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The research aim was to study the application efficiency of alkyl sulfates and heat treatment of eryth-
rocytes of mammals (human, horse, bull and rabbit) in order to increase their resistance to hypertonic
cryohemolysis. The hemolysis rate for erythrocytes was recorded by spectrophotometry; the efficiency of
alkyl sulfates was assessed on the values of maximum antihemolytic activity and the ones of effective
concentrations; mammalian erythrocytes were morphologically analyzed by light microscopy. It has been
found that anionic amphiphiles (sodium decyl and dodecyl sulfates) exhibit an antihemolytic activity in
hypertonic cryohemolysis of erythrocytes. There was shown the transformation of erythrocytes on the
“discocyte-echinocyte” type in the presence of alkyl sulfates, indicating to the distribution of amphiphi-
lic molecules in an outer monolayer of erythrocyte membrane bilayer. It has been revealed that pre-incu-
bation of the cells at 49 °C increases the resistance to hypertonic cryohemolysis effect for human and
equine erythrocytes and as well as it reduces the one for bovine and rabbit cells.

Sodium decyl and sodium dodecyl sulfates exhibit an antihemolytic activity under hypertonic cryohe-
molysis of heat treated mammalian erythrocytes, but it is lower if compared with the control cells. The
findings about distribution of alkyl sulfates in membranes and their antihemolytic activity under condi-
tions of hypertonic cryohemolysis of heat treated erythrocytes testify to the perspective of using these
substances as the tool for assessing the state of erythrocyte membranes when changing the temperature-
osmotic environment.
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The plasma membrane is primarily erythrocytes are characterized with various

damaged when deep freezing of erythrocytes
[1]. The main factors negatively affecting the
cells during freezing are reduced temperature,
extracellular solution concentrating associated
with freezing out of a free water, ice crystal
formation, changes in pH, etc. [1]. To study
the effect of various factors of cryodamage
on the erythrocytes there are used the model
approaches. In particular, to investigate the
effect of reduced temperature and high tonicity
of the medium on mammalian erythrocytes
hypertonic cryohemolysis is applied (HC).
This term is used both to directly refer to the
procedure itself, i.e. cell cooling from 37 down
to 0 °C in hyperconcentrated media, and to
describe the phenomenon of hemolytic damage
of cells under these conditions. Mammalian

sensitivity to cooling in hypertonic media [2],
which is related to the peculiarities of lipid
composition of their plasma membranes. A
statistically significant strong correlation
between the HC indices of erythrocytes of
different mammalian species and contents
of membrane lipids has been established [3].
More resistant to HC effect are mammalian
erythrocytes, the membranes of those are
characterized by a high content of cholesterol,
phosphatidylethanolamine and low one of
phosphatidylcholines. The mechanism of
injury of erythrocytes under HC conditions
is associated with the appearance of
transmembrane pores, the formation of which
depends on the state of cytoskeletal-membrane
complex of the cells. Heat treatment of the
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erythrocytes influences the protein and lipid
components of membrane, in particular the
incubation of human erythrocytes at 49 °C
leads to denaturation of the main cytoskeletal
protein, spectrin [4]. In addition, heat
treatment of cells is accompanied by their
transformation [5] and an impaired ability to
deformation [6].

The application of amphiphilic substances
is now expanding both in cryobiological and
other biological/medical studies [7—9]. The
use of different amphiphilic compounds at
micromolar concentrations makes it possible to
adjust the sensitivity of erythrocytes to HC[3,
10, 11]. Protective impact of these compounds
is due to their ability to be incorporated
into membrane and modify it [12]. Thus,
antihemolytic activity of amphiphilic
compounds on the one hand can be determined
by their physical-chemical properties and
on another by the composition and state of
erythrocyte membranes. Based on the above
mentioned in the research there were used the
alkyl sulfates referred to anionic amphiphiles;
erythrocytes of different mammalian species,
featured by various cytoskeletal-membrane
compositions and heat treatment of the
cells (at 49 °C) as the modifier of the state of
erythrocyte membranes.

The research aim was to study the
efficiency of alkyl sulfates (sodium decyl and
dodecyl sulfates) to improve the stability of
heat-treated (49 °C) mammalian erythrocytes
cells (human, equine, bovine and rabbit) to the
HC effect.

Materials and Methods

For the study there were used the
erythrocytes derived from human, bovine,
equine and rabbit blood procured with
hemopreservative “Glyugitsir”. The
experiments were carried out in accordance
with the”General Principles of Experiments
in Animals” approved by the 5" National
Congress in Bioethics (Kyiv, 2013) and
consistent with the statements of European
Convention for the Protection of Vertebrate
Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1985).
Erythrocytes were isolated according to the
standard procedures [13].

Hypertonic cryohemolysis of erythrocytes
was performed by placing the erythrocytes
in the solution of 1.2 mol/1 NaCl at 37 °C for
10 min, followed by transferring an aliquot
to a solution of the same tonicity cooled down
to 0 °C for 10 min. The final hematocrit was
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0.4% . Sodium decyl (C10) and sodium dodecyl
sulfates (C12) were added to hypertonic
medium at 0 °C before introducing the
cells into it [13]. Mammalian erythrocytes
(25% hematocrit) were incubated at 49 °C
(thermostat U4, Germany) for 10 min [14],
afterwards the cells were subjected to HC.

Hemoglobin content in the supernatant
was spectrophotometrically determined at
543 nm wavelength. The sample absorption,
whereto the Triton X-100 (0.1% ) was added,
was assumed as 100% .

The plateau sizes and the values of effective
concentrations (Cagmax); calculated values of
maximum antihemolytic activity (AG,,,,) of
substances (C10 and C12) were examined on the
base of the obtained dependency of hypertonic
cryohemolysis of mammalian erythrocytes
on the concentration of a substance in the
medium to characterize the efficiency effect
of amphiphilic compounds.

The concentration range of amphiphilic
compound, within which there is observed a
minimum level of erythrocytes hemolysis is
the plateau the center of which is an effective
concentration of the substance (Cagpax)-

The maximum antihemolytic activity

(AG,,,x) of an amphiphilic compound was
calculated by the formula:
k—
AG, =~—2x100 %,

where k is the value of erythrocyte hemolysis
in the absence of an amphiphilic substance; and
a is minimum value of erythrocyte hemolysis
in the presence of an amphiphilic substance.

Mammalian erythrocytes placed into
autologous plasma were morphologically
analyzed by light microscopy with microscope
STUDAR E (Poland) using photo recording of
blood morphology with digital camera CANON
PowerShot A510. The response of the cells
to the introduced amphiphilic compounds
was evaluated in the drop, which was placed
between a slide and cover slip and evenly spread
with a thin layer. To assess the morphological
features of erythrocytes’ shape there was used
the standard classification [15].

We used sodium decyl and sodium dodecyl
sulfates (SintezPav, Russia) and the reagents
of domestic production of “chemically pure”
and “pure for analysis”.

Statistical analysis was performed
using ANOVA test and the Mann-Whitney
[StatgraphWin]. Differences between groups
were considered as statistically significant at
P <0.05.
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Results and Discussion

Human, bovine, equine and rabbit
erythrocytes, which differed in compositions
of the cytoplasm, ability to deform, activity of
transport pathways, phospholipid and protein
composition of membrane [16—20], are shown
in Fig. 1. It is evident that all the investigated
erythrocytes being in autologous plasma are
of discocyte shape. The comparative analysis
demonstrates a pronounced to a different extent
ability of cells of human, horse and rabbit cells to
form the “rouleaus” while for bovine erythrocytes
the aggregation is not characteristic: they are
represented by single discocytes.

To implement the HC the erythrocytes
are firstly incubated in a hypertonic medium
at 37 °C, then an aliquot is transferred to the
medium of same tonicity but at 0 °C. The HC
dependence for the erythrocytes of different
species of mammals on salt concentration
in the medium has a different character [2].
If for bovine and rabbit erythrocytes the
hemolysis dependence on salt concentration
in incubation medium when cooled from 37
to 0 °C is characterized with monotony, then
human and equine cells is done with a gradual
increase in an injury rate, followed by more or
less pronounced decrease. In the latter case, a
high injury rate (about 90% ) was observed in
the medium containing 1.2 mol/1 NaCl, which
was chosen for further experimental studies.

In Fig. 2 there are presented the results of
hemolytic damage of human and animal cells in
1.2 mol/1 NaCl when cooling from 37 to 0 °C.
In contrast to human and equine erythrocytes,
bovine and rabbit cells are characterized by a
higher resistance to HC.
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When pre-incubating the mammalian cells
at 49 °C their response to the following action
of HC is changed. There was observed a reduced
hemolysis of human and equine erythrocytes,
whereas for bovine and rabbit cells hemolysis
rate was increased (Fig. 2).

Erythrocytes state of different mammalian
species when changing the temperature range
from 20 to 70 °C was studied by impedance
spectroscopy [4]. There was determined the
critical temperature value, which the authors
regard as the one of spectrin denaturation,
a main component of cytoskeleton, by rapid
change in resistance and capacitance of
erythrocyte suspension. Thus, according to the
data, spectrin denaturation temperature for
equine erythrocytes made 48.5 °C, for human
erythrocyte it was 49.5 °C, for rabbit — 50 °C,
for bovine — 52 °C. In mammalian erythrocytes
the denaturation spectrin temperature was
lower (equine, human), there was observed
a decrease of HC level after preincubation at
49 °C, while in rabbit and bovine cells, with
higher denaturation temperature there was
done the increased HC (Fig. 2). It is possible
that in the latter case, the state of spectrin
denaturation was not achieved. Considering
that the differences may occur at the level of
cell membranes, it is of interest to study their
barrier properties compared to hemoglobin
at a combined effect of HC and 49 °C with
the involvement of amphiphilic substances.
These compounds are able to protect cells
from hemolytic damage under the effect of
HC conditions [2]. The protective effect of
amphiphiles is based on the ability of the given
compounds to perturbate the membrane when
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Fig. 1. Morphology of mammalian erythrocytes in autologous plasma:
a — human; b — equine; ¢ — bovine; d — rabbit

131



BIOTECHNOLOGIA ACTA, V. 8, No 3, 2015

incorporating into it and thereby prevent the
formation of transmembrane pores. Thus, the
state of erythrocyte membrane under stress
conditions could be judged by efficiency of
the amphiphilic compounds, represented by a
maximum antihemolytic activity.

In the research the negatively charged
amphiphilic compounds (alkyl sulfates) with
the alkyl chain length of 10 or 12 carbon
atoms were used. Effective concentrations and
plateau sizes of these substances of mammalian
erythrocytes under HC are presented in the
Table. It follows that plateau sizes are wider,
and the values of effective concentration
of C10 is higher than the ones of C12 under
erythrocyte HC of different mammalian

Hemolysis, %

Human Equine Bovine Rabbit

Fig. 2. Hemolysis of mammalian erythrocytes
when cooling from 37 down to O °C in the medium
containing 1.2 mol/1 NaCl
Here in after: 1 — control erythrocytes;

2 — erythrocytes, modified at 49 °C;

* — significant differences if compared
with the control: P < 0.05

species. In the following experiments C10 and
C12 were used at effective concentrations.

Antihemolytic effect of alkyl sulfates
under HC action is more expressed for animals’
erythrocytes than human cells (Fig. 3, 4). In
addition, short-chain alkyl sulfate homologue
(C10; Fig.3) exhibits a higher antihemolytic
activity if compared with a long chain one
(C12; Fig. 4).

When the cells were initially heated up to
49 °C, C10 and C12 manifested antihemolytic
effect under erythrocyte HC, but it was less
expressed as compared to the control cells.
Antihemolytic activity of C10 decreases in
equine and rabbit erythrocytes twice, and human
and bovine ones it reduces almost thrice (Fig. 3).
Antihemolytic activity of C12 decreases by 2—3
times for human, equine and bovine cells, while
for rabbit ones it reduces almost in 5 times (Fig.
4). It should be noted that both for the control
cells and mammalian erythrocytes modified
at 49 °C, the protective effect at HC of C10 is
higher if compared with C12 (Fig. 3, 4), that
is probably associated with different ability of
these substances having different alkyl chain
length to perturbate the membrane.

Fig. 5 presents the changes in mammalian
erythrocyte shape (for example, human and
rabbit) in response to introduced anionic
amphiphilic compounds in concentrations
within which there is observed a significant
cell transformation.

The findings suggest that the same changes
in shape of rabbit erythrocytes, and human one
occur with alkyl sulfates. Under the action of
negatively charged C10 and C12 a pronounced
erythrocytes’ echinocytosis develops (Fig. 5).
The character of changes in equine and bovine
cell shape when introducing C10 and C12 is
similar to the data presented in Fig. 5.

Values of effective concentrations (Cpymax) and sizes of concentration plateau of alkyl sulfates
under hypertonic cryohemolysis of mammalian erythrocytes in the medium containing 1.2 mol/1 NaCl

(M +=m, n=1)
Sodium decyl sulfate Sodium dodecyl sulfate
Mammalian eryth- Plateau size, pmol/1 Plateau size, pmol/1
rocytes CAHmax, CAHmax,
npmol/1 Lower Upper nmol/1 Lower Upper
boundary boundary boundary boundary
Human 105=+5 50=+18 160=+20 2,524 2,5+1% 5+2°
Equine 170=10 60+15 280+30 2074 10=7% 30+10°
Bovine 180=+9 80+13 280+30 25+12 10=2% 40+2°
Rabbit 215=+10 30=7 400=7 25+8" 10+3% 40+16°

Note: * — concentrations range of amphiphilic compound, within which there is observed a minimum level
— P < 0.05 relative to corresponding values of effective concentrations and

of erythrocyte hemolysis; A #,
sizes of concentration plateau of sodium decyl sulfate, assumed as a control.
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Fig. 3. Maximum antihemolytic activity (AH,,,,)

of sodium decyl sulfate when cooling mammalian

erythrocytes from 37 down to 0 °C in the medium
containing 1.2 mol/1 NaCl

It should be noted that amphiphilic
substances in morphological studies were used in
higher concentrations (Fig. 5) than antihemolytic
ones presented in the Table. This is due to, on the
one hand the ability of plasma proteins to bind
amphiphilic molecules, and on another hand by
adsorption of plasma components on cell surface,
which may limit an accessibility to erythrocyte
membrane of substance molecules and, as a
result, prevent their distribution in it.

The presence of both hydrophobic and
hydrophilic parts is common for amphiphilic
molecules. It is the very this parameter that
allows them to penetrate into the membrane and
to be distributed therein. Morphological analysis
of the cells treated with C10 and C12 concludes
about intramembrane localization of the studied
compounds or rather, their transmembrane
distribution (mainly in the outer monolayer of
lipid bilayer), based on the hypothesis of coupled
monolayers of bilayer [21].

The amphiphilic substances are capable of
protecting the erythrocytes from damage caused
by the action of various stress factors. Thus,
they exhibit antihemolytic activity under the
temperature and osmotic stress[2, 3, 10, 11] and
lysis caused by the effect of a high hydrostatic
pressure, ultrasound and poison [7-9]. The
damage of erythrocytes is associated with the
formation in membrane pores penetrable for
hemoglobin molecules. The protective effect
(antihemolytic) of amphiphiles is implemented
at the level of erythrocyte membrane. They are
incorporated into the membrane, perturbate it
and prevent the growth of membrane defect to
a hemolytic pore size. Amphiphiles efficiency
(values of AH,,, and Cppmax) depends on the one
hand, on amphiphile type, and on the another
hand on the state of erythrocyte membrane.

100
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Fig. 4. Maximum antihemolytic activity (AH,,,)
of sodium dodecyl sulfate when cooling mammali-
an erythrocytes from 37 down to 0 °C in the medi-

um containing 1.2 mol/1 NaCl

It is shown that the effect on membrane of
factors, making it more rigid (low temperature,
phenylhydrazine, diamide) [1, 22, 23] results to
a reduced antihemolytic activity of amphiphiles
under temperature and osmotic stress [3, 13, 23,
24].

The data for all the studied mammals
presented in Fig. 3 and 4 testify to the fact
that an antihemolytic activity of alkyl sulfates
under HC of erythrocytes, modified at 49 °C is
reduced. It can be assumed that the decrease
in efficiency of amphiphiles under these
conditions is due to the fact that it is more
difficult for amphiphilic molecules both to be
incorporated into the membrane and to disorder
it. Therefore, it is possible not only to find the
change in a state of erythrocyte membranes at
49 °C, but also to determine the direction of
this change. The reduction of antihemolytic
activity of C10 and C12 testify to the fact that
membrane of heat treated erythrocytes becomes
harder. This is confirmed by the results of
the research [6], within which it is shown an
increase in modulus of shift elasticity and
viscosity of human erythrocyte membranes
after heat treatment.

Cell membrane of human, bovine, equine
and rabbit erythrocytes is characterized by
some specific features. In contrast to human
and equine erythrocytes, rabbit and bovine
cell membranes having a high content of
cholesterol, phosphatidylethanolamine and
low one of phosphatidylcholine. Furthermore,
in bovine erythrocytes the choline-containing
phospholipids are represented mainly by
sphingomyelin [25, 26]. The cells of the
studied mammals are differed in content of
transmembrane proteins as well. Thus, equine
and rabbit erythrocytes containing less protein
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Fig. 5. Morphology of human (a, b) and rabbit (c, d) erythrocytes with alkyl sulfates:
a and ¢ — sodium decyl sulfate (350 and 215 pmol/1, correspondingly);
b and d — sodium dodecyl sulfate (150 and 75 pumol/1, correspondingly)

of band 3 if compared to human cells [19].
Rabbit erythrocytes are free of glycophorin
A [2T7], resulting in a lower ability of their
membranes to bind hemoglobin [28]. Protein of
band 4.2 responsible for mechanical resistance of
cytoskeleton-membrane complex was not found
in cytoskeleton of equine erythrocytes compared
to other investigated mammalian cells [29].

In spite of the specific peculiarities of
cytoskeleton-membrane complex [19, 25—-27, 29]
and some differences of spectrin denaturation
temperature of human, bovine, equine and rabbit
erythrocytes [4], reduction of antihemolytic
activity of both alkyl sulfates under HC
of the heat-treated cells is characteristic
for erythrocytes of different mammalian
species (Fig. 3, 4). One orientation of the
revealed changes suggests the hidden injuries
accumulated in erythrocyte membrane at 49 °C.
Therefore, the observed decrease in HC level of
heat-treated human and equine erythrocytes
compared to bovine and rabbit cells (without the
addition of alkyl sulfates) (Fig. 2) does not testify
to the improved state of their membranes.

Thus, the revealed decrease in damage
of human, equine, bovine and rabbit
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Meroto poboTu 6ysa0 mocaimsKeHHS eheKTUB-
HOCTi B3acTocyBaHHA aJkKijgcyab(ariB i Tepmo-
00pOOKM epUTPOIUTIB ccaBIiB (MOAWHA, KiHb,
OUK i KPOJIMK) 3 METOI0 HMiABUINEeHHS IXHbOI CTii-
KocTi mo mii rimepromiuHoro kKpioremoJisy. Pi-
BeHb TeMOJIi3y epUTPOIUTIB PEECTPYBAIHU CIIEK-
TPO(POTOMETPUUHUM METOAOM; e(eKTUBHICTH
aJkijgcynab(ariB  OI[iHIOBaJIM 3a BeJIUYMHAMU
MaKCHUMaJbHOI aHTUTEeMOJiTUYHOI aKTUBHOCTI Ta
3HaUeHHAMU e(eKTUBHUX KOHIIEHTpAaIliil; Mop-
dosoriuHM aHaJi3 ePUTPOIUTIB 3IiliCHIOBAIU
METOJOM CBiTJIOBOI Mikpockoimii. BcramosieHo,
1o aHioHHI am@idinu (zenmuacyabdar i gomemu-
JcyabdaT HATPilo) BUABIAIOTH AHTUTEMOJiTHY-
HY aKTHUBHICTH 34 YMOB TilIepTOHIUHOT'O Kpiore-
MOJII8Yy EPUTPOIIUTIB JOCTiMKyBaHMUX CCABILiB.
IToxazano TpaHcdopMaIlil0o epUTPOIUTIB 3a TH-
IOM «JAUCKOITUT—eXiHOIMUT» y IIPUCYTHOCTi aJi-
KiscynabdarTiB, AKa CBIAYUTH PO POBIOLIJI aM-
GidinbHEUX MOJIEKYJ Yy 30BHIITHBOMY MOHOIIAPi
bimmapy epuTpomuTapHoi MemOpanu. Bcramos-
JIeHO, IO IIoIlepeaHE iHKyOyBaHHS KJIITHH IIpU
49 °C migBuIye cTifiKicTs epUTPOLUTIB JIOAUHY 1
KOHA 70 Iil rimepToHIYHOTO KPioreMoJrizy, ogHakK
BHUIKYE CTiMKiCTh epUTPONUTIB OMKA 1 KPOJIMKA.
Hemuncynbdar i gomenuicynabdar HATPiIO BU-
ABJAIOTH AHTUTEMOJIITUYHY aKTUBHICTH 3a YMOB
TriImepToHIYHOTO KpioreMoJsisy TepmMooOpobaeHux
€PUTPOIIUTIB CCABI[iB, ITPOTE€ BOHA HUI}KYA, HiXK
IJIsT KOHTPOJAbHUX KJiTumH. OTpuMaHi mami momo
posmominy ankincynab@patiB y MmemOpaHi Ta IXHBOI
AHTUTEeMOJIITUYHOI aKTHBHOCTiI 3a YMOB TimepTo-
HIiUHOTO KpioreMoJjizy TepMooOpo0IeHIX ePUTPO-
IHUTIiB CBifUaATh PO IEePCIEeKTUBY BUKOPUCTAHHS
WX PEUYOBUH AK IHCTPYMEHTY AJIA OIiHIOBAHHSA
cTaHy MeMOpaH epPUTPOIIMTIB 3a 3MiHU TeMIlepa-
TYyPHO-OCMOTHUYHUX YMOB CEepeJIOBUIIIA.

Knawuwosi cnoea: rinepToHiuHUII Kpioremois

epPUTPOIUTIB, AenuiacyabdarT HATPilo, TOIeIluJi-
cyJb(ar HaTpiio.
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ITenbio paboTel OBLIO mccaegoBaHue 3 deK-
TUBHOCTU MPUMEHEHUA AJKUJICYJIb(aToOB U Tep-
MOOOpPabOTKM SPUTPOIIUTOB MJIEKOIUTAIOIINX
(uesIoBeK, JIOIIaab, OBIK 1 KPOJUK) C IeJIbIO ITIOBBI-
HIeHUA UX YCTONYUBOCTH K AEHCTBUIO TUIIEPTOHU-
YeCKOTO KPUOTEMOJIN3a. ¥ POBEHb reMOoJIn3a 9PU-
TPOIIUTOB PETUCTPUPOBATU CIEKTPOGOTOMETPHU-
YeCKMM MeToa0M; 3(P(PeKTHUBHOCTh AJKUJICYJIb-
(aToB OIleHMBAJIY IO BeJIMUMHAM MaKCUMAaJIbHONI
AHTUTEeMOJUTUYECKON aKTUBHOCTU U 3HAYECHUAM
3(PEeKTUBHBIX KOHIIEHTpaIuii; MopdoJsoruue-
CKUIM aHaau3 OSPUTPOIUTOB MJIECKOMUTAIOITUX
OCYIIIECTBJISAINA METOLOM CBETOBO MUKPOCKOIIUH.
YcraHoBIIEHO, UTO AaHMOHHBIE aMPUMUIBI (TeIT1I-
cyabdar u nomenuicyabgar HaTPUA) IPOABIAIOT
AHTUTEeMOJUTUYECKYI0O AKTUBHOCTH B YCJIOBUAX
TUIEPTOHUYECKOTO KPUOTeMOJMN3a 9SPUTPOIIU-
ToB. Ilokasama TpaHchopMaIusa SPUTPOITUTOB IO
TUTY «IUCKOIIUT—3XUHOIIUT» B IPUCYTCTBUU aJI-
KHUJICYJIb(aTOB, YTO CBUAETEJIHBCTBYET O pacIipe-
nejieHnn aM(Pu@UIbHBIX MOJIEKYJ BO BHEITHEM
MOHOCJIOe OMCJI0S SPUTPOIUTAPHON MeMOpaHBI.
YcranoBiieHO, UYTO IIpeaBapuTeJbHad HHKYy0a-
musa KjaeTok npu 49 °C moBBIIIIaeT YyCTOMYNBOCTD
K JefiCTBUIO TUIEPTOHUYECKOTO KPUOTeMOJIM3a
SPUTPOIMTOB YEJIOBEKA W JIOIIAAW, OSZHAKO CHU-
sKaeT — ObIKa 1 Kposmka. [enuiacynabdar u mo-
Jenuicyabdar HATPUSA TPOABIAIOT AaHTUTEMOJIH -
TUYECKYIO aKTUBHOCTH B YCJIIOBUAX I'MIIePTOHUYE-
CKOTO KPHOTEMOJIN3a TePMOOOpPaObOTaHHBIX JPU-
TPOIIUTOB MJIEKOIIUTAIOIINX, OJHAKO OHA HIUIKE
0 CPaBHEHUIO C KOHTPOJIbHBIMU KJieTKamu. Ilo-
JyUYeHHBIe JaHHbIE O PACIIPEIeIeHNN aJTKUJICYIb-
daToB B MeMOpaHe U UX AHTUTE€MOJUTUYECKOI
AKTUBHOCTHU B YCJIOBUAX I'MIIEPTOHUYECKOTO KPU-
oremMosn3a TepMOOOpPaObOTaHHBIX 3SPUTPOIUTOB
CBUIETEJILCTBYIOT O IEPCIEeKTUBE NCII0JIb30BAHMIA
STUX BEIeCTB B KaueCTBe MHCTPYMEHTA JIJIsI OIleH-
KU COCTOAHUS MeMOpaH SPUTPOIIUTOB IPU U3Me-
HEHUU TeMIIepaTypPHO-OCMOTUYECKUX YCJIOBUM
cpepnbl.

Kntouesvle cn06a: TMIEPTOHUYECKUN KPUOTEMO-
JIN3 SPUTPOIUTOB, AeNUJICYabdaT HATPUA, AOIE-
nuJacyabdar HaTpuU.





