaTopH Kaeapu), BIANOBLAAAbHI OCOOH IHIIMX YCTAHOB | HayKOBHX
3aKAaAlB YKpalHu Ta CKPINAIOIOTBCA TIeYaTKOIO BIAAIAY Kazpis.

Marepiaan na kouxypc naacmaari 3a aapecoi: 61015, m. Xapkis, sya. |lepescaancnka, 23,

ITTKIK HAH Yxkpainn.

[IpoGnemnr kpuobuonoriun, 1999, No 4 83 Problems of cryobiology, 1999, No 4



K cBeIeHHI0 CIEeHATHCTOB B O0JIACTH TPAHCIUIAHTOJIOTHH
H KJIE€TOYHOM TepanuH

B 1997 r. ra Oasze Mucturyra npobaem kpuotno-
norvn 1 KpHomeauuuuer lanwonainpnoil Akagemmun
Hayk Yipawunl cospan MexsenoMmcracuuawtil Ilewrp
KPUOOHOIOTHY 1 KPHOMCULIIMHE 110 3ru10il Mumniic-
TEPCTHA OXpaHkl 310posks, Hatmomyintioit Akagemun
# MespHekoll AkaneMnit Hayk Ykpanusi

B zagaan Yxpawdckoro bawkan OGuosoruacciux
00HEKTUB, KOTOPLH HBIACTCH CTRYKTYPHOH 44CTLIO
Mexpeaomcrscunoro  [lentpa, BXoaatT  3arotoska,
NO/TITOBKA K KOHCEDBALUHK, XpaHeHHMe M BBLAYa B
.'IE"-IE'ﬁHh]{' F‘lpl"ﬁtﬂt‘li].!ﬂ H]}H-!!KI]!':I.’L"FHI’IPHHEII‘!|||:-I}.' e
TOK H TkaHed eTonraueHTapioro PoNcXoAUIeHIS.

B ¥Ykpanuckom Banke paspaborann eHcTema, paa-
JAeffiods Z010Pa H PELHITHCHTA HA OCHOBE MO0
KOHDHAEHUHAThIOCTH 1 obcciednBaiian cobnone-
HUe HeodxoMMMniX Tpeboranuit no GesonacHocTH Me-
HOABIYEMbBIX TIPENapPaToR,

Hns newmovenus 6aKTepHanbioro 3a1 PASIHCHMA, 2
TaKAKe HHUUMPOBAHHOCTY 10N0Pa BUDYCaMKi renaTh-
ta B u C, BUY 1/2, reppeca, kpacHyXH, I TOMErasio-
BHPYCOM, @ TAKKE CHUINCOM, TOKCONAAIMOZOM H
MHROIVTASIMOE0M TPOMIBOAITCA TeCTHPOBAIIKNC MaTe-
pHANA ¢ NOMOUIBIO METOIOB IOJAUMepasHON 1leniioi
peakuny. HlapasrensHo KpoRb AOHOPA TECTHPYETCSH Ha
OTCYTCTBHE AHTHTEN K BRINEYKASANILIM BHpYCaMm,

MexaHuam AeHCTRAA KISTOUHAX o TEAHCBWX Npe-
MApaTos $dKIOYAETCH B CHeMPIICCKOM 11 HEeCHeLH-
huyeckoM BIHMAHMM TPaHCHIAHTATUR, KOTOPBIE HapALy
C BBHIIGAHEHHCM samecTHTeTRHON (yHKILm ofmaiaot
10THDaPMAROIO I HECKHMM, MY IbTHMOAATLIBIMI CBOJ-
CTBaMH,

Hannune B ononormieckom matepsaie Goabiioro
KOJIH'ICCTEE TOPMOHOB, (epPMENTOB, IITHTOKHHOB, HH-
TEPALHKHNIGE, Hel POIENITHIOR, KOTUDbIE HAXOLATCA B
COANAHCH POBARHOM COCTOSHNM, OOECTCUHBACT KIMHH-
qeckuit aeKT NP NEUCHUH PasMUHOIT IIATONOTHM.

CoBMecTHO ¢ BeayUIHMH JedebUbMH YUPCHKIEHHA-
MH YKpaHilel HaM¥ paapaboTansl HOKA3AHHA U UPH-
MEHEHMA KIETOUHERIX M TKAHCBBIX TPaHCIJIWHTATOR.
Buipaxennnit winnngeckuil adubexr aaperincrpupo-

Hayyusie pepaxropsl B. 1. JTyzosoil, T. I, lOpueixo
Penaxrop E. [. INaztu

Komnuiorepubiii Habop 1 pepeTHI:

U. T. [Mamuzopexan

Moanucaso B neuars 2012499 Dopmar 60x84%s Bym. i Nb 1. Tlevars ohretHan. Yen, ned. o 9,8, Tupan 2ol ok, lena

BaH NPM JNCCHHN AUEMHH DasIH4iorn redesa, Hue-
siueckoil Gonesay cepaiE, rHuepTouieckoil oes-
HH I ATCPOCKACPO3a, HCCTICUHGHYCCKHX APTPHTOR, Na-
TOAOPHH  YPOrEHWTANILHOI  cdepnl 1 KIHMakca y
MYKUME W OKeTIIMH, 3a000CBANITT 1CTKHX © BRIPWKEH-
WM ACTMATHYCCKHM KOMIOHEHTOM, Jeyenun Hoab-
HbiX ¢ BAOTCKYILMME BOCTIATHTENLHLIMH MPOICCCE-
MH, CHHACHNH TOTEHULHH K .}J.Hﬁj-i;'lﬂ.

Ocoboro sHRMANRS 32CAYKIBACT ACIOJILICBAHHE
PAIA TKAHEBLIX NMPEHAPATOE B KOMILACKCHOM JAe4eHHH
nuabers Kk Tepani, HaUPABICHHON B CHIKEHHE
MHCY THHOSABHCHMOCTH, JedeRHl 1 npOQHAaKTHRE
COCY/IMETHX OCAOKHEHMIL, B ToM 4ieie npit AnadeTn-
YECKOH PETHHOMATHH M ANADETHUCCKOW CTONE,

B akywepcko-runeKo)oriyeckon npaKrnke noay-
YEHBI OTAHMHLIC Pe3YJbLTaThl HPH JCUCHHA YIPO3L
HPEPBIBANMA  DEPEMENNocTH 1t MMMYHOJOrH UECKOM
KOHGINKTE, allcMIH, THIOKCHE 1 runorpod il M10Ia.

B repoHTonorticekoil IpakTHKe HpenapaTel Mc-
HOMB3YIOT KAK CPCACTBR JEUEHHH TIPCKACEDEMEHHOTD
CTAPCHMA, NOBLIICHMA KOHICHTPALL BHHMAUA H
NMPOIECCOR 3aHOMHHAIINA, Bocnponiseacin HHGOp-
Matuis, Oty HOBBIIIOT CHOCOOHOCTE K HPHOOPETEHItIO
M COXPANCHLHIL HABMIKOB, AKTUBHIHUPYIOT HPOLECCH
YMOTBEITHOMN JIESTeIBNOCTI, YTO NOABOAAET PEKOMEH -
AOBATE MX UCHOAL30BAHHE NPM UATOIOTHE HCPBIOH
CHCTCMbIL, B TOM uwucie y aerci ¢ Dosesunio flayna,
Hoaeann Aubreiimepa, apkiscona, upy HapyWeHHAX
HCPBHO-MBHICIHON 0 HENPOBUCIEPATRION [IEPEfadn.

B nacronauice BpeMs Mbl MOXEM NOCTABHTE KPHO-
KOHCCPBHPOBATIIBIC KICTKn SMOPHOHLILION nevely 1
HEPBHOR TKAHI YeT0BeKa; (DparMCeHThl NIaNcuThi, TH-
MVCH; AMHATOTHYCCKYIO) W XODHAALHYIO ODOJIOMKIT H
DAL IPYIUY BHONOTHACCKHX 06BOKTOB,

Bee npenapatul HaxoJaTeA HA XPAicHRE B 1TH3KO-
TCMNEPATYPiloM Xpatianine Y kpannckoro baska npu
TEMUEPATYPC AIKOro azora (=196 °C).

Apec ¥ KONTaKTHEIR  Tenedon Y Kpavickoro
Banka Guosorpdeckux oObeKios YRa3alim B BLIXOA-
HEIX 1AHHbIA HY]PHAA,

Scientific Editors V. I. Lougovoy, T. N, Yurchenko
Editor E. D. Pazych
DTP-work by I. G. Pyatigorskaya

aorosopnad. Ornedarano MUIT “Patigep”, r Xapskos, yn ApTesma, 4,
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NPEOBYIEMIbI PRIGBLEM'S

K@M OB OITOIINN O FICRYVOBIOIOG)Y

Hrdexc 74390 1999 Index 74390

[lposopures noanucka Ha xypHan “TlpoGaemsr xpuobuonoruu”. C 1985 r. Hay4Ho-
TEOPETHYECKOe H3/laHHe BLIXOAMAO mnoja Hassanuem “Kpuobuosorus”, ¢ 1991 r. —
“ITpo6aembl Kpuobuosornu”. Manaercs na pycckoMm u auraumiickom assikax. [lepuomuy-
HOCTb — 4eThipe HoMmepa B roja. B xypuame nyb6amkyiorcs dyHaaMeHTaJbHbIE H
NpHKJAaIHBIe padoThl 10 NpodjaeMam OXJaXK/IeHHA W 3aMOpaXKMBaHUsT B OHOJIOIMH, MeIH-
UMHE W [HIIEBOH [POMBILLIEHHOCTH, HU3KOTEMIIEPaTYPHOMY KOHCePEHPOBAHHUIO KJIETOK H
TKaHeH, HX CyOJHMAalMOHHOMY BLICYHIMBAHWIO M CO3JaHHI0 KPHOMEHHOH TeXHHKH.
OcaeialoTest BOpoch! rudepHaLMK, X0N00CTOHKOCTH XXHBOTHBIX H PAaCTeHHIA.

KypHan paccyuTaH Ha HaydHLIX PaGOTHHKOB B O6JACTH GHOJNOTHH K MeAMLHMHbI, Ipelno-
laBareJieli ¥ CTYACHTOB BY30B COOTBETCTBYIOLLETO MPOGUIS, TPAKTHKOB, HCIOMb3YIOLIAX
METO/bl BO3AEHCTEHSA X0J10/1a Ha GHOJIOrHYeCcKkHe 00 LeKTHhI.
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