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Mechanism of Post-hypertonic Lysis of Isolated
Rat Hepatocytes During Rehydration

B paborte MeTomoM CBETOBONH MHUKPOCKONMHU M3y4Y€Ha KMHETHKA PEryJIALUN KICTOYHOIO 00beMa M30JIMPOBAHHBIX I'€aTOLUTOB
KPBICHI IPU MU3MEHEHUU TOHUYHOCTH BHEKJIETOYHOH Cpelibl, MOAEIUPYIOLIEM IPOLECChl AeTHApaTallii U peruaparauy KIeToK B
YCIIOBHSAX POCTA U IUIABJICHHS BHEKJIETOYHBIX KPUCTAIIIOB JIbJIa. YCTAaHOBJICHO, YTO IIOCTTUIIEPTOHUYECKUN JTU3HC IeNaTOLUTOB KPBICHI
OCYLIECTBISICTCS MM MOPLUOHHBIM BHIOPOCOM YaCTH BHYTPHUKIETOUHOTO COJCPIKMMOTrO, MIH HENPEPBIBHBIM €0 OTTOKOM BO
BHEKJIETOUHYIO cpety. OcMoTHYeCKasi aKTUBHOCTh KJIETOK IPH IOCIEAYIOIIMX [IUKITHYECKUX OCMOTHYECKUX HArpy3Kax CBUICTENbCTBYET
0 COXPaHHOCTH IOJIyIPOHHUI[AEMBIX CBOHCTB MEMOpPaHBI U “3aJIeuMBaHUKN’ MEMOPAaHHOI! OPBI.

Kniouesvie cnosa: cBeToBasi MUKPOCKOIHS, T€ATOLHUTHI KPBICHI, TUIIEPTOHHS, PErHApaTalys, MeMOpaHa, IIOCTTHIIePTOHNYECKUil
JIU3HC.

B po6oTi METO10M CBITJIOBOi MIKPOCKOIIT BUBUCHA KIHETHKA PEryisLii KIITHHHOTO 00’ €My 130JIbOBAaHHMX I'€HATOLHUTIB Iypa PH
3MiHi TOHIYHOCTI HO3aKJIITHHHOTO CEPEIOBHILA, 1[0 MOJIEIIOE IPOLIECH AeTiApaTallii Ta perigparanii KJITHH B yMOBaX POCTY i IJIaBJICHHS
HO3aKJIITHHHUX KPUCTAJIB Jb0.Y. JJOBeIeHO, 1110 MOCTTINePTOHIYHMUIT JII3UC IenaToUUTIB Lypa 30iiCHIOETHCS 200 TOPIIIHHIM BUKHIOM
YAaCTHHH BHYTPIIIHBOKIITHHHOTO BMiCTy ab0 Ge3rnepepBHUM HOr0 BiATOKOM y MO3aKJIiTHHHE cepepoBuiie. OCMOTHYHA aKTHBHICTb
KJTITHH NP TOJAJBIINX [UKIIYHUX OCMOTHYHUX HAaBAHTAXKEHHSIX CBIIYHUTD ITPO 30€PEKSHHs HAITIBIPOHUKHUX BIACTUBOCTEI MeMOpaHH
i “3aiKoByBaHHs~ MEMOPaHHOI TOPH.

Kniouosi cnosa: cBitTioBa MiKpOCKOIIis, TENaTOLUTH Iypa, TiIEPTOHis, perigpararis, MeMOpaHa, OCTriNepTOHIYHHUHN JIi3HC.

The kinetics of cell volume control in the isolated rat hepatocytes when varying an extracellular medium tonicity, simulating the
processes of dehydration and rehydration of cells under the conditions of growth and melting of extracellular ice crystals was studied
with light microscopy. Post-hypertonic lysis of rat hepatocytes was shown to be realised by either discrete release of a part of
endocellular content, or its continuous outflow to extracellular environment. Cell osmotic activity under following cyclic osmotic

loadings testified to a preservation of membrane semi-permeable properties and “healing” of the membrane pore.
Key-words: light microscopy, rat hepatocytes, hypertony, rehydration, membrane, post-hypertonic lysis.

CornacHo CymECTBYKOIIUM TEOPETHUYECKUM
MPEICTAaBICHNUAM TUIIOTOHUYECKUN JTU3HUC KIETOK
MIPOMCXOJINT B pe3ylibTaTe QIyKTYaIllMOHHOTO 00pa3o-
BaHUS MaKPOCKONHMYECKOW MOPHI B U30TPOIMHO
pacTsHyTOH KieTouHoi MmeMOpane [1, 2, 7]. UToOsI B
MeMOpaHe BO3HUKJIO M30TPOIHOE PACTSKCHHE, €€
dbopMma goimkHA cTaTh chepudeckon. JBuxyrei
CHJIOHN OBOJTHEHMS KIETKH SIBJIAETCS MEPENa OCMOTH-
YECKOTO ABJICHUS MEKY BHE- U BHYTPHUKJICTOUHBIM
pacTBOpaMu. YBEIMYEHHE pajuyca KIETKH IO
3Ha4eHuss R>R  MpUBOAUT K MOSIBIECHUIO M30TPOIHOTO
HaTsOKeHUS MeMOpaHbl O, BEJIHMYUHY KOTOPOTO
OIPEAEIAIOT MO 3aKoHy I'yka:
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According to current theoretic conceptions, cell
hypotonic lysis is a result of a macroscopic pore
fluctuation formation in isotropically extended cell
membrane [1, 2, 7]. For the appearance of isotropic
extension in the membrane, its shape should become
spherical. A driving force of cell hydration is an
osmotic pressure gradient between extra- and
intracellular solutions. The enlargement of cell radius
up to the value of R>R| results in an appearance of
isotropic extension of membrane O, determined by

Hooke’s law:
o=rg_
So

where S and SO are the areas of membrane surface in
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rae S ¥ S| — IIoWaa NOBEPXHOCTU MEMOpPaHbI B
pacTIHyTOM M Heae(GOPMHPOBAHHOM COCTOSHHUSIX
COOTBETCTBEHHO (S>S ): S = 4TR?, S = 4TR? .

I[Ipu oO6pa3oBaHWU MOPHI 3a CUYET TEIIOBHBIX
(bnykTyanuii mpeomosieBaeTCs dHEPTeTHYECKHH
O0apsep AF, BeauumHa KOTOPOTO ONpeaesieTcs
MEXaHUYCCKHUMM XapaKTePUCTHKAMHU U BEJIUYMHOU
HM30TPOITHOTO PACTSHKCHIS KIIETOIHOM MeMOpaHsI [ 7]:

__ Y

-_—— b
r%“soﬁ
So
rae Y — cBoOOAHAs SHEPTHs €IUHHULBI JJIMHBI KPOMKH
nopsl; I' — MOAYAb M30TPONHOTO paCTAKECHHS
KJIETOYHON MEMOpaHBI.

[Ipu moctaToyHO OONBIIOM OTHOCHUTEIBHOM
PaCTSOKEHUH KIIETOYHON MeMOpanbl (S-S )/S  BeicoTa
sHepreTuueckoro Oaprepa AF ymeHpmaercs, u
[I0O3TOMY BO3HHKHOBEHHE B MEMOpaHe MaKpOCKOIIH-
Yyeckoil mopsl Hen30OexHo. Yepes oOpa3zoBaBuIyroCs
OPY 4YacCTh BHYTPHUKIETOYHOTO COAEPKUMOTO
BBIOpAChIBACTCSl M3 KJIETKH HApyXy MOJ JeHCTBUEM
TpaHCMeMOpaHHOTO Tiepemnasa nasienus AP, KoTopbrit

CBSI3aH C U30TPOIMHBIM PACTIIKESHUEM MEMOpaHbI
CIIEITYIOLIMM 00pa3oM:

_2I(S-8Sy)
SORO

AP

[Ipu 3TOM 00BEM W paguyc KIETKH, a TaKXKe
H30TPOITHOE HAIPSHKEHNE MEMOpaHbl YMEHBINAIOTCSI
JI0 3HAUYEHUH, MPHU KOTOPBIX CYIIECTBOBAHUE MaKpO-
CKOIMYECKON MOPBI OKa3bIBAETCA YHEPIreTHUECKHU
HeBbITOAHO [1, 7], m mopa “3ameunBaercsa’. Ilocie
“3amednBaHUs”’ MMOPHI MEMOpaHa KIETKH HE yTpadu-
BaeT CBOWCTBA M30MpaTeIbHONH MPOHHLIAEMOCTH IO
OTHOILIEHUIO K PACTBOPEHHBIM BO BHE- M BHYTPHKJIE-
TOYHOH Cpelie BELECTBAM.

Yka3aHHBIE TEOPETHUYECKUE MPEACTABICHUS O
ME€XaHU3Me TMIIOTOHNYECKOTO JIU31Cca UMEIOT YHUBEP-
CaJIBHBIN XapakTep U NPUMEHUMBI AJIS JII000T0 THIIA
KJIETOK TIPU y4eTe MX WHANBUAYAIbHBIX 0COOEHHOC-
Teil. OmHaKo B IUTEpaType HMEIOTCS JINIIb KOCBEHHBIE
9KCIIEpUMEHTAJIbHBIE MOATBEPKICHUS pealn3alun
JaHHOTO ME€XaHW3Ma, MOJIyYEeHHBIE TOJBKO MpPHU
HCCIIeIOBaHUH MPOIlecca THITOTOHMYECKOTO JIH3UCa
SPUTPOLIUTOB HesloBeka [3, 8, 11, 13, 14].

Lenb paboThI — M3y4UTH 0COOEHHOCTH MOCTIUIIEP-
TOHMYECKOTO JIN3MCa M30JINPOBAHHBIX IENaTOLUTOB
KPBICHI.

Krnerkn ganHOTO THIIA CIOCOOHBI OCYIIECTBISATH
SHJIOLMUTO3 BEIIECTB C OOJIBIION MOJEKYIAPHOU
Maccoil M CPaBHHUTEIBHO KPYMHBIX Junocom. [lpu
9TOM KJIIETOYHAsI MEMOpaHa reraTolUTOB UCITBITHIBACT
3HauuTeNbHBIE Aedopmaruu [6]. IloaTtomy BmonHe
BEPOSITHO, UTO MEXaHUYECKUE XaPaKTEPHUCTHKH
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stretched and non-deformed states, correspondingly
(S>S,): S =41R?, S =4TR 7.

During pore formation by means of thermal fluc-
tuations the energy barrier AF is overcome, and its
magnitude is determined by both mechanical charac-
teristics and cell membrane isotropic extension value [7]:

my”

AF e T — b
r EL S0 E
So
where Yis a free energy of length unit of pore edge; I
is the modulus of isotropic extension of cell membrane.
At quite high relative extension of cell membrane
(S-S,)/S, the energy barrier height, AF, is diminished,
and consequently the appearing of membrane
macroscopic pore is foregone. Through the formed
pore the part of intracellular content is released out of
the cell under effect of transmembrane pressure

gradient, AP, being associated with membrane
isotropic extension as follows:

_2T(S-Sy)
SORO

AP

Herewith the cell volume and radius, as well as
membrane isotropic extension reduce down to the
values, where the existence of the macroscopic pore
appears energetically disadvantageous [1,7], and it is
“healed”. After pore “healing” the cell membrane does
not lose its selective permeability properties in respect
of the substances dissolved in extra- and intracellular
medium.

The above mentioned theoretical conceptions about
the mechanisms of hypotonic lysis are of common
nature and applicable for any type of cells with taking
into account their peculiarities. Nevertheless there are
just indirect experimental proofs for implementing
the given mechanism in literature data, obtained only
when studying the process of hypotonic lysis of human
erythrocytes [3, 8, 11, 13, 14].

This research aim was to study the features of post-
hypertonic lysis of isolated rat hepatocytes.

The cells of the given type are capable to realise
endocytosis of substances with a high molecular
weight and relatively large liposomes. Thereat the cell
membrane of hepatocytes experiences a considerable
deformation [6]. Therefore it is very likely, that the
mechanical properties of hepatocyte membranes
essentially differ from cell membranes of other types
and have considerable differences between the
quantitative properties of hypotonic lysis and hypo-
tonic hemolysis.

Materials and methods
The experiments were performed by light micro-
scopy using of MBI-15U microscope (LOMO,
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M€M6paH renarouruToB CYHIECTBCHHO OTIIMYAIOTCA OT
M€M6paH APYTUX TUIIOB KJICTOK U UMCIOT 3HAYUTCIIb-
HOC OTKJIOHCHUC KOJINYCCTBCHHBIX XapPAKTCPHUCTUK
mnponecca ruiitOTOHUYCCKOro JIu3uca OT rMIMIOTOHHUYCC-
KOTr0o IréMoJimnsa.

Matepunanbl 1 meToabl

HccnenoBanns mpoBeneHb METOIOM CBETOBOM
MHKPOCKOIIMH C UCIIOIb30BaHMEM MUKpockona MBU-
15Y (JIOMO, Jlenunrpan). Kuneruky mopdonorn-
YECKOT0 OTBETA N30JIMPOBAaHHBIX IE€NaTOLIUTOB KPBICHI
Ha MOCJe10BaTeIbHOE U3MEHEHNE TOHUYHOCTH BHE-
KJIE€TOYHOU Cpeabl, MOAEIUPYIOIIEE MPOLECCH
JETUIPATAIINN U PETUAPATAIlNH KICTOK B YCIOBHSIX
pPOCTa U IUIABJICHUS BHEKIICTOYHBIX KPUCTAJLIOB JIb/A,
peructpupoBanu Qotorpaduuecku. [Ipu cremke BO
BCEX OKCIIEPUMEHTAaX UCTIONb30Ban yBennuaenue 200.

I'enaTonuTel, BBIZICNIEHHBIE U3 MEYEHU KPBIC 1O
meToxay [10], ObuIM TIpemoCTaBIEHBI JJs HCCIe-
noBauuit ornenom kpuoobmoxumuu UITKuK HAHY.

B kadecTBe THIIEPTOHUYECKOTO peareHTa MCIoJb-
30Bajii IMpoHUKaromui kpuonporektop AMCO B
KOHIIeHTpaIuu 2, 5, 15,20 % (Bec/o0bem). PacTBopsl
KpUONPOTEKTOpPa TOTOBMIIM Ha CPEJE CYyCIEHANPOBa-
Hus renatouuToB: 250 MM caxapo3ss; 5 MM KCI;
0,4 MM KH,PO; 0,4 MM NaHPO,; 0,8 MM MgSO ;
1,2 MM CaCl,; 10 MM tpuc; 1% ansbymuna. Ocmotu-
YECKOE JABJICHHE paCTBOPOB U3MEPSIIN HA OCMOMETPE
OMKA 111-01 (Memmaboprexuuka, Onecca), moiy-
YeHHBIC JaHHBIC TpHUBeNcHB B Tabmuie, pH 7,4.
Bpemst axcrio3nnny M30JIMpOBAaHHBIX T€MAaTOLUTOB B
runepronndeckux pacteopax JJMCO cocrasmsiio 30
MUH 1ipu Temreparype 24°C.

ToHNYHOCTH BHEKJIETOUHOU Cpelbl MOCIE TUIEp-
TOHHUYECKOTO BO3AEHCTBHUS Ha KIETKH CHUXKAIU
JO3UPOBaHHBIM CTYIEHUYATHIM BBEJICHUEM B CyCIICH-
3HI0 KJIETOK AUCTUIUIMPOBAHHOM BOABI.

Bce skcnepuMeHTanbHbIE MAHHITYIISIIAN TIPOBO-
JWIIN HETIOCPEICTBEHHO Ha CTOIMKE MUKPOCKOIIA, UTO
TO3BOJISAIIO HAOMIONATh C CaMOTO Havyaa 3a peaKkiuen
KJIeTOK. J{J1st 3TOM 11enm Obli1a CKOHCTPYHpPOBaHa CITe-
nuaibHas KaMmepa, IpeacTaBisionas codoil mpea-
METHOE CTEKJIO C TPOPE3aHHOM KaHABKOM, OJTMH KOHEI]
KOTOPOH cooOmaNcs ¢ SdeHKON I KICTOYHOM
cycniensun. O0bem stueiiku 5%18x0,30 mm® (27 mkin)
CO3/1aBaji 3aKPEIUICHHBIMHA Ha MPEIMETHOM CTEKJIE
MTOKPOBHBIMU cTeKJIaMH. CyCIIEH31IO KJIETOK BHOCHIIN
B KaHABKY, 110 KOTOPOW MO/ IEHCTBHUEM KalMIUISIPHBIX
CWJI OHa momajaana B s4yeiky. Takum xe oOpa3om
n00aBIsIIM COOTBETCTBYIOINE T'MIEPTOHUYECKHE
pPacTBOPBI KPUOMPOTEKTOPA U aTUKBOTHI JUCTHII-
JINPOBAHHOW BOJIBI.

CoxpaHHOCTH TEMATOIUTOB OLIEHWBAJIH 10 OKpa-
HIMBaHUIO BUTATBHBIM KpacuteneM (0,2%-M Tpumnano-
BBIM CHHHM ), KOTOPBI BBOJWIIN B CYyCIIEH3UIO KIETOK
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Russia). Kinetics of the reaction of rat isolated
hepatocytes for the series of extracellular medium
tonicity variations, simulating the processes of cell
dehydration and rehydration under conditions of
growth and melting of extracellular ice crystals, was
photographically recorded. The magnification for all
experimental photos was 200.

Hepatocytes, isolated from rat liver by the method
[10], were provided by the Department of Cryobio-
chemistry of the Institute.

As the hypertonic reagent we used the penetrative
cryoprotectant DMSO under concentrations of 2, 5,
15 and 20% (weight/volume). The cryoprotectant
solutions were prepared with hepatocyte suspending
medium: 250 mM of sucrose; 5 mM of KCI; 0.4 mM
of KH,PO,; 0.4 mM NaHPO,; 0.8 mM of MgSO,;
1.2 mM of CaCl,; 10 mM of tris-HCI; 1% of albumin.
Osmotic pressure of the solutions was measured with
OMKA 1C-01 osmometer (Medlabortekhnika,
Ukraine), the obtained data are listed in the Table,
pH 7.4. The time of isolated hepatocytes exposure to
DMSO hypertonic solutions made 30 min at 24°C.

Extracellular medium tonicity after hypertonic
effect on cells was diminished by a stepwise addition
of distilled water into cell suspension.

All experimental manipulations were performed
directly on the microscope table, allowing the cell
reaction monitoring from the very beginning. For this
purpose we designed the special chamber, comprising
the subject glass with a cut groove, connected to the
chamber with a cell suspension. The chamber dimen-
sions of 5x18x0.30 mm? (27 ul) were made by cover
glass pieces fixed on the subject glass. Cell suspension
placed into the groove appeared in chamber on account
of capillary force action. In the same way the
appropriate cryoprotectant hypertonic solutions and
distilled water aliquots were added to the chamber.

OcMoTHYeCKOE JaBIICHUE THIIEPTOHHYCSCKUX
pactBopoB IMCO

Osmotic pressure of DMSO solutions

OcmoTHuyeckoe ii%iie{e;igz
Cpepa AaBaerue, MOcM/A aBAcHTE 1T
Medium Osmotic pressure, N A li .
mOsm/1 ormalised osmotic
pressure TUTy
Cpepa
CyCIIEHAMPOBaHUSA 364 1,16
Suspending medium
2% AMCO
29 DMSO 580 1,84
5% AMCO
50 DMSO 970 3,08
15% AMCO
15% DMSO 2250 7,14
20% AMCO
20% DMSO 2890 9,17
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JI0O TUNIEPTOHUYECKOTO Bo3aeiicTBUs. McxonHas
COXPaHHOCTH KJIETOK cocTasisiia 75-80%.

[TockonbKy MHTaKTHBIE HU30JUPOBAHHBIE Iemaro-
LUTHI KPBICHI UMEIOT MPAKTUYECKU OKPYTIYIO popmy
C TUaMETPOM OOJBIIOTO CeueHUs: OKoio 18-20 MKM,
ux 00beM V, MOJKHO OLIEHHUTH 110 IJIOMIAIH (oTorpa-
¢uyeckoro nsobpaxkenus S ;:

I
K

Kunernyeckne KpuBble N3MEHEHHUSI OTHOCHUTEIb-
HOW TUIOIIAJM KJIETOK MOJydYalu MeToqoM Mopdo-
MeTpun. CTaTHCTUYECKYI0 00pabOTKy pe3ysbTaToB
nposoaunau no merony CreroneHTa-dumepa ais
BeposatHocTH P = 0,95.

OKCIEpUMEHTHI MPOBEIEHBI B COOTBETCTBUU C
“O0muMHU IPUHIUNIAME SKCIIEPUMEHTOB Ha JKUBOT-
HBIX”, onoOpenHpIMU | HanmoHansHBIM KOHTpeccoM
no 6uosruke (Kues, 2001) u monoxenusimu “Espo-
neiickoit KoHBeHIIMH 0 3a11UTe NO3BOHOYHEIX JKUBOT-
HBIX, UCIOJB3YEMBIX I IKCIEPUMEHTAIBHBIX U
npyrux HaydHbIX meneir” (Ctpacoypr, 1985).

Pe3yAbTatbl M 00CYy)XAeHHe

[IepeHoc MHTAKTHBIX T'€NaTOLUUTOB KPBICH B
TUIIOTOHUIO MPU OAHOKPATHOM Pa3BEACHUU CYCIIEH-
3HWH COTPOBOXKIAIICS MTHOBEHHBIM (40 ¢) OBOTHEHHEM
kietok. [Ipu 3ToM oTHOCHUTENbHAS MIIOMIAAb TeNaTo-
LIUTOB YBEIWYUBAJIACh B cpeiHeM B 1,4 paza. B Takom
COCTOSTHUHM TeTIaTOIMThI HAXOVIINCH B IIEPHO]] HAOIT0-
nennst. Mopgoaornuecky 0TMEYaTUCh BaKyOJTM3aIus
U pa3phIXJICHUE BHYTPUKIETOYHOTO COACPIKUMOTO, a
TaKke ero mepepacrnpesesieHue 1Mo BceMy o0beMy
KiIeTku (puc. 1).

IIpu BBeIeHNH B CYCIIEH3UIO TETIATOIIUTOB THUIIEP-
ToHMYeCcKHux pacTBopoB JIMCO Habtonanach Tpaju-
LMOHHAS IS MPOHUKAIOUIUX BEIISCTB AByX(asHas
peaknus KIeToK: 00e3BOKMBaHUE U BOCCTAHOBJICHHE
HUCXOAHOTO OOBbeMa KIIETOK, MPU KOTOPOM YacTh
BHYTPUKJIETOYHON BOJBI 3aMeIlalach KPUOMPOTEK-
TopoM. BaxkHo yka3zarb, 4To (haza OBICTPOro MPOHUK-
HoBeHust JIMCO B renaToUUTHI IPAKTUYECKH 3aBEP-
majach Ha NEPBOM MUHYTE HKCIO3ULMU KIETOK B
pacTBopax kpuomnporekropa. Jlanee cienosaio domnee
MEJIEHHOE BOCCTaHOBIIEHHE OCMOTHYECKOTO PaBHO-
BECHS B CHCTEME “KJeTKa — cpena’. BeipaskeHHBIX
MOP(}OIOTHYESCKUX W3MEHECHUM remarolUuTOB B
MPOTIECCe TUIEPTOHUICCKON IKCIIO3UIIUU OTMEUCHO
HEe OBLIO.

[Tocne HachllIeHHs TeNaTOLUUTOB KPUOMPOTEKTO-
POM Pa3INYHON KOHIEHTPALMH B KJICTOYHOU CyCIIEH-
3UH CTYNIEHYATO CHUKAJIM TOHUYHOCTh BHEKJICTOUHOH
cpenbl. AHaIU3 JaHHOTO 3Tala UCCIeIOBaHUM MOKa-
3aJ1, YTO XapakTep MOCTTUIEPTOHUYECKOTO OTBETa
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Integrity of hepatocytes was estimated by supravital
staining by 0.2% trypan blue, which was added into
cell suspension prior to hypertonic effect. The initial
integrity of the cells made 75-80 %.

As the intact isolated rat hepatocytes are of virtually
spherical shape with diameter of greater section of
about 18-20 pm, their volume V, can be estimated by
its photo image area S .

The kinetic curves of relative cell area were
obtained by morphometry. Statistical analysis of the
results was performed by Student-Fisher’s method for
probability of p=0.95.

The experiments were conducted according to the
principles of European convention on protection of
vertebrate animals used for experiments and other
scientific purposes (Strasbourg, 1985) and “General
principles of experiments in animals”, approved by
the 1st National Congress in Bioethics (Kiev, 2001).

Results and discussion

Transfer of intact rat hepatocytes into a hypotony
with one-step dilution of the suspension was accom-
panied by an abrupt (40 s) cell hydration. Thereat the
hepatocytes’ relative area increased in about 1.4 times.
The hepatocytes remained in this state during all the
observation time. There were observed the vacuo-
lisation and loosening of the cell content, as well as
its reallocating in the whole cell volume (Fig. 1).

“311%50,35 MUH
0.35 min

o . 2,
n T b LY
Puc. 1. Pazsutne Mmopdonornieckoi peakiiui HHTaKTHBIX

rénaTouruTOB KPBICHI ITPU OAHOKPATHOM PAa3BCACHUUN CPE/IbI
CyCIICHAUPOBAaHUA.

Fig. 1. Development of morphological response in rat in-
tact hepatocytes during single dilution of suspending me-
dium.
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KJIETOK Ha CTPECCOBOE BO3JIEHCTBHUE, BHI3BAHHOE
peruaparanueil, 3aBUCUT OT UCXOJHOU TUIEPTO-
HUYHOCTH BHEKJIETOYHOU CpPEIbl H, CIEI0BATEIbHO,
OT CTETICHU HACBIIICHUS KIIETOK KPUOMPOTEKTOPOM.
OOwieii HaYaIbHOM MOCTTUIIEPTOHUYECKOHN peak-
LMel renaToUTOB SIBUIOCH CBSI3aHHOE C OBOJHECHUEM
pe3koe yBenuueHue ux pasmepa. Ha moBepxHocTu
KJIETOK OTMedYalloch MaccoBoe (popMupoBaHue
MeMOpaHHBIX Tmy3bipeit (6me6oB). [Ipu xoamnuc-
HUpoBaHUM 0J1e00B HAOJIIOAAIOCH MOCTEIIEHHOE
pasaeneHue THAJIOMIIa3MBbl M TPAHYJIOIIa3Mbl T€NaTo-
IIATOB: MEXKTy KJIIETOYHOW MEMOPaHOH 1 KOMITAKTHOM
TpaHyJIOMIIa3MOM OTYETIIMBO pa3Inyaiach MPO3payHas
30Ha THaJoIUIa3Mbl. Takasi cTpeccoBasi MOpOIOTHS
remnaToIuTOB OblIa XapaKTepHa MPH OBOJHEHUHU

KJIETOK HE3aBUCHUMO OT
HCXOJHOU KOHIIEHTpaluu
JAMCO B pactBope.

JlanpHeiiiee mMoBeaCHUE
TenaTolUTOB OIMPEAEIAIOCh
YPOBHEM HACHITICHHSI KJIETOK
KPHUOTPOTEKTOPOM H CTE-
MIEHBIO PACTSHKCHHUS MeMOpa-
HBI IIPU peruapaTaluu.

Tak, mocie HachbllIEHUS
renaTouuToOB KPBICH 2%-M
pactBopomM JIMCO nipu ogHo-
KpaTHOM CHHUXEHUHU TOHUY-
HOCTH BHEKJICTOYHOM CpEIbl
OTHOCHUTENbHAS TJIOIIAIb
KJIEeTOK yBEIWYHMBaIach 3a
3,6 muH B 3,4 paza, 4TO TIpH-
BOJMJIO K pa3pbIBY KJIETOYHOU
MemOpansl (puc. 2.9). BeicBo-
0oauBIIMECST MEMOpPaHHBIC
JIUMIUBI 3aMBIKAJIUCh BO BHE-
KJIETOYHOU CpeJie B BE3UKYIIbI
(puc. 2.10, 11). BusyansHo
rpaHyJjiomiasMa BbITIseNna
pPa3pbIXJICHHONW, HO OCTaBa-
JIaCh CTPYKTYPHO CBSI3aHHOM,
0 YeM CBUETEIHCTBOBAJIO €€
CXXaTue MPU TOBTOPHOM TH-
MIEPTOHNICCKOM BO3/ICHCTBUHI
15%-ro pactBopa AMCO
(puc. 2.12).

IIpu HaceleHuH remna-
TOLIMUTOB KpbICHl 5%-M pacT-
BopoM /IMCO nocrnenyroiiee
JIBYKpaTHOE pa3BeCHUE Kie-
TOYHOU CYCIIEH3UH COIPO-
BOXJaJOCh BO3pacTaHUEM
OTHOCHUTEJbHOU IJIOU[AgU
KJIETOK B TeueHue 4 MUH B 3
pasa (puc. 3.5-10). B takom
HampsHKEHHOM COCTOSHUU
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When introducing into hepatocyte suspension the
DMSO hypertonic solutions a typical for the case of
penetrative substances biphase reaction was observed:
dehydration and recovery of initial cell volume, where
the part of intracellular water was substituted by the
cryoprotectant. It is necessary to emphasize, that the
phase of rapid DMSO penetration into the hepatocytes
was virtually terminated during the first minute of cell
exposure to cryoprotectant solutions. Then it was
followed by slower recovery of osmotic balance in
the “cell-medium” system. There were no manifested
morphological changes of hepatocytes during a
hypertonic exposure.

After saturation of hepatocytes with the cryopro-
tectant under various concentrations a step-wise
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Puc. 2. Mopdomoruueckast peakiius IelaTOMUTOB KPbICHI HA MOCICAOBATEIHHOE
U3MEHEHNE BHEKJIETOYHOW OCMOTHYHOCTHU: | — MHTAaKTHBIE T€NaTOIUTHI; 2,3 —
skcrio3utus B 2%-M pactBope IMCO; 4 — peruaparaius; 5-8 — OTCIIOEHHE MEMOPaHEI,
9 —cdepynsus; 10,11 — pa3pbiB KIIETOYHOI MeMOpaHbl 1 HOPMHUPOBAHUE BE3UKYIT BO
BHEKJIETOUHOU cpefie; 12 — cokaTue rpaHynnoruia3Mel ociie BBeaeHus 15%-ro pactsopa
AMCO.

Fig. 2. Morphological response of rat hepatocytes to a gradual change in extracellular
osmotic rate: 1— intact hepatocytes; 2, 3 — exposure in 20% DMSO; 4 — rehydration;
5-8 — membrane exfoliation; 9 — spherulation; 10, 11 — cell membrane rupture and ve-
sicle formation in extracellular medium; 12 — granuloplasm shrinking after introducing
15% DMSO.
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Puc. 3. Mopdonornueckass peakiys IenaToUTOB KPBICH Ha MOCIIEI0BATENHHOE
W3MCHCHHE BHEKJICTOYHOH OCMOTHYHOCTH: | — MHTaKTHBIC IeaToUuThl; 2-4 —
skcno3unusa B 5%-m pactBope [IMCO; 5-7 — perunpatanus; 8-11 — orcrnoenue
MeMOpaHsI; 12 — c)kaThe TenaToUUTOB OCIIE TOBTOPHOTO BO3ICHCTBUS Ha KIETKH
5%- ro pactBopa JIMCO; 13 — crmaxxnBanue memOpansl; 14-16 — HaOyxaHuE KIETOK

HIOCIIe TOBTOPHO pPeruipaTalyy.

Fig . 3. Morphological response of rat hepatocytes to a gradual change in extracellular
osmotic rate: 1 —intact hepatocytes; 2-4 — exposure into 5% DMSQO; 5 —rehydration;
8-11 — membrane exfoliation; 12 - hepatocyte shrinking after repeated 5% DMSO
effect on cells; 13 —membrane flattening; 14-16 — cell swelling after repeated rehy-
dration.

MeMOpaHbl KJIeTKH cTabunuzupoBanuck (puc. 3.11).
[ToBTOpHOE BBEAEHUE B CycneH3UI0 5%-r0 pacTBOpa
JAMCO BpI3BIBANO pe3koe 00E3BOXKHBAHHUE KIIETOK.
MewmOpana BeimsiAena cknagyaron (puc. 3.12). [pu
JalbHEHIIEeH 3KCMO3ULHUHN OTMEYald MEIJEHHOE
CIIIa)KMBaHUE MEMOpaHbl U HE3HAYUTEIHHOE CHIKE-
HHE OTHOCUTEILHOH Iuromanau kietok (puc. 3.13).
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decrease of extracellular me-
dium tonicity was performed.
The analysis of this experi-
mental stage showed that the
nature of post-hypertonic re-
action of the cells to the stress
effect, caused by rehydration,
depended on initial hypertoni-
city of extracellular medium and
consequently on a rate of cell
saturation by cryoprotectant.

A general initial post-hyper-
tonic reaction of hepatocytes
was an abrupt size enlargement
associated with hydration. A
massive formation of membrane
blebs on the cell surface was
observed. At bleb confluence a
gradual separation of hepatocyte
hyaloplasm and granuloplasm
was observed: there was a clear-
ly distinguished transparent
hyaloplasm zone between a cell
membrane and compact granu-
loplasm. Such a stress mor-
phology of hepatocytes was
characteristic at cell hydration
irrespectively of initial DMSO
concentration in solution.

Further behavior of hepato-
cytes was examined by the
saturation rate of cells with
cryoprotectant and the one of
membrane extension during
rehydration.

So, after saturation of rat’s
hepatocytes with 2% DMSO at
a single reduction of tonicity of
extracellular medium a relative
area of cells increased for 3.6
min in 3.4 times, resulting in cell
membrane rupture (Fig. 2.9).
Released membrane lipids were
locked in extracellular medium
into vesicles (Fig. 2.10, 11).
Visually granuloplasm looked
loosened but remained structu-
rally bound that was confirmed
by its shrinking at repeated

hypertonic effect of 15% DMSO solution (Fig. 2.12).

During saturation of rat’s hepatocytes with 5%
DMSO solution the following two-fold dilution of cell
suspension was accompanied with a rise in relative
area of cells for 4 min thrice (Fig. 3.5-10). In such a
strained state cell membranes stabilized (Fig. 3.11).
Repeated introduction into the suspension of 5%
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OnHako MCXONHBIA pa3Mep KIETOK He BOCCTa-
HaBJIMBAJICS, YTO, BOBMOXKHO, CBSI3aHO C YBEITHUCHUEM
o0beMa TpaHyJIOIIa3Mbl MPH €€ Pa3phIXJICHHUH B
pe3ynbTare MpeaecTBYIOUIEr0 OBOAHEHUS KIIETOK.
[locnenyromee pa3BeneHne KIETOUYHON CyCIIEH3UH
BHOBb CONPOBOXAAIOCH Ha0yXaHUEM KJIETOK 0e3
pa3pbiBa KIETOYHOM MeMOpaHsI (puc. 3.14-16).

[Ipn HachleHUH renarouuToB KphICHl 15%-M
pactBopoM JIMCO crynmeH4aToe CHMXKCHHE TOHHY-
HOCTH BHEKJIETOYHOTO PacTBOPA MPHUBOIMIO K pa3BH-
THIO TMIOCTTUTIETPOHUYECKOTO OTBETA KIETOK pasiiy-
HOTO XapakTepa, 3aBHUCSIIETO OT CTETICHN HAITPSKSHUSI
TUTa3MaTHYECKOM MEMOPaHBI KJIETOK ITPH JI0 CTHKCHUH
OCMOTHYECKOTO PABHOBECHS B CHICTEME.

Tak, Ipu OJHOKPATHOM pPa3BEACHUHU CYCIICH3UH
OTHOCHTEIIbHAs! TUIOIIA/Ab KJIETOK YBEIHMYUBAIACh 32
8 Mun B 1,7 paza (puc. 4, CD; 5.3), u B Teduenue 17 Mmun
COCTOSIHUE TeNaTOLUTOB OCTAaBaJIOCh CTaOUIBHBIM
(puc. 4, DE). ITocne lag-a3b1 HaOmonancs MrHOBEH-
HeIi (15 ¢) cOpoc MemOpaHHOTO HanpsbKeHUA (puc. 4,
EF; 5.4). OtHOocuTenpHasA TUIOMIAAb KIIETOK ITOCIIEe
“cxyonbiBaHus” MeMOpaHsl coctanisiia 1,27, [Moce-
nytomiee BBeneHue B cycnensuio 20%-ro pactBopa
JAMCO mpuBOAIIIO K OCMOTHIECKOMY CXKATHIO KIIETOK
(puc. 4, FG; 5.5), a cHI)KeHHe BHEKJIETOYHON TOHUY-
HOCTH COIPOBOXKJAJIOCHh BO3pACTaHUEM OTHOCH-
TEJIBHOW IUIOIIANM KJIETOK B 3,2 pa3a U pa3pblBOM
KJIETOYHOH MeMOpaHsb! renarountoB (puc. 4, GH).

[Ipu nBykpaTHOM CTyNneHYaTOM pa3BEICHUH
CYCHEH3UH OTHOCHUTEJbHAS IJIOIA b KJIETOK yBEIH-
yuBajiach 3a 4 MmuH B 2,9 paza (puc. 6, CD). B Takom

g
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Puc. 4. Kuneruka n3MeHeHHUsI OTHOCUTEJILHON ILIOIIAANA
TEMATOUTOB KPBICHI (S/S ) IpU OXHOKPATHOM CHIKEHHH
BHEKJICTOYHOW OCMOTHYHOCTH ITOCIIC HACBIIICHUS KIIETOK
15%-m pactBopom JIMCO (CDEF) 1 moBTOpHOM IWKIIH-
4YeCKOM U3MEHEHUHU BHeKIeTouHOoH ocMoTraHOocTH (FGH).

Fig. 4. Kinetics of change in rat hepatocyte relative area
(S/S,) under single reduction of extracellular osmotic rate
after cell saturation with 15% DMSO (CDEF) and repeated
cyclic change in extracellular osmotic rate (GFH).
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DMSO solution caused a sharp cell dehydration.
Membrane looked folded (Fig. 3.12.). With following
exposure there were noted a slow membrane
smoothing and slight reduction of relative cell area
(Fig. 3.13). However initial size of cells did not recover
that is likely related to an increase in the volume of
granuloplasm at its loosening resulted from preceding
cell saturation with water. Following dilution of cell
suspension again was accompanied with cell swelling
with no rupture of cell membrane (Fig. 3.14-16).

During saturation of rat’s hepatocytes with 15%
DMSO a step-wise reduction in the tonicity of
intercellular solution resulted in the development of
post-hypertonic response of cells of various characters,
depending on the rate of cell membrane tension at
achieving osmotic balance in the system.

So, at a single dilution of the suspension a relative
area of cells increased for 8 min in 1.7 times (Fig.4,
CD; 5.3), for 17 min the state of hepatocytes remained
stable (Fig. 4, DE). After lag-phase there was observed
the flashy (15 s) reset of membrane tension (Fig. 4,
EF; 5.4). Relative area of cells after “discharging” of
membrane made 1.27. The following introduction into

57,0 MuH
5_7.0 min

L
%"
4t

Puc. 5. Mopdonoruueckas peakius TermaToNTOB KPBICHI
Ha TIOCJICIOBATEIFHOE U3MCHEHIE BHEKIIETOYHOM OCMOTHY-
HOCTH: | — MHTaKTHBIE renaTouThl; 2 — 30 MHH 9KCITO3HITUI
B 15%-M pactBope JIMCO; 3 — 8 MUH nocIe peruaparaniy;
4 — cOpoc MeMOpPaHHOTO HaNpSIKCHUSA, 5 — c)KaTHE
renaToIuToB nocie BosaeicTaus 20%-ro pactBopa JIMCO;
6 — HaOyxaHUe KIIETOK MOCIIC IIOBTOPHOM perupaTaiuy.

Fig. 5. Morphological response of rat hepatocytes to a
gradual change in extracellular osmotic rate: 1 — intact
hepatocytes; 2 — 30 min exposure to 15% DMSO; 3 — 8 min
after rehydration; 4 — membrane tension reset; 5 —
hepatocyte shrinking after 20% DMSO effect; 6 — cell
swelling after repeated rehydration.
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HaIpsSKEHHOM COCTOSIHMM KJIETOYHOW MeMOpaHBI
remaTonuThl OCTaBaIKCh He Ooiee 45 ¢ (puc. 6, DE).
Hanee Habmromancst cOpoc MEMOpPaHHOTO Harpsike-
HUA, KOTOPBIA peann30Bajics B J[Ba dTama: CKaykKo-
oOpasHoe ymenbienue (15 ¢) pazmepa kineTok (puc. 6,
EF) u mocnenyroniee HeNpepbrIBHOE €r0 YMEHBIICHUE
(oxo110 9 mun) 110 3Hauenus 1,5 S (puc. 6, FG). Ilpu
JNanbpHEWIIel >KCIO3uIMA YMEHBIIEHHE pa3Mepa
KJIETOK CYIIECTBEHHO 3aMEANIANOCH, a IIPU JOCTHXKE-
HuM 3Ha4enus 1,3 S| — crabunusuposanocs (puc. 6,
GH). [loBTOpHOE TUTIEPTOHUYECKOE BO3ICHCTBHE HA
KJIeTOuHyI0 cycneHsuo 15%-m pactsopom IMCO
COMPOBOXAAIOCH OCMOTHYECKUM CXKAaTHEM TenaTo-
LUTOB MPAKTUYECKH 10 UCXOTHOTO pa3mepa (puc. 6,
HI). I'ematoruTsl 0cTaBaIMCh OCMOTHYECKH AKTHB-
HBIMH | TIPY TTOCJIEAYIONIEM Pa3BEICHUH KIETOYHOU
cycunensuu (puc. 6, JK), B pe3yabTare KOTOpOro
OTHOCHTENbHAS TIOIIAAb KIETOK yBEeIU4MBaiach B 3,2
paza. OrHaKo MaccoBO€ pa3pyIIeHHE TeaToUTOB He
orMmeuanock. [lnazmMaTtnyeckass MeMOpaHa KIETOK
NpUHUMaJIa HEMPaBUIbHYIO (POPMY U COXpaHsIa CBI3H
C UMTOMATPUKCOM JIMIIb Ha HEKOTOPBIX YYacTKax.
I'panynomnazma nmena GpparMeHTHPOBAHHBIN BH] H
pacmpezensiach o 00beMy TenaroiToB.

TpoekparHoe cTyneH4aToe pa3BeeHUE CyCIICH3NH
[IOCJIE HACBIIEHUS TenarouuToB 15%-M pacTBOpoM
JAMCO conpoBok1aI0Ch MAKCHMATHFHO BO3MOKHBIM
OBOJHEHHEM KJIETOK W Pa3phIBOM KJIETOUYHON MeM-
Opausl (puc. 7). B mponecce ocmotruueckoro Habyxa-
HHS KJIETOK HaOII0gajloch MOJHOE OTCIOCHHUE
KJIETOYHON MeMOpaHBl OT IUTPOMATPUKCa U €€
coepymsimus (puc. 7.12-14). MakcuMaiibHOE HampsiKe-
HHEe MeMOpaHbl COOTBETCTBOBAJIIO KPUTHUECKOM
IUIOIIAJIM KJIIETOK OKOJIO 5,6 So' IIpu »TOM rpanymno-
I1a3Ma OCTaBajlaCh CTPYKTYPHO CBI3aHHOM U TMOCIe
pa3peIBa KIIeTOUHO#M MemMOpansI (puc. 7.15, 16).

[Ipn HacelmeHuH renarouuToB KpbIckl 20%-M
pactBopoM /IMCO TpoekpaTHOE CHHKEHHE BHEKIIE-
TOYHON TOHUYHOCTH COITPOBOXKJAIOCH TOCTETIEHHBIM
(B Teaenue 10,7 MUH) OBOHEHNEM KIIETOK, IPUBOJIS-
LIMM K YBEJTMYEHHUIO X OTHOCUTEIHHOH IUIOIAAN B
2,3 paza (puc. 8, CD; 9.5-7). 3arem Habmomancs pes-
kuit copoc (15 ¢) MeMOpaHHOTO HAMpPSDKEHUS 10
OTHOCHTEILHOM TUTOIIAIH KJIETOK paBHOH 1,4 (puc. 8,
DE), xotopas B moclieAylomeM HE HU3MEHsIach
(puc. 9.8, 9). B mecrax popmupoBanus 01e60B
HaOM0qanCcs JTOKANbHBIH pa3pbiB MEMOpPaHBI C
BBIXOJIOM COAEPKUMOTO I'HAIOTIa3Mbl BO BHEKJIETOU-
Hy10 cpeny (puc. 9.7-9).

Taxkum oOpas3om, cTymeH4aTas peruaparamus
reraToIUTOB KPBICHI, HCXOIHO HACBIIICHHBIX Pa3iIiy-
Ho# kKoHneHTparuen JIMCO, npuBOIUT K BO3HUKHO-
BEHHIO TPAHCMEMOPAHHOTO Iepenaaa 0CMOTHYECKOTO
JaBJICHUS], O NEHCTBHEM KOTOPOTO KJIETKH OBOI-
HSIOTCS TaK, 9TO UX 00BEM 3HAYUTEIHHO IPEBOCXOANUT
ncxonHbii. O0pazoBanue MeMOpaHHBIX 01e06OB
(opdexT “Bckumanus” meMOpaHBI) IPU OBOIXHEHUH
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Relative square
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Bpewms,, MuH  Time, min
Puc. 6. Kuneruka n3MeHeHHsT OTHOCUTEIBHON INIOMAAU
TEMaTOLUTOB KPBICHI (S /S (L) MIPH IBYKPATHOM CTYIICHYATOM
CHIDKEHHH BHEKJIETOYHOM OCMOTHYHOCTH ITOCJI€ HACHI-
meHust kretok 15%-m pacreopom JIMCO (CDEFGH) n
MOBTOPHOM IUKINYECKOM H3MCHCHHU BHEKIICTOYHOM
ocmotuunoctu (HIJK).

Fig. 6. Kinetics of change in rat hepatocyte relative area
(S/S,) under two-fold graded reduction of extracellular
osmotic rate after cell saturation with 15% DMSO (CDEF)
and repeated cyclic change ino extracellular osmotic rate
(GFH).

the suspension of 20% DMSO solution resulted in
osmotic shrinking of cells (Fig. 4, FG; 5.5) and the
reduction of extracellualr tonicity was accompanied
with a rise in relative area in 3.2 times and rupture of
cell membrane of hepatocytes (Fig. 4, GH).

At two-fold stepwise dilution of suspension a
relative area of cells increased for 4 min in 2.9 times
(Fig. 6, CD). In such a strained state of cell membrane
the hepatocytes kept not more than 45 seconds (Fig.
6, DE). Afterwards there was found a reset of
membrane tension, which occurred in two stages:
spasmodic decrease (15 s) of cell size (Fig. 6, EF) and
following its continuous decline (about 9 min) down
to the value of 1.5 S (Fig. 6, FG). With further
exposure the decrease in cell size significantly slowed
down and when approaching the value of 1.3 S it
stabilized. Repeated hypertonic effect on cell suspen-
sion with 15% DMSO solution was accompanied with
shrinking of hepatocytes practically up to initial size
(Fig. 6, HI). Hepatocytes remained osmotically active
and with following dilution of cell suspension (Fig. 6,
JK) resulted in increasing a relative area of cells in
3.2 times. However no bulk destruction of hepatocytes
was found. Plasma membrane of cells took improper
shape and kept the bonds with cytomatrix on some
sites. Granuloplasm looked fragmented and distributed
along the volume of hepatocytes.

Three-fold stepwise dilution of the suspension after
saturation of hepatocytes with 15% DMSO solution
was accompanied with maximally possible saturation
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Puc. 7. Mopdonorndeckast peakius TenaTtoiToB KPbICH Ha MOCIIEeI0BAaTEIbHOE

W3MEHEHHE BHEKJICTOYHONH OCMOTHYHOCTH: | — MHTAKTHBIE T'€NATOIUTHL, 2, 3 —

skcno3unus B 15%-m pactBope JJMCO; 4 — perunpatauus; 6-14 — orcnoenue u

chepymsanus MemOpansl; 15,16 — rpanynoniaazma mocie pa3pbiBa KICTOYHOH
MEMOpaHBI.

Fig. 7. Morphological response of rat hepatocytes to a gradual change in extracellular
osmotic rate: 1 —intact hepatocytes; 2, 3 —exposure to 15% DMSO; 4 — rehydration;
6-14 — membrane spherulation and exfoliation; 15, 16 — granuloplasm after cell
membrane rupture.

of cells with water and rupture
of cell membrane (Fig. 7). In the
process of osmotic swelling of
cells there was observed a comp-
lete exfoliation of cell membrane
from cytomatrix and its spheru-
lation (Fig. 7.12-14). Maximal
tension of membrane correspon-
ded to critical area of cells about
5.6 S,. Herewith granuloplasm
remained structurally bound
even after the rupture of cell
membrane (Fig 7.15, 16).

When saturating rat’s hepato-
cytes with 20% DMSO solution
a three-fold reduction of extra-
cellular tonicity was accompani-
ed with a gradual (for 10.7 min)
saturation of cells with water,
resulting in an increase of their
relative area in 2.3 times (Fig. 8,
CD; 9.5-7). Then there was
observed a sharp reset (15 sec)
of membrane tension down to
relative area of cells equal to 1.4
(Fig. 8, DE), which later did not
change (Fig. 9.8, 9). In the sites
of formation of blebs there was
found a local membrane rupture
with a release of the hyaloplasm
content into extra-cellular me-
dium (Fig. 9.7-9).

Thus stepwise rehydration of
rat’s hepatocytes initially satura-
ted with different concentration
of DMSO results in appearance
of transmembrane differential of
osmotic pressure under the effect
of which the cells are saturated
with water in such an extent that
their volume significantly exce-
eds initial one. The formation of
membrane blebs (effect of mem-
brane “boiling”’) under saturation
with water testifies to the fact
that in the norm between cell

CBHIETENBCTBYET O TOM, YTO B HOPME MEXIY
KJIETOYHOH MEeMOpaHOW M LUTO30JIEM KaK LEJbIM
HUMEIOTCsl cllabble HEKOBAaJIGHTHBIC CBSI3U, KOTOpHIE
CPAaBHUTEIBHO JIETKO Pa3pbIBalOTCA MOJA IEHCTBUEM
OCMOTHYECKUX CWI. BerencTBue peskoro kosuiamnca
LUTOILIa3MaTHYECKOTO COIEPIKUMOTO U yTPaThI CBA3U
KJIETOYHOH MeMOpaHBI ¢ TpaHyJI0IUIa3MOU HaOIro-
JaeTcs pasieIeHrne THAIOILUIa3Mbl U IPaHyJI0TIa3MBbl.

N3 teoperndecknx cooOpakeHUH CIeAyeT UTo,
IIPH AOCTATOYHO OOJBIIOM PACTSHKEHHH MeMOpaHBI
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membrane and cytosol as a whole there are weak non-
covalent bonds, which are comparatively easy to be
broken under osmotic forces. Due to a sharp collapse
of cytoplasm content and loss of the coonection of
cell membrane with granuloplasm there is observed a
separation of hyaloplasm and granuloplasm.

From theoretical considerations proceed in the fact
that at quite big extension of hepatocyte membrane
from a cell a part of intracellular content is released,
this result in the decrease of cell membrane area and
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TeTaToINTa U3 KJIIETKH BEIOPAChIBAETCS YaCTh BHYTPH-
KJIETOYHOTO COJEPKUMOTO, B PE3yJbTare 4Yero IJio-
maas MeMOpaHbl KIETKH U €€ 00beM YMEHBIIAIOTCS
(puc. 4, EF; 6, EFGH; 8, DE). Ognako B ominuue ot
SPUTPOLUTOB, IJIs1 KOTOPHIX MAaKPOCKONHUYECKHI
pas3pbIB 00pasyeTcs cpasy XKe MOCie PACTDKCHUS HX
MeMOpaH Bcero numib Ha 4% [3, 8, 11, 13, 14], ans
00pa30BaHMsI TAKOTO pa3phiBa B MEMOpaHE renarouuTa
KPBICHI IJIOMIAIh €T0 MEMOPAHBI TOJHKHA YBETTHYUTHCS
6onee, uem Ha 100%. [Ipu aTOM crienyeT UCKIIOUNTH
MIPEATONI0KEHNE O TOM, YTO B HHTAKTHOM H30JIHPO-
BaHHOM T€IaTOIUTE YacTh KJIETOYHOH MOBEPXHOCTH
CKPBITAa B MUKPOCKJIa/IKaX, TIOCKOIBKY TUIOIIAb H30-
JMPOBAHHONH MEMOpaHBl MOXKHO OTOXJECTBUTH C
IUIOIIAAbI0 MEMOPAaHHOTO My3bIPsl WM MEMOpaHbI B
LIEJIOM Cpasy e MOCie BhIOpoca M3 KJIETKU YacTH
BHYTPHKJIETOYHOTO cozepkumoro (puc. 5.3, 4; 7.14;
9.7-8), Korma CKJIaI4aTocTh MEMOpPaHBI SIBHO OTCYT-
CTBYET. 3HaYE€HHE MOAYNS YHNPYTOCTH IIa3MaTH-
yeckoil MeMOpaHBl TeMaTOUHUTOB KPBICHI NPH e€e
M30TPOTTHOM PACTSXKEHUU B YCIOBHSX MOCTTHIEP-
TOHHUH, PACCYUTAHHOE HAMHU IO HKCIEPHUMEHTAIHHO
HW3MEpPEHHBIM MOp(QOMETPHYECKHM MapaMeTpam
KJIETOK, OKa3anoch anomanbHo Hu3kuM (I'=0,008 H/
M [4, 9]) o cpaBHEHUIO C TAKOBBIM I 3pUTPOIIUTOB
yenoseka (I'=0,4 H/m). DTo cBUIETENHCTBYET O
CIOCOOHOCTH MEMOpaH rernarolUTOB KPbICH! HCIIBITHI-
BaTh 3HAYMTENbHBIC TPAHCMEMOpPAaHHbBIC MEperabl
OCMOTHYECKOT'0 AaBJICHUA U 1e(OopMaLluH IPH IHI0-
nutose. Ilocne GopmupoBanus mopsl B MeMOpaHe
renaronuuTa U BBIOpOCa YacTH BHYTPUKIETOYHOTO
COOEPKUMOTO M3 KJIETKH HapyXy B Ipolecce
MOCTTUIIEPTOHNYECKOTO JIM3UCA MPH PEruapaTaluu
rmopa JeHCTBUTEIBLHO CAMOIPOU3BOJIIBHO “3ajedu-
BaeTcs”’, a KIIETOYHAsi MeMOpaHa COXpaHsIeT CBOHCTBO
n3buparensHoOil mpouuaemMmoctu. OO0 3TOM CBHjIE-
TEJNBCTBYET TOT (PAKT, YTO MPU MOBTOPHOM IUKIIH-
YeCKOM M3MEHEHNH TOHUYHOCTH BHEKJIETOYHOI cpe/ipl
OCMOTHYECKasi peaKIHsl KJIETOK KaYeCTBEHHO COXpa-
wsercs (puc. 4, FG u GH; 6, HI u JK), uto 6b110 OBI
HEBO3MOXKHO 0e3 caMOJIMKBH ALK pa3pbiBa. HeoOpa-
TUMBIH pa3pblB MeMOpaHbl HaOyXIIero remnaronuTa
KPBICBHI B MPOLECCE MOCTIUIIEPTOHUYECKOTO JH3HCa
COIIPOBOXKIAJICS PacnaioM MeMOpaHbl Ha HEOOIbIINE
Be3uKysl (puc. 2.10, 11).

C yBenuuenuem koHuentparuu JJMCO B okpy-
JKAIOIIeH KJIETKH cpelie Ha dTare THIepTOHNYECKOrOo
BO3ICHCTBUA CKOPOCTh YBEJTMUEHHS 00beMa KIETOK
rocie A00aBleHus K CyCIIeH3UU TUCTHIIITUPOBAaHHON
BOJIBI BO3pacTalia, TaK Kak Iepernag 0CMOTHYECKOTro
JaBJieHUs Ha MeMOpaHe NMpU 3TOM TaKKe yBEHU-
yuBascs. B ycnoBusx 60X CKOPOCTEH OBOJHEHHS
pa3pbiB MeMOpaHBl HACTymall MmpHu Ooyee BBICOKOM
3HaYCHUHM 00beMa KJIIETOK, YeM B YCIOBHUSIX MaJbIX
CKOpOCTeH. DTOT (PaKT TakKe Coracyercs ¢ BBIBOAA-
MH, CJIEAYIOIINMH U3 TEOPETUUYECKON MOZIENIN THIIOTO-
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Puc. 8. Kuneruka n3MeHeHHsT OTHOCUTEIBHON INIOMAAU
TeNnaToUTOB KPBICHI (S /S ) MPU TPEXKPATHOM CTyIIEHYATOM
CHIDKCHUHM BHEKJICTOYHOW OCMOTHYHOCTH IOCJIEC HACHI-
mieHus kiaetok 20%-m pactBopom IMCO (CDE).

Fig. 8. Kinetics of change in rat hepatocyte relative area
(S/S,) under three-fold graded reduction of extracellular
osmotic rate after cell saturation with 20% DMSO (CDE).

its volume (Fig. 4, EF; 6, EFGH; 8, DE). However in
contrast to erythrocytes for those macroscopic rupture
forms just after extension of their membranes only by
4% (3, 8, 11, 13, 14], for the formation of such a rupture
in rat’s hepatocyte membrane the area of its membrane
should increase more than by 100%. In this case the
supposition about the fact that in intact isolated
hepatocyte the part of cell surface is hidden in
microfolders should be excluded, since the area of
isolated membrane may be identified either with the
one of membrane vesicle or membrane in a whole just
after the release of intracellular content from a cell
(Fig. 5.3, 4; 7.14; 9.7-8), when membrane folding is
evidently absent. The value of elastic modulus of
plasma membrane of rat’s hepatocytes at its isotropic
extension under posthypertonic conditions, calculated
by us with experimentally measured morphometric
parameters of cells, occurred to be abnormally low
(F'=0.008 N/m [4, 9]) if compared with that for human
erythrocytes (M= 0.4 N/m). This testifies to a capability
of rat’s hepatocyte membranes to undergo significant
transmembrane gradients of osmotic pressure and
deformation at endocytosis. After the formation of
pore in hepatocyte membrane and the release of a part
of intracellular content from a cell outside in the
process of posthypertonic lysis at rehydration the pore
is actually spontaneously “healed” and cell membrane
preserves the property of selective permeability. This
is confirmed by the fact that at repeated cyclic change
in tonicity of extracellular medium osmotic reaction
of cells is qualitatively preserved (Fig. 4, FG and GH;
6, HI and JK), that would be impossible with no self-
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Puc. 9. Mopdonoruyeckas peakiys reraTtouToB KPbIChl Ha MOCIEA0BATEIbLHOE
M3MCHEHNE BHEKIICTOYHOH OCMOTHYHOCTH: | — HHTAKTHBIC TeaTOUUTHL;, 2-4 —
skcnio3unus B 20%-m pactBope IMCO; 5-7 — oBofHEHHE KIETOK; 8 — cOpoc
MEMOPaHHOTO HaNPsDKEHUs; 9 — JIOKaJIbHBIN pa3pbiB MEMOpPaHEI.

Fig. 9. Morphological response of rat hepatocytes to a gradual change in
extracellular osmotic rate: 1 — intact hepatocytes; 2-4 — exposure to 20% DMSO;
5-7 — cell hydration; 8 — membrane tension release; 9 — membrane local rupture.

HHUYECKOI'0 TeMOJIn3a, U SKCIIEPUMEHTAJIbHBIMU JTaH-
HBIMU JJ14 3puTpouuToB [1, 2, 5, 12].

liquidation of rupture. Irreversib-
le rupture of membrane of swollen
rat’s hepatocyte during post-hy-
pertonic lysis was accompanied
with decay of membrane for two
big vesicles (Fig. 2.10, 11).
With a rise in DMSO concen-
tration in cell environment at the
stage of hypertonic effect the
enhanced rate in cell volume
after adding to the suspension of
distilled water increased, since
the gradient of osmotic pressure
on membrane herewith was also
enhanced. Under high rates of
saturation with water the memb-
rane rupture started at higher
value of cell volume than under
conditions of low rates. This fact
is also in accordance with the
conclusions proceeding from
theoretical model hypotonic
hemolysis and experimental data
for erythrocytes [1, 2, 5, 12].

Conclusions

1. Rat’s hepatocyte mem-
branes are capable of undergoing
abnormally big extension with no
formation of macroscopic ruptu-
re.

2. Post-hypertonic lysis of
rat’s hepatocytes during rehydra-
tion is performed either by batch
release of the part of intracellular
content or by its continuous out-
flow into extracellular medium.

3. Membrane preserves the
properties of selective permea-
bility after the formation in it of
macroscopic pore, release of the
part of intracellular content out
of cell and spontaneous “healing”
of the pore.

Obtained experimental data are in coordination
with theoretical notions about the mechanisms of

hypotonic lysis of lipid vesicles and cells [1, 2, 7].

BbiBOADI

1. MeMOpaHBI T€aTONUTOB KPBICHI CIIOCOOHBI
WCIIBITHIBATh aHOMAJIBHO OOIBIIOE pacTsbKeHHe 0e3
00pa30BaHUs MaKPOCKOMTUYECKOTO Pa3phiBa.

2. IlocTTUTIEpTOHUYECKAM JTU3UC TemaTonuToB 1.
KPBICHI TIPU PETUIIPATAIIUN OCYIICCTBIISIETCS TUOO
MyTeM MOPIHUOHHOTO BhIOpOCA YaCTH BHYTpPH-
KJICTOUHOTO COJICPKUMOTO, JTMOO IMyTEM HENIPEPBHIBHO- 2.
ro €ro OTTOKa BO BHEKJIETOUHYIO CpPENY.
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