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Hematological Characteristics and Erythrokinetic Indices
in Little Ground Squirrels During Arousal from Hibernation

Pedbepar: Y nepiog 3umoBoi crnnayku ApibHi ccaBui 6aratopasoBo MpoxoasiTb Yepes3 XOofoBy (Toprnop) i Tennosy (posirpi-
BaHHSA) hasu, i ANa ageKkBaTHOro NocTavaHHsA TKaHWH KUCHEM HeOoOXiAHI aganTuBHI 3MiHM epuTpounTiB. Y poboTi BUBYEHO CTPYKTYPHI
Ta yHKUIOHamNbHI MOKa3HUKN epUTPOLMTIB Manux XoBpaxiB y AvMHamili npobyaXeHHs Big 3MMOBOI crnnsyku. BcTaHoBneHo, Wwo y Top-
NiJHOMY CTaHi KinbKiCTb epuTpouuTiB, piBeHb remornobiHy i MCH y kpoBi icTOTHO He 3MmiHiotoTbes, ane MCV i HCT 3meHwytoTbes,
a MCHC i RDW 36inbLuytoTbCH MOPIBHAHO 3 KOHTponieM. Y ribepHylounMx TBApWUH KiNbKiCTb PETUKYNOLMUTIB Y KPOBi 3MEHLUYETHCS i
CKOPOYYETLCA Mepiof BMBEAEHHS epuTPOLMTIB i3 KpoBOODIry, ane 3gaTHICTb A0 NPOAYKYBaHHS epUTpOLMTIB 30epiraeTbCa Ha piBHI
KoHTpomto. lig 4yac npobyaxeHHs Temnepatypa Tina 25-30°C € KpuTU4HOW Ana nepebyaoBu CTPYKTYPHMX i PyHKLIOHaNbHUX MOKas-
HUKiB epuTtpoumTiB. Mpo ue cBigyaTe 3poctaHHa RDW i TeHgeHuis go nigBuweHHs HCT, MCV; nigBuLLEHHsI piBHS PETUKYNOUUTIB
Yy KpOBi Ta MOAOBXEHHS 4Yacy ix A03piBaHHs; 30inblUeHHs nmepiogy HamiBXMTTA epuTpoumTiB. [licna noBHOro 3irpiBaHHS XoBpaxiB
NpOAYKList epUTPOLUTIB 3HA4YHO 36iMbLUYETLCS 3@ paxyHOK CKOPOYEHHS Yacy A03piBaHHSA PETUKYMOLMTIB.

KniouoBi cnoBa: rematonoriyHi napameTpu, epUTpoLMTapHi iHAEKCU, epUTPOKIHETMKA, 3MMOBa CMsiyka, NPoOyMKEHHS Bif 3MMOBOT
cnnsiykK, xoBpaxu, Spermophilus pygmaeus.

Abstract: During hibernation, the small mammals pass through multiple cold (torpor) and warm (arousal) phases, as well as
the adaptive changes in red blood cells are vital for an adequate oxygen supply to tissues. Here, we have analyzed the structural and
functional indices of red blood cells in little ground squirrels during arousal from hibernation. The were established that in a torpid state,
a count of red blood cells, HGB and MCH levels in blood did not significantly change, but MCV and HCT decreased, while MCHC
and RDW increased as compared to the control. In hibernating animals, the reticulocyte count in blood decreased and the period of
erythrocyte elimination from bloodstream was shortened, but the ability to produce the red blood cells remained at the control level.
During arousal, the body temperature of 25-30°C was critical for rearrangement of structural and functional parameters of red
blood cells. This was evidenced by RDW increase and the tendency to rise in HCT, MCV; high reticulocyte count in blood and
extended time of their maturation; increased half-life of red blood cells. After complete rewarming of ground squirrels the production
of red blood cells was significantly increased due to the reduced reticulocyte maturation time.

Key words: hematological parameters, red blood cell indices, erythrokinetics, hibernation, arousal, ground squirrel, Sper-
mophilus pygmaeus.

3a yMOB HHU3BKMX TEMIIEPATyp HaBKOJIHMIIHBO-
ro cepefoBuIIa Ta Ae(IiIUTy XapuyoBHX peCypciB
JIesIKi ccaBIli BIANAIOTh Yy TOPHIJAHWUN CTaH, SKAN
Ha3WBaIOTh 3WMOBOIO CIUIAYKOIO, abo TibepHa-
mi€ro. 3UMOBa CIULSIYKA € TPUKIAIOM EBOIOIIHHOT
ajanTarii CCaBIiB A0 EKCTpEeMaJbHUX YMOB ICHY-
BaHHs [4]. Bona xapakrepusyeTbcsd KOHTPOJIHOBA-
HUM 3HW)KCHHSM IIBHJKOCTI METa0oi3My, TeMIie-
parypu Tina Ta iHIUX Qi3ionoriyHux (QyHKIIH
(4acToTH CepueBMX CKOPOYCHb, BEHTHJISLII Jiere-
HiB), @ TAKOXK MEepU(EPUIHOIO Ba30KOCTPUKLIEIO [ 14,
19, 22]. Ilpu upomy y ribepuartopi poOoTa oprasis
i cucreM Ta 010XiIMiYHI Mpolecu mepedyIoBYOTHCS
TaK, 10, HaBITh TPU Iy)Ke HU3BKIH Temreparypi
Tija, B Opra”i3Mi MiATPUMYETbCS TEBHHUI TOMEO-
cras [14, 36].
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Under low ambient temperatures and shortages
of food resources, some mammals enter a torpid
state, which is called hibernation. Hibernation is an
example of evolutionary adaptation of mammals
to extreme living conditions [17]. It is characte-
rized by a controlled decrease in metabolic rate,
body temperature and other physiological functions
(heart rate, lung ventilation), as well as periphe-
ral vasoconstriction [6, 11, 16]. Herewith, in hiber-
nators, the function of organs and systems and
biochemical processes are rearranged so that, even
at a very low temperature of a body, it maintains a
certain homeostasis [6, 36].

An important aspect of hibernation in small
mammals is its discontinuity, i. e. the hibernation
consists of the periods of deep torpor, the so-called
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BaxnuBum acmektom ribepHamii y apiOHMX
CCaBIiB € ii ypUBUACTICTH: CIUISIYKA CKJIAJIAETHCS
3 mepioziB MMMOOKOro TOPHOpPa, TaK 3BaHUX OayTiB,
SIKi 4ePTYIOThCS MikOay THUMU poOymkeHHsMA. [1i
yac MikOayTHUX TPOOYIKeHb TBapHUHH pO3irpiBa-
FOTbCSI TIpoTsToM 1,5-2,5 TOmWH 1O HOPMOTEpPMIi,
mpu 1IIboMy OioXiMiuHI Ta (i3ioNOTiUHI TapameT-
pU OpraHizMy 3a KOPOTKHH TEepMiH TOBEPTAIOTHCS
no eyrepmuoro pieHs [14, 25]. IlIBuake mocuieH-
Hsl Iepdy3ii KpOB’I0 TKAHWH 3UMOCIUITYMX TBapUH
i Yac MepiofAnYHUX MPOOYIKEHb MOXKe 301IBIITUTH
PHU3UK MOLIKO/DKEHb BHACIINOK imeMii-penepdysii
B THX IUISHKaX, /Ie TeMIeparypa TKaHHHHU BXKeE Mij-
BUIIMJIACSA, @ IIBHUAKICTb KPOBOTOKAa B IIOBHOMY
00csa31 me He BigHOBMIAacs. Hesakarouum Ha Te,
IO 3MiHU B CIIOKMBaHHI KUCHIO TKAaHWHAMH HIyTh
rapajieNbHO 31 3MiHAMHU B CEpPIIEBOMY BHKHII, Jie-
TeHEBilf BEHTWIAIIi, 00’eMi KpoBi Ha mepudepii,
y 3UMOCIUISIYUX CCABIIIB TIPH BXOI Ta BUXOII 3 TOP-
MMTHOTO CTAaHy BUHWKAE TOTCHIIIMHUN pHU3HK He-
BIAMOBIHOCTI MK IIOCTA4aHHSM 1 CIIOKHBAHHIM
KUCHIO [14], M0 y HE3UMOCIUITYNX TBAPUH MOXKE
MPU3BECTH 10 PO3BUTKY ilMIEMIYHUX 1 pernepdys3iii-
HHX TIOIIKOJIKEHB [24].

EputpounTy BiAirpaioTh KIIOYOBY POJIb Y TPaHC-
nopri Ta 3a0e3MevyeHH] TKaHUH KUCHEM. Bimomo,
0 B €PUTPOILIMTAX ICHYIOTh METa0ONiuHI CHUTHAIb-
HI KacKaJu, SIKi CIPHSIOTH Bijgadi KUCHIO 1 OKCH-
TeHalii TKaHWH Yy pe3yJibTaTi CHCTEMHOI TillOK-
ceMii. 3HAUHMI BHECOK Y 3amoOiraHHS OKHCHOMY
CTpecy y Mepioll CIUIIYKM MOXE JaBaTH PEryilo-
BaHHS adiHHOCTI TeMorno0iny 1o kucHio. [loka3a-
HO, IO Y TiOCpPHYIOYHX CCaBIiB a)iHHICTh FeMOTIIO-
OiHy J0 KHCHIO MiJBHINYETHCS, 110 3MCHIIYE HOTO
BUBUIbHEHHS B TKAaHUHM BIAMOBIAHO IO X HHU3BKOI
MeTtabomiyHoi aktuBHOCTI [32]. Cnmin 3a3HaunTH,
IO BMICT KHCHIO B TKaHMUHax Oyae BHU3HAYaTH-
csl HE TUIbKM aiHHICTIO TeMOII00iHy 1O HBOro, a
1 BMICTOM TeMOIJIO0iHy B €pUTPOIUTAX, a TaKOXK
1 po3MipamMH OCTaHHIX, PEOJOTIYHHMH BIIACTHBOC-
TSIMH KPOBI TOIITO.

Pesynbraty mocmipkeHb OCHOBHHX TI'€MAaTOJIO-
TYHMX TOKa3HUKIB KPOBI PI3HUX TBapHWH y TeEpiof
3UMOBOI CIUISIYKWM HEOAHO3HAa4YHI. Tak, BUBYCHHS
CE30HHUX 3MiH PIiBHSI €PUTPOLMUTIB y KPOBI Masoro
xoBpaxa (Spermophilus pygmaeus) mokaszano Horo
IIJIBUIICHHS B 3UMOBI MICSIli, KOJIM TBapUHH 3HA-
XOIISAThCSL B TOpIigHOMY cTaHi [8]. ¥V micoBoi mu-
wiBku (Sicista betulina) B iepiof 3MMOBOI CILISTYKH
OyJI0 BCTaHOBJICHO 30LUIBbIICHHS KiTBKOCTI €pPUTPO-
ouTiB, TeMorto0iny 1 remarokputry [41]. Y TxkakiB
(Erinaceus europaeus) y TIOYaTKOBI MICSIIl CIUTSTYKH
[37] Ta y TibepHYIOUMX TPHUHATIATACMYTHX XOB-
paxiB (Spermophilus tridecemlineatus) [35] rema-
TOJIOTIYHI TIOKAa3HWKKA Oy 3HIKEHI TOPIBHSIHO 3
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bouts, which alternate with interbout arousals.
During them the animals are rewarmed within
1.5-2.5 hrs to normothermy, and the biochemical
and physiological body parameters return to the
euthermic level in a short time [6, 22]. A rapid
increas in blood perfusion of tissues in hibernating
animals during periodic arousals may enhance
the risk of injury due to the ischemia-reperfusion
in those areas, where the tissue temperature has
already risen, while the blood flow velocity has
not fully recovered yet. Although the changes in
oxygen consumption by tissues proceed together
with those in cardiac output, pulmonary venti-
lation, peripheral blood volume, the hibernating
mammals during entry into and exit from a torpid
state may be a potential risk of mismatch bet-
ween oxygen supply and consumption [6], that in
non-hibernating animals can lead to the ischemic
and reperfusion injury development [20].

The red blood cells (RBCs) play a key role in
oxygen transport and supply to tissues. The RBCs
are known to have the metabolic signaling cas-
cades, promoting the oxygen delivery and tissue
oxygenation as a result of systemic hypoxemia.
The regulation of hemoglobin affinity for oxygen
can make an essential contribution into preventing
oxidative stress during hibernation. The hemog-
lobin affinity for oxygen in hibernating mammals
was shown to increase, that reduced its release
into tissues in accordance with their low metabolic
activity [32]. It should be noted that the oxygen
content in tissues will be determined not only by
hemoglobin affinity for it, but its content in RBCs
as well, and the size of the latter, rheological pro-
perties of blood, and etc.

The findings on the main hematological va-
riables of different animals during hibernation are
controversial. For example, the study of seasonal
changes in RBC count in blood of little ground squir-
rel (Spermophilus pygmaeus) showed its increase
in winter months, when the animals were in a
torpid state [28]. An increased counts of RBCs,
hemoglobin and hematocrit were found out in the
northern birch mouse (Sicista betulina) during
hibernation [41]. In the hedgehogs (Erinaceus
europaeus) within the initial months of hibernation
[37] and in hibernating thirteen-lined ground
squirrels (Spermophilus tridecemlineatus) [35] the
hematological variables were reduced as com-
pared with the summer control. At the same time
S.T. Cooper et al. [8] have revealed no signifi-
cant changes in RBC count, hemoglobin and
hematocrit levels in S. tridecemlineatus in a torpid
state and after interbout arousal as compared with
the summer control.




JiTHIM KoHTposneM. Y Toi camuit yac S.T. Cooper
Ta croiBaBT. [16] y S. tridecemlineatus y Ttopmin-
HOMY cTaHi Ta micins MibKOayTHOro mHpoOyIKEHHS
HE BUSIBIJIM ICTOTHUX 3MiH KiJIBKOCTI €PUTPOIIHTIB,
piBHS TEeMOTIOOIHY 1 TEeMaTrOKpHUTy TIOPIBHSIHO 3
JIITHIM KOHTPOJIEM.

Bigomo, mo B crani ribepHarii MOMIT KIITHH
y KpOBOTBIpHiil TKaHWHI € 3HAYHO 3HIKEHHM [12],
a TPUBAIICTh JKUTTS LUPKYIIOIOYNX €PUTPOIHTIB —
ictoTHO 30inbineHoro [13]. Takok BCTaHOBJICHO,
o0 B TOPIIJHOMY CTaHI cepeiHiii 00’eM epHTpo-
mUTIB y S. tridecemlineatus 3MeHIIYE€ThCS, a B TIEPIOJT
MikOayTHOrO HecnaHHs 30inburyerses [16]. 3 ors-
Iy Ha Tol (aKT, 1m0 y mpoleci TUPKYISLil B KPOBO-
TOII PO3MIp EPUTPOLUTIB 3a3BUYAi 3MEHIIYETHCS
4yepe3 BTpaTy YacTHHH MeMOpaHH, TOMY 30LIbIIeH-
HS pO3MIpiB EpPHUTPOLHUTIB Yy Tepio MiKOAyTHOTO
HECIIaHHsSI aBTOPHU IIOB’S3YIOTH 13 aKTHBAITIEID €pH-
Tporoe3y i HaAXOMHKCHHSIM Yy KPOB PETHUKYIIOIIHUTIB,
po3Mip SIKMX Olnble, HOK y HUPKYITIOIOYHX €pPUT-
pouuTiB. OnmHAaK pe3ynbTaTH MPSIMOTO BU3HAYCH-
HSl KIJIBKOCTI PETHUKYJIOIMTIB y KPOBI TOBFOXBOCTHX
x0oBpaxiB (Spermophilus undulatus) y TtopnigHOMy
CTaHi TOKa3ald 3HAYHE 3MEHIICHHS IX KiIBKOCTI
MOPIBHSHO 3 JITHIM KOHTPOJIEM, a MiCls CTUMY-
JHOBAHOTO TPOOYIKEHHS Lel MOKa3sHUK He 301Jb-
[ITyBaBCs MIOPIBHSIHO 3 TOPITITHUM CTaHOM TBapHH [2].

OTtxe, 3MiHa TeMaTOJOTIYHUX IMapamerpiB 1 ¢i-
310JIOTIYHUX XapaKTEPUCTUK EPUTPOIMTIB Hapasi
JOCITIDKEHA Y TBAPUH B TOPIITHOMY CTaHi y TIepiof
MDKOAyTHOTO HECIIaHHS, aje OCOOMUBOCTI TaKHX
3MIH IiJ 9ac X IpoOYy/HKSHHSI 3aJIUIIAa0ThCSl HEBHB-
YCHHUMH.

Meta poOOTH — JOCHIJKEHHS TeMarojiori-
HUX TlapameTpiB KpOBi, €pUTPOLUTAPHHUX I1HIEKCIB
1 TMOKa3HUKIB EPUTPOKIHETHKH XOBpaxiB Mix dYac
3MMOBO1 CIUISYKM 1 B JWHAMIlLl 1HIYKOBaHOTO IPO-
Oy/KeHHSI.

Marepianu i MmeToau

JocnipkeHHsT TPOBOAWIM HAa MalliX XOBPaxax
(S. pygmaeus Pall.) i3 macoro tima 250-300 1. Tra-
puHn Oynu BWIOBNEHI y byliHakchkoMy paiioHi
Pecmy6mikm darecran (42° 55°S, 47° 20°W; 320 m
HaJ piBHeM Mopsi). PoOoTy BHKOHYBamu 3 JOTpH-
MaHHSM YCiX HOpPM 1 BHMOI, 3aTBeplukeHux /Jlu-
pexruBoro 2010/63/EU Panu €Bponeiicbkoro Cris-
TOBapUCTBA IOJ0 3aXUCTy TBAPHH, SKi BUKOPHCTO-
BYIOTBCSI B €KCIIEPUMEHTAIBHUX Ta 1HIINX HAYKOBUX
HUIAX.

Juis monmenroBaHHs TiOepHaIii Ta MPOOYHKEHHS
TBapuH BUIAJKOBUM YMHOM PO3IOAUIMIN HA 7 Ipyn
(n = 6 y KOXHII): KOHTPOJIb Y JITHIN Mepiom; cTaH
muOoKo1 TibepHarlii; pi3HI eTand iHIyKOBAaHOTO
poOy/pKkeHHs (TBapuHU 3 Temmeparyporo Tima 10,
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It is known that during hibernation, the cell
division in hematopoietic tissue is significantly
reduced [4], and the lifespan of circulating RBCs
is greatly increased [5]. Also, it has been found
that in a torpid state, the average RBC volume in
S. tridecemlineatus decreases, but in the period
of interbout arousal it increases [8]. Due to the
fact that during circulation in bloodstream the
RBC size usually diminishes because of a loss of
membrane part, so an increase in RBC size during
interbout arousal is associated with the erythro-
poiesis activation and the entry in blood of larger
reticulocytes than those in circulating RBCs. Ho-
wever, the results of a direct determination of
reticulocyte count in blood of long-tailed ground
squirrels (Spermophilus undulatus) in a torpid state
showed a significant decrease in their number as
compared with summer control, and after stimulated
arousal this index did not increase as compared
with a torpid state of animals [13].

Thus, to date, a change in hematological para-
meters and physiological characteristics of erythro-
cytes has been investigated in animals in a torpid
state and during interbout awakening, but the fea-
tures of such changes during their arousal have
remained unstudied.

The research aim was to investigate the hema-
tological variables, RBC and erythrokinetic indices
in ground squirrels during hibernation and within
the induced arousal.

Materials and methods

The research was carried-out in little ground
squirrels (S. pvgmaeus Pall.), weighting 250-300g.
The animals were caught in Buynaksk district
of the Republic of Dagestan (42° 55°S, 47° 20°W;
320 m above sea level). The experiments were
implemented in compliance with all the standards
and requirements approved by the Directive 2010/
63/EU of the European Parliament and of the Council
‘On the Protection of Animals Used for Scientific
Purposes’.

To simulate hibernation and arousal, the animals
were randomly divided into 7 groups (n = 6 in
each): the control in summer period; state of deep
hibernation; different stages of induced arousal
(animals with body temperature of 10, 20, 25, 30
and 37°C). In summer, the animals were housed
in the animal facility in individual cages with ad
libitum access to water and food on a standard
pellet diet for rats, mice and hamsters (Laborator-
korm, Russia), supplemented with raw seeds, fresh
cabbage, carrots and greens. At the end of October,
to initiate hibernation, the ground squirrels were
placed into individual cages in a dark room with
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20, 25, 30 i 37°C). Y niTHii nepiox TBapuH YT-
pUMyBaJld B IHAWBIAyaJbHUX KIITKaX B YMOBax
BiBapil0 3 BIUIBHHM JOCTYIIOM JO BOIU Ta 1ki Ha
CTaHJIAPTHIN Mi€Ti Y BUDIAMI TPaHYJIbOBAHOTO KOM-
OikopMy I TIypiB, Mumed i xom’skiB («Jlabo-
patopkopm», Pocis) Ta JTOZaTKOBHUM BKITIOYCHHSIM
JI0 paIliony HEOYHIIIEHOTO HACIHHSI, CBIKOI KaITyCTH,
MOpPKBH 1 3eneHi. HampukiHii KOBTHS IS 1HIIiO-
BaHHS 3MMOBOI CIUITYKH XOBpaxiB MOMIIIaId B iH-
JUBIZyalbHI KIITKA B TEMHE MPUMIIICHHS 3 TEM-
neparypoto 2-5°C. Yepe3 Aekiibka JHIB TBapUHH
BIAJAJM B CIUITYKY 3 TMOHMKECHHSIM TEMIIEparypH
tina (Tt) mo (3,8 + 0,4)°C. Ilicns qBOX MICHIIIB Ti-
OepHalii cepeHs TpUBaIiCTh OayTa craHoBMIIa (14 +
0,5) mi6. [lms excnepuMeHTIB TBapuH BigOupa-
U B TOpHiHOMY cTaHi mocepenuHi Oayrta (7 mid
BiJl TMOYATKy TOBTOPHOTO BIIAJAaHHA B CIUIAYKY). 3
METOIO iHimiamii MpOoOyMKEHHS XOBpaXiB MEPEHO-
CWJIM B IpuMimeHHs 3 Temmneparyporo 20°C. IloBre
npoOymxenHs TBapuH 1 migiiom Tt g0 37°C BinOy-
Bascsi mpubnu3Ho 3a (2,4 + 0,2) roguuun. [licns
nocsiriends Tt 10, 20, 25, 30 i 37°C tBapuH BHKO-
PUCTOBYBalM B eKCIiepuMEHTI. Temmeparypy Tina
BuMiptoBau 1H(poBUM TepmomeTpoM MS 6501
(«Mastech», ToHKOHT), JaT4MK SKOrO BBOAWJIH B
OpsAMy KHLIKY Ha UOuHY 3—4 cM.

Hocnioscennsa eemamonoziunux napamempie Kpo-
6i. 3pa3Kku KpOBi Y XOBpaxiB MiJ Yac MpOOYHKEHHS
micis migiomy TT mo 20°C 1 BHIe, a TaKOX Y XOB-
paxiB KOHTPOJBHOI TPyNy Opaiul IMics ACKariTarlii
AQHECTEe30BAHNX TBAPHH. AHACTE3110 IPOBOMIIN BHYT-
PIIIHEOYEPEBHUM BBEJICHHSM IeHTa0apOiTany Har-
pito (85 mr/kr macu Tina). Y XoBpaxiB, sIKi 3Ha-
XOIUIIUCS y TOPIIAHOMY CTaHi, Ta THX, y SKHX TT
miciis movyarky npoOymkenHs ctanoBmwia 10°C, kpos
Opasim 0Oe3 asecresii. 3pa3ku KpoBi 3a0upanu B
crienianbHi BaKyTeHHEpH 3 aHTUKoaryinsHtom K2-
EATA («Guangzhou Improve Medical Instrumentsy,
KHP). Kimpkictes epurporutiB (RBC), koHIeHT-
pamito remornobiny (HGB), remaroxpur (HCT),
a TaKOXK CPUTPOIMTAPHI 1HAEKCH — CEpenHiid 00’eM
epurporuta (MCV), cepemniii BMICT TeMOTIO0IHY
B epurporuti (MCH), cepenHss KOHLEHTpawis re-
Morno0iny B epurpounti (MCHC), rereporeHHicTbh
epurpouutiB 3a 00’emom (RDW) BcranommoBamu
Ha TeMaToNoriYHOMy aHajizaropi «Sysmex KX-21»
(«Sysmex Corporationy, SnoHis).

Busnauenns yumoxinemuuHux ROKA3HUKIE epu-
mpoyumapnoeo 6anancy kpogi. JIns 3abapBiroBaH-
Hs petukynonutiB 0,3 M kposi 3minryBamu 3 0,1 mi
1%-10 po34nHy OPHUIBIHTOBOTO KPE3UIOBOTO CHHBO-
ro, mpuroroBaoro Ha 0,9%-my poszumni NaCl
(«Apbuc*», Pocis) i BurpumyBanmm 40 XB TpHu KiMm-
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a temperature of 2-5°C. After a few days, the ani-
mals went into hibernation with a decrease in
temperature of body (Tb) down to (3.8 £ 0.4)°C.
After two months of hibernation, the average du-
ration of bout was (14 £ 0.5) days. For experiments,
the animals were selected in a torpid state in the
middle of the bout (7 days from the beginning of
re-hibernation). To initiate the arousal, the ground
squirrels were moved to a room with a temperature
of 20°C. A complete arousal of animals and Tb
rise up to 37°C occurred within (2.4 £ 0.2) hrs
approximately. After reaching Tb of 10, 20, 25, 30
and 37°C, the animals were used in the experiment.
Body temperature was measured with a digital
thermometer MS 6501 (Mastech, Hong Kong), the
sensor was inserted into the rectum to a 3—4 cm depth.

Study of hematological variables. Blood samples
were collected from ground squirrels during arousal
after Tb rising up to 20°C and higher, as well
as from the control group animals after decapitation
of anesthetized animals by intraperitoneal adminis-
tration of sodium pentabarbital (85 mg / kg body
weight). In the ground squirrels in a torpid state, and
those with 10°C Tb after arousal onset, blood was
sampled without anesthesia. Blood samples were
collected into special vacutainer blood collection
tubes with anticoagulant K2-EDTA (Guangzhou
Improve Medical Instruments, China). The count of
red blood cells (RBCs), hemoglobin concentration
(HGB), hematocrit (HCT), as well as the RBC
indices such as: mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean cor-
puscular hemoglobin concentration (MCHC), red
cell distribution width (RDW) were measured
with hematology analyzer Sysmex KX-21 (Sysmex
Corporation, Japan).

Determination of cytokinetic indices of RBC
balance of blood. To stain reticulocytes, 0.3 ml of
blood was mixed with 0.1 ml of 1% diamond cresil
blue prepared with 0.9% NaCl solution (Arbis®,
Russia) and kept for 40 min at room temperature.
A part of blood with anticoagulant was kept for
4 hrs in a thermostat at 37°C, then the samples were
stained as described above. The smears were pre-
pared from all the samples and then fixed in me-
thanol. They were air-dried and examined with
immersion microscope Micromed-5 (x100 objective
lens, x10 ocular lens) (LOMO, Russia). Reticulo-
cytes were counted per 1,000 red blood cells.

The RBC lifespan was assessed by the method
based on determining the rate of in vitro reticulocyte
maturation. This method assumes the presence
of equilibrated RBC balance, ensured by inflow




HaTHi Temmeparypi. YacTuHy KpoBi 3 aHTHKOA-
TYJISHTOM BHUTPUMYBadu 4 TOOUHM B TEPMOCTaTi
npu 37°C, mani npoOu 3abapBiliOBaId, K OMUCAHO
Buie. 3 yciX Mmpo0 roTyBalu Ma3KH, a MOTIM (hik-
CyBaJi B MeTaHOJIi. Ma3ku BUCYIITyBaJl Ha TIOBITpPi
Ta TeperIaaaId Ha iIMepCIOHHOMY MiKpOCKOI «Mu-
kpomen-5» (006’ extuB x 100, okymsap x10) («JIOMOy,
Pocis). IligpaxyHOK pETHKYIOIUTIB BHUKOHYBAIN
Ha 1000 epuTpOLHMTIB.

TpuBajicTh KHUTTS E€PUTPOLMTIB OIIHIOBAIH 3a
METOIOM, 3aCHOBAHMM Ha BH3HAYEHHI IIBHUIKOCTI
JI03piBaHHSl PETUKYIOLUMTIB in vitro. JlaHwii mMeTon
nependadae HasBHICTb PIBHOBAXXHOTO EpPUTPOLH-
TapHOro OayaHcy, SKMU 3a0e3MeuyeThesl HAAXOM-
JKCHHSIM 1 BUBEJICHHSM 13 KPOBI OTHAKOBOT KUTHKOCTI
CpUTPOLMTIB 3a OOUHMLIO Hacy. MM mpuIrycTH-
JIU, TI0 PIBHOBKHUI OallaHC €pUTPOIUTIB Y KPOBI
TBapUH TIATPUMYETHCS SIK y TOPIITHOMY CTaHi,
TaK 1 Mg 9ac BUXOMY 31 CIULTYKH. LluTokKiHeTHdHI
MMOKa3HUKM EPUTPOLUTAPHOTO OajaHcy KpoOBi po-
3paxoByBaId 3a (HOpPMYJIaMH, 3aIPOINOHOBAHUMHU
A. B. DLmoxinum 1 cmiBaBT. [3, 6]. 3a KUIbKICTIO
EPUTPOLUTIB 1 PETHKYJIOUUTIB 110 Ta micias 4 ro-
IUH iHKyOamii po3paxoByBaiM Iepio[ HalliBBU-
BEJICHHs PETUKYIOUUTIiB i3 1mpodu (T, /2p), BEJINYH-
HY .,I[O6OBO'1" MPOIYKIi{ epI/ITpouHTig (.Pep/()nﬁ) Ta
nepioJ HamiBBUBEICHHS CPUTPOLUTIB 13 KpPOBO-
o0iry (T /gep).

[lepiox HamiBBHBEACHHS PETUKYIOLHUTIB i3 IMPO-
O0u, 0OyMOBJICHHH iX MO3piBaHHSIM, PO3PAXOBYBAIH
3a GpopMyIIor0:
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LUTIB y 1po0Oi micns iHKyOaii, %.

BenmuunHay 1000BOT TPOMyKINii €pUTPOLMTIB Ha
1 MKJI KpOBi BH3HAUAJIH 32 PIBHAHHSIM:
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ne T, ey Mepioji HAMIBBUBEICHHS CPUTPOIIMTIB 13
KpoB00Oiry (i0).
[lepiox HamiBBUBEICHHS €PUTPOIIMTIB OIIHIOBAIIN

3a hopmyIoro:
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and outflow of the same number of RBCs per
time unit. We have assumed that an equilibrated
balance of RBCs in blood of animals is maintained
both in a torpid state and during arousal from
hibernation as well. Cytokinetic indices of RBC
balance of blood were counted by the formulas
proposed by A.V. Ilyukhin et al [15, 21]. The
half-life of reticulocytes (7,,) in a sample, the
value of red blood cell production per day (P,,., i)
and the half-life of red blood cells in blood circu-
lation (7,,,,,.) were calculated by RBC and reticu-
locyte counts prior to and after 4 hrs of incuba-
tion.

The reticulocytes’ half-life, stipulated by their
maturation was calculated by the formula:

_0.301xz _ 1.204

v, -
A _lg Nrt _lg Nrt
NrO NrO

b

where 7 is incubation time; N  is reticulocyte number
in the sample prior to incubation,%; N is reticulocyte
number in the sample after incubation,%.

The value of daily RBC production per 1 pl of
blood (PRBC / day) was found with the equation:

0.693

RBC/day T
1
ARBC
where T

| orsc 18 bloodstream RBC half-life (days).
The RBC half-life was estimated by the formula:

XNRBC’

T, r><1000
2

T, o=l

ST N %24

Our findings were statistically processed using
one-way analysis of variance (ANOVA) and Pear-
son’s correlation coefficient using Statistica 8.0.
software (StatSoft, USA). Significance of diffe-
rences was determined by Fisher’s test at the level
of p < 0.05. The data in the Table and diagrams
are given as the mean + mean error.

Results and discussion

The analysis of RBC count in S. pygmaeus blood
under deep hibernation revealed no significant dif-
ferences as compared with the control (Fig. 1A).
It is known that in deep hibernation the yellow
(Spermophilus  fulvus), relict (Spermophilus relic-
tus)[29] and thirteen-lined ground squirrels (S. #ri-
decemlineatus) [8] demonstrated no changes in
RBC count as compared with summer animals. Du-
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Craructuyny oOpOOKy pe3yibTaTiB TpPOBOIU-
T 32 JOTIOMOTOI0 OJHO(AKTOPHOTO JHUCIIEPCiHHO-
ro ananizy (ANOVA) ta kopensiLiiiHOro aHainizy 3a
meronoM [lipcoHa 3 BHKOpHCTaHHSAM makeTa «Sta-
tistica 8.0.» («StatSofty, CILIA). 3HauymiicTs Bif-
MIHHOCTEH BHW3Ha4amu 3a Kpurepiem @Dimepa Ha
piBHi p < 0,05. /lani B Tabnwmi Ta giarpamax HaBe-
JICHO SIK CEPEe/IHE + MOXHOKa CepeIHbOTO.

Pe3yabTaTn Ta 06roBOpeHHs

AHali3 KUTBKOCTI epUTPOLUTIB Y KpoBi S. pyg-
maeus 'y craHi TuOOKoi ribepHanii He BUSIBHB
3HAUYIIUX BiJMIHHOCTEH TOPIBHAHO 3 KOHTPOJEM
(puc. 1, A). Bigomo, mo y crani mubokoi ridep-

ring arousal, the RBC count in S. pygmaeus blood
did not significantly change as well.

It should be noted that the hemoglobin level
in S. pygmaeus blood both in a torpid state and
during warming, did not considerably change with
respect to the control (Fig. 1B). After 2 months
of hibernation in Daurian ground squirrels (Sper-
mophilus dauricus), the hemoglobin level in blood
remained unchanged as well [14]. At the same
time, the hematocrit in S. pygmaeus significantly
decreased in a torpid state (Fig. 1C). A similar
phenomenon was also found in bats and small
marsupials [10]. Of interest is to note that in large
hibernating mammals, the brown bear (Ursus

LInTOKIHETUYHI NOKa3HWKM epuTpOLMTApHOro GanaHcy KpoBi XOBpaxiB B YMOBaX 3MMOBOI CMISIYKM | AUHAMIL
iHiLinoBaHOrO 3irpiBaHHA (N = 6 ANS KOXHOro CTaHy)
Cytokinetic indices of RBC blood balance in ground squirrels under winter hibernation and
during initiated rewarming (n = 6 for each state)

Cran TBapuHy w0 N, uepes 4 ron T Te P epinosa
Animal state o N in 4 hrs
r r 1/2r 1/2RBC RBC/day
Kgg;’gf’;‘lb 2,26 + 0,06 1,99 + 0,06 19,07 + 0,44 358,45 + 0,63 27199 + 1808
ke, T G 1,50 + 0,24* 1,37 + 0,26* 13,28 + 1,01* | 280,68 = 36,97* 27811 = 2116
s;w;if:l':é PR 1,78 + 0,05* 1,18 + 0,13* 10,56 + 2,09%/ | 253,98 + 55,34 46899 + 9701*
;éw;ifmz Toade 1,93 + 0,09* 1+0,17 6,99 + 0,15 208,74 + 49,82* 55210 + 11061*
H H o
S;W;Bri:‘i*r‘]’é' TZTS%?: $b 2,07 + 0,18 1,63 + 0,22 14,48 + 1,75% 244,19 + 43,23* 46285 + 13414,8
SQBS’;?%“.?Z e 3,05 + 0,43%* 2,27 + 0,12 18,67 = 1,21# | 316,55 + 28,79 32507 + 3008
Rséw;f::]’é JARSARS 1,78 + 0,06* 1,25 + 0,08* 7,47 £ 0,81% | 193,74 + 22,82* 63257 + 5229%*

MpuMmiTKK: BigMIHHOCTI 3HauyLLi NOPIBHSIHO 3 KOHTponem (*) Ta cnnsdkoto (*), p < 0,05.
Notes: differences are significant if compared with the control (*) and hibernation (¥), p < 0.05.

Hauii y sxoBroro (Spermophilus fulvus), penikto-
Boro (Spermophilus relictus) [9] 1 TpuHamUATHC-
Myroro xoBpaxiB (S. tridecemlineatus) [16] Takox
He Oylno BUSBICHO 3MiH y KIIBKOCTI €pPHTPOIHUTIB
MTOPIBHSAHO 3 JITHIM KoHTpojeM. [lim wac mpoOym-
JKEHHS KUTBKICTh €PUTPOITUTIB y KPOBi S. pygmaeus
TaKOX 3Ha4yIIle He 3MIHIOBajacs.

Bapro Bia3HauMTH, 10 piBeHb TeMOINIOOIHY B
KpoBi S. pygmaeus sK y TOPHITHOMY CTaHi, Tak i
IiJ] yac 3irpiBaHHs 3HAYyIlle HE 3MIHIOBAaBCS 10 Bijl-
HOILICHHIO A0 KoHTpoiwo (puc. 1, B). Ilicns 2 mics-
LiB CIUISTYKH y JAaypChbKUX XOBpaxiB (Spermophilus
dauricus) piBeHb TeMOIIOOIHY B KpOBi TaKOX
He 3MiHIOBaBca [21]. Y TOH dYac reMaTtokpuT y
S. pygmaeus 3Hadylle 3HMKYBAaBCS Yy TOPHiIHOMY
crani (puc. 1, C). IloniOHe siBumie Oyi0 BUSABICHO
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arctos) for example, the hematocrit was conver-
sely increased during deep hibernation [32]. Such
differences in hematocrit under hypobiosis were
probably stipulated by animal species, its body
temperature during hibernation and its duration.

It should be noted that during ground squirrel
rewarming at Tb of 25°C, the hematocrit increased
up to the control level, and then decreased again
and normalized only after complete rewarming
of animal (Fig. 1C). Hematocrit is one of the
main rheological factors, on which the fluidity and
hemodynamics of whole blood and, consequently,
tissue perfusion are dependent [7]. In this view,
the hematocrit decrease in ground squirrels, being
in a torpid state may contribute to an increase
in blood fluidity, thereby improving a local perfu-
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TAKOXK Yy KakaHiB i ApiOHux cymuactux [18]. Lli-
KaBO BIiJ[3HAYUTH, 10 Yy BEIUKAX 3UMOCILITYHX
CCaBIliB, Takux K Oypuid Bemminb (Ursus arctos),
TeMaTOKPUT Yy CTaHi TIMOOKOT 3MMOBOI CIUISIYKH,
HaBMakd, 3poctaB [32]. Taki BiAMIHHOCTI remMaToK-
puTY B cTaHi Timo6io3y, WMOBIpHO, OOyMOBIEHI
BHJIOM TBapWHHU, TEMIIEPATypor0 ii Tijga T dYac
CIUISTYKY 1 TPUBAJTICTIO CIIISTIKH.

Crmin 3a3HaYUTH, MO 7 Yac 3irpiBaHHS XOB-
paxiB npu Tt 25°C remMaTtoKpuT 3pocTaB 0 KOHT-
POJNBHOTO PIBHS, @ TOTIM 3HOBY 3HIXKYBaBCS 1
HOpMaJTi3yBaBCsl JIMIIE MiCis iX MOBHOIO 3irpiBaH-
s (puc. 1, C). I'emaTokpuT € OmHHM i3 OCHOB-
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sion of tissues. This is especially important be-
cause during hibernation the volume of plasma
and circulating blood in hibernators decreases [9,
12, 18]. Hematocrit is directly related to the main
characteristics of RBCs, i. e. number, size, shape
and ability to deformation [25]. Proceeding from
our findings that the RBC count in blood of ground
squirrels in a torpid state does not significantly
change, we can suggest their own microrheological
properties (size, shape, efc.) to mostly contribute
into hematocrit decrease. The Fig. 1D demon-
strates the MCV decreases by 9.8% (p < 0.05) in
hibernating ground squirrels, and the tendency
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Puc. 1. lemaTtonorivyHi NoKa3HUKN KPOBi XOBpaxiB B yMOBaX 3MMOBOT CNISAYKM i B AMHAMIL, iHILiINOBAHHOTO 3irpiBaH-
HA: A — RBC, B - HGB, C - HTC, D — MCV), K — koHTponb, C — cnngayka. * — pisHMUA 3HavyLa no BigHOLIEHHIO
[0 KoHTponto, p < 0,05.

Fig. 1. Hematological variables of ground squirrel blood during winter hibernation and initiated rewarming:
(A-RBC, B-HGB, C-HTC, D—- MCV), C - control, H — hibernation. * — differences are significant if compared with
the control, p < 0.05.
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HUX PpEOoJOriyHux (pakTopiB, Bif SKOTO 3aJCKUThH
TEKy4iCTh Ta reMOJUHaMiKa LiJIbHOI KPOBi 1, OTXe,
nepdysist TkanuH [15]. 3 wiel mo3umii 3HMKEHHS
reMaTOKPUTY y XOBpaxiB, sKi mepeOyBarOTh y TOp-
MTHOMY CTaHi, MOXIWBO, CIPHUSE IIiJBUIICHHIO
TEKy4OCTi KpOBi 1 THM CaMWUM IIOKPAIy€ JIOKaTb-
Hy mnepdysito TkaHuH. lle 0coOMMBO BaXKIIMBO,
OCKITBKH B TMEPiOJ CIUITYKK 00’ €M TIa3MH 1 IUPKY-
JIFOI0YOi KpOBI Yy TiOepHAHTIB 3MeHuIyeThest [17,
20, 23]. Temarokput 0e3MOCEpEeHBO OB’ I3aHUM
3 OCHOBHUMHU XapaKTEPUCTHKAMHU EPUTPOIIMTIB: KiJlb-
KICTIO, pO3MipoM, (DOPMOFO Ta 3IaTHICTIO JI0 aedop-
Margii [7]. OCKLIBKM 3TiHO 3 HAIMMH JaHUMHU
KUTBKICTh EpUTPOLMTIB Yy KpPOBI XOBpaxiB y TOp-
iTHOMY CTaHi iICTOTHO HE 3MIHIOETHCS, TOMY MOXK-
Ha BBaXKaTH, [0 OCHOBHHMW BHECOK B 3HWKEHHS
reMaTOKPUTY BHOCSTH iX BIACHI MIKpOPEOJIOTid-
Hi BIacTHBOCTI (po3mip, dopma Torno). I3 puc. 1, D
BHUIIHO, IO y TibepHyrounx xoBpaxiB MCV 3MeH-
mryetsest Ha 9,8% (p < 0,05), a min yac 3irpiBaHHA
CIOCTEPIra€ThCsl TCHIEHINST 10 HOro 301IbIICHHS.
Kopernsimiiiauii aHami3 mokasas, IO 3MiHH TeMaro-
KPUTY B IMKJI CIUISYKa-3irpiBaHHS MO3UTHUBHO KO-
pemotoTh (r = 0,72) 31 3minamu MCV, 1o Bkasye Ha
X TiCHHMI B3a€MO3B’SI30K.

Bapro 3a3naunth, mo 36insmenns MCV i HCT,
sike BUsiBIIeHe micis gocsrHerHs Tt 25°C (puc. 1, C
i D), Moxxke maru OiooriuHuii ceHc. BcraHos-
JIEHO, IO TIOMipHE TiIBUIIEHHS B’SI3KOCTI KpOBI
cripusie nepdysii TKaHWH, 30ITBIICHHIO MIUTHHOCTI
(DYHKITIOHYIOUMX KamiIsIpiB y HHUX 1 3MCHIICHHIO
nepuepuvHOrO CYITUMHHOTO omnopy [34], 1m0, B CBOO
4epry, TPU3BOANTE JI0 MiJBUIICHHS HAPYTH 3CYBY
Ha CTiHII CyIWHH, aKTHBalil €HAOTENII0 3 MOJallb-
OIMM BUAUICHHSM Ba30AMIATaTOPHOT MOJIEKYIH —
okcuay azory (NO) [26]. [TokazaHo, 1m0 B TKaHWHI
MEYiHKH, JETeHsX 1 cepli Manoa3iiicbKHX XOBpaxiB
(Spermophilus xanthoprymnus) micast npoOymKeH-
Hs piBeHb cTaOimbHUX MeradomitiB NO OyB BuIe,
HIDXK y THX TBapHWH, SKi 3HAXOAWIHCS y CTaHI CTUISY-
ku [11]. EnekTpoHHO-IMyHOITUTOXIMIYHIM METOJIOM
[IOKA33aHO, 10 B EHJOTENiaJbHUX KIITHHAX HUp-
KOBOi Ta OpMXOBOI apTepiil 30JI0THCTHUX XOM’SKiB
(Mesocricetus auratus) y TOPHIAHOMY CTaHi KiJIb-
KICTh KJIITHH, SIKI MICTSTh CHHTa3y OKCHUIY a30Ty
(NO-cuHTa3a), 3HaYHO MEHIIIA TTOPIBHSHO 3 KOHTPO-
JieM, a Ha Mi3HIA cTaaii npoOyKeHHS TBAPHH, KOJIU
Tt mporsirom 2 romuH miaummwiacs 3 9 no 32°C,
KUTBKICTh TaKUX KIITHH MPaKTUYHO HE BiApi3HS-
nacs Bixg xoutpomo [33]. Excopecito NO-cunTasu
B SHIOTeNalbHUX KIITHHAX IiJ] 4ac MPOOYHKEHHS
TBApWH aBTOPH TAaKOX TIOB’SA3yIOTh 13 IIi/IBHUIICH-
HSIM HaIIpyTH 3CYBY Ha CTIiHII CYIUHU.

SIki X TpUYMHA 3MEHINCHHS 00’€My epHuTpo-
mutiB mix gac ridepramii? S.T. Cooper Ta CriBaBT.
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to its increase during rewarming. The correlation
analysis showed the hematocrit changes in hi-
bernation-rewarming cycle to positively correlate
(r = 0.72) with those in MCYV, indicating thereby a
close relationship between them.

It should be noted that an increase in MCV and
HCT, revealed after reaching Tb of 25°C (Fig.
1C and D), may have a biological meaning. It was
found out that a moderate rise in blood viscosi-
ty promoted the tissue perfusion, the augmented
functional capillary density in them and redu-
ced peripheral vascular resistance [34], which in
turn entailed an increased shear stress on vessel
wall, endothelial activation with subsequent re-
lease of vasodilator molecules: nitric oxide (NO)
[23]. In tissues of liver, lungs and heart of Asia
Minor ground squirrels (Spermophilus xantho-
prymnus) the level of NO stable metabolites
after arousal was shown to be higher than in the
animals during hibernation [3]. Electronimmu-
nocytochemistry demonstrated that in endothelial
cells of renal and mesenteric arteries of golden
hamsters (Mesocricetus auratus) in a torpid
state, the number of cells containing nitric oxide
synthase (NO-synthase) was much lower than
in the control, and at a late stage of animal
arousal, when Tb increased from 9 up to 32°C
within 2 hrs, the number of these cells did not
virtually differ from the control [33]. The expres-
sion of NO-synthase in endothelial cells during
animal arousal, the authors also associated with
an increased shear stress on the vessel wall.

What are the reasons for decrease in RBC
volume during hibernation? S.T. Cooper et al. [§]
showed a MCV decrease of in in hibernators at a
torpid state and suggested it to be associated with
the RBC loss of a part of damaged membrane
due to a prolonged circulation in bloodstream.
It is possible that during circulation in the hypo-
biosis-arousal cycle a part of RBC membrane
undergoes changes due to oxidative modification
of lipids and proteins, band 3 protein clustering,
externalization of phosphotidylserine to outer
monolayer, binding to autologous antibodies
because of aging or erythroptosis [30], with sub-
sequent RBC elimination by cells of reticuloen-
dothelial system. The removal of a membrane
part by vesiculation allows preserving more than
80% of RBC membrane, preventing thereby
their pre-mature elimination from bloodstream
[40].

The S. pygmaeus in a torpid state showed the
RDW increase by 9.7% (p < 0.001) relative to
the control (Fig. 2A). This testifies to the RBC
presence in their blood, which differ significantly
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[16] moxazamu 3meHmeHHs MCV y ribepHaHTIB y
TOPIITHOMY CTaHi Ta MPHUITYCTHIIU, IO BOHO OB’ si-
3aHE 3 BTPATOI0 EPUTPOLUTAMH YACTHHHU IOIIKOJI-
KEeHoi MeMOpaHM BHACIHIJIOK TPUBAIOl LUPKYJSLIT
B KpOB’stHOMY pyciii. MonuBo, 1110 B Mponeci nup-
KyJISILii B UK rin00103-poOyKEHHS YaCTHHA MEM-
OpaHu epUTPOLUTIB 3MIHIOETHCS BHACIIJIOK OKHC-
HO1 Moamikamii mimiiB i O1KiB, KacTepu3amii 0ii-
Ka cMyru 3, excrepHamizamii (ocdoTininacepiny Ha
30BHINIHIA MOHOIIAP, 3B’ I3yYBaHHS 3 ayTOJOTIIHUMHU
AHTHUTITaMH depe3 crapinHsg abo epurpomnrosa [30],
3 TOJANBIIOI0 €iMIHAIEI0 ePUTPOIMTIB KIITHHA-
MU PETHKYJIO-€HJO0TeNanbHOoi cucTeMu. Bunanenns
K YaCTHHU MEMOpaHHW IUISXOM BE3UKYJIi3alli 103-
BoJisie 30epertu nonaz 80 % MeMOpaHU epUTPOLIUTIB,
mo 3amnobirae mepeayacHid iX emiMiHamii 3 KpoBoO-
ToKy [40].

[lokazano, mo y S. pygmaeus y TOpPIIAHOMY
crani RDW 306inbmyetses Ha 9,7% (p < 0,001) mo
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Puc. 2. MematonorivyHi nokasHMKM KpOBi XOBpaxiB B
yMoBax 3MMOBOI CRAMNAYKM i AMHaMILi iHiLiioBaHOro 3i-
rpiaHHa: A — RDW, B — MCH, C — MCHC, K — koH-
Tponb, C — cnnsyka. PisHnusa 3HayyLla no BigHOLWEHHIO
0o koHTponto (*) Ta cnnadvkm (), p < 0,05.

Fig. 2. Hematological variables of ground squirrel blood
under hibernation and during initiated rewarming: (A —
RDW, B — MCH, C — MCHC), C — control, H — hibernation.
Differences are significant if compared with the control (*)
and hibernation (%), p < 0.05.

in size. The initial stages of animal rewarming
contribute to further RDW increase, i. e. at Tb of
25°C it reaches the maximum values (18.01 =+
1.10)%, that is 29.8% higher than in animals of the
control group (p < 0.001), and by 18.3% higher
than in those in a torpid state (p < 0.001). Of note
is the fact, that after complete animal rewarming,
this index is not normalized.

Hibernation and rewarming do not affect the
MCH (Fig. 2B), that is consistent with the changes
in hemoglobin content and RBC count. Herewith,
MCHC in dormant ground squirrels augments
by 9.5% (p < 0.001) and remains increased at
the initial stages of animal rewarming (Tb of
10-20°C) (Fig. 2C). Further animal rewarming
up to Tb of 25-30°C promotes reducing MCHC
down to the level of control, however at Tb of 37°C
this parameter value is restored up to the level of
dormant animals. Correlation analysis showed
the MCHC in the hibernation-rewarming cycle
to negatively correlate (r = -0.5) with MCV.
An increased MCHC during hibernation likely
enables enhancing the oxygen capacity of indi-
vidual RBCs. It is known that in a torpid state at
low body temperature, the affinity of hemoglobin
for oxygen increases [31]. At the same time, the
concentration of 2,3-diphosphoglycerate (2,3-DPG)
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BIJIHOIIIEHHEO JI0 KOHTpouto (puc. 2, A). Ile cBiqunth
PO HASBHICTB y iX KPOBI €pPUTPOLMTIB, SIKi iCTOT-
HO BiApI3HAIOTBCA 3a po3Mipamu. [lodyatkoBi eramnu
3irpiBaHHS TBaPUHH CIIPHUSIOTH ITOATBIIOMY IiIBH-
meraro RDW: mpu Tt 25°C BiH cArae MakcuMaib-
Hux 3HadeHb (18,01 + 1,10)%, mo #a 29,8% Oinmb-
e, HiX y TBapWH KOHTpodsHOI TpymH (p < 0,001),
1 Ha 18,3% — HIX y TBapuH y TOPHIIHOMY CTaHi
(»p < 0,001). Bapro 3a3Ha4yuTH, 110 MICJIsA OBHOI'O
3irpiBaHHsl TBapHH JIaHWW IMOKa3HHK HE HOpMalli-
3yBaBCl.

Cruisuka 1 3irpiBanHs He BIumBaioTh Ha MCH
(puc. 2, B), mo y3romkyerscs 31 3MiHaMH BMICTY
reMoro0iHy Ta KilbKicTio epuTpouutis. Ilpu 1po-
My MCHC y crstunx xoBpaxiB 3poctana Ha 9,5%
(» < 0,001) i 3aymmanacs MiABHINEHOI Ha TIO-
gaTKOBHX eTamax 3irpiBanHs tBapuH (Tt 10-20°C)
(puc. 2, C). Ilomanwmmme 3irpiBaHHS TBapuH a0 1T
25-30°C cnpuse 3amkeaaio MCHC mo piBHS KOH-
Tpoio, ogHak mpu Tt 37°C 3HaueHHS I[HOTO TMapa-
MeTpa BIJIHOBIIOETHCS JI0 PIBHS CIUITYMX TBApHUH.
Kopernsimiiiauii aHai3 nmokasas, 1o nokasauk MCHC
y LMK CIUISYKA-3irpiBaHHS HETaTUBHO KOPEJIOE
(r = -0,5) 3 MCV. Iiasumenass MCHC B ymoBax
CIUISTYKH, MOYJIMBO, JO3BOJISIE 30UIBIINTH KHUCHEBY
€MHICTb OKPEMHUX €pPHTPOLHTIB. Bigomo, 1mo B Top-
i THOMY CTaHi MpHU HU3BKIA TeMIieparypi Tija mif-
BHIIY€ThCS aiHHICTh TeMOIIO0iHy 0 KucHio [31].
[Ipy 1pOMy B €pUTPOLUTAX 3MEHLIYETHCS KOH-
neHtparis 2,3-mibocdorminepary (2,3-ADI), mo
3HIDKYE Bifady KHUCHIO TKaHwHaM. [lim wac mpo-
Oy/UKCHHsI XOM’SIKIB BHSIBIICHO ITiIBHIICHHS PiB-
H 2,3-JIOI y epurpouurax TMOpIiBHSHO 3 TOp-
nigauM cranoM [38]. Omke, mij 4ac BHXOAY 3i
cruistuky mijBuineHHs Tt 1 xonnenrparnii 2,3-/1dT
MOXE€ 3HU3UTH CIOPITHEHICTH TeMOIIOOIHY 10
KHCHIO 1 CHOpHUATH INBUJAKIA OKCHreHamii TKa-
HUH.

TakuM YMHOM, NPOTIATOM LUKIY CIUISTYKa-3ir-
piBaHHS B KpOBI XOBpaxiB 3HAYyIIEe 3MiHIOIOTHCS
00’€M, HACHUYCHICTh TEMOTIIOOIHOM 1 TETEPOTCHHICTh
TIOMYJIAIl SPUTPONHMTIB, MPH ITHOMY IX KIUIBKICTh
ICTOTHO HE 3MIHIOETHCA. Y CYKYITHOCTI I BKasye
Ha 3MiHU B CHCTEMi €pHTPOHA XOBpaxiB, sKi Iepe-
OyBarOTh y TOPIIJHOMY CTaHI Ta Ha PI3HUX eTarmax
BUXOY 31 CIJISIYKH.

PiBHOBara B cuctemi eputpoHa 0OyMOBIIEHA JBO-
Ma (akTopamMu: TPUPOJHOIO CMEPTIO EPUTPOLIUTIB
Ta X KICTKOBOMO3KOBOIO MPOAYKIIIEK. 3ampOroOHO-
BaHa A.B. LimtoxinuM Ta criBaBT. [3] MeTonuka mijpa-
XYHKY KiCTKOBOMO3KOBOI TPOIYKIIii €PUTPOIHTIB,
sKa TIONIATa€ y BHU3HAYEHHI BMICTY PETHUKYJOIWTIB
0 Ta TMmchsg iHKyOamii mpoOM KpoBi 3a TEBHUH
MIPOMDDKOK dYacy, JO3BOJISE OTPUMATH PsJ IIUTOKI-
HETHYHHX XapaKTePHUCTHK.
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in RBCs decreases, reducing thereby the oxygen
delivery to tissues. During arousal of hamsters,
there was noted an increase in 2,3-DPG level in
RBCs as compared with a torpid state [38]. So,
during arousal from hibernation, an increase in Tb
and 2,3-DPG concentration can reduce the hemo-
globin affinity for oxygen and promote rapid tissue
oxygenation.

Thus, during the hibernation-rewarming cycle
in blood of ground squirrels there is a significant
variation in the volume, hemoglobin saturation
and heterogeneity of RBC population, while there
is no strong alteration in their number. Altogether,
this testifies to the changes in erythron system
of ground squirrels, being in a torpid state and
at different stages of arousal.

The equilibrium in the erythron system is
stipulated by two factors, i. e. natural death of
RBCs and their production by bone marrow. The
technique of counting the bone marrow production
of RBCs proposed by A.V. Ilyukhin et al. [15],
consisting in examining the reticulocyte count
prior to and after incubation of blood sample for
a certain time period, allows to obtain some
cytokinetic characteristics.

The RBC cytokinetic indices, presented in the
Table demonstrate a decrease in an initial number
of reticulocytes (N ) in blood of ground squirrels
in a torpid state by 33.6% (p < 0.05) versus the
control. The rewarming contributed to an increase
in reticulocyte count, which reached the maximum
at Tb of 30°C, i. e. an increment was 34.9 and
103.3% versus the control and torpid state,
respectively. After complete recovery of Tb of
animals up to 37°C the reticulocyte count decrea-
sed and corresponded to that at the initial stages
of arousal. A low reticulocyte count was also
found in blood of dormant and artificially aroused
S. undulatus [13]. Thus, the animal rewarming
induces the reticulocyte release from bone marrow
into the blood.

The calculation of reticulocyte half-life (T',),
determined by the time of their maturation, sho-
wed its reduction under torpid states by 30.4% as
compared with the control. This may be due to
a higher potential for rapid maturation in reticulo-
cytes of hibernating animals than the control ones.
This property is most likely associated to a change
in gene expression level, responsible for this pro-
cess. S.T. Cooper et al. showed [8] that during
hibernation in heterotherms, the expression of
most genes, associated with erythropoiesis was not
significantly changed. The exception was a three-
fold increase in SF3B1 gene expression. A high
level of SF3BI1 gene expression is suggested as
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3 TpeACTaBICHUX Y TaOMUIll IUTOKIHETUYHUX
MMOKa3HUKIB EPUTPOIUTIB BUIHO, IO B KPOBI XOB-
paxiB, siki nepe0yBaloTh B TOPIiJHOMY CTaHi, BUXiJl-
Ha KUTBKICTh PETHUKYJIOIHUTIB (Npo) 3HIDKYBaJlacsi Ha
33,6% (p < 0,05) BigHOCHO KOHTPOIIO. 3irpiBaHHSA
CHpUSIO 30UIBIIEHHIO KIJTBKOCTI PETHUKYJIOLUTIB,
sKa gocsrana makcumymy mpu Tt 30°C, — npupict
cranoBuB 34,9% BigHOCHO KOHTpOmio 1 103,3% Bin-
HOCHO TOPMiAHOrO cTaHy. [licisi MOBHOTO BiJHOB-
nenHst Tt TBapuH 10 37°C KITBKICTh PETHKYJIOLUTIB
3HIDKYBaJIacsl 1 BIJIMIOBifajia Takili HAa MOYaTKOBHUX
etanax npoOy/KeHHs. Y KpOBI CIUIYHMX 1 IITYYHO
npoOymkeHux S. undulatus takox Oyll0 BHSBICHO
HU3BKUH piBeHb peTUKYIOUUTIiB [2]. Takum dnHOM,
po3irpiBaHHS TBapWHM IHAYKYE BHXIiJ PETHKYIO-
LIUTIB i3 KICTKOBOTO MO3KY B KPOB.

Po3paxyHOK miepiony HamiBBUBEICHHS PETHKY-
nouuTtis (7 /Zp), SKUH BH3HAYAETHCS YACOM IX JO-
3piBaHH, MOKa3aB, 0 B CTaHi Timo0io3y BiH 3MEH-
mryethes Ha 30,4 % mopiBHSIHO 3 KOHTposieM. Lle moxe
Oyt 00YMOBJIGHO THM, II[0 PETHKYJIOIHUTH y Ti0ep-
HYIOUHMX TBapWH MalOTh OUTBII BHUCOKHH IMOTEHINIANT
JI0 IIBHJIKOTO JI03PiBaHHS, HIXK Y TBAPUH KOHTPOJIBHOT
rpymnu. Taka BacTUBICTb, IIBUIIE 32 BCE, OB s13aHa
31 3MIHOI pIBHSI €KCIpecii IeHiB, BiJlMOBIIaIbHUX
3a ne#t npouec. Hocmimkennas S.T. Cooper Ta CIiBaBT.
nokazanud [16], O HpOTAroM 3UMOBOI CIUITYKH
y TeTepoTepMiB eKCHpecis OUTBIIOCTI I'eHiB, MOB’s-
3aHUX 13 EpPUTPOIOE30M, HE 3a3HaBaja CYTTEBUX
3MiH. BHUHATOK CTaHOBHUTH TpHUpa30BE 3OUTBIICHHS
ekcripecii rena SF3BI1. IlpumyckaeTscs, mo BHCO-
KHii piBEHb EKCIIpecii I[bOT0 TeHa MOXE CIIpHs-
TH e(EKTHBHOMY EpPUTPOTCHE3y IiJI 4ac KOPOTKUX
niepioiB mpoOymkeHHs TBapuH [ 16]. Lle y3romkyers-
cs 3 HAaIUMHU JaHUMH, SIKi JEMOHCTPYIOTh 301JIb-
LICHHS KUTBKOCTI PETUKYJIOLUTIB MiJ] Yyac 3irpiBaHHs.
BusiBunocs, mo Ha mMOYaTKOBHMX eTamax 3irpiBaH-
s tBapuH (TT 10 1 20°C) icTOTHO CKOpPOYyBaBCs
Iepioji HaIiBBHBEJCHHS PETHKYIONUTIB (Ha 44,63
1 63,3% BIAMOBITHO) BIIHOCHO KOHTPOJIGHUX 3Ha-
yeHb. 3irpiBanHa xoBpaxiB (Tt 30°C) mpusBoamiIo
JI0 30UTBIIICHHS Yacy MO3piBaHHS PETHKYJIOMHUTIB 10
MTOKA3HWKIB KOHTPOJBHHUX TBAapWH. A TICISI OCTa-
Tounoro sirpisanns (Tt 37°C) sennunna T, /5y SHOBY
3HaYHO 3HWXKyBamacsa (Ha 56,2%) BIIHOCHO KOHT-
poto.

[Tix yac MOOKOI CIUITYKU TEpiof] HAIliBBUBE/ICH-
Hsl E€PMTPOLMTIB i3 KpoBooOiry (7, /2ep) CKOPOUYBAB-
cs Ha 21,7% BimHocHO KoHTpOiro. CIniJl 3a3HAYHTH,
0 OTPUMaHi HAaMHU pe3yJIbTaTH HE Y3TOIKYIOThb-
cs 3 mauuMu M. A. Brock [13], sika, BUKOpPUCTOBY-
toun pamioaktuBHUil xpom (*'Cr), BUSBWIIA CYTTEBE
MOJOBKEHHS TPHUBAJIOCTI JKUTTS EPUTPOLHUTIB Y
M. auratus, sxi miepeOyBaiu y TOPIIHOMY CTaHi.
Taka HEBIAMOBITHICT, WMOBIPHO, TIOSICHIOETHCS
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likely promoting an efficient erythrogenesis during
short periods of animal arousal [8]. This is con-
sistent with our findings, demonstrating an in-
crease in reticulocyte count during rewarming.
At that at the initial stages of animal rewarming
(Tb of 10 and 20°C) the reticulocyte half-life was
found to be significantly reduced (by 44.63 and
63.3%, respectively) versus the control values. The
rewarming of ground squirrels up to Tb of 30°C
led to an increase in maturation time of reticulo-
cytes up to the indices of control animals. And
after the final rewarming (Tb of 37°C) the T,
value significantly decreased again (by 56.2%)
versus the control.

During deep hibernation, the RBC half-life
(T1/2RBC) decreased by 21.7% relative to the
control. It should be noted that our findings do not
agree with the data reported by M.A. Brock [5],
who, using radioactive chromium (*'Cr), has re-
vealed a significant extension of RBC lifespan
in M. auratus, which were in a torpid state. This
discrepancy may result from differences in research
techniques, animal species and hibernation dura-
tion.

At the initial stages of animal rewarming the
T, ,wsc Was further decreased, and at Tb of 20°C
it made already 55.9% versus the control. At
Tb of 25-30°C, the RBC half-life augmented
up to the level of animals in a torpid state. Ho-
wever, after complete animal rewarming, T,
was again by 43.7% lower than in the animals
in a torpid state and by 56.24% lower than the control
group.

Reduced lifespan of RBCs during animal arousal
from hibernation may be associated with oxidative
membrane damage. There are no direct data on
changes in the level of reactive oxygen species
(ROS) in blood plasma and RBCs during animal
arousal from hibernation, but indirect data indicate
the intensification of ROS formation in tissues
at certain stages of arousal. O. Toien et al. [39]
during initiated arousal from hibernation of Arctic
ground squirrels (Spermophilus parryii) (21°C
ambient temperature) after reaching 23°C in mouth
(rectal temperature was ~10°C) revealed a peak of
oxygen consumption that coincided with the maxi-
mum rate of fall of ascorbic acid level in blood
plasma and accumulation of uric acid: an index
of ROS formation. In blood of M. auratus the
peaks of oxygen consumption and uric acid
accumulation in blood plasma were observed at
Tb of 32°C [26, 27]. Namely at this body tempera-
ture the highest increase in the activity of antioxi-
dant enzymes such as: extracellular superoxide
dismutase (SOD) and catalase was found in blood
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PI3HUMH METOJaMM IOCHTIUKEHHs, BUAOM TBapuH
1 TPUBAJIICTIO CIUISTUKH.

Ha nouarkoBux eramax 3irpiBaHHs TBapHH BiJ-
OyBaetbcsa mopanbme sHmkenns T, . 1 mpu Tt
20°C BiH BXK€ CTaHOBHTH 55,9% BIIHOCHO KOHT-
pomo. Ilpu Tt 25-30°C mepion HamiBBUBEICHHS
EPUTPOITUTIB 301IBIIYETHCS O PIBHSA THX, IO 3HA-
XOMSITHCS Y TOpHigHOMY cTaHi. OmgHAK TICHS ITOB-
HOTO Bi/lirpiBaHHs TBapuH 7, 12ep SHOBY CTa€ Ha 43,7%
MeHIIle, HIK y TBapuH, sKi nepeOyBalOTh y TOp-
MiAHOMY CTaHi Ta Ha 56,24% MeHIe MOPIBHSIHO
KOHTPOJIBHOIL IPyIIH.

CKOpOUEHHSI TpPHUBAJIOCTI JKUTTS EPHUTPOLHTIB
i 9ac NpoOyIKeHHs TBapHUH BiJ 3UMOBOI CIUISTYKH
MOXKe OyTH TOB’sSi3aHE 3 OKMCHHUMH ITOIIKO/KCHHS
MeMOpanu. llpsaMi naHi momo 3MiHH piBHS aKTHB-
HuX (opm kucHO (ADK) y mira3mi KpoBi Ta epuT-
porTax I 9ac MpoOyMKEHHS TBAPUH Bill 3UMOBOI
CIULTYKU BIJCYTHI, OMHAK HEMPsMi MaHi BKa3yIOTh
Ha iHTeHcHu(ikamito yTtBopeHHs ADK y TkaHmHaX
Ha TmeBHUX eranax npoOymxennda. O. Toien Ta
crmiBaBT. [39] mig 4dac iHimiHOBaHOTO TPOOYIKEHHS
BiJl CIUISIYKH apKTUYHUX XOBpaxiB (Spermophilus
parryii) (Temreparypa HaBKOJHIIHBOTO CEpEIOBH-
ma 21°C) miciast JOCATHEHHS TeMIIepaTypy B POTOBIH
nopoxkuuHi 23°C (pexranbHa Temmneparypa ~ 10°C)
BHUSIBIJIM IIiK CIOXXWBAHHSA KHCHIO, KM 30iraBcs
3 MaKCHMAaJIbHOIO IIBHJKICTIO TAJIHHA pPIiBHS ac-
KOpOIHOBOT KHCJIOTH B IUIa3Mi KpPOBI Ta HaKo-
MMMYEHHSA CEYOBOI KUCIOTH — IHAMKATOPY YTBOPEH-
o1 AOK. ¥V kpoBi M. auratus TiKA CTOXUBaHHS
KHCHIO 1 HAaKOIMYEHHS CEYOBOi KHCIOTH B TUIA3Mi
KpoBi crioctepiramucst pu Tt 32°C [28, 29]. Came
npu Wi Temmeparypi Tila B Iuia3Mi KpoBi OyIo
BUSBIIEHO HANOUIbIIE IMIABUINEHHS aAKTUBHOCTI
TAaKMX aHTHOKCHJAHTHHX (EPMEHTIB, SIK eKcTpale-
monsipHa cynepokcupaucmyrasza (COJ) 1 karanasa
[10, 28, 29]. MociimkeHHS 1HTEHCUBHOCTI Bijlb-
HOpaJWKAIILHUX TIPOIECIB Y KpOBi S. pygmaeus y
TUHaMimi TpoOYyHKeHHS TI0Ka3ajlo 3HaYyHE IiJBH-
IIEHHS OKHUCITIOBAIbEHOT Moaudikarlii OiTKiB ITIa3Mu
(3a kapOOHITEPHUMHU TpymHamH) Mcis migidomy TT
o 25°C [1]. IIpu upomy B mia3Mi KpOBi IiABHIILY-
Bajacsi 3arajJibHa aHTHOKHCHA aKTUBHICTh, & B €pH-
tpouutax — akrtuBHicTh COJI. Ili maHi Bka3ywoTh
Ha Te, 0 y PI3HUX TBapHWH Ha TMEBHIN cTaii mpo-
Oy/IDKCHHS! BiJl CIUISIYKK 4Yepe3 3HauHe MPUCKOPEHHS
MeTabomi3My 1 penepdysii «Oe3nisIbHUX» TKaHUH
BinOyBaeTbCsl iHTEHCU(IKalisS MPOLECIB yTBOPEHHS
A®K y KpoBi, SKi 0 BKJIIOUEHHS AHTUOKCHAHT-
HOTO 3aXWCTy Ha IIOBHY IIOTY)XHICTh MOXYTb
CIPUATH OKHCITIOBAIGHUM TTOIIKO/DKEHHSIM OUIKIB,
JIITIOIB TUTa3MH Ta MeMOpaH (GOpMEHUX eJIeMEH-
TiB KkpoBi. CIinm 3a3HAYUTH, IO OKHCHI ITOIIKOI-
JKCHHSI MeMOpaHW TPHU3BOAATH JIO NIBHJKOTO CTa-
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plasma [1, 26, 27]. The study of the intensity of
free radical processes in blood of S. pygmaeus
during arousal showed a significant increase in
oxidative modification of plasma proteins (by
carbonyl groups) after Tb increase up to 25°C [2].
Herewith, the general antioxidant activity increased
in blood plasma, and SOD activity did in RBCs.
These data indicate that in different animals at a
certain stage of arousal from hibernation resul-
ted from a significant acceleration of metabolism
and reperfusions of ‘inactive’ tissues, the ROS for-
mation in blood is intensified, which before
triggering an antioxidant protection at full power
can contribute to oxidative damages of proteins
and plasma lipids and membranes of blood cells.
It should be noted that oxidative damages to mem-
brane lead to rapid aging of RBCs, resulted in
accelerated excretion of these cells from blood-
stream [24].

Based on our findings, we may suggest the
reticulocytes of torpid animals to have a higher
potential for rapid maturation, and RBCs are
characterized with a faster elimination from blood-
stream as compared with the control group of
animals. This potential can not be realized at low
Tb during hibernation, but at the stages of animal
rewarming it may have biological meaning. Pro-
bably, the revealed changes have the character of
‘offensive’, resistant form of adaptation, occurring
during animal arousal, i. e. the young reticulocytes
are able to mature more rapidly into RBCs,
and the ones, which may be exposed to destru-
ctive processes during hibernation, may be faster
eliminated from bloodstream. Of interest is
the fact, that between the period of reticulo-
cyte maturation and that of RBC elimination from
blood there is a positive correlation (r = 0.93;
p < 0.05), i. e. the higher is the reticulocytes ability
to mature, the shorter is the RBC bloodstream
half-life.

The calculation of RBC production per day
(PRBC/day) showed this index as remained virtually
unchanged during hibernation relative to the
control. Animal warming up to Tb of 25°C was
accompanied by a significant increase in RBC
production per day, but at Tb of 30°C it signifi-
cantly decreased (by 30.7%) relative to the initial
stage of rewarming (Tb of 10°C). However, after
Tb normalization, a pronounced manifestation of
RBC production per day was observed, and its
level was herewith 2.3 times higher than the control
values.

Many hematological characteristics and erythro-
kinetic indices should be noted to be signi-
ficantly changed within the Tb range of 25-30°C.
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PIHHA E€pUTPOLUTIB, BHACIIIOK YOTO Taki KIITHHHU
MIPUCKOPEHO BUBOISTHCS 3 KpOBOOOITY [27].

Ha migcraBi oTpuMaHUX JaHHX MOXHA 3pOOH-
TH BUCHOBOK, III0 PETUKYJIOLUTH TBAapHH, SIKi Iepe-
OyBarOTh y TOPTIJHOMY CTaHi, MalOTh OiJBII BHUCO-
KU TIOTEHIIiaJl 1O INBHIKOTO JO3piBaHHSI, a €pH-
TPOIMTH — IO IIBHAIIOTO BHBEICHHS 3 KPOBOOOITY
MOPIBHAHO 3 TBapWHAMH KOHTPONBHOI rpymwm. Llen
MOTEHIIIa] He MOXKE pealli3oByBaTUCS TPU HU3BKUX
Tt y mepion CIUISTYKH, ajie Ha eramax po3irpiBaH-
Hsl TBAPMH MOYKE MaTH Giojoriunmii cenc. MMoBipHo,
BUSIBJICHI 3MiHM MalOTh XapaKTep «HACTYIAIbHOI»,
pe3ucTeHTHOT (QOopMHU ajanTaiii, ska BHHHUKAE IIiJ
Yyac npoOyIKEeHHS! TBApUH, TOOTO IOHI PETHUKYIIOLH-
TH 3/1aTHI WBUALIE T03PiBaTH B EPUTPOLIUTH, & CPUT-
POILIUTH, SIKi MOXKYTh OyTH CXWJIBHI J0 JECTPYKTHB-
HUX IPOLECIB Yy MEepioJ CIUITYKM IUBUALIE BHBO-
maTHCS 3 KpoBooOiry. LlikaBo, mo Mix mepiogom
JO3pIBaHHS PETUKYIOIUTIB 1 IEepioloM BHUBEICH-
HS CPUTPOITUTIB 3 KPOBOOOITY CIIOCTEPITa€THCS TIO-
suTuBHA Kopesiis (r = 0,93; p < 0,05), To6To 9num
BUIIIE 3/IaTHICTh PETHKYJOIUTIB JI0 JO3PIBaHHS, THM
KOPOTIIWIA TMepioj] HAIliBBUBEICHHS CPUTPOILUTIB 13
KpPOBOOOIrYy.

Po3paxyHok mnpoaykuii epuTpouuTiB 'y 100y
(Peg oos,) TIOKA3aB, 110 npOTATOM 3MMOBOT CILISTIKH
LEH MOKa3HUK MPAKTUYHO HE 3MIHIOETHCS BiJIHOCHO
KOHTpOJo. 3irpiBanHs TBapuH 1o Tt 25°C cympo-
BOIDKYETHCS 3HAUYHUM 301NBIIEHHSIM JT000BOI TpoO-
IyKIii eputporuTis, ane mpu Tt 30°C BoHa 3HAYHO
3menmyeTbest (Ha 30,7%) BIAHOCHO TTOYATKOBOTO
erammy 3irpiBanHsg (Tt 10°C). Omgnak micna HOp-
mamizamii TT crocrepiraeTbcs BUpakeHa MaHidec-
Talist J000BOI MPOAYKIIi ePUTPOLUTIB, TIPH LLOMY
il piBeHb TMEPEBUIIYE KOHTPOJbHI 3HAYCHHS B
2,3 pasza.

Crin 3a3HayuTH, MO Oararo reMarojOoriyHHUX Xa-
PaKTEPUCTUK 1 MOKa3HUKIB €PUTPOKIHETHKH iCTOT-
HO 3MIHIOIOTECS B miamaszonl Tt 25-30°C. Ha mam
OIS LI 3MIHM MOXKHA IOSICHUTH THM, IO HpU-
ONMM3HO B BOMY fiarma3oHi TT 3HAYHO TiABHUIY€THCS
CTIOKUBAaHHS KHUCHIO [29] 1 aKTUBYIOTHCS BiTbHOpA-
IUKaIbHI TIpollecw y TKaHwHax [1, 5], mo 3a0e3-
reuye ajeKBaTHY pEakIil0o CHUCTEeMH EpUTPOHA B
el nepiof.

BucHoBku

1. ¥V crani r1ino0io3y KiNbKICTh EPUTPOLUTIB,
remorio0iny i MCH icTOTHO HE 3MIHIOThCS, aye
MCV i HCT 3nauyme 3meHmyrotscsi, a MCHC
i RDW 3Hauy1e 30UIbIIyIOThCS TTOPIBHSHO 3 KOHTPO-
neM. EpuTpokiHeTHYHI TIOKa3HWKW CBiT4aTh TPO Te,
0 y TBapwH, sIKi epeOyBaroOTh y TOPITITHOMY CTaHi,
HE3BKAIOUM Ha 3MEHIIEHHS KITBbKOCTI PETHKYIIO-
IIUTIB Y KPOBI Ta CKOPOYCHHS TIEPiONy HAITIBBHUBEICH-
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We believe that these changes may be explained
by the fact that nearly within this Tb range the
oxygen consumption is significantly increased
[27] and free radical processes in tissues are
activated [2, 19], promoting thereby an adequate
response of erythron system during this pe-
riod.

Conclusions

1. Under torpid states, a count of RBCs, hemo-
globin and MCH were not considerably changed,
but MCV and HCT were significantly reduced,
and MCHC and RDW were significantly increa-
sed as compared with the control. Erythrokinetic
parameters testified to the fact, that in animals
in a torpid state, despite a decreased count of re-
ticulocytes in blood and the reduced RBC bloods-
tream half-life, the ability to produce RBCs remai-
ned at the control level.

2. During arousal, a rise in body temperature
up to 25°C entailed an increase in RDW relative
to the torpid animals. Herewith, the tendency
to MCV and HCT increase was revealed. With a
rise in the body temperature, the reticulocyte count
in blood and their maturation time augmented with
the maximum at Tb of 30°C. At this body tempera-
ture, the RBC half-life in bloodstream was prolon-
ged as well.

3. In blood of ground squirrels, after complete
rewarming, the reticulocyte count reduced relative
to both control and Tb of 25-30°C, but their matu-
ration time was significantly decreased, resulting
in a strong increase in RBC production. Herewith,
the RBC half-life reduced relative to the control
and previous stage of rewarming.
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