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Abstract. Objective: to carry out a comparative study of structural and functional responses of rats and hamsters RBCs when the
animals entered and left an artificial hypobiosis state under conditions of hypothermia-hypoxia-hypercapnia. Methods: RBCs of
rats and hamsters: control, in artificial hypobiotic state, 2 and 24 h post-hypobiosis state, and those from winter-hibernating ham-
sters were investigated. Osmotic resistance was determined by the method of small-angle light scattering. Relative content of
main hemoglobin forms (oxy-, deoxy- and metHb) was determined by the method of differential spectrophotometry. Microviscos-
ity of cytosol was evaluated within a range of 37-0°C by EPR spin probe method. Results: the artificial hypobiotic state was
characterized by body temperature decreasing (down to 16°C), in the same way for both homoiothermal and heterothermal mam-
mals. This was accompanied by changes of osmotic resistance, redistribution of main hemoglobin forms, cytosol microviscosity
in RBCs. Increased osmotic resistance and significantly elevated relative content of oxyHb were revealed in 2 h after hypobiotic
state. Modifications of the parameters kept changing up to 24 h post-hypobiotic-state. RBC responses to natural and artificial
hypobiosis had common as well as different features. Difference in the reaction of RBC cytosol of homoiotherms and hetero-
therms, associated with the season, was found. Conclusions: RBCs response in vivo to physiological rearrangements induced by
artificial hypobiosis of both heterotherm and homoiotherm mammals. The significant changes of the structural and functional
state of erythrocyte kept changing up to 24 h post-hypobiotic-state, while the physiological state of the animals was similar to the
control already in 2 hours after hypobiosis. Existence of mammals RBC “aftersensations” in post-hypobiotic state allows to con-
sider the model of artificial hypobiosis perspective for clarification of the cellular mechanisms of controlled induction of hy-
pometabolic state.

Key words: artificial and natural hypobiosis, mammals, decreased body temperature, erythrocyte, osmotic resistance, hemoglo-
bin forms, cytosol microviscosity.
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Pedepat. MeTa: npoBeieHHS TOPIBHUIBHHUX TOCITI/PKEHb CTPYKTYPHO-(QYHKI[IOHAIBHOT BIITOBII €PUTPOLUTIB IIypiB Ta XOM s~
KiB Ha mepeOyBaHHS TBAPHH y CTaHI MITYYHOTO Tino0io3y 3a YMOB TilOTepMii-TinoKcii-rinepkan#ii Ta Buxin 3 Hporo. MeTtoam:
JOCTIKYBaJIM €PUTPOLIMTH LIyPiB Ta XOM SIKiB: KOHTPOJIBHUX, Y CTaHI LITyYHOTO Tirmo0io3y, yepe3 2 1 24 TroAnHM Miciis HbOTO, a
TAKOXK 3UMOCIUISYMX XOM siKiB. OCMOTHYHY CTiHKICTh BH3HAYald 32 METOIOM MaJOKyTOBOIO CBIiTIIOpO3CitoBaHH:. BimHoCHMI
BMicT popM remorobiHy (okcH-, ne3okcu- ta MeTHb) Bu3Havanm 3a nomoMororo audepeHiiaabpHoi crekrpodoTomerpii. Mi-
KPOB’SI3KIiCTh IIUTO30JIIO0 OLiHIOBaH B AiarazoHi 37-0°C 3a metogom EINP cninoBux 30HxiB. Pe3yabraTu: cTaH mITY4HOTO Iino-
0103y XapaKTepH3yBaBCs 3HIKCHHSIM TeMnepaTtypH Tina (10 16°C), oMHaKOBUM JIsi TOMOMOTEPMHHX 1 TeTepOTEpPMHHUX CCaBIIiB.
Le cynpoBomKyBanocs 3MiHaMH OCMOTHYHOI CTIHKOCT1, BITHOCHOTO BMICTY ()OpPM TeMOIII00iHY, MIKPOB’ I3KOCT1 IUTO30IIIO EpH-
TpouutiB. Yepes 2 roAuHH MiCIis TiMOOIOTHYHOTO CTaHy (i3i0NOriuHi MOKa3HHKK TBAPHH HAOIMKAINCS 10 HOPMH, IIPOTE CIIO-
CTepiraiaocs 3HaYHE MiIBUILEHHS OCMOTHYHOI CTIMKOCTI Ta 301IbIIICHHS BIITHOCHOTO BMICTY OKCHUIeMOINI00iHy. 3MiHM ITapaMeTpiB
epUTPOLUTIB 30epiranucs 10 24 rofuH NOCT-Tin00i0THYHOTO CTaHy. PeakIiil epuTponnTIB Ha IPUPOJHUIT Ta INTYYHHH 111001031
MaJIH SIK CILUIBHI, TaK i 0coOMuBI prucH. BusiBieHi ce30HHI BIAMIHHOCTI y peaKisiX HUTO30III0 PUTPOIHUTIB TOMOHOTEpMIB i reTe-
porepmiB. BUCHOBKM: criocTepiraiacst peakilis epUTPOLUTIB in vivo Ha ¢i3ionoridni nepeOy 0By, 10 BUKIUKAHI CTAHOM IITY4-
HOTO Tino0io3y SIK y TeTepOTepPMHHUX, TaK i y TOMOHOTEPMHHUX CCaBLiB. BupaxeHi 3MiHH CTPYKTYPHO-(QYHKI[IOHATIBHOTO CTaHy
epUTPOLUTIB 30epiranucs mpoTsiromM 24 rouH NOCT-TiNO0IOTHYHOTO CTaHy, Y TO# Jac, sk (i3ioaoriyHuii CTaH TBAPUH HAOIMIKAB-
csl 10 HOPMH Bke 4epe3 2 roguHu. HasBHICTH CIIJJOBUX peakiliii epUTPOLUTIB CCaBLIB MICIs 3HAXO/PKEHHS y CTaHi Tinodiosy
JIO3BOJISIE PO3TIISIATH MOJIEINTh ITYYHOTO Ti00103y MEPCHEKTUBHOIO [UIS MPOSICHEHHS KIITHHHUX MEXaHI3MiB 1HIYKIii KOHTPO-
JIOBAHOTO TiITOMETa00i3My.
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Pedepar. Llesn: npoBecT CpaBHATEIBHBIE HCCICIOBAHHS CTPYKTYPHO-(DYHKIMOHAIBHOTO OTBETA DPUTPOLUTOB KPBIC U XOMSI-
KOB Ha HAXOXKJICHHE B COCTOSHHHM MCKYCCTBEHHOTO TMIMOOMO3a B YCIOBHSAX THIIOTEPMUH-THIIOKCHHU-THIIEPKAITHUE U BBIXOJ M3
Hero. MeTobI: HCCIe0BATIH SPUTPOLUTHI KPBIC 1 CHPUHCKHX XOMSIKOB: KOHTPOJIBHBIX, B COCTOSTHHU NCKYCCTBEHHOTO T'HIIOONO-
3a, yepe3 2 U 24 yaca mocje Hero, a TaKKe XOMSKOB B COCTOSIHUHM 3UMHEH cIsukd. OCMOTHYECKYIO YCTOHYMBOCTh OLIEHUBAIH
METOJIOM MaJIOYIJIOBOTO cBeTopaccesHus. OTHOCHTENbHOE cojiepikaHue GpopM reMorioOuHa (OKcH-, 1e30kcu-, MeTHb) onpene-
TSI MeToIoM An(depeHnnanbHON crieKTpopoToMeTpu. MHKpPOBA3KOCTh IIUTO30JI OIICHUBAIH B Arana3oHe 37-0°C metogom
OI1P cimHOBBIX 30HIOB. Pe3ylbTaThl: COCTOSHIE HCKYCCTBEHHOIO I'MIIOON03a XapaKTepPHU30BAIOCh CHIDKEHHEM TEeMIIepaTyphbl
tena (1o 16°C), onMHAKOBBIM AJIs1 TOMOMOTEPMHBIX M T€TEPOTEPMHBIX MIICKOIUTAIOUINX. DTO COMPOBOKIAIOCH N3MEHCHUIMHU
OCMOTHYECKOH yCTOIYMBOCTH, OTHOCHTEIBHOTO COZlep KaHMs (OpM IreMOrNIoONHa, MUKPOBS3KOCTH IIUTO30JIs1 DPUTPOLUTOB. Ye-
pe3 2 yaca nociie Tunoono3a (pU3NOIOrHYecKUe MTOKa3aTesli )KUBOTHBIX MPUOIMIKAIICH K HOPME, OJHAKO HAaOJI0AI0Ch BhIPa-
’KEHHOE ITOBBIIIEHIE OCMOTHYECKOI YCTOHYNBOCTH M YBEIHIEHHE OTHOCUTEIILHOTO COZIeP)KAaHNs OKCHUTeMortoonHa. [3meneHns
apaMeTpPOB SPUTPOLIMTOB COXPAHSIUCh B TeUeHHE 24 4acOB IMOCT-THIOOMOTHYECKOTO COCTOSIHUSA. Peakiuu SpUTPOLMTOB Ha
MIPUPOAHBIN ¥ MCKYyCCTBEHHBII TMIIOOM03 MMENH KaK O0IINe, TaK M OTIIMYNTEIbHBIC YepTHl. BEISBICHB! Ce30HHBIE pa3iinyus B
peaKiusIX [UTO30JIs1 SPUTPOLMTOB TOMOHOTEPMOB M TeTePOTEPMOB. BBIBOABI: HAOMIOAIACH PEAKIHs SPUTPOLMTOB in Vivo HA
(hU3MONIOTNYECKHE MTePeCTPOHKH, BBI3BAHHBIE COCTOSTHUEM HCKYCCTBEHHOTO THITO0M03a KaK Y TeTepOTEePMHBIX, TaK U TOMOHoTep-
MHBIX MJICKONHUTAIOMINX. BbIpaKeHHbIE M3MEHEHHs CTPYKTYPHO-()YHKIMOHAIBHOTO COCTOSHMS 3PHTPOLMTOB COXPAHSIIMCDH
BIUIOTH JI0 24 9acOB MOCT-TUITIOOHOTHYECKOTO COCTOSIHUS, B TO BPEMsI KaK (PU3HOJIOINYECKHIE COCTOSHHE )KUBOTHBIX IPHOJIIKA-
JIOCh K HOpMe 4epe3 2 yaca. Hanuune creoBbIX peakiuii S5pUTPOLNTOB MIICKOIHMTAIOIMX TTO3BOJISCT paccMaTpuBaTh MOJEIH
HCKYCCTBEHHOTO THITOOHM03a MEPCIICKTUBHON ISl BEISICHEHHS KIIETOYHBIX MEXaHH3MOB HH/YKIIMU KOHTPOJINPOBAHHOTO IHIIOME-
Tabonu3ma.

KaroueBble cjoBa: PICKyCCTBeHHLIﬁ n HpPIpOIIHLIﬁ FI/IHO6I/IO3, MIJICKOITUTAIOIIUE, MTOHUKCHHAs TEMIIEpAaTypa Tejia, SPUTPOLUTHI,
OCMOTHYECKAA yCTOP’I‘{I/IBOCTb, (bOprl FGMOFJ'IOGI/IHa, MHUKPOBA3KOCTb LIUTO30JI.

1. Introduction

Due to the temperature dependent character of the main physical and chemical processes maintaining the life
and providing the cell functional activity, the temperature change initiates the rearrangements which reversibility is
determined by both the temperature effect value and time and by the nature and organizing complicity of the system
under consideration. Therefore determination of biosystem temperature adaptability limits is of great importance.
From the other hand the use of temperature factor for the biopreservation of bioobjects with different organizing level
is a cryobiology practice base (Scott et al., 2005).

Recently more and more physiologists and practice physicians have preferred not to re-invent the wheel, but
to peer in how the nature solves those or others physiological problems. Hibernating mammals are one of the most
blessed objects for this (Bradbury, 2001; Colugnati et al., 2008; Green, 2000).

Interest to the phenomenon of hibernation is mainly determined by ability of hibernating mammals to survive
through subzero body temperatures and adapt to abrupt and severe thermal and metabolic shifts during periodic
entering and exiting of bouts. But particularly inspiring one is a superresistibility of hibernators. Animals in torpor
tolerate lack of oxygen, the action of many poisons, infection with deadly diseases, the effect of lethal doses of
radiation, etc. without harm to the body. Moreover cells isolated from animal in torpor are also characterized by
increased resistibility (Repina et al., 2008).

The molecular basis of natural torpor in hibernating mammals offers models and applications that are relevant
to issues in clinical science (Storey et al., 2010) as well as to solve the problem of a controlled induction of hypomet-
abolic and/or hypothermic states without of pharmacological means (Gorr, 2017).

However, winter hibernation is a genetically fixed adaptive strategy. Usually, the objects of practical medicine
and veterinary are organisms, not possessing such adaptive features. Artificially induced hypometabolism in nonhi-
bernating mammals may have considerable clinical implications. At the same time researches indicate the existence
of a reason for the poor translatability of artificial hypometabolism to the clinical setting (Dirkes et al., 2015) State
of hibernation of homoiotherms can be modeled by introducing them into an artificial hypobiosis under conditions
of hypothermia-hypoxia-hypercapnia (Aksyonova et al., 2010;) by Andjus-Bakhmet’ev-Giaya method (Andjus et
al., 1955). The state of artificial hypobiosis is similar to the natural hibernation by a wide range of parameters. Thus
body temperature of animals in the state of artificial hypobiosis lowers down to (16+1)°C, heart rate decreases (from
380-390 to 80-82 beats/min), and quite complete loss of mobility and pain reflexes are observed (Mel’nychuk et al.,
2005). There is still insufficient knowledge about the processes occurring in the organism of an animal introduced
into an artificial hypobiosis and leaving this state. Acquiring new knowledge in this area is of great importance for
determining the adaptive capacity of mammals and widening of practical application prospects of the hypometabol-
ic phenomenon (Malatesta et al., 2007; Mel’nychuk et al., 2007).
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Studies of cellular responses to the deep changes of organism state are necessary for understanding the
integral physiological response to the state of hypometabolism. Studies of red blood cells in a transition of animals
into hypobiosis are of particular interest. Belonging of RBCs to the blood system which acts also during deep
torpor of hibernator (unlike some other systems of the organism) predetermines necessity of erythrocyte adaptive
reactions in case of organism’s being in hypometabolic state. Moreover, the erythrocyte is used to be a good mod-
el system for studies of molecular mechanisms of cellular responses to different extreme conditions both in vivo
and in vitro.

The key link of regulation mechanism of erythrocyte physiology, membrane stability and deformability are
the dynamically regulated protein-protein interactions in membrane-cytoskeleton-cytosol system. Modification of
erythrocyte’s physiological state is accompanied by changing of quantity of cytoskeletal and cytosol (hemoglobin,
key enzymes of glycolysis) components in a membrane-bound state (Campanella et al., 2005). It is obvious that such
modifications must manifest in changing of erythrocyte cytosol and membrane state. From this point of view the
purpose of the present study was to clarify if there is certain erythrocyte response to mammals’ being in artificial
hypobiosis and leaving it.

We suggest, that comparative studies of RBCs of animals that are genetically adapted to different intervals of
body temperature fluctuations (homoiothermal and heterothermal mammals) could be very informative. Particularly
the question arises if there are differences in heterotherm and homoiotherm RBC response to the state of artificial
hypobiosis. We were also interested in common and different features of cellular response to the states of natural and
artificial hypobiosis.

2. Material and methods
2.1. Animals

The study was carried out in autumn-winter period with homoio-(inbred male white rats Rattus norvegicus,
180-220 g) and heterothermal (hamsters Mesocricetus auratus, 85-95 g, males) mammals. Prior to the experiments,
animals had free access to water and food, supplemented with sunflower seeds, kept at 22°C and 12:12 h light-dark
cycle.

All procedures for animal maintenance and euthanasia were approved by the Bioethic Committee of the
Institute for Problems of Cryobiology and Cryomedicine, National Academy of Sciences of Ukraine, Kharkiv,
Ukraine and conform to European Convention on the use of Experimental Animals (Strasbourg, 1985).

2.2. The artificial and nature hypobiosis state

The artificial hypobiosis state was achieved by Andjus—Bakhmet’ev—Giaya method (“closed tank” model)
(Andjus and Smith, 1955). An animal was placed to a hermetic vessel (3 dm? for rat and 2 dm? for hamster) situated
in a dark cold room at 2—4°C. 2.5 hours after stay in darkness at hypothermia on the background of enhancing
hypoxia and hypercapnia the animals fell into artificial hypometabolic state (ABG-state), characterized by lowered
body temperature (down to 16+£1°C), decreased heart rate and quite complete loss of mobility and pain reflexes, that
is, a state similar to a natural hibernation. The animals rewarm from ABG-state by themselves under the conditions
of normal gas composition of air and the average environmental temperature 22—24°C.

In September-October hamsters were placed in a temperature-controlled room at 5°C in constant darkness in
order to induce a natural hibernation state. Food and water were removed from a hamster’s cage. Hamsters fell into
hibernation in 10-14 days. Average bout duration was 340.5 days.

2.3. Subjects

Animals were divided into five groups: control, in hypobiotic state (ABG-state), 2 h and 24 h after being in
ABG-state, and hamsters in winter hibernation. The body temperature (T, , ) in control group of animals was at
normal range (37°C). Hamsters and rats in ABG-state had T, , =16+1°C. In 5"3nd 24 h after ABG-state physiological
parameters of the animals were similar to the control and T, |, came near 37°C. T, of hibernating hamsters was
4-5°C. Each group has at least 5 animals.

Freshly drawn blood from the animal was prepared with heparin. The blood was washed three times by
centrifugation (1800 x g, 5 min) in phosphate-buffered solution (150 mM NacCl, 5 mM NaH,PO,~Na,HPO,), pH 7.4.
Plasma and buffy coat were removed by aspiration.

2.4. RBC osmotic resistance

Osmotic resistance was determined by the method of small-angle light scattering as a part of intact cells in
hypotonic NaCl solutions. The most detailed description of methods for analyzing cells based on measuring the light
scattering is described in (Mullaney and Dean, 1970). Measurement of light scattering with a wavelength of about 1
micron forwarded at an angle of 9° to the direction of the incident beam was performed on the device, manufactured
by “Cryocon”. The part of intact cells in hypotonic solutions of non-penetrating substance (NaCl) with the
concentration values (%) 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.25, 0.2 was determined according to the small-angle light
scattering and the calibration curve. Osmotic fragility curves were obtained at 25°C.
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2.5. RBC cytosol state

Erythrocyte cytosol state was evaluated by means EPR spin probe method, using water-soluble TEMPON
probe (2,2,6,6-tetramethyl-4-oxopiperidine-1-oxyl) and widening agent — potassium ferricyanide, which does not
penetrate native erythrocytes. Used concentrations of spin probe and the widening agent (1 and 100 mM,
respectively) allow displaying the EPR signal only from probes located inside the cell. Such an approach allows
evaluating the cytosol microviscosity and barrier properties of membrane. Dynamic state of cytosol was evaluated
by temperature dependences (37-0°C) of probe mobility parameter (h/h_) characterizing cytosol microviscosity.
We used this parameter instead of common parameter T, according to the approach (Minetti et al., 1984).
Converging of R? (the value of the linear approximation reliability) to unit was considered as an evidence of
temperature dependences smoothing. Validity and adequacy of such method for evaluation of aqueous-protein and
protein-protein transformations in cytosol are based on ability of TEMPON to create hydrogen bonds with
molecules of water. The suspension temperature was varied in the “Bruker” ER 100D spectrometer resonator
with accuracy of = 0.5 K.

2.6. Ratio of the main RBC hemoglobin forms
Changes of the ratio of the main hemoglobin forms (oxy-, deoxy- and methemoglobin) were evaluated by
differential spectrophotometry (Zwart et al., 1981) using Pye Unicam SP 8000 spectrophotometer.

2.7. Statistical Analyses

The data was expressed as means + standard error of means. The data analysis was performed using Kruskal-
Wallis test. P < 0.05 was considered statistically significant.

3. Results
3.1. RBC osmotic resistance

In ABG-state a decreasing of erythrocyte osmotic resistance occurs for both hamsters and rats (Fig. 1, 2).
Such osmotic resistance decreasing may be connected with the fact that a temperature is known to affect properties
such as enzyme activities, membrane pumps, as well as membrane flexibility.

Erythrocytes osmotic resistance of hamsters and rats at 2 h post-ABG-state was significantly higher in
comparison to the control animals (Fig. 1, 2). Such an increased erythrocyte osmotic resistance kept up to 24 h after
animals’ being in the hypometabolic state (Fig. 1, 2).
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Fig.1. Osmotic fragility curves of hamsters erythrocytes. Each curve is the mean of at least five independent experiments.
Measurements were performed in triplicate at each studied NaCl-concentration point.
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Fig. 2. Osmotic fragility curves of rats erythrocytes. Each curve is the mean of at least five independent experiments.
Measurements were performed in triplicate at each studied NaCl-concentration point.

3.2 Erythrocyte cytosol state

Arrhenius dependences of the rotational mobility parameter of the probe in the cytosol of control animals
RBCs within the range of 37-0°C are nonmonotonic (Fig. 3, 4). We assume that this reflect structural changes
occurring in certain temperature ranges, similar to those registered by the EPR method in membranes (Forte et al.,
1985; Minetti et al., 1984).
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Fig. 3. Arrhenius dependencies for TEMPON mobility in cytosol of hamsters RBCs. Each point represents
the mean of three repeats for at least five animals. Means + S.D. are indicated. Here and below
linear approximation is shown.
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Fig. 4. Arrhenius dependencies for TEMPON mobility in cytosol of rats RBCs. Each point represents the mean
of three repeats for at least five animals. Means + S.D. are indicated.

Both rats’ and hamsters’ being in the artificial hypobiosis state results in changes of the erythrocyte cytosol
dynamic state. This is reflected in significant reduction of cytosol microviscosity for both homoiotherms and
heterotherms compared with the control and smoothing of the Arrhenius dependences, more pronounced for rats
(Fig. 3, 4). We suppose that an indicator of smoothing could be an increasing of R? (the value of the linear
approximation reliability) with its converging to unit. In control: R? = 0.959 (for hamsters), R* = 0.827 (for rats). In
ABG-state: R? = 0.970 (for hamsters), R> = 0.966 (for rats). Smoothing of temperature dependencies of cytosol
microviscosity indicates the fact of cytosol structure temperature adaptation by analogy with the notions of Willis et
al. (1981) about adaptation of RBC membrane structure under hibernation.

Hibernating hamsters (Fig. 3) possess the most reduced cytosol microviscosity and smoothed curves of its
temperature dependencies (R? = 0.981) in comparison to control.

Even 2 h later ABG-state physiological parameters of the animals were similar to the control. However,
erythrocyte is telling us its own story.

For hamsters, further changes of cytosol dynamic state were season-dependent. We observed cytosol
microviscosity decreasing for up to 24 h post-ABG-state for “winter” hamsters in such a way that the value of cytosol
microviscosity and its temperature dependency within a range 37-0°C were approaching these parameters of winter-
hibernating animals (Fig. 5). As for “summer” hamsters and rats, cytosol state in 24 h post-ABG-state was close to
the control (Fig. 4, 5).
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Fig. 5. Typical Arrhenius dependencies for TEMPON mobility in the RBC cytosol of “winter” (at left)
and “summer” (at right) hamsters (1 — control, 2 — ABG-state; 3 — in 2 hours after ABG-state;

4 — in 24 hours after ABG-state; 5 — hibernation).
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3.3. Relative content of main hemoglobin forms

Rats’ and hamsters’ being in the artificial hypobiosis state was accompanied by redistribution of hemoglobin
forms. An increase in the relative content of oxyhemoglobin was observed (Fig. 6). Elevated level of oxyhemoglobin
was also observed in hamsters in a state of hibernation. Important that in 24 hours after animals’ being in the artificial
hypobiosis the relative content of oxyhemoglobin increases compared with control. We have also observed
modifications of the other hemoglobin forms (deoxy- and methemoglobin) in response to hypometabolic state.

81,3 83,7

78,67 76,75 77,25

o

%
20
X
oZatetitel

%5
e
5
%t
e
SN
siedeietilel

%

%4283

24283
24288
5%

<
o

H

P
K P o
oo

8,67 733

S

e
£
ofetele!
%
e

5
00000005
ot
Lt
2
%S
2
oisls

<505
s
e,
byt
it

S
Control ABG in 2 h post- in 24 h post- Hibernating . _
ABG-state ABG-state hamster o 2h past Do

Fig. 6. Relative content of main hemoglobin forms in RBCs of hamsters (at left) and rats (at right)
(E — oxyhemoglobin, E — deoxyhemoglobin, B — methemoglobin). The error bars represent the standard deviation.
— The changes are significant as compared to control with p<0,05.

4, Discussion

Adaptation to environment is an essential vital property of living systems. Ecological impacts of scientific and
technical progress, intensive development of medicine, pharmacology, and innovative biotechnology all make it
necessary to study the limits of the adaptability of living systems. We mentioned above the fact of the non-specific
increase of resistance of mammals organism in the natural hypobiotic state. In this connection, artificially induced
introduction of homoiothermal mammals into a state of deep braking of life processes intensity is of a great interest.
An important question is whether there are any structural and functional peculiarities of homoiothermal and hetero-
thermal mammals (the cold-sensitive rat and the cold-tolerant hamster) RBCs as a response to this state.

The organisms of both hamsters and rats manifested similar responses to being in ABG-state. Lowering of
body temperature down to 16°C occurred in both cases. At RBC level the ABG-state for these two animals was
characterized by changes in relative content of the main hemoglobin forms, decreasing of cytosol microviscosity and
erythrocyte osmotic resistance. The reduced cytosol microviscosity and smoothing of its temperature dependence,
decreasing of osmotic resistance and increase in the relative content of oxyhemoglobin were common for both natu-
ral and artificial hypobiotic states.

Both hibernators’ and homoioterms’ being in the artificial hypobiosis resulted in significant decrease of eryth-
rocytes osmotic resistance. Smoothed temperature dependencies of cytosol microviscosity in erythrocytes of hiber-
nating hamster and of both hamster and rat in ABG-state can serve as a cellular indicator of animal adaptation to
artificial and natural hypobiosis by analogy with the notions of Willis et al. (1981) about adaptation of RBC mem-
brane structure under hibernation.

Despite the fact that even 2 h later ABG-state physiological characteristics of the animals were similar to the
control, the studied RBC parameters kept changing. Osmotic resistance of erythrocytes at 2 h post-ABG-state was
significantly higher in comparison to the control animals. Such an increased erythrocyte osmotic resistance kept up
to 24 h after animals’ being in the hypometabolic state.

Cytosol microviscosity of hamsters RBCs as well as of rats at 2 h post-ABG-state kept decreasing. But 24 h
later a difference in the reaction of erythrocyte cytosol of homoiotherms and heterotherms, associated with the
season, was found. ‘Winter’ and ‘autumn’ hamsters have possessed further lowering of microviscosity, smoothed
temperature dependences, in the way that in 24 h after ABG dynamic state of cytosol was close to typical for
hibernation state. For rats and ‘summer’ hamsters it was close to control, testifying to recovery of cellular homeostasis.

Erythrocyte oxygenation-deoxygenating and other physiological stimuli control a balance between membrane-
bound and cytosolic state of key glycolytic enzymes and hemoglobin molecules (Campanella et al., 2005). Meaning
this we suppose that observed lowering of cytosol microviscosity is a result of free water quantity increasing due to
increasing of amount of cytoskeletal and/or cytosol components in membrane-bound state to adapt erythrocyte
physiology to the organism’s hypobiotic state. Observed redistribution of the main hemoglobin forms can also result
in changing of balance of free and bound water, which we evaluate by modifications of water-soluble TEMPON
rotational mobility, characterizing cytosol microviscosity.

Osmotic resistance of RBCs is a measure of their stability and ability to withstand varying osmotic gradients,
which is particularly important when the body temperature drops. Increase of erythrocytes osmotic resistance, as a
result of the animals’ being in the artificial hypobiotic state, is probably ensured by membrane reinforcement, in
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particular through increased interaction of membrane components with cytoskeleton. Manno et al. (2005) have
shown that RBC membrane mechanical properties determining osmotic resistance, deformability, cellular form and
erythrocyte state in general are controlled by the dynamically regulated protein-protein interactions of membrane-
cytosol-cytoskeleton system with the key role of protein 4.1. This protein is involved in thermoinduced structural
transition, detected by EPR spin probe method at 10°C (Forte et al., 1985). This transition smoothing in the
erythrocytes of animals in artificial and natural hypobiotic states also gives the evidence in favor of the involvement
of cytoskeleton-membrane interactions in tuning of the RBC state to hypobiotic state of the organism. Previously we
found change in the relative amounts of protein 4.1 in membrane-bound state, along with spectrin, and hemoglobin
in erythrocytes in hibernation conditions (Repina et al., 1998).

5. Conclusions

The cold-sensitive rat and the cold-tolerant hamster react to animals’ being in the state of artificial hypobiosis
(Andjus-Bakhmet’ev-Giaya model) in the same way by decreasing of body temperature (down to 16°C). Herewith
changing of osmotic resistance, redistribution of main hemoglobin forms and cytosol microviscosity in RBCs has
been observed.

Experimental data have shown that in 2-3 h after hypobiosis animal’s state and behavior were similar to the
control. Nevertheless modifications of the studied RBC parameters kept changing up to 24 h post-hypobiotic-state.

Thus, the erythrocyte response to the artificial hypobiosis, resulting in increased erythrocyte functionality
(increased osmotic resistance and elevated relative content of oxyhemoglobin) at 24 h postABG-state, is exist.
Erythrocyte “aftersensations” to artificial hypobiosis of animals allow considering ABG model as promising for
introduction into veterinary practice, particularly for development of approaches for treatment of anemias of various
origins. The model of artificial hypobiosis also seems perspective for clarification of the cellular mechanisms of
controlled induction of hypometabolic state.
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