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BnusHue pa3sHbIX peXXUMoB oxnaxaeHus (KpaHuouepeodbpanbHoOMn
U UMMEpPCUOHHOMN NMNOTEPMMU, NOBEPXHOCTHbLIX PUTMUYECKUX
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Effect of Different Cooling Regimens (Craniocerebral and Immersion
Hypothermia, Surface Rhythmic Cold Exposures and Whole Body
Cryostimulation) on Leukocyte Indices of Rat Blood

Pedepat: CpaBHMTENbHBIA aHann3 KonMyecTBa TUMNOB NEVKOLMTOB B Ma3kax KpOBM KpbIC Npu KpaHuouepebpanbHon (KL
32°C) n nmmepcuoHHon (U 27°C) runotepmun, noBepxHocTHbIX putMmudecknx (PXB 5°C) n akctpemanbHbix (3XB —120°C)
XONoAOBbIX BO3AENCTBUAX, a Takke yepesd 24 4 BbigBun nemnkoumntos (npyu Ul n yepes 24 4 nocne KUl n UIM), nenkoneHuto
(npn KU, PXB n yepe3 24 4 nocrne 3XB), numdoneHuto, yBenmyeHne nanovyko- U CerMeHTosAepHbIX KIeToK (Mpu BCEX COo-
cTosiHuAX, kpome UIM) n ao3uHodunos (tToneko npu KU n 24 4y 3XB). Habnioganu nnasmatudeckne kneTtkn (kpome IXB),
nonuxpomaTtodunbHble U He3penble knetku (cpady u yepes 24 4 nocne KUl n WUIM), nnasamatnsaumio yuutonnasmbel y 4actu
nevikountoB (Yepe3 24 4 nocne KUl n WUI). JlekountapHble MHAEKCHI MoKas3anu HapylleHue MMMYHOPeaKTUBHOCTU, CHU-
KEeHWe anneprusauuu, akTUBaULUIO KNETOYHOro MMMYHUTETa, KMeToK Hecneuuduyeckon 3awuTbl U BOChaneHus (npu Bcex
cocTosHMnax, kpome WUI), a Takke Mukpodaros (npu OXB un 4yepes 24 4 nocne KUI u UIM), acdbdekTopHOro 3BeHa MMMy-
HuTeTa (npm KUI, PXB n 4yepe3 24 4 nocne 3XB), peakuun runep4yBCTBUTENbHOCTM HemeaneHHoro tuna (kpome KU n
yepes 24 4y nocne 3XB). NHaekc apepHoro casura ysenuunsancs (kpome PXB n OXB). MIHaekc aganTauumn NoBbliWancs Tonbko
npu UT.

KntoueBble cnoBa: kpaHuouepebpanbHas rmnoTepMusi, UMMEPCUOHHAs TMNOTEPMUS], PUTMUYECKME XONOAOBbIE BO3AEWNCTBUS,
3KCTpeMarbHble XONoA0Bble BO3OAENCTBUS, NEWKOLMUTLI, MHTErpanbHble NenkounTapHble MHAEKCHI, KPbIChI.

Pedrepat: MopiBHANBHWI aHani3 KiNnbKOCTi TMNIB NenkouuTiB Yy Ma3kax KpoBi WypiB B yMoBax kpaHiouepebpanbHoi (KL-
[32°C) Ta imepcinHoi (I 27°C) rinotepmii, noBepxHeBux putmiyHunx (PXB 5°C) i ekctpemanbHux (EXB —-120°C) xonogoBux
BMNMBIB, @ TakoXx 4epes 24 r BusaABmMB nerikouuntos (3a ymoB Il i yepes 24 r nmicna KUI i IT), nenkoneHito (3a ymos KUI, PXB
i yepes 24 r nicns EXB), nimdoneHito, 36inblEeHHA Nanuyko- i cermeHTosAepHUX KNiTUH (3a Bcix cTaHiB, kpim IIM) i eo3uHodi-
niB (tinbku 3a ymoB KUl i yepe3 24 r nicna EXB). CnocTtepirann nnasmatuyHi knituHu (kpim EXB), nonixpomaTtodinbHi Ta
He3pini kNiTMHK (Bigpasy i Yepes 24 r nicnga KU i IIN), nna3amaTtum3adio uutonnasmum y oesikux nevkouutie (Yepes 24 r nicna KU
i I). NenkouuTapHi iHAEKCU Mokasanu NOpPYLUEHHS IMyHOPEaKTUBHOCTI, 3HMXXEHHS aneprisauii, akTuBauito KNiTMHHOIO IMYHi-
TeTy, KNiTUH HecneundivyHOro 3axmcTy i 3ananeHHs (3a BCix cTaHiB, kpim M), a Takox mikpodariB (3a ymoB EXB i uepes 24 r
nicnsa KUr i IT), edekTopHOi naHkn imyHiTeTy (3a ymoB KU, PXB i yepes 24 r nicnsa EXB), peakuin rinepyyTnuBocTi HeranHoro
Tuny (kpim KU i yepe3 24 r nicna EXB). IHoekc spepHoro 3cyBy 36inbwyBascs (kpim PXB i EXB). IHoekc apanTauii nigeu-
wyBaBcs Tinbku npwu II.

KnrouoBi cnoBa: kpaHiouepebpanbHa rinotepmis, iMepcitHa rinotepmisi, pPUTMiYHi XONoAoOBI BNIMBYW, eKCTPEeMarbHi XONo40BI
BMAWBMW, NENKOLUTH, iHTErpanbHi NerlkouMTapHi iHAEKCH, LLypu.

Abstract: A comparative analysis of leukocyte populations in rat blood smears at the craniocerebral (CCH 32°C) and
immersion (IH 27°C) hypothermia, superficial rhythmic cold exposures (RCEs 5°C) and whole body cryostimulation (WBC
—-120°C), as well as in 24 hrs post-effect revealed the leukocytosis (at IH and 24 hrs after CCH and IH), leukopenia (at
CCH, RCEs and 24 hrs after WBC), lymphopenia, an increase in band and segmented cells (under all conditions except IH)
and eosinophils (only at CCH and 24 hrs after WBC). Plasmatic cells (except WBC), polychromatophilic and immature
cells (immediately and in 24 hrs after CCH and IH), cytoplasm ‘plasmatization’ in some leukocytes (24 hrs after CCH and
IH) were observed. Leukocyte indices showed the immunoreactivity disorder, decreased allergization, activation of cell
immunity, nonspecific cell protection and inflammation (under all conditions, except IH), as well as microphages (at WBC
and 24 hrs after CCH and IH), an effector component of immunity (at CCH, RCEs and 24 hrs after WBC), immediate-
type hypersensitivity responses (except at CCH and 24 hrs after WBC). The nuclear shift index was increased (except
RCEs and WBC). The adaptation index was raised only at IH.

Key words: craniocerebral hypothermia, immersion hypothermia, rhythmic cold exposures, extremal cold exposures, whole
body cryostimulation, leukocytes, integral leukocyte indices, rats.
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OCHOBHble 0603Ha4YeHUsA

Kur KpaHuoLepebpanbHas runotepmusi
T Temnepatypa Tena
ur MMMepcuoHHas runotepmMmums
PXB PutMnyeckne xonoaosble BO3OeNCTBUS
3XB SKcTpemarbHble X0NoA0Bble BO3OENCTBUSA
nnn MHTerpanbHble nenkountTapHble MHOEKCHI
NAC MHpekc sagepHoro casura
Mwn MwuenounTbl
O KOHble KneTkn
n [Manoyko-saepHble NenKounUTbI
C CermeHTOsiAEPHbIE NENKOUNTBI
nnmn JlerikoumnTapHbIn NHOEKC
nHTOoKCcHKaumm Kaned-Kanudga
nn JlerikoumnTapHbIn NHOEKC
ncn MHpekca caosura nemkounToB
3 3031HOUNMBI
b Basodunbl
N JTInmdoumnTbl
M MoHouunTbl
Jrn JInmdoumTapHo-rpaHynoumTapHbin MHAEKC
MCHN MHaekc cooTHoLLEHMS HenTpodumnos
1 nuMdoumnToB
ncna MHOekc CoOoTHOLLEHMS NMMMAOLMTOB
1 303MHONNOB
MCHM MHaekc cooTHoLLEeHMS HenTpodumnos
1 MOHOLUTOB
H Hentpodpunel
nCcnm MHaekc cooTHOLEHMS MMMAOLIMTOB Y MOHOLIMTOB
NA MHgekc anneprusauum
NAI MHaekc agantaumm Mapkasu
Mnxa MonunxpomatodunbHble 3pUTPOLUTDI
MK MnasmaTtunyeckune KneTkn

Oddexrp TemrepaTypsl YHHBEPCAIBHBI M OKa-
3BIBAIOT BO3JCHUCTBHE Ha BCE MPOLECCH B >KHUBOM
opraHusMe, BJMsS Ha UX HANpPaBJIEHHOCTh U UHTCH-
cuBHOCTh. [IpakTHuecku 00ObIE MU3MEHEHUS B Op-
TraHU3ME MIICKOIMTAIONIUX, B YaCTHOCTH (HOPMUPO-
BaHHME AJaNTAUUMOHHBIX PEAKLUUN, B 3HAYUTEIBHOU
CTETIeHU CBS3aHbI C KOIMYECTBEHHO-Ka9€CTBEHHBIMH
XapaKTepUCTUKAMH JICHKOIIUTAPHON (POpMYIBI KpO-
BU. BBIPO)XEHHOCTh 3THX HM3MEHEHUH 3aBUCUT HE
TONBKO OT CHJIBI M XapaKTepa BHEITHUX BO3IEHCT-
BHH, HO W OT YPOBHS PEAKTUBHOCTH OpTaHWU3Ma.
[NomHouenHoe ¢uznonornueckoe QPyHKIMOHUPOBAHIE
JICHKOITUTOB KPOBU CITOCOOCTBYET TIOAJICPIKAHUIO
MMMYHHOTO TOMEOCTa3a, OHU Y4YacTBYIOT B peaju-
3allMd peaklUuil BPOXKACHHOTO U aJANTUBHOTO HM-
mynuterta [1, 4, 6, 14, 17]. Jlelixounutsl GopmMupy-
10T B KPOBH M TKaHSX MOIIHBINA Oapbep JUIS 3alIuThI
OT MUKpPOOHOH, BUPYCHON W Tlapa3uTapHOU HMHGEK-
[IWH, TTONIEPKUBAIOT TKAHEBYIO pEreHepanuio U ro-
meocTas. [TockonbKy pa3Hble TUIIbI JIEHKOIIUTOB BbI-
TIONTHSIOT ONpeAeNeHHbIE (DYHKITUH, TO BBISBISSA WX
narojorudeckre (GOpMBI B U3ydasi COACPIKAHUE MO-
TONBIX OPM KIIETOK, MOXKHO TONYYHTh IIEHHYIO TIPO-
THOCTHYECKO-TUarHOCTHYECKYI0 HH(popmanuto [17].

Nmeromuecs: B nuTeparype AaHHBIC 11O BIUSIHUIO
TEMIIEPaTyPHOTO (haKTOpa Ha aKTHUBHOCTH JICHKOIIH-
TOB JOCTATOYHO MPOTUBOPEUUBEL. [Ipy MHTEHCUBHOM
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Abbreviation used in the text

CCH Craniocerebral hypothermia

BT Body temperature

IH Immersion hypothermia

RCEs Rhythmic cold exposures

ECEs Extreme cold exposures

ILI Integral leukocyte indices

NSI Nuclear shift index

MCs Myelocytes

MMCs Metamyelocytes

BLs Band leukocytes

SLs Segmented leukocytes

LIl Leukocyte index of intoxication by Kalf-Kalif
LI Leukocyte index

LSI Leukocytes shift index

E Eosinophils

B Basophils

L Lymphocytes

M Monocytes

LGI Lymphocyte-granulocyte index

INLR Index of neutrophils and lymphocytes ratio
ILER Index of lymphocytes to eosinophils ratio
INMR Index of neutrophils to monocytes ratio

N Neutrophils

ILMR Index of lymphocytes and monocytes ratio
1A Index of allergization

IAG Index of adaptation by Garkavi

PCEs Polychromatophylic erythrocytes

PCs Plasmatic cells

The temperature effects are versatile and have
an impact on all the processes in a living organism,
affecting their direction and intensity. Virtually
any changes in mammalian body, in particular
the formation of adaptive responses, are strongly
associated with the quantitative and qualitative
characteristics of blood leukocyte formula. The
intensity of these changes depends not only on
the strength and nature of external influences, but
also on the level of organism’s reactivity. An ade-
quate physiological functioning of blood leuko-
cytes contributes to the maintenance of immune
homeostasis, they are involved into responses of
innate and adaptive immunity [1, 8, 9, 21, 24].
Leukocytes form a powerful barrier in blood and
tissues to protect against microbial, viral and
parasitic infections, support the tissue regenera-
tion and homeostasis. Since different types of leuko-
cytes perform certain functions, it is possible to ob-
tain valuable prognostic and diagnostic informa-
tion by identifying their pathological forms and
studying content of immature cells [24].

Published data on the temperature factor effect
on the leukocyte activity are rather contradictory.
During an intensive temperature (heat) load and
spontaneous hyperthermia, there was revealed the
interaction between organism’s resistance and func-
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TEMIIEPaTypHOH (TEIUIOBOM) Harpy3ke M CIIOHTaH-
HOW TUNEPTEPMHUU BBHISIBIICHA B3aWMOCBSI3b MEKIY
COTIPOTUBIIIEMOCThIO OpraHuzMa u (DYHKIIMOHAIIb-
HBIMHU CBOMCTBAMM JIEUKOLIUTOB, a TAaKKe OIpezeiie-
Ha HaNpaBICHHOCTh MPUCIOCOOUTEIBHBIX pPeaKInuit
Ha KJIETOYHOM ypOBHE (KOMIAKTH3AIWs KIETOUHBIX
CTPYKTYp W TIEpexXoA KIETOK Ha «cOeperaromniminy
T pearupoBanms) [7]. 3Menennst GyHKITHOHATb-
HOM aKTUBHOCTU JIEHKOIIUTOB «pa3TPaHUUYEHBI»,
MMOCKOJIBKY OHH OITOCPEAYIOTCS BHYTPUKIETOYHEI-
MU MEXaHM3MaM{ M BO3HUKAIOT O] BIUSHUEM TY-
MOpaibHBIX (hakTopoB. [Ipym 3TOM akTHUBaIuUs Jei-
KOIIUTAPHOTO 3BEHA KPOBU MPOUCXOAMT Ha (OHE
HEUTpONeHHH H JIUM(OIMTO3a 332 CUYET BBICOKOH
«IICHBI» aJanTalMi K TEMIICPaTypHOMY BO3JICHCT-
Buio [17]. CTeneHb BBIpaXEHHOCTH M3MEHEHUH I10-
MyJSIIIOHHOTO COCTaBa KPOBU 3aBUCHUT OT JUTHTENb-
HOCTH, KPaTHOCTH M WHTEHCHBHOCTH XOJOAOBOTO
BO3IEHCTBUA, TIyOWHBI TUroTepmun [10-12, 23, 28,
30, 34, 36]. Kpome Toro, B.H. bpunkeBrudaem u coasT.
[3] oTMeuaeTcs, 9To peakIfus JISHKOITUTapHOTO 3BCHA
KPOBH Ha THUIOTEPMHIO OTIUYACTCS OT KJIaCCHYEC-
KOTO OTBeTa Ha cTpecc (HeWrpodmies u auMmdore-
Hus). [Ipy TIPONOHTMPOBAHUM THUIIOTEPMUU CTPEC-
copHble 3Q(EeKTsl TAKOTO COCTOSIHUS MOTYT NPeo0-
nafath Haja 3amuTHEIMY [3]. TIpu Xo10q0BOM cTpecce
CHUXaeTcs (QYHKIIMOHAIBHO-METAa0OMINYeCcKas aK-
THUBHOCTh HEWTPO(UIIOB, YTHETACTCS] aHTHOKCHIAHTHAS
crcTeMa KIIETOK, Y YacTH JICHKOIIUTOB MPOSBIIAIOT-
Csl MMMYHOCYIIPECCHUBHBIE CBOWMCTBA, MOIABISETCS
MMMYHOpPEaKTHBHOCTh opranm3Ma [13]. M3menenue
TEMITepaTypsl Tela SBISETCS aKTUBHBIM MOIYNATO-
poM u GopMHpPYeT IOITOBPEMEHHYIO (GHU3NOJIOTH-
YECKYI0 aJalTaliio. JTO MOXET OCYIICCTBISATHCS
32 CUET YBEIIMYCHHS CIIOCOOHOCTH MOHOHYKIIEap-
HBIX KJIETOK 3KCIIPECCUPOBATH OETIOK TEIIOBOTO II0Ka
70 x/[a, ycunuBas MX yCTOMYMBOCTb M (PYHKIIHO-
HaJlbHYIO aKTUBHOCTS [5].

B cBs3u ¢ BBIICH3IIOKCHHBIM, IICIBI0 PAOOTHI
OBUTO CpaBHUTENFHOE W3yYEHHE BIUSHUS Pa3HBIX
PEXUMOB OXJIQXKIEHHUS, CO CHIKCHHEM TeMIIepary-
poI Tena mo 32 u 27°C (kpaHuonepedpanbHas U UM-
MEpPCUOHHAsI THIIOTEPMHSI COOTBETCTBEHHO), M 0e3
W3MEHEHHSI TeMIIeparypbl Tena (TIOBEPXHOCTHBIE PUT-
MUYECKHE M JKCTPEMAaNIbHBIE XOJOJOBBIE BO3IEH-
CTBUS) Ha JICHKOIIUTAPHBIC TTOKA3aTEIH KPOBU KPBHIC
(COOTHOIIIEHUE THIIOB JICWKOIIMTOB M MHTETPaTbHBIC
JIEHKOLIMTAPHBIC UH]IEKCHI).

MarepuaJibl M METOAbI

Pabora mpoBenena B coorBercTBUU ¢ «OOIIH-
MH TIPUHIUIIAMHA 3KCIIEPHUMEHTOB Ha JKUBOTHBIX),
onobpenusiMu VI HanpoHanbHBIM KOHIPECCOM I10
ouostuke (Kues, 2016) 1 cortacoBaHHBIMHE C TIOJIO-
JKeHUsiIMU «EBporneickoil KOHBEHIIMM O 3alllUTe I0-
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tional properties of leukocytes, as well as the direc-
tion of adaptive responses at the cellular level was
determined (compaction of cell structures and
transition of cells to the ‘preserving’ response) [15].
Changes in functional activity of leukocytes are
‘distinguishable’, whereas they are mediated by in-
tracellular mechanisms and arise under the influence
of humoral factors. At the same time, activation of
leukocyte component of blood occurs during neut-
ropenia and lymphocytosis due to a high ‘price’
of adaptation to temperature exposures [24]. The
intensity of changes in populational composition
of blood depends on the duration, frequency and
severity of cold exposure, hypothermia depth [11,
15-17, 18, 30, 33, 35]. Moreover, V.N. Brinkevich
et al. [6] noted that the response of leukocyte com-
ponent of blood to hypothermia differed from the
classical one to a stress (neutrophilia and lym-
phopenia), and during hypothermia prolongation,
the stress effects of this state may prevail over the
protective ones [6]. During cold stress, the func-
tional and metabolic activity of neutrophils is de-
creased, the antioxidant system of cells is inhibited,
immunosuppressive properties are manifested in
some leukocytes, and an organism’s immunoreacti-
vity is depressed [20]. The change of body tempe-
rature is an active modulator and forms a long-term
physiological adaptation. This can be implemented
by increasing the ability of mononuclear cells to
express the heat shock protein of 70 kDa, enhan-
cing their resistance and functional activity [10].

In accordance with the abovementioned, the re-
search aim was a comparative study of the effect of
different cooling regimens, accompanied by a de-
crease in a body temperature down to 32 and 27°C
(craniocerebral and immersion hypothermia, respec-
tively), and without body temperature change (sur-
face rhythmic and extreme cold exposures) on rat
blood leukocyte indices (the ratio of leukocyte types
and integrated leukocyte indices).

Materials and methods

The experiments were carried out in accordance
with the General Principles of Experiments in Ani-
mals, approved by the 5™ National Congress in Bio-
ethics (Kyiv, 2016) and consistent with the state-
ments of the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental
and other Scientific Purposes (Strasbourg, 1986).

The research was performed in 6—7-month-old
male outbred white rats before the experiment kept
at the animal facility with natural light/dark cycle
and a standard diet ad libitum.

The craniocerebral hypothermia (CCH) was per-
formed in anesthetized animals for (60 = 10) min
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3BOHOYHBIX KHUBOTHBIX, UCTIONB3YEMBIX JJIsI IKCTICPH-
MEHTAJIBHBIX U JPYTUX HAYYHEIX 1ienei» (CtpacOypr,
1986).

OKCTIEpUMEHTHI BBITIONHSIN Ha 6—7-MECSYHBIX
caMmIiax OeNbIX OeCIOPOMHBIX KPBIC, KOTOPHIE 10 Ha-
YaJia SKCIEpPUMEHTa COAEPIKAUCh B YCIIOBUSIX BUBA-
pUs IPU €CTECTBEHHOM CBETOBOM PEXHME Ha CTaH-
TapTHOM panuoHe ad libitum.

Kpanrnonepedpanpayro runorepmuro (KLI') B Te-
yenue (60 = 10) MUH O CHIDKEHHS TEMIIEPaTyphI
tena (TT) mo (32,5+0,5)°C (yMepeHHBII pexiM) Ipo-
BOIIWJIM HAPKOTHU3UPOBAHHBIM KHBOTHBIM, HCIONb-
3yl YCTAHOBKY Il MPOTPAMMHOTO OXJaXKJICHUS
npousBoactBa CKTB ¢ OIl npu Uucturyre npoO-
neM kpuobuonorun u kpuomeauuunsl HAH Ykpau-
Bl [8]. Hapko3 (cmech Tmomenrana Harpus (ITAT
«KuiBmennpemnapat», YkpanHa) U okcHOyTHpara Ha-
tpus (IIAT «®Papmak», Ykpamna) u3 pacuera 30 u
100 Mr/kr mMacchl COOTBETCTBEHHO) HCIIOIb30BAIIN
TUTS TIOJJABIICHUST TEPMOPETYIISITOPHBIX PEaKIIHH.

Nmmepcnonnyro rumnorepmuto (UIN) (cHmkeHme
TT mo (27,5 £ 0,5)°C) MomenupoBaiu B TECTE «BhI-
HYyXKICHHOE TutaBanue» [24] B neasHou Boae (0°C),
JUTUTENBHOCTH TIJIABAHMSI COCTABIISIA 5 MUH.

Purmuyeckue xonomossie Bozgeiicteust (PXB) —
MMOBEPXHOCTHOE OXJIXKJCHHE OpraHu3Ma ITOTOKOM
XOJIOHOTO BO3/IyXa — C MEPHOTUYHOCTHIO OTHO BO3-
neiicteue B 10 ¢ ¥ IIMTEIBLHOCTBIO 65 MHH TIPO-
BOIWJIMCH HEHAPKOTH3MPOBAHHBIM KpbBICaM, IOMe-
IIEHHBIM B OTJIENbHBIE YUKW, Ha OXJaKIAroIIeM
YCTPOMCTBE C MPOTPaMMHBIM YIIpaBIECHHUEM IPOU3-
BoactBa CKTB ¢ OIl mpu UIIKuK HAH VYkpawunsl,
MIPHUCTIOCOOIEHHOM IS TPEPHIBHCTOM TOAAYH XOJIOA-
HOTO BO3AyXa ¢ Temmeparypoii (5 + 1)°C.

DKcTpeMalibHbIC X0JI0/10BbIe Bo3neicTBUs (DXB)
(obmass kpuoctumyssamysi, whole body cryostimu-
lation) oCymeCTBIISIIN B CIICIUANBHON KpHUOKamepe
JUIS  OXJIQXKJICHUS MENKHX JIA0OpaTOPHBIX >KUBOT-
HbIX [2]. B xpuokamepe mpu temmneparype —120°C xu-
BOTHO€ HaXOAWJIOCh OJHOKPATHO B TeueHue 1,5 MuH.

Temmeparypy Tena KOHTPOJIHPOBAIW AIIEKTPOH-
HBIM TEPMOMETPOM C TOMOIIBIO0 PEKTAIBHOTO JaT-
YHKa.

3a00p KpOBU JUTS aHAM3a MPOBOAWIHN Y WHTAKT-
HBIX KpbIC (KOHTpONbHas Tpymnma) (n = 15), depes
40 MuH TOCNie BBEACHHS Hapko3a (KOHTPOJIb Ha
neiicTBUE Hapko3a) (n = 5), a Takke cpa3y U uepes
24 4 nmocne nposeneHus ceancor KIII, UI, PXB u
OXB (n =5 B Kax10# TpymIe).

KonundecTBeHHO-KaYeCTBEHHYIO OIICHKY THUIIOB
JICHKOIIUTOB OCYIIECTBIISUIA B Ma3Ke KpoBH, oOpa-
0oranHOM (ukcaropom Maii-I pronBanbaa («MuHH-
Meny», Poccust) m OKpaIeHHOM TeMaTOJIOTHIECKUM
kpacuresneM (o Pomanosckomy) («MunuMeny). 3a-
TEM PaCCUUTHIBAIA WHTETPAJIbHBIE JIEHKOIUTapHBIC

296

£3

until the body temperature (BT) was reduced down
to (32.5 = 0.5)°C (moderate regimen) by means
of the unit for programmable cooling (produced
by the Special Constructing and Technical Bu-
reau with Experimental Unit of the Institute for
Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine [12].
Anesthesia (a mixture of sodium thiopental (PAT
Kyivmedpreparat, Ukraine) and sodium hydroxy-
butyrate (JSC Farmak, Ukraine) in amount of 30
and 100 mg/kg of mass, respectively) were used to
suppress thermoregulatory responses.

The immersion hypothermia (IH) (decrease of
BT down to (27.5 £ 0.5)°C) was simulated with
‘forced swimming’ test [2] in ice-cold water (0°C),
the duration of swimming was 5 min.

The rhythmic cold exposures (RCEs) (surface
cooling of body with a stream of cold air) with
repeated once per 10 sec and a duration of 65 min,
non-narcotized rats were placed into separate cages
of the unit for programmable cooling produced
by the Special Constructing and Technical Bu-
reau with Experimental Unit of the Institute for
Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine adapted
for intermittent cold air supply with the tempera-
ture of (5 + 1)°C.

The extreme cold exposures (ECEs) (whole bo-
dy cryostimulation) were performed in special cryo-
chamber for the cooling of small laboratory ani-
mals [4]. An animal was once in the cryochamber at
the temperature of —120°C for 90 sec.

Body temperature was measured with an electro-
nic rectal thermometer.

Blood for analysis was sampled in intact rats
(control group) (n = 15), in 40 min after the intro-
duction of anesthesia (control for anesthesia effect)
(n = 5), and also immediately and 24 hrs after the
CCH, IH, RCEs and ECEs (n = 5 in each group).

Leukocyte types were quantitatively and quali-
tatively assessed in a blood smear fixed with
May-Grunwald solution (MiniMed, Russia) and
stained with hematological dye (according to Ro-
manovsky) (MiniMed, Russia). Then, integral leuko-
cyte indices (ILI) were calculated, allowing to eva-
luate the state of various components of immune
system and non-specific resistance of organism in
dynamics, without using special research methods
[22, 25, 28, 31]. The nuclear shift index (NSI =
(MCs + MMCs + BLs)/SLs) determines the percen-
tage ratio of immature and mature neutrophils;
leukocyte index (LI=L/N) shows the ratio of humoral
and cell immunity; leukocyte index of intoxication
by Kalf-Kalif (LIl = (4MCs + 3MMCs + 2BLs +
SLs) x (PCs + 1)/(L + M) x (E + 1) is the level of
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nHaekcel (MJIM), mo3BoNSIONIKEe OICHUTh B JUHA-
MUKE COCTOSHHE PAa3JIMYHBIX 3BEHHEB HMMYHHOU
CUCTEMBI U HECHEeIU(PUISCKOH PE3UCTEHTHOCTH Op-
raam3Ma, He mpuberasg K CHEIHAIFHBIM MeETOAaM
nccaenoBanus [15, 18, 20, 22]. Magekc saepHOTO
capura (USIC = (Mu + 1O + I1)/C) onpenenser npo-
IIEHTHOE COOTHOIIIEHUE MOJOMABIX H 3peibiX (opM
HerTpoduos; neiikoruTapueiii naaeke (JIM = JI/H)
OTpa)kaeT COOTHOIIEHHE TYMOPAIBHOTO W KIIETOU-
HOTO 3BEHHCB WMMYHHOH CHCTEMBI; JICHKOIUTAp-
HBIH MHAEKC nHTOKcHKanuu Kansd-Kammda (JIMU =
(4Mu + 310+ 2[1+ C) x IIK+ 1)/(JT+ M) x (D + 1) —
YPOBEHb JHJOTCHHON WHTOKCHKalwu. [loBbIieHMe
nHaekca capura neiikonutoB (MCJI=(0O + b+ C +
I1)/JT + M) cBuzeTenbCcTBYeT 00 aKTUBHOM BOCIIAJIH-
TEJIHHOM MPOIECCe W HAPYIIEHHH UMMYHOPEAaKTHB-
HOCTH. JIMMQomHuTapHO-TPaHYIOIUTAPHBIA HHICKC
(JITU = 10J/(Mu + 1O + I1 + C + B + B) no3Bo-
et nuddepeHIupoBaTh ayTo- ¥ HHOEKIIHOHHYIO
MHTOKCUKaLU00. MHAEKC COOTHOLIEHHUS HEUTpo-
¢unoB u mumdorutoB (MCHIJI = I1 + C/JI) orpaxaet
COOTHOIIICHUE KJIETOK HECIeU(PUICCKON U CIemn-
¢uueckoit 3ammTel. WHIEKC COOTHOIICHUS JIUM-
¢oumroB u 303uHOoPrIoB (MCJID = JI/3) opuenrtu-
POBOYHO OTPAXKAET COOTHOIIEHUE IMPOLIECCOB THITEP-
YYBCTBUTEIBHOCTH HEMEJICHHOTO M 3aMEUICHHOTO
TumnoB. [1o WHAECKCY COOTHOIICHHUS HEHTPOPUIIOB H
MoHo1uToB (MCHM = H/M) MOXXHO CYIuTh O COOT-
HOIIIEHUH KOMITOHEHTOB MHKPO- U MakpodaraibHON
cucreMbl. VHAEKC COOTHOMmIEHHWS JIUMQOIUTOB W
monoruToB (MCJIM = JI/M) oTpakaeT B3aMMOOTHO-
menne addexropHoro U HEGHEKTOPHOrO 3BEHHEB
MMMYHOJIOTHUYECKOTO Tporiecca. MHaekcs amnepru-
sammu (MA=J1+1—-(23+ 1)/I1+ C+ M) u agantanuu
l'apkaBu (MAI' = JI/C) oTpaxaroT ypoBEeHb aijep-
TU3aIU YU aianTallid OpTaHW3Ma COOTBETCTBEHHO.
CoxkpailieHUs B TIPHUBEICHHBIX (HOPMYITax O3HAYAIOT
Ttunbl k1etok: I1 — manouko- u C — cermeHTOsAAED-
HbIE JICUKOIUTHL, JI — TUMQOIUTH; M — MOHOITUTHI;
H — wetitpodmer; O — r03uHOGUIBL, b — 6a30¢HITH;
Mu — muenornutsr;, O — toHBIE POPMBI (METAMHUEIIO-
uthl), [1K — mmasMaTudeckre KIeTKy (comepKaHue
B MPOIICHTAX).

Craructudeckyio 00pabOTKy TOJIyYeHHBIX pe-
3yJABTATOB MPOBOIIIIA METOIOM HENapaMeTpUIecKon
craructuku Kpyckana-Yomiica ¢ MCHOIh30BaHUEM
nmporpamMmmMHoro obecrneueHus Statistica 6.0 («Mat-
Stat Inc.», CIIIA).

Pe3yabTartsl n 00cyxkneHue

CpaBHUTENbHAS XapaKTEPUCTUKA U3yYaeMBbIX pe-
KUMOB XOJIONOBBIX BO3ICHCTBUI NpEACTaBICHA B
Taom. 1.

B nepBoii cepun 3KCIIEpUMEHTOB Ha TIEPBOM 3Ta-
11e paboTHI OBLTO M3yUEHO BIUSHUC Pa3HBIX PEKUMOB

npobnemu kpiobionorii i kpiomeaNUMHN

problems of cryobiology and cryomedicine
Tom/volume 28, Ne/issue 4, 2018

endogenous intoxication. Increased the leukocyte
shift index (LSI = (E + B + SLs + BLs)/L + M) in-
dicates an active inflammation and disordered im-
munoreactivity. The lymphocyte-granulocyte index
(LGI = 10L/(MCs + MMCs + BLs + SLs + E + B)
allows to differentiate auto- and infectious intoxi-
cation. The index of neutrophils and lymphocytes
ratio (INLR = BLs + SLs/L) shows the one of cells
of non-specific and specific protection. The index
of lymphocytes to eosinophils ratio (ILER = L/E)
roughly reflects the ratio of immediate and delayed
hypersensitivity. The ratio of the components of
micro- and macrophage system can be judged by
the index of neutrophil to monocyte ratio (INMR =
N/M). The index of lymphocytes and monocytes
ratio (ILMR = L/M) represents the relation bet-
ween the affector and effector components of im-
munological process. The indices of allergization
(IA=L+1-(E+ 1)/BLs + SLs + M) and adapta-
tion by Garkavi (IAG = L/SLs) present the levels
of allergization and adaptation of an organism,
respectively. Abbreviations in the above formulas
mean cell types such as: BLs — band and SLs —
segmented leukocytes; L — lymphocytes; M — mo-
nocytes; N — neutrophils; E — eosinophils; B — baso-
phils; MCs — myelocytes; MMCs — metamyelocytes
(immature cells), PCs — plasmatic cells (expressed in
percents).

The obtained results were statistically processed
using the non-parametric Kruskal-Wallis statistic
method with Statistica 6.0 software (MatStat Inc.,
USA).

Results and discussion

A comparative analysis of the studied regimens of
cold exposures is presented in Table 1.

In the first series of experiments at the first stage
of this research, the effect of different regimens of
hypothermia as the CCH and IH, wherein BT was
decreased down to (32.5 = 0.5) and (27.5 £+ 0.5)°C,
respectively.

During the CCH there is a forced cooling of ce-
rebral structures (with anesthesia and neurovege-
tative blockade), resulting in appearance of a
temperature gradient between the brain and the rest
of a body. Such a cooling regimen prevents the
occurrence of disorders in the functionality of car-
diovascular and other systems of an organism. The
CCH contributes to the transition of the organism
to a new, more ‘economic’ functional level. The
therapeutic effects of the CCH are the result of the
reversible suppression of the main vital processes
of the body [3, 34]. It has been known that specific
body responses to the cold (in particular, muscle
tremors and vasoconstriction) are accompanied with
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Tabnuua 1. XapakTepucTUKM X0No40BbIX BO3AENCTBUI
Table 1. Characteristics of cold exposures

MapameTpbl BO3AENCTBUIA
Exposure parameters

Bua Bo3peiicTBuA
Exposure type

wnoTtepmuAa MoBepXHOCTHOE XONIOAOBOE BO3AENCTBME
Hypothermia Surface cold exposure
KpaHuouepebpanbHan MMMepPCUOHHaA puTMuYeckoe 3KCcTpemanbHoe

craniocerebral

immersion

rhythmic

extreme

XonopoBoi hakTop

XonopgHaA NOBEpPXHOCTb

XonopHas Bopa

XonopHsbIn BO3ayx

XonopaHbIl Bo3ayx

Cold factor Cold surface Cold water Cold air Cold air
Temnepatypa, °C ~ _
Temperature, °C 5 0 5 120

Oxnaxpaeman obnactb Fonosa Tynoewuwe MoBepxHOCTb BCEro Tena MoBepxHOCTbL BCero Tena

Cooled area Head Body Whole body surface Whole body surface

Llnmgnbno_crb, MUHY bl 60 + 10 5 65 15
uration, min
Temnepatypa Tena, °C
Body temperature, °C 32,5 + 0,5 27,5 £ 0,5 37 37
Hapkos, 6nokapa ueHTpoB Kpuokamepa, akcTpemanbHo
[ononHuTenbHble hakTopbl TepMoperynaumm Nmmepcua KoHBekuuna HW3KaA TemnepaTtypa
Additional factors Anesthesia, blockade Immersion Convection Cryochamber, extremely

of centers of thermoregulation

low temperature

runorepmun — KUI™ u 1T, npu xoropeix TT cHmxa-
nack 110 (32,5 £0,5) u (27,5 £ 0,5)°C cOOTBETCTBEHHO.

[pu KUI' mpoucxomut GopcupoBaHHOE OXJIaX-
JICHHE LepeOpalbHbIX CTPYKTYp (Ha (OoHe Hapko3a
1 HEHPOBETETATHBHOU OJIOKAJBI), B pE3yJIBTATE YETrO
BO3HUKAET TEMIEpPaTyPHBIA TPageHT MEXIy TeM-
neparypoil mMo3ra u Tena. Takoll pexxum oxJiaxkje-
HUS TPEJOTBPAIlaeT BO3HMKHOBEHHE HapYIICHUN
B paboTe cepIeIHO-COCYANCTON M OPYTHX CHCTEM Op-
ranm3ma. [Ipoenenne KII' crmocoOcTtByeT mepexo-
Jly OpraHu3Ma Ha HOBBIN 0oJiee «IKOHOMHBIN» (YHK-
LIMOHATILHBIA YPOBEHb. TepaneBTUYCCKUE IPPEKTHI
KT sBnsiroTcst clieAcTBHEM 0OOpaTUMOTO IO/aBIIe-
HUSL OCHOBHBIX IPOIIECCOB KH3HEEATEIILHOCTH Op-
raam3ma [25, 35]. U3BectHO, uTO crnernuduueckue
peakiuu opraHm3Ma Ha Xoio[ (B YacTHOCTH, MBI-
meyHas JApPOXb W Ba3OKOHCTPHUKIHS) COTPOBOXK-
JAIOTCS aKTHUBAIel OOMEHHBIX TporeccoB. Takue
peaKkiuu NpensiTCTBY0T cHMkeHuto TT, uto mportu-
BOpeYUT OCHOBHOH e mpumeHeHuss K[ — oGec-
MEYEHUIO CHIKEHHS MeTaboiu3Ma, OCOOCHHO B TO-
noBHoM Mo3re. [Tostomy KII' nmpoBoautcs Ha done
HapKO03a, MOJIABJISIFOIIETO 3T PEaKIIHU.

Hapko3, npumensiemsrit npu KU (TT cHmkanack
Ha (1,0 £ 1,5)°C), crmocoOCTBOBaN CHUKEHUIO 00-
IIeT0 KOJMYECTBA JICHKOIUTOB (JISHKOIIEHUS) B KO-
BH KDBIC, YBEIMUCHUIO JONH MAJIOYKOSACPHBIX KIile-
TOK, TIPH ATOM KOJMYECTBO OCTAJIbHBIX THIIOB JIEH-
KOITUTOB HE U3MEHSUTOCH (Tabi. 2).

Jlefikomternn MOTyT OBITH OOYCIIOBJICHBI Hapy-
IIeHHEeM OO0pa30BaHUS JICHKOIMTOB MM MX BBIXOA
B KPOBb M3 KOCTHOTO MO3Ta, a TaKXKe WX THOENbI0 U
yTuiu3anued. B 3aBUCUMOCTH OT CTENEHU 3peioc-
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activation of metabolic processes. Such responses
prevent the reduction of BT. This is not consistent
with the main purpose of the CCH use, i. e. to re-
duce metabolism, especially in the brain. There-
fore, the CCH was performed with anesthesia, sup-
pressing these responses.

The anesthesia used at the CCH (BT is reduced
by (1.0 £ 1.5)°C) contributed to a decrease of the
leukocyte total number (leukopenia) in rat blood,
an increase of band cells, whereas the number of
other types of leukocytes was not changed (Table 2).

Leukopenias may be caused by leukopoiesis di-
sorder or cell release into the blood from bone
marrow, as well as their death and utilization. De-
pending on the maturity degree and nucleus shape
there are the band (immature cells) and segmented
(mature, phagocytosis-capable) neutrophils in blood.
An increase of only the band leukocytes shows
the degenerative shift of the blood leukocyte for-
mula, indicating a suppression of bone marrow
function, in particular leukopoetic one [1, 8].

Very few phenomena of amitosis were also
observed in blood smears of anesthetized rats. In
most cases, amitosis occurs in the cells with a reduced
mitotic activity, as well as aging, pathologically al-
tered, or dying cells.

At the CCH, like during the anesthesia, the
total number of leukocytes in rat blood was de-
creased and the ratio of band cells was raised,
during increase in the pool of segmented cells and
eosinophils. In addition, plasmatic cells (PCs)
(1:100), polychromatophilic erythrocytes (PCEs)
(5—6-8 per field of view) were found. And vice
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Tabnuua 2. Bnusaxue kpaHnouepebpanbHON 1 UMMEPCUOHHON TMNOTEPMUM Ha COOTHOLLEHWE TUMOB NENKOLMTOB
B KpoBW KpbiC (M + SE)

Table 2. Effect of craniocerebral and immersion hypothermia on the ratio of leukocyte types in rat blood (M + SE)

YCcnoBuA aKcnepuMeHTa
Mokasatenu Experimental conditions
Indices KoHTponb Hapkos Kur Yepes 24 4 nocne KUI nr Yepes 24 4 nocne U
Control Anesthesia CCH In 24 hrs after CCH IH In 24 hrs after IH
O6uee konuiectso, X 10°/n | g 5 4 09 | 5,08 + 0,37* | 5,67 + 0,26* 7,1 + 0,33* 8,45 + 0,81* 7,45 + 0,5*
Total number, x 10/ s ' - ! - s ! - ’ -
ﬂanquonneprle
neiikounTbl, % 1,93 + 0,42 | 4,0 £ 0,73* | 3,6 + 0,48* 3,6 £ 0,81* 5,0 + 1,48* 3,14 + 0,92*
Band leukocytes, %
CermeHTomzleprle
] 0
nevikouuTel, % 27,07 + 1,53 | 30,83 + 2,59 | 34,8 + 3,4* 46,9 + 6,3* 22,3 £ 1,76* 31,1 + 2,54
Segmented nuclear
leukocytes, %
0
Nmdountel, % 65,563 + 1,34 | 59,17 + 4,15 | 53,9 + 3,8* 45,4 + 5,7* 68,6 = 2,27 59,7 + 2,37*
Lymphocytes, %
ngg:szs""oz“’ 353+072 | 501,88 | 59+0,81* 3,0 £ 1,19 2,8 +0,7 2,3 + 0,58
0
mg;'gg‘y::é Z/‘; 1,27 £ 0,2 1,0+0 1,8 + 0,29 1,0+0 1,6 £ 0,3 1,3 £ 0,21

MpumeyaHue: *— pasnuums CTaTUCTUYECKM 3HAYMMbI NO CPABHEHUIO C KOHTponem, p < 0,05.
Note: *— differences are statistically significant if compared with the control, p < 0.05.

U 1 GOPMBI SIIpa B KPOBHU BBIAETSIOT MAJIOYKOSIED-
Hele (OoJIee MOJIOIMBIC) W CETMEHTOSICPHBIE (3peIble,
criocoOHbIe K (haronmuTo3y) HEUTpohUILl. YBende-
HUE JIONI TOJBKO MAIOYKOSACPHBIX JIGHKOIMTOB Xa-
paKkTepU3yeT JIer€HEPaTUBHBIA CABUT JICUKOIIMTApHOM
(hopMyIBI KPOBH, UTO YKA3bIBACT HA YyTHETCHHE JIEH-
KOIIO3TUYECKON (PYHKIMU KOCTHOTO Mo3ra [1, 6].

B ma3kax kpoBH HAPKOTU3UPOBAHHBIX KPBIC OTME-
YaJli TaKXe CAMHUYHBIC SBICHUS aMuTOo3a. B 00b-
IIMHCTBE CIIy4acB aMUTO3 HAOMIOaeTCs B KIIETKAX CO
CHIDKEHHOW MUTOTHUYECKON aKTHUBHOCTBHIO, a TaKKe
CTapeIONINX, MaTOJIOTHYSCKH U3MEHEHHBIX MM THO-
HYyIIUX KIIETKaX.

ITIpu KT, kak 1 HapKo3e, B KPOBU KPbIC CHHUXKA-
JIOCh 00IIee KOIWYECTBO JIEWKOIIUTOB WM YBEIWYH-
Bajiach JIOJIA MAJIOYKOSAEPHBIX KJIETOK, HO Ha (oHe
YBEMYEHHUS ITyJla CErMEHTOSAEPHBIX KIETOK U DO3H-
HOGmI0B. KpoMe TOro OBITH BBISIBICHBI IJIa3MaTHde-
ckue knetku (IIK) (1:100), monuxpomaroduibHbe
spurpouutsl ([1X3) (5—-6—8 B mone 3penus). Uepes
24 4, HanPOTHUB, 00IIee KOTUICCTBO JICHKOIIUTOB yBE-
JIMYUBANIOCH (JICWKOIMTO3), U3MEHEHUS COOTHOIIIC-
HUS THUIIOB JICHKOIIUTOB MMEIHM Ty JK€ HAaIpPaBJICH-
HOCTb, YTO WU B Tpymme Kpsic cpady mocie KII'
(32°C), mpu >TOM 110JI 03UHOMUIIOB OCTaBAIACh HA
KOHTpObHOM ypoBHE (Tadi. 2). Kpome I1K (1:100)
u [1XD (5-6 B momne 3peHus) MOSBISUIHCH OacTHEBIC
u He3penbie popMbl Ki1eTok (Mu u 10), y gactm neii-
KOIIUTOB HAOJIONAJH MJI1a3MaTH3aIINIO [TUTOILIa3MEI.

JlefikounTO3 — OTBETHAS 3alLUTHAs PeakUus CH-
CTEMBI, ¥ B COYCTAaHUH CO CIBUTOM JICHKOIIUTAPHON
(opMyNBI BJIEBO SBISETCS HOPMAJILHOW peakiuen
KOCTHOT'O MO3Ta Ha pasnpaxenue [20].
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versa, after 24 hrs the total number of leukocytes
was increased (leukocytosis), changes in the ratio
of leukocyte types had the same direction as in the
rat group immediately after the CCH (32°C), here-
with eosinophils ratio remained at the control level
(Table 2). Moreover, excluding PCs (1:100) and
PCEs (5-6 per field of view), blast and immature
cell forms (MCs and MMCs) appeared, and ‘plas-
matization’ of cytoplasm was observed in some
leukocytes.

Leukocytosis is a protective response of the
system, and jointly with a shift of leukocyte formula
to the left is a normal bone marrow response to
irritation [28].

At the CCH and 24 hrs post-effect, an increase of
the number of segmented neutrophils was observed
together with a decrease in lymphocytes (Table 2).
This can be a result of the physiological changes
in organism associated with the ‘overstrain’ of the
involved functional systems and stress.

It has been shown that the presence of lympho-
penia and neutrophilia characterizes hypothermia
as a strong stress factor, and narcotic substances
do not always reduce the severity of stress reactions,
and often are the stress factors themselves [6].
Lymphocytes are a subgroup of leukocytes respon-
sible for an immune response and ‘immune me-
mory’in the body. It should be noted that rats,
as mice and hamsters, have the blood lymphocytic
profile, determining a high absolute number of lym-
phocytes.

The increase of band neutrophils number in
combination with the appearance of immature cell

299



IIpn KLI" u uepe3 24 u oTMeuyanu yBEITUYEHHE
KOJIMYECTBA CETMEHTOSICPHBIX HEHPOTPOQHIOB Ha
(one ymeHbIeHus] TUMGOIUTOB (TabN. 2), 9YTO MO-
XKET OIpenensITbcd (U3NOIOTHUIECKUMHI W3MEHEHH-
SMH B OpPTaHM3ME, CBSI3aHHBIMH C «IEpeHanpsKe-
HUEM» 3aJIeHICTBOBAaHHBIX (DYHKIIMOHAIBHBIX CHCTEM
U CTPECCOM.

ITokazano, 9ro Hamuuwe TUMGOTICHIN U HEUTPO-
(unesa xapakTepusyeT THIOTEPMHUI0 KaK CHIBHBIN
cTpecc-(hakTop, a HAPKOTUICCKHUE BEIICCTBA HE BCET-
Jla CHUXKAIOT BBIPAKCHHOCTHh CTPECCOBBIX PEAKIIHIA,
a 3a4acTylo caMu SIBJISIIOTCS (akTopamu crpecca [3].
JIumMbonUTEI — 3TO MOATPYyIIA JISHKOIUTOB, OTBEYAF0-
IIUX B OPTaHU3ME 32 UMMYHHBIA OTBET M «UMMYH-
Hy10 namsTb». CleyeT OTMETHTh, YTO Y KPbIC, KaK
M y MBIIICH ¥ XOMSKOB, JTUMGOLUTAPHBIN HIPOhHIIb
KPOBH OIpeeNisieT BEICOKOE aOCOMIOTHOE KOJMMYECTBO
JIUMQOLIUTOB.,

VYBenuueHue 4Yucia MNajoyKOSIIEPHBIX HEUTpo-
(hUIOB B COYETAHWH C TOSIBIICHHEM MOJIOABIX (hopm
KJIeToK (Mmu, MeTraMu) CBHACTEILCTBYET O pEreHep-
TUBHOM CIBHUTIE JIEHKOIUTApHON (DOPMYJBI BIICBO,
a Ha (OHE JICHKOIUTO3a — O TOBBIMICHHOW aKTHB-
HOCTH KOCTHOTO Mo3ra, kak u mpu KII' (tabn. 2).
Jis  monuxpomartopuiany  XapakTepHO OIHOBpE-
MEHHOE TPUCYTCTBUE CIIA0OIIECIOYHOTO TeMONIOOHHA
U KUCIIOM CyOCTaHIIMW, CBOWCTBEHHOW HE3PEIbIM
SPUTPOUTHBIM KJIETKaM, OOHapy>KUBaeMoe Mpu HH-
TEHCHUBHOM BBIXO/I€ B KPOBB MOJIOZIBIX (hOPM 3PHUTPO-
LUTOB. DTO ABISETCS MPHU3HAKOM XOPOIIEH pereHe-
paTHUBHOM CIIOCOOHOCTH KOCTHOTO Mo3ra [1, 13, 14]
00 aKTUBAIUH €T0 TEMOITOATHYECKONH (PYHKIMH B
pe3ynbTare AehcTBUS (GU3UIECKUX (PaKTOPOB, B TOM
gyucae u xonoga. B Hopme moutu Bce IIK (mpowus-
BOJIHbIC B-muM(pONHUTOB, aHTUTENOCUHTE3UPYIOIINE
KJIETKH) COZIEPIKaTCs B Mepu(epruIecKinX UMMYHHBIX
opraHax (cene3eHke, KpaCHOM KOCTHOM MO3T€ U JIUM-
(haTrueCcKUX y3llaxX), OJJHAKO TIPU pa3ApakeHUH JIUM-
(oMTapHOTO 3B€HAa UMMYHHUTETA OHU MOCTYTAIOT B
IUPKYJINPYIONTYto KpoBb. [losiBieHne B KpoBH GnacT-
HBIX (HanboJsee MOJIOIBIX, Heau(hepeHITMPOBAHHBIX )
KJIETOK W TUTa3MaTH3alysl UTOIDIa3MBbl (XapakTep-
Ha ISl HE3PeNbIX JICWKOIIUTOB) SIBIISIFOTCS CIENCT-
BHEM HHTEHCHBHOTO pa3lpa’keHUs] KOCTHOTO MO3ra
W aKTUBalWH ero GyHKIui. JIeiikomeHnn MOTyT OII-
penensaThess COOSAMHU B JICHKONO33€, pa3pylICHHEM
JICHKOITUTOB B COCYNaX M WX YTHJIU3AIUeH, a Tak-
Ke TIepepaclpeeUTeIbHBIMI HEUTPOTICHUSIMH, TIPU
KOTOPBIX HApyMIAETCS] COOTHOIIEHUE MPUCTCHOYHOTO
myja ¥ [MUPKYIHPYIONUX KIETOK JIMOO BCE HEUTPO-
(Wbl TPYNNUPYIOTCS B KAKOM-TO OJTHOM MpOOIeM-
HOM yYacTKe.

B pabore A.T. Billeter u coart. [26] oTMeueHO,
gro Biusaue Tunorepmun (TT 32°C) ma MoOHOIHU-
THI OIOCpemyeTcsl depe3 transient receptor protein
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forms (MCs, MMCs) testifies to a regenerative shift
of the leukocyte formula to the left, and if leuko-
cytosis is present, it shows an increased activity
of bone marrow, as well as at the CCH (Table 2).
Polychromatophilia is characterized by a simulta-
neous presence of weakly alkaline hemoglobin and
an acidic substance, a feature of immature eryth-
roid cells, revealed when these cells are actively
released into the bloodstream. This testifies to a
proper regenerative capacity of the bone marrow
[10, 20, 21] or activation of its hematopoietic func-
tion as a result of the action of physical factors,
including cold. Normally, almost all PCs (B-lympho-
cyte derivatives, antibody-synthesizing cells) are
found in peripheral immune organs (spleen, red bone
marrow and lymph nodes), but when the lympho-
cytic component of immunity is stimulated, they
enter the circulating blood. The appearance in the
blood of blast (the most immature, undifferentiated)
cells and cytoplasm ‘plasmatization’ (specific to im-
mature leukocytes) are the result of an intense
stimulation of bone marrow and activation of its
functions. Leukopenias can be determined by failu-
res in leukopoiesis, destruction of leukocytes in
the vessels and their utilization, as well as redistri-
butive neutropenias, within which the ratio of pa-
rietal pool and circulating cells is disturbed, or all the
neutrophils are grouped in a trouble site.

A.T. Billeter et al. [5] noted that hypothermia
effect (BT was 32°C) on monocytes was mediated
through the transient receptor protein channels
(TRP) A1 and V1: TRPA1 blockade or TRPV1 acti-
vation could be used to transform hypothermia
effects into inflammatory response of monocytes.
In our experiments the CCH (32°C) did not affect
the number of monocytes in rat blood (Table 2).

The diagnostic and prognostic potential of ILI
plays a significant role, whereas a certain combination
of hemogram indices presents the integral charac-
teristics of homeostatic systems of organism for-
ming non-specific adaptive responses [22, 25, 28,
31]. The calculation of such indices allows us to
evaluate the dynamics of response of blood system
and indirectly judge about the state of various
components of immune system and its reactivity.

In particular, the anesthesia used during the
CCH contributed to an increase in the indices of
nuclear and leukocyte shift (NSI and LSI), as well
as INMR and INLR. This indicated the predomi-
nance of immature cells, components of micro-
phage system, and cells of nonspecific protection,
as well as damaged immunoreactivity. In addition,
there was a tendency to an increase in ILER
(activation of immediate-type hypersensitivity is
possible) (Table 3).
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channels (TRP) Al u V1: 6mokana TRPA1 wmu ak-
tuBaisi TRPV1 MoryT ucnonb3oBarbest Ui U3Me-
HeHUs 3(h(HEKTOB THUIOTEPMUHN Ha BOCIATUTEIHHBIN
OTBET MOHOLMTOB. B Hamux skcnepumenTtax KII'
(32°C) He BAMAIA HA KOJTMYIECTBO MOHOITUTOB B KO-
BH KpbIC (Tabm. 2).

JlmarHocTHYeCKUM U MPOTHOCTHYECKIM BO3MOXK-
HOocTsiM MIJIW oTBOIIUTCS BCE OOITBITIAs POIIH, ITOCKOIb-
Ky ONIpeAeNicHHOE COdYeTaHHe IoKa3areje TemMo-
rpaMMbl OTPaXKACT WHTETPAJbHBIC XapaKTEPUCTUKU
TOMEOCTaTHYECKUX CHCTEM OpraHu3Ma, (opMHUpY-
IONUX HECHeIU(PUUSCKUe aJanTalliOHHBIe peak-
uuu [15, 18, 20, 22]. Pacuer Takux HMHACKCOB IO-
3BOJISIET OIICHMBATh B JTUHAMHKE PEAKIIUIO CHCTEMBI
KPOBH M KOCBCHHO CYJIUTh O COCTOSHUU Pa3IUYHBIX
3BEHhEB IMMYHHOIN CHCTEMBI U €€ PEaKTHBHOCTH.

Tak, Hapko3, NPUMEHAEMBIM MpU MPOBEIACHUU
KT, criocoOcTBOBa MOBBILICHUIO HHIACKCOB sIIEp-
Horo m JeikomurapHoro cmsura (MSC m UCID),
a taroke UCHM u MCHJIL. Dto yka3wsiBaeT Ha Ipe-
obnamanne MoJOABIX (DOPM KIIETOK, KOMITOHEHTOB
MUKpodaraibHON CUCTEMBI U KIIETOK Hecrenupuye-
CKOH 3allTUTHI, a TAKKE HA HAPYIICHUE UMMYHOPEaK-
TuBHOCTH. Kpome Toro, HaOmomanach TSHICHIUS K
noBsieHn0 CJID (BO3MOKHA aKTHBAIUS TPOIIEC-
COB THIEPYYBCTBUTEIHLHOCTH HEMEJICHHOTO THIIA)
(tabm. 3).

At the CCH, the ILI changes similar to the ef-
fect of anesthesia were observed (except LI, INMR
and ILER, decreased if compared to the control
group). This enabled to reveal an intoxication, acti-
vation of immediate-type hypersensitivity, the com-
ponents of cell immunity and macrophage system
(Table 3). In 24 hrs after the CCH, all the studied
indices were changed (except ILMR) if compared
with the control group; NSI, LSI and INLR re-
mained increased, LI, LGI, IA, IAG were decreased
the same as under anesthesia and CCH. In addi-
tion, ILER (activation of immediate-type hypersen-
sitivity) and the Kalf-Kalif index (enhancement
of endogenous intoxication) were increased (Table 3).

In the second series of experiments of the first
stage of our research, the leukocyte indices of rat
blood at the TH were studied. It was characteri-
zed by a sharp cooling of whole body surface, except
head. The immersion hypothermia is one of the
most dangerous types of natural hypothermia, whe-
reas, due to a high thermal capacity of water, the
process of heat release is significantly accelerated
and BT is decreased rapidly (in our experiments
BT is decreased down to 27°C within 5 min).

At the IH, unlike the CCH, the total number of
leukocytes was increased; the rate of band cells was
raised with a decrease of segmented neutrophils,

Ta6nuua 3. BnusiHue kpaHnouepebpanbHON 1 UMMEPCUOHHOWM rMMOTEPMUM Ha MHTerpasbHbie
newkouuTapHble nHaekcol y kpbic (M + SE)

Table 3. Effect of craniocerebral and immersion hypothermia on integral leukocyte indices in rats (M = SE)

Y crnoeuA aKkcnepumMeHTa
Experimental conditions
VIH,u(_eKCbl
Indices KoHTponb Hapkos Kuyr Hgge:; it; nr L‘Ieop(?:iezl;‘]'rq
Control Anesthesia CCH nocn IH nocn
In 24 hrs after CCH In 24 hrs after IH
MNHs? 0,06 + 0,0 0,15 + 0,02* 0,11 + 0,02* 0,11 + 0,02* 0,35 + 0,11*% 0,2 + 0,04*
”L'I/' 2,54 + 0,22 2,03 + 0,41 1,84 + 0,33* 1,22 + 0,21* 2,45 + 0,23 1,71 + 0,16*
i 0,13 + 0,02 0,19 + 0,06 0,2 + 0,04 1,21 + 0,53* 0,38 + 0,04* 0,6 + 0,17*
"I'_%’l-' 0,49 + 0,03 0,71 + 0,15* 0,94 + 0,12* 0,87 + 0,09* 0,49 + 0,05 0,66 + 0,07*
e 20,09 + 1,3 15,88 + 2,14* | 12,97 + 1,79* 12,1 + 1,29* 21,8 + 2,44 15,77 + 1,47*
WNCHN . . . »
INLR 0,43 + 0,04 0,63 + 0,11 0,79 + 0,12 0,82 + 0,09 0,43 + 0,03 0,62 + 0,07
vend 17,83 + 2,89 28,02 + 7,99 8,79 + 1,23* 35,49 + 6,13* 31,77 + 7,92% | 37,68 + 6,35%
ICHM 23,6 + 2,4 34,83 + 2,91% 24,15 + 2,62 50,5 + 5,87* 22,95 + 3,18 | 31,33 = 3,53*
INMR o x4 B3 E & o x4 P E S 9 E S 95 E 3
ncnm .
VR 54,2 + 1,9 59,17 + 4,15 41,83 + 6,91 53,5 + 2,45 53,47 + 6,41 56,5 + 3,57
'f':‘ 3,9 £ 0,45 2,93 + 0,35* 2,93 + 0,31* 2,51 + 0,33* 3,77 + 0,27 2,61 + 0,75*
‘l"AAGr 2,567 + 0,22 2,03 + 0,27* 1,91 + 0,27* 1,49 + 0,15* 3,29 + 0,34* 2,04 £ 0,21*
MpumeyaHune: *— pasnuuus CTaTUCTUYECKN 3HAYUMbI MO CPABHEHWIO C KOHTponeM, p < 0,05.
Note: *— differences are statistically significant if compared with the control, p < 0.05.
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[pu KUI' nabmromanu cXoAHbBIE C JAEHCTBHEM
Hapkoza usmenenuss MJIU (kpome JIM, UCHM u
NCJI3, xoTopble CHUKAIUCH MO CPAaBHEHUIO C KOH-
TPOJIGHON TPYIIIOH), YTO TIO3BOJHIO TaKXKE BBIS-
BHUTh WHTOKCHKAIIMIO, aKTUBAIUIO MTPOIIECCOB THITEP-
YyBCTBUTENBHOCTH 3aMEIJICHHOTO THIA, KOMIIOHEH-
TOB KIJIETOYHOTO HWMMYHHTETAa W MakpodaraibHOH
cuctemsl (tabm. 3). Yepe3 24 u mocie KL m3me-
HSJIUCh BCE HM3y4deHHBIC WHIACKCH (kpome MCJIM)
[0 CPaBHEHMIO ¢ KOHTpoabHOH rpymmoit; NAC, MCJII
u VUCHIJI ocraBanuch MOBBILIEHHBIMH, CHHUXKAJIUCH
JIW, JIT'Y, unaekchl aluiepru3alud U aJanTalud Kak
npu Hapkoze u KII. Kpome Toro, moBsimamuck
UCJID (akTuBamms HpoLECCOB THIIEPYyBCTBUTEIb-
HOCTH HEMEJUICHHOTO THna) u uHaekc Kanbd-Kanu-
(ha (ycuieHue SHIOTeHHOW NHTOKCUKAITHH) (Tao. 3).

Bo BrOpoii cepun mepBoro 3Tama pabOTHI H3Y-
YaJn JICHKOIIMTapHBIE MOKAa3aTedN KPOBH KpBIC MPH
HI, nns KOTOpod XapaKTepHO PEe3K0oe OXJIaKICHHUE
MMOBEPXHOCTH BCETO Teja, Kpome TOJOBBL. MMmep-
CHOHHAs TUTIOTEPMUS — OJTUH M3 HamOoJee OIMacHBIX
BHJIOB €CTECTBEHHON T'MIIOTEPMHUH, TOCKONBKY M3-3a
BBICOKOM TETJIOEMKOCTH BOJIbI 3HAUNUTEIIBHO YCKOPSI-
eTcs mpouecc oraauu temwia 1 TT cHukaeTcs oueHb
OBICTpO (B HaIMX 3KcriepuMenTax TT CHukalach 10
27°C B Te4eHUE 5 MUH).

[Ipu UI, B ornmume or KUI, moseimanocs 00-
1iee KOJIMYECTBO JICHKOIIUTOB; HAa JOHE YMEHBIICHHUS
YacTU CETMEHTOSICPHBIX HEUTPO(QUIIOB YBEINIHBA-
JIaCh JTOTIS MTATTOYKOSAEPHBIX KIIETOK, KOJTHYECTBO APY-
TUX THIIOB JICHKOITUTOB HE U3MEHSIIOCH (CM. Ta0I. 2).
B mone 3penns mosBISIINCH IOHBIE U TIA3MaTHYECKIe
xiretku (2:100), [IXD (2-6), y 9acTH JTEHKOIUTOB —
mnazMaTtusanus nurormnasMel. Uepes 24 u nocne UT
COXPAHSUIUCH JICUKOIIUTO3 U TOBBLIIICHHBIA YPOBEHb
MAJOYKOSIEPHBIX KJIETOK, HO YK€ Ha (oHe TuMdo-
uuronenuu (kak npu KU u gepe3 24 4 mocne KLII)
(cM. Tabm. 2). DTO MOXKET yKa3bIBaTh HAa UCTOIICHUE
pecypcoB KOCTHOTO MO3ra, UMMYHHBIE HapyIlIeHHS
M OTpaxxarb (U3NOJIOTHYECKHE M3MEHEHHS, CBA3aH-
HBIE C TIepeHanpspKeHueM M ctpeccoMm. Uepes 24 4
rocie MI' B Ma3kax KpOBH KPBIC TakXe HaOIromamn
I1X3 (1-3 B mone 3penus), mwiazmarndeckue (2:100)
Y I0HBIE KJIETKH, MUEIOIUTHI.

JluHamuka JnedKoIUTapHbIX HHAEKCOB mpu WD
Obuta omHoHanpasieHHoi: MAC (moutu B 6 pas),
JINN, NUCJI3 u UAT noBbIIIAINCH, OCTAJIbHBIC — HE
WM3MCHSUINCh, YTO YKa3bIBA€T HA YBEIWYCHHE IOIU
MOJIOJIBIX HEUTPO(UIOB, WHTOKCUKAIIUIO U aKTHBA-
LU0 PEaKIUHU TUNEPYYBCTBUTEIBHOCTH HEMEMJICH-
Horo tumna. Yepes 24 4 nocne UI' usmeHsmucey Bce
m3ydeHHsle HHAEeKCH, kpome MCJIM: JIN, JIT'U, nnH-
JEKChl aJUIePTU3alMU W aJalTaldd CHUXAIUCh Ha
(hoHE TTOBBIIICHUSI OCTAJIBHBIX HHIEKCOB, YTO CBHUJIE-
TEJIBCTBYET O MPeodalaHuy KIETOYHOTO 3BEHA FIM-
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the number of other types of leukocytes was not
changed (Table 2). Immature and plasmatic cells
(2:100), PCEs (2-6) appeared in the field of view,
and ‘plasmatization’ of cytoplasm was observed in
some leukocytes. In 24 hrs after IH, leukocytosis
and higher level of band cells remained, but during
lymphocytopenia (as at CCH and 24 hrs after CCH)
(Table 2). This may indicate a depletion of bone
marrow resources, immune disorders and reflect the
physiological changes associated with ‘overstrain’
and stress. In 24 hrs after the IH, PCEs (1-3 per
field of view), plasmatic (2:100) and immature cells
(myelocytes) were also observed in rat blood smears.

The dynamics of leukocyte indices at the IH was
unidirectional: NSI (almost in 6 times), LII, ILER
and IAG were increased, the rest were unchanged,
indicating an increase in immature neutrophils rate,
activation of immediate-type hypersensitivity. In
24 hrs after the IH, all the studied indices were
changed, except ILMR: LI, LGI; allergization and
adaptation indices were decreased on a background
of increasing other ones, indicating the predomi-
nance of cell immunity, cells of specific protec-
tion, components of macrophage system, intoxi-
cation, activation of delayed-type hypersensitivity as
well (Table 3).

Thus, the CCH was accompanied with leuko-
penia, and IH was done by leukocytosis; the increase
in band leukocytes rate and the appearance of
PCs and PCEs occurred in both types of hypo-
thermia, the ratio of the other types of leukocytes
changed in different directions; plasmatization of
cytoplasm in some leukocytes was observed only
at the [H. Under hypothermia, only NSI (increased)
was changed evenly, the responses of various compo-
nents of immune system during the IH were less
expressed if compared to the CCH (at the CCH
9 out of 11 index values were changed, at the
IH only 4 ones were changed) (Table 3). In 24 hrs
after hypothermia, on a background of decreasing
LI, LGI, and IA, the other indices increased, except
ILMR, which was unchanged. That means that the
intensity and direction of changes in the studied
indices depended to a certain extent on the type and
depth of hypothermia (BT reduction level).

The second stage of the research was to study
the effects of surface cold exposures of varying
intensity — RCEs and ECEs (Table 1), when BT was
not decreased below the lower limit of normal range
(37°C) for rats.

In the first series of experiments of the second
stage, the effect of the RCEs (5°C) and a frequency
close to the endogenous rhythms of the organism was
studied. Systemic endogenous rhythms contribute
to homeostatic regulation and stabilization of the
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MYHHOW CHUCTEMBI, KJIIETOK CIIEH(PUICCKON 3aIIUTHI,
KOMITOHCHTOB MaKpo(darajlbHOW CHCTEMBI, a TaKXke
00 MHTOKCHKAIINH, aKTUBAIIIH IIPOLIECCOB TUTICPUYB-
CTBUTEIHHOCTH 3aMeJIeHHOTO ThMa (Tab. 3).

Takum o6pazom, KII' compoBokmanacek Jeiko-
nenueit, a UI' — nelKouuTo30M; yBEJIUYECHHUE IOIU
MaJIOUYKOAJIEPHBIX JieHkonuToB M mosisieHue 1K u
[IXD mpoucxomuiao nmpu 060X BUIAAX THIIOTCPMHUH,
COOTHOIIIEHHWE OCTaJbHBIX THUIIOB JIEHKOIUTOB W3-
MEHSUJIOCh Pa3HOHANPABJICHHO; IIa3MaTU3aIUI0 I[H-
TOIUIa3Mbl y YacTH JICHKOIIUTOB HAOIIONAIH TOJb-
ko npu HWI. Ilpu rumorepmum OnHOHANPABIECHHO
m3MeHsics Toiabko MSC (moBblmancs), peakuuu
pa3IMYHBIX 3BEHBEB MMMYyHHON cucteMbl npu UIT
ObuTH MeHee BhIpakeHb! 1Mo cpaBHeHuto ¢ KT (mpu
KII" m3mensumnch 3HadeHus 9 mHmekcoB u3 11, mpu
NI — tonbko 4) (Tabm. 3). Uepes 24 1 mociie TuoTep-
mun Ha Gone camwkenus JIW, JI'N u A ocranbHbIe
WHJEKCHI TOoBBIIaNuCh, kpome MCJIM, xoTophrii He
m3mMeHsvics. CrienoBaTenbHO, WHTEHCHBHOCTh M Ha-
MPaBIEHHOCTh M3MEHEHHI HCCIIEAYEMBIX TOKa3aTe-
Jiel B ONpENeNICHHOW CTENEeHU 3aBHCENU OT BHIA U
DIyOuHBI TUTIOTepMuN (ypoBHs cHIKeHus: TT).

BropriM 3Tanom wuccienoBaHusi ObLIO U3yUYCHUE
3¢ PEKTOB MOBEPXHOCTHBIX XOJIIOJOBBIX BO3ICHCTBHMA
pasHoit nuaTeHcuBHOCTH — PXB 1 OXB (cMm. Tabm. 1),
korga TT Obuia He MeHbIE HIKHEW I'paHHLBI HOP-
M&lI (37°C) s KpEIC.

B nepBoil cepuu 3KCIIEpUMEHTOB BTOPOIrO ATara
mydamn nericteue PXB ¢ temmeparypoii 5°C u 4ga-
CTOTOM, ONM3KOW K SHIOTCHHBIM PHUTMaM OPTaHU3-
Ma. CrcreMo00pa3yroIiie YHIOTEHHBIE PUTMBI CIIO0-
COOCTBYIOT TOMEOCTAaTHYECKOW PErysiiud W CTa-
Omwmu3aiuu (QyHKIIMOHAIBHON aKTUBHOCTH CHCTEM
opranusmMa. lIpephIBUCTBIC PUTMUYECKUE pa3apa-
KEHHUS! aKTUBU3UPYIOT Hecnennduiyeckue MexaHu3-
MBI aJIalTallvK, a MPU HK30TEHHBIX TEPUOTUICCKIX
BO3IEHCTBUSAX, CKOPPEIUPOBAHHBIX C 3HIOTCHHBIMH
pUTMaMH OpraHW3Ma, WM HaBSI3BIBAHUM MCKYCCTBCH-
HBIX PE30HAHCHBIX PUTMOB MOXKHO JOCTHYb YIIPaB-
JIeHUs (PU3UOTOTHICCKUMH peakusiMu [19].

ITocne PXB (5°C) B KpoBH KpBIC OTMEYAJId CHU-
JKEHHE OOIIero KOJWYeCTBa JIEHKOLMUTOB M JIFM-
(doruToB Ha (OHE YBETWYCHUS IO MOHOIIUTOB,
TTaJIOYKO- ¥ CETMEHTOSIIEPHBIX KIETOK (Tadi. 4). Mo-
HOIIMUTHI MOTYT HAaXOAWUTHCS HE TOJHKO B KPOBH, HO
1 B TMM(ATHICCKUX y3JIaX, a TAK)KE B TKAHAX, B KO-
TOPBIX MIPOUCXOAUT UX TPAHCPOPMAIIUS B TUCTHOIIH-
Tbl. OCHOBHBIMHU (PYHKIIUSIMU MOHOIIMTOB SIBJISTFOTCS
3axBaT U 00€3BPEKMBAHHE UYKEPOIHBIX DJIEMEHTOB
B KpoBsHOM pycie. DaronurapHoe neiicTBue Mo-
HOIINTOB M CTUMYJSIUS MMH BBIPAOOTKH HHTEp-
(hepoHOB TMO3BOJSET MOAACPKUBATH UMMYHHYIO 3a-
muty. Cpazy mocine PXB ormewamm nosienenue 1K
(1:100), a Taxke yBemTWYCHHE KOJMYECTBA 3PEIBIX
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functional activity of the body systems. Intermittent
rhythmic stimulations activate nonspecific mecha-
nisms of adaptation, and during exogenous perio-
dic exposures correlated with endogenous rhythms
of the body, or stimulation of artificial resonant
rhythms, the control of physiological reactions can
be achieved [26].

After the RCEs (5°C) a decrease in the total num-
ber of leukocytes and lymphocytes was observed
in rat blood, on a background of increasing the
rate of monocytes, band and segmented cells
(Table 4). Monocytes can be found not only in
blood, but also in lymph nodes, as well as in the
tissues, wherein they are transformed into histiocy-
tes. Capture and decontamination of xenogenous
elements in bloodstream are the main functions
of monocytes. The phagocytic action of mono-
cytes and stimulation of the production of inter-
feron enable to maintain the immune protection.
Immediately after the RCEs there was observed
an appearance of PCs (1: 100), as well as an in-
crease in the number of mature forms with unchan-
ged NSI (0.06-0.08) (Tables 4 and 5), testifying to a
regenerative shift in leukocyte formula.

After the RCEs, there was an increase in LSI
and INLR together with decreasing in LI, LGI,
ILMR, allergization and adaptation indices (as at
the CCH), testifying to inflammation and disorde-
red immunoreactivity, a predominance of nonspe-
cific protective cells and cell immunity, increased
intoxication and activity of effector component
of immune system. Increasing tendency of ILER
indicates a possible activation of immediate-type
hypersensitivity, but in this case the animals can be
divided into two subgroups: control and the one of
high values of this index (Table 5).

Repeated short-term exposures of exogenous
factors of moderate strength in a certain controlled
regimen may activate the stress-limiting and sa-
nogenic systems. Obviously, the RCEs both due to
its thythmic components and cold factor and con-
vection (air flow), contribute to alteration of the
functional systems activity of the body by cold
stimulation (hormesis) observed after the RCEs
(5°C) previously [29], the effect of which is asso-
ciated with an adaptation level of the organism.

Selectins and integrins are located on the surface
of neutrophilic leukocytes. Neutrophils secrete a
number of cytokines and colony-stimulating fac-
tors, providing their functional activity, interaction
with endothelial cells, subsequent migration out
of the bloodstream into tissues, and also deter-
mines the effects of neutrophils on the effector
functions of other cells of organism [1, 8, 21]. In
addition, specific neutrophil granules contain more
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¢bopm mnpu HeusmeHeHHoM USAC
(0,06-0,08) (Tabmn. 4 u 5), 4o CBU-
JIETEIbCTBYET O PEereHepaTUBHOM
CIBUTE JICHKOIUTAPHON (POPMYITEL.

ITocne PXB oTMeueHO MOBBI-

Tabnuua 4. BnusiHne noBepxHOCTHbIX puTMuydeckux (5°C) 1 akcTpemarnbHbIX
(=120°C) xonoaoBbIX BO3AENCTBUIA HA COOTHOLLEHUE TUMNOB NENKOLMTOB

B KpoBW KpbiC (M + SE)

Table 4. Effect of surface rhythmic (5°C) and extreme (-120°C) cold
exposures on the ratio of leukocyte types in rat blood (M + SE)

menne MICJI u UCHIJI na done Y CnoBuA aKcrepumenTa
camkerns JIW. JITU. UCJIM. wH- Experimental conditions
i i ’ Moka3zatenu
JICKCOB aJIJICPrU3al[iK U aJanTalil Indices Uepes 24 u
(ka1 npi KILIT), u10 cauzerens- fgrpors | x| X8| oo X
CTBYET O BOCIAJIHUTEILHOM IIPOLIEC- after ECEs
Ce M HapymICHHH HMMYHOpeaKk- .
Liee Konm4yecTtso, X n * *
THUBHOCTH, NPeoOIaJaHiu KIETOK Total number, x 1071 65+009 |472+011%) 66=01 | 542x07
Hecnenu(pUUECKON 3aIUThl U KJTe-
o ManoukoAnepHble
TOYHOTO 3BEHA WMMYHHOH CcHCTe- neikoLmMTbI, % 1,93 £ 0,42 | 2,9 +0,38* | 2,0+06 | 3,1 0,3*
0y
MBI, [IOBBIIICHUNA UHTOKCUKALIUA U Band leukocytes, %
CerMeHTOHﬂeprle
akTUBHOCTU 3()(HEKTOpHOro 3BEHA ettty 27074 163 | 347 5 218 | 300 5 2.3 | 32.6 4 2.6+
UMMyHUTETa. TeHJACHIUSA K YBEJIU- Segmented nuclear e e e e
leukocytes, %
genuio MCJID yka3pBaeT Ha BO3-
MOXKHYIO aKTHBAIMIO IPOILIECCOB S‘#ﬁggcg‘s . 65,53 + 1,34 | 57,7 + 2,37* | 55,3 + 1,2* | 52,4 + 3,9*
THIICPYYBCTBUTEIBHOCTH HEMEJICH-
HOTO TI/IHa, HO B 3TOM C.quae KH- JosuHodunsl, % *
BOTHBIX MOXKHO Pa3leuTh Ha JBE Bosinophils, % 3032072 | 312062 | 28210 ) 8319
I IIIIBL: KOHTDPOJIBHBIMUA U
oy © KOMIPO Morounsl, % 1,27+ 0,2 | 2,0 +0,21% 1,0£0 | 2,4 +04*
BBICOKHMMHU 3HAYEHUSIMHU 3TOTO HH- Monocytes, % 27 £ 0, 0 =0, 0+ 4 =0,

nekca (taom. 5).

[ToBTOpHBIE KpPaTKOBPEMECHHEIC
BO3/ICHCTBUSI 3K30TCHHBIX (PaKTO-
pOB yYMEPEHHOH CHJIBI B OIlpese-
JIEHHOM KOHTPOJMPYEMOM DPEKHUME
MOTYT aKTHBHU3HPOBATH CTPECC-IIU-
MUTHPYIOIIAE U CaHOTCHHBIC CHCTeMBbl. OYeBHIHO,
PXB kak 3a cueT CBOMX PUTMUYECKHX COCTaBIIs-
IOIUX, TAK U XOJIOIOBOTO (DaKTopa W SBJICHUS KOH-
BEKLUH (TIOTOK BO3yXa), CIIOCOOCTBYIOT IIEPECTPOM-
K€ aKTUBHOCTH 33/IEHCTBOBAHHBIX ()YHKIIMOHAITBHBIX
CHUCTEM OpraHu3Ma IO THUIy XOJIOMOBOTO BO30YXK-
neHus (ropmesuca), ormedeHHoro mocie PXB (5°C)
[21], o pexT KOTOPOTO CBA3BIBAIOT C YPOBHEM ajari-
Taluy OpTaHu3Ma.

Ha moBepxHOCTH HEHTPO(WMILHBIX JICHKOITUTOB
PaCTIONIOKEHBI CEICKTHHBI M HWHTErpuHbL. HeiTpo-
(Wbl CEKPEeTUPYIOT PSIl IUTOKWHOB M KOJIOHHE-
CTUMYIUPYIOMHUX (AKTOPOB, YTO OOCCIIECUMBACT HMX
(OYHKIIMOHAJIEHYIO aKTHBHOCTh, B3aUMOJICHCTBHE C
SH/IOTEIUANBHBIMA KJIETKAMHU, MOCICAYIONIYI0 MH-
Tpalyio U3 KPOBSHOTO pycia B TKaHH, a TaKXKE OIl-
penenser BIUsHUE HeUTpodmioB Ha dhdeKTopHBIC
(dbyHKIIMU OpyTHX KJIETOK opranusma [1, 6, 14]. Kpo-
M€ TOro, CIenududecKue TpaHyibl HEHTpodHUiIoB
coaepxkar 6ojee 20 IPOTEONUTHICCKUX (EPMEHTOB
(B ToM umcie OONBIIOE KOJUYECTBO 3JIAcTasbl, ak-
THBAIUS KOTOPOW MOXKET MPHUBOAUTH K JECTPYKIIHH
TKaHeil B ouare BocmaieHus). [lockombKy oXjax-
JICHHE COMPOBOXKJACTCS PA3BUTHEM OKCHIAATUBHOTO
cTpecca [25, 35], mpoUCXOMAT aKTUBALUsl HEUTPO-

nem, p <0,05.

p <0.05.
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MpumeyaHue: *— pas3nnyna ctTatTucTu4eCckmn 3aHa4Mmbl NO CPaBHEHUIO C KOHTPO-

Note: *— differences are statistically significant if compared with the control,

than 20 proteolytic enzymes (including a large
amount of elastase, activation of which can lead
to tissue destruction in the focus of inflammation).
Whereas cooling is accompanied by the develop-
ment of oxidative stress [2, 34], there are neutro-
phils’ activation and the release of proteinases, i. e.
there is a systemic response to stress, as evidenced
by the previously obtained data on the rapid activa-
tion of elastases after the RCEs (5°C) [29].

In the next series of the second stage of the re-
search, the response of the leukocyte component of
rat blood to the action of extremely low temperatu-
res (—120°C), i. e. the ECEs, was studied (Table 1).
Recently, the whole-body cryostimulation within the
range of —60...—160°C has been used in sports and
rehabilitation medicine, to activate sanogenesis and
restore the balance in human body, and also to treat
some diseases [7, 11, 13, 19, 32], but the use of
cryostimulation, according to G. Lombardi et al. [19],
is not always scientifically substantiated and safe.

Immediately after the ECEs (—120°C), the total
number of leukocytes was not changed in rat blood
smears, the rate of segmented cells increased and
lymphocyte rate decreased, the number of other
types of leukocytes remained at the control level
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Tabnuua 5. BnusiHue noBepxHOCTHbIX puTMudeckux (5°C) n akctpemanbHbix (—120°C) xonoaoBbIX BO3AENCTBUN Ha
WHTerpanbHble nenkouuTapHble MHAeKChl Y Kpbic (M + SE)

Table 5. Effect of surface rhythmic (5°C) and extreme (-120°C) cold exposures on integral leukocyte indices
in rats (M £ SE)

Y cnoeuA aKkcnepumMeHTa
Experimental conditions
NHpekcbl
Indices
KoHTponb PXB 3XB Yepes 24 4 nocne IXB
Control RCEs ECEs In 24 hrs after ECEs

uAc .
o 0,06+0,0 0,09+0,02 0,08+0,02 0,17+0,02
T 2,54+0,22 1,78 +0,24* 1,36+0,26* 1,61+0,29*
nu

Ul 0,13+0,02 0,2+0,05 0,23+0,09 0,11+0,04
ucn . . .
S 0,49+0,03 0,7+0,08 0,78+0,04 0,85+0,11
v . . .
N 20,09+1,3 14,99+ 1,31 12,66+0,59 13,37+2,5
N 0,43+0,04 3,62+0,38% 0,74+0,05* 0,73+0,09*
vend 17,83+2,89 24,84+5,12 25,88+11,33 16,62+ 6,36
vicHM 23,6+2,4 21,15+2,86 41,0+2,12% 19,44 + 4,54
i 54,2+1,9 33,15+4,56% 55,25+1,18 20,2+6,16*

lfAA 3,9+0,45 2,47+0,2* 2,26+0,38* 3,93+0,48
MAT 2,567+0,22 1,76+0,21* 1,43+0,29* 1,77 £0,32*
IAG 5720, 7620, 4320, 770,

MpumeyaHue: *— pasnuuns CTaTUCTUYECKM 3HAYUMbI NO CPABHEHUIO C KOHTponewMm, p < 0,05.
Note: *— differences are statistically significant if compared with the control, p < 0.05.

(huIoB M BBICBOOOXKIIEHNE MPOTEHHA3, T. €. MPOSB-
JsieTCsl CUCTEMHasi peakius Ha CTpecc, MOJATBEPK-
JICHHEM Yero MOTYT CIIYXXUTh TIOJyYeHHBIC pa-
Hee JaHHbIe O Pe3KoM akTuBaluu sacra3 npu PXB
(5°C) [21].

B cnenyromieil cepun BTOpPOro 3Tama HCCIeI0Ba-
HUH W3ydYajdd OTBETHYIO PEaKIHUI0 JICHKOIUTApHO-
TO 3BCHAa KPOBU KPBHIC Ha JCHCTBHE JKCTPEMAaTbHO
Hu3kux Temmeparyp (—120°C) — 9XB (cm. Tabm. 1).
B mocnenHue Tonpl KPHOCTUMYIISALMS BCETO Tela
(whole-body cryostimulation) B nuamasone —60...
—160°C mpuMeHsIeTCS B CIOPTHBHOH M BOCCTaHO-
BUTEIFHON MENUIIMHE, JJIS aKTHBAIlUM CaHOTCHEe3a
W BOCCTAHOBJICHUsI OallaHca B OPTaHM3ME YeJIOBeKa,
a TakKe I JIeYeHHs psiga 3aboneBaHuid [27-29,
31, 33], HO HCHOIB30BaHUE KPHUOCTUMYJISAIUH, IO
mHenuto G. Lombardi u coasr. [31], He Bcerna Hayu-
HO 000CcHOBaHO U O€30IacHO.

Cpazy nocne 9XB (—120°C) B Ma3kax KpOBH KpbIC
o0Iee KOJIMYECTBO JICWKOLMTOB HE HM3MEHSIIOCH,
YBEIIMYMBAJIACH JIOJSI CETMEHTOSICPHBIX KIETOK W
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(Table 4). As noted above, an increase in segmen-
ted neutrophils rate associated with lymphopenia
may be associated with ‘overstrain’ of the involved
functional systems and stress. Lymphopenia can
be caused by physiological responses to a cold ac-
tion, directed to increasing the functional activity
of leukocytes and their destruction, as well as redu-
cing their pool due to migration into tissues and
decreasing formation of leukocytes. In 24 hrs after
the ECEs, the total number of leukocytes and lym-
phocytes was decreased, the ratio of remaining cell
types, especially eosinophils was increased (more
than twice) (Table 4).

The reasons of increase in eosinophils level
in blood are determined by the allergic readiness
of the body, the combined increase in eosinophils
and monocytes can be observed during infections
[1, 8]. Various scholars reported [18, 33, 35] that
after whole body cryostimulation in healthy men
(athletes and military men), the total number of
leukocytes, the rates of granulocytes and lymphocy-
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CHIKAJIaCh A0JIs JIMM(OILUTOB, KOMUIECTBO OCTAJIb-
HBIX THUIOB JICHKOIIMTOB OCTaBalIOCh Ha YPOBHE
koHTpons (cM. Tabn. 4). Kak oTmeueHo Bblle, yBe-
JUYEHNE JOJIM CETMEHTOSIEPHBIX HEUpOTpOo(HIOB
Ha (hoHE NUMQOIICHNH MOXKET OBITH CBS3aHO C IIe-
peHanpsHkeHneM 3a7IeiCTBOBAaHHBIX  (PYHKITMOHATb-
HBIX CHCTEM U cTpeccoM. JIumborneHuss MoxeT 00-
YCIIaBIMBAThCSA (PU3MONOTHYECKUMHU PEaKIUsIMH B
OTBET Ha JEHCTBHE XOJOAA, HAIMpPaBIECHHBIMH Ha
MOBBIILICHHE (YHKIIMOHAIBLHON aKTUBHOCTH JIEHKO-
LUTOB M WX pa3pylLICHUE, a TaKKe CHIKEHHUEM HX
MyJa 3a CYeT MUTPAllMM B TKAHW U YMEHBIICHUsS 00-
pazoBanusa neikonuToB. Yepes 24 u mocie OXB
o0Iee KOJMUYECTBO JICHKOIMTOB CHHXKAOCh, KaK H
TUMQOIMTOB, OJsI OCTAJbHBIX THUIOB KJIETOK IIO-
BBIIIIAJIaCh, OCOOCHHO 303MHOGUIOB (0ojice YeM B
2 paza) (cM. Ta6m. 4). [IpUauHBI TOBBITICHAS YPOBHS
303MHO(UIIOB B KPOBH OIPENEISIOTCS ajuIeprudec-
KOW TOTOBHOCTBIO OpPraHM3Ma, COYETAHHOE YBEJH-
YeHre DO3MHO(MIOB W MOHOIIUTOB MOXET Hal-
JOAAThCS TPH MHPEKIMOHHKIX Tporeccax [1, 6].

Ilo nmamHbBIM aApyrux wuccinemoBarenei [30, 34,
36] mocne oOmIEH KPUOCTUMYISLHH Y 3AOPOBBIX
MYX4YHUH (CIIOPTCMEHBI U BOEHHBIE) oOliee Koluye-
CTBO JICHKOLIMTOB, JOJU TPAHYJIOLUUTOB M JUM(O-
LUTOB HM3MEHSIOTCS Pa3sHOHANPABICHHO U 3aBUCST
OT KOJMYECTBA BO3ACHCTBUH, MHINBUIYaTbHBIX aH-
TPOTIOJIOTUYECKUX TApaMeTPOB M BBIHOCIUBOCTH
yenoBeka. [Ipu 3ToM, HECMOTpS Ha YBEIWYCHHE HX
KOJTMYECTBA, JICHKOIUTHI BCETa OCTAIOTCS B Mpere-
7ax (QHU3NOIOTHYECKOTO JHara3oHa, BO3MOXKHBIMH
MPUYUHAMH ITOTO SIBJISIOTCS MOOWIIH3AIMS JIEHKO-
[IMTOB W3 KOCTHOTO MO3ra M WX MHUTpAIUS U3 TKa-
HEH pe3uICHTHBIX OPTaHOB, XOTS OOBSICHEHUS 3TOMY
¢enomeny Her [31]. Ilpenmnonararor, 4rto yBenHuue-
HUE MyJa UUPKYIUPYIOUIMX HEUTPOPHUIOB CTUMY-
JUpYeT aHTMOTEeHE3 Yepe3 HKCIPECCHIo Gpakropa poc-
ta supotenus cocynoB (VEGF) wu, ciemosarensHo,
yiyqiaeT nep@y3Hio 1 BOCCTAHOBIICHUE TKaHei [32].

Huaamuka MJIN npu 9XB (—120°C) B ocHOBHOM
Ob1a cxomHoM ¢ meficrBueMm PXB, kpome NCJIM (me
mmMeHsuics) 1 UCHM (mmoBbITIIascs), 9To yKasbIBaeT
elle W Ha aKTHBAIMIO MakpoQaraibHOW CHCTEMBI.
Uepes 24 1 nociae OXB USC noseimacst (1outy B
TPU pasa) MO CPAaBHEHHUIO ¢ KOHTPOJILHOM TPYTIIOH,
JIW, JITU, UCJIM u UAD cHmxamuch (Kak U TpH
PXB), UA ne uszmensuics (tabm. 5).

Takum o0Opazom, cpaBHeHHE S((PEKTOB MOBEPX-
HOCTHBIX putMuueckux (5°C) M 3KCTpeMalbHBIX
(=120°C) xomonoBbIX BO3IEHCTBUN pa3HON HHTEH-
CHUBHOCTU mToKa3ano, uro PXB BbI3bIBanu OnHOHA-
MpaBlieHHBIE, HO 00Jiee BhIpaXKEHHBIE 110 CPABHEHHUIO
¢ OXB u mpakTHYEeCKH CXOMHBIE IO CPaBHEHHUIO C
rpynmoit gepe3 24 4 nociae OXB m3menenus. Cie-
IyeT OTMETHTh 3HaunTeiabHoe moBbimenue MCHJI
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tes varied differently and depended on the number
of exposures, individual anthropological parame-
ters and human endurance. Herewith, despite the
increase in the leukocyte number, the latter always
remain within the physiological range, likely due
to a mobilization of leukocytes from the bone
marrow and their migration from the tissues of
resident organs, although there is no explanation
for this phenomenon [19]. It has been suggested
that an increase in the pool of circulating neutro-
phils stimulated angiogenesis through the expres-
sion of vascular endothelial growth factor (VEGF)
and, therefore, improved tissue perfusion and rege-
neration [27].

The dynamics of ILI after the ECEs (-120°C) was
mainly similar to the action of the RCEs, except for
ILMR (unchanged) and INMR (increased), that also
indicated the activation of macrophage system. In
24 hrs after the ECEs, the NSI was increased (al-
most in three times) if compared to the control group,
LI, LGI, ILMR and IAG were decreased (as after
RCEs), the 1A was unchanged (Table 5).

Thus, a comparison of the effects of surface
rhythmic (5°C) and extreme (—120°C) cold exposures
of different intensity showed that the RCEs resulted
in unidirectional changes, being more expressed
if compared with the ECEs and quite similar if
compared with the group 24 hrs after ECEs. It was
found a significant increase in INLR (almost in
eight times) after the RCEs and nearly two-fold
increase in eosinophils’ number 24 hrs after the ECEs
(Tables 4 and 5).

Analysis of ILI changes during general cold
injury [25] testifies to development of an expressed
general inflammatory response in human orga-
nism and a significant intoxication in the early
period after cooling. In the study of skin area after
deep general hypothermia, O.D. Myadelets and
A.F. Sukhanov [23] showed activation of neutro-
philic leukocytes and macrophages, indicating an
increase of dermal protective properties.

A group of the researchers headed by L.H. Gar-
kavi [9] found that organism react to absolutely
any effect with three adaptive responses (training,
‘quiet’ activation and ‘heightened’ activation), as
well as the stress response that occurs only if the
organism can not implement the first three ones.
Training is characterized with the level of lympho-
cytes, corresponding to the lower norm limit; du-
ring ‘quiet’ activation response, it reaches the upper
norm limit; during the ‘heightened’ activation
response an increase in lymphocytes’ number is
observed together with decreasing the rate of seg-
mented cells. These responses should be caused by
weak influences, because high exposures can lead
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(moutn B 8 pa3) mpu PXB u mouytu nBykpatrHOE yBe-
JIMYCHUE KOJTUYeCTBa 303MHO(HIIOB Yepe3 24 9 moc-
ne OXB (cm. Tabm. 4 u 5).

Anamz m3menenunit UJIW mipu o0rme#t XomomoBoi
TpaBMe [18] (25) cBUAETETLCTBYET O Pa3BUTHH BBI-
paXeHHOW 0OIIell BOCIATUTEIBHON PEakIud B Op-
raHu3Me JIIOACH M 3HAYUTEIBHONM WHTOKCUKALUU
y)XKe B paHHHE CPOKH Iocie oxjaxaeHus. [Ipu uc-
CIIEIOBAaHUH yYacTKa KOXKH IOCTIe TTyOOKOW OOIIei
runorepmuu O.J1. Msinenen u A.®. Cyxanos [16] ot-
MEYAIOT aKTHBALUI0 HEHUTPOPUIBLHBIX JIEHKOIIUTOB
1 Makpo(aroB, 4TO yKa3bIBACT HA IIOBBIIICHHUE 3a-
IIUTHBIX CBOWCTB KOXH.

I'pynmoit uccnemoBareneil moj PyKOBOIACTBOM
JIL.X. T'apkaBu [4] yCTaHOBIEHO, YTO OpraHMU3M Ha
a0COIOTHO JTI000€ BO3ICHCTBHE OTBEYAET TPEMsI
aJaNTUBHBIMUA DPEaKIUSIMH (TPEHUPOBKH, CIIOKOMH-
HOHM aKTWBAIlMW W TIOBBINICHHON aKTHUBAIlUN), a TaK-
K€ peakiuen crpecca, BOSHUKAIOIIEH TOJBKO B TOM
cllydae, €Clli OpraHh3Ma He MOXET peajn30BaTh
nepBble Tpu. [ peakiiy TPeHUPOBKHU XapaKTepeH
YPOBEHb JUM(OIMTOB, COOTBETCTBYIOIIMI HUXKHE-
My TIpeAeNy HOPMBI, TP PEaKIMH CIIOKOWHOW aK-
THUBallUU OH JIOCTUTAET BEPXHEH TpaHUIIBI HOPMBI;
MPU PEaKIMY MOBBIIICHHON aKTHBAIUK HAOIIOIACT-
Csl YBEIIMYCHHUE KOJMUYECTBa JTUMQOIUTOB Ha (oHE
YMEHBIIICHUS JIOJIM CETMEHTOSACPHBIX KieToK. Ta-
KHE pEaKIMH JIOJDKHBI OBITh BBI3BaHBI CIIA0BIMU
BO3ZCUCTBUSAMHU, MHA4e OHU NPUOOPETAIOT YepTHI
HaNpsHKEHHOCTH W MOTYT TPUBOJHWTH K PA3BUTHIO
MATOJIOTUH, XOTS MHOTHE TIPOLECCHl aJamnTaIluH,
MPOTEKAIOIINE C HAMpsHKEHWEM WU BO3MOXKHBIM HC-
TOIIEHUEM BOBJIEYEHHBIX (PYHKIIMOHAIBHBIX CHC-
TEM, TIPH OTPEICIICHHBIX YCIOBUSIX MOTYT CTaTh TPe-
HUpyIOmMMH [4].

Tak, npuMeHenne ymepeHHoro pexuma KII' B
HaIlUX SKCIEPUMEHTax CHocoOCTBOBaIO (HOpMU-
POBaHUIO y KPBIC OHON M3 TPEX aJalTHBHBIX peak-
LUH — peakMd TPEHUPOBKHU. Takoil pe3ynsrar ere
pa3 TMOATBEp)KIAaeT IONydeHHBIE paHee IaHHBIE O
MOBBIIIEHUH XOJIOOBOM YCTOWYMBOCTH OpraHuh3Ma
nocie ymepennoro pexuma KL [9]. TTocme UL ¢
OOJIBIION JOJIEH BEPOSTHOCTH MOXKHO TOBOPHUTH O
(hopMHUpOBaHUN PEAKINHU CIIOKOWHOW aKTHBAITHH
(cm. Tabm. 2 u 3).

Takum 00pa3oM, OTBETHasl PEakiusi TOMOMOTEp-
MHOTO OpPraHM3Ma Ha BIUSHHE XOJOJ0BOTO (hakTopa
B HEKOTOPOW CTEMEHU 3aBUCUT OT MHTCHCUBHOCTH,
JUIMTEIbHOCTH, KPaTHOCTU BO3JACHCTBUSA U CTeIe-
Hu cHmwkeHust TT, a Takke BpeMEHH, MPOIICIIIETO
C MOMEHTa Bo3AeHCTBHA (depe3 24 4 mocie OXjiax-
nenust). CpaBHUTEIBHBIN aHAIM3 COCTOSTHMSI JICHKO-
LMTApPHOTO 3BE€HAa KPOBHW KPBHIC W 3HAYCHHWI HHTET-
PaANbHBIX JEWKOIMTAPHBIX HHJEKCOB ITOKA3aj, YTO
MIPUMEHSAEMbIE PEXXUMbI TUIIOTEPMUN M XOJOHOBBIX
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to the development of pathology, although many
adaptation processes accompanied with stress and
possible exhaustion of involved functional systems
become training, under certain conditions [8].

For example, the use of moderate regimen of the
CCH in our experiments contributed to the formation
in rats of one of the three adaptive responses, a
training one. This result confirms once more the
previously obtained data on the increase in the
body’s cold resistance after a moderate regimen of
the CCH [14]. After the IH, it is more likely that
we can talk about the formation of a ‘quiet’ acti-
vation response (Tables 2 and 3).

Thus, the response of homoiothermal organism
on the effect of cold factor to some extent depends
on the intensity, duration, frequency of exposure
and the degree of BT decrease, as well as the time
after exposure (24 hrs after cooling). A comparative
analysis of the state of rat blood leukocytes and the
values of leukocyte integral indices showed that
the used hypothermia and cold exposure regimens
(Table 1) changed the total number and quantita-
tive-qualitative ratio of leukocyte types, and also,
according to ILI dynamics, they activated certain
components of immune system (Tables 2-5).

During excessive or insufficient activation of
the mechanisms responsible for the development of
stress, the resistance of organism may be decreased,
especially when the stimulus action is not only
excessive, but prolonged and continuous. Adaptation
mechanisms and homeostasis preservation can be
significantly decreased or even not be implemented
under these conditions [9]. We suggested that the
leukocytosis with a regenerative shift (at the IH and
24 hrs after CCH and IH), the appearance of plas-
matic cells (after RCEs, immediately and 24 hrs
after the IH and CCH), immature and blast cells,
as well as polychromatophilic erythrocytes (imme-
diately and in 24 hrs after the IH and CCH), efc.
could also testify to the start or implementation of
adaptive responses when cooling.

Conclusions

A comparison of the effects of the craniocereb-
ral (32°C) and immersion (27°C) hypothermia, as
well as surface rhythmic (5°C) and extreme (—120°C)
cold exposures (without BT changes) enabled to
reveal the similarities and differences in dynamics
of leukocyte indices of rat blood.

There were observed leukocytosis (at the IH and
24 hrs after CCH and IH) and leukopenia (at the
CCH, RCEs and 24 hrs after ECEs) together with
decreasing lymphocytes rate (it was not changed
at the IH), an increase in the number of band (un-
der all the conditions except the ECEs) and seg-
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BO3MIeHCTBUH (CM. TaONI. 1) M3MEHSIOT oOlee KOIU-
YECTBO M KOJIMYCCTBECHHO-KAYECTBEHHOE COOTHOIIIC-
HUE TUTIOB JICHKOIIUTOB, a TaKXKe, [0 JAHHBIM JTUHA-
muku MJIN, akTUBUPYIOT OINpPE/IETIEHHBIE 3BEHbSI UM~
MYHHOM CHCTEMEI (CM. Tabi. 2-5).

IIpr M30BITOYHON WM HEJOCTAaTOYHOW aKTHBAIHH
MEXaHW3MOB, OTBETCTBEHHBIX 32 Pa3BUTHE CTpecca,
MOXKET CHIDKAThCSl YCTOMYMBOCTH OpPTaHM3Ma, OCO-
OEHHO eciH ACWCTBUE pa3fpakKUTENsl ABISETCS HE
TOJILKO YPE3MEPHBIM, HO JUTUTEIHHBIM U HEIPEPHIB-
HbIM. B 3THX yCJIOBHSX MOTYT 3HAYUTEIHHO CHH-
KaThCs WIH JIJAXKE HE PeaTn30BbIBATHCS Al TalOH-
Hble MEXaHW3MBI U COXpaHeHHe romeoctasza [4]. Ml
MIPETIONIOMKIIIN, YTO O 3alyCKe MM pPeayM3alliy ajar-
TAI[MOHHBIX PEaKIUH MPU OXJIKICHUH MOTYT TaKkKe
CBHUJICTEIILCTBOBATH, B YACTHOCTH JICHKOITUTO3 Ha (ho-
He pereHeparuBHoro ciasura (npu M u gepe3 24 4
nocie KHI™ u UT'), mosiBieHre mia3MaTHaecKux Kire-
ToK (mocme PXB, cpa3y u gepes 24 4 nocie UI' u
KIII'), ToHBIX 1 OACTHBIX KJIETOK, a TAKKE XPOMaTo-
(DUITBHBIX IPUTPOIUTOB (Cpasy | depe3 24 9 mocie
UI' u KUI) u mp.

BrIBOABI

Cpaeuenre >(hdextoB kpanuorepedpabHoii (32°C)
u uMMepcuonHol (27°C) THnoTepMuH, a Takxke Mo-
BEPXHOCTHBIX pUTMUUecKUX (5°C) 1 3KCTpeMalIbHBIX
(=120°C) x0y1010BBIX BO3ICHCTBHH (0€3 M3MEHEHUs
TT) mo3BONMUIIO BRISIBUTH CXOJCTBA M PA3INYUs B JH-
HaMUKe JIEHKOIMTAPHBIX MOKa3aTesiel KpOBU KpPbIC.

OtMmevanu netikoruto3 (pu UIT m depes 24 q
nmocie KII' u UI') u nefikonernro (pu KT, PXB
u depe3 24 1 mocne OXB); Ha GoHE YMEHBIIICHUS
nonu nuMmdountoB (nmpu Ul He m3MeHsnach) Ha-
Onrofany yBeJIMYeHHE KOJIMYECTBA MAIOYKO- (IIpH
BCEX COCTOAHUSX, Kpome DXB) u cermeHTOs 1 pHBIX
kietok (kpome UI'), a Takke 303MHO(PUIIOB (TOIBKO
npu KUTI" 1 uepes 24 1 nocne 9XB). B ma3kax kpo-
BU OBUTH BBISIBJICHBI TNIA3MaTHUECKUE KIETKH (KpoMe
rpynn ¢ 9XB), momuxpoMaToQHIIEHBIE 3PUTPOITUTH
1 He3penbie GOpMBI JISHKOMTOB (TOHEIE, OIaCTHEIE,
MHEJIONHTHI) (Cpa3y u uepe3 24 9 mocie 060uX BUIOB
TUIIOTEPMUH ), TUIA3MATH3AIMS [IUTOTUIa3Mbl Y 9acTH
KieTok (depes 24 1 mocire KIII u UI).

Pacder uHTErpanbHbIX JIEUKOUUTAPHBIX HHIEK-
COB TIO3BOJIWJI BBISIBUTH CIIEAYIOLINE W3MCHEHUS aK-
TUBHOCTH OTIENBHBIX 3BEHBEB MMMYHHOW CHCTe-
MBI: Mpeo0iaJaHie KIETOYHOTO 3BeHa MMMYHHTETa
(mpu Bcex coctostHUsX, Kpome HMI); moBBILICHHBIH
ypoBeHb nHTOKcHKauuu (npu WUI" u uepes 24 1 noc-
Jie 000MX BHJIOB TMIIOTEPMMUH); aKTUBALHMS BOCIIAIIU-
TEJIBHOTO TIpoIlecca; HapylIIeHHEe WMMYHOPEaKTHB-
HOCTH W TIpeoONaaHne KJICTOK HecrenudmaecKkoi
3amuTH (BO BCex Tpymmax, kpome MI'); akTuBarms
MakpodaranpHOl cucteMbl (pu IXB u gepes 24 4
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mented cells (except the IH), as well as eosinophils
(only at the CCH and 24 hrs after ECEs). Plas-
matic cells (excluding groups with the ECEs), poly-
chromatophilic erythrocytes and immature leuko-
cytes (young, blast, myelocytes) (immediately and
24 hrs after both types of hypothermia), cytoplasm
plasmatization in some cells (in 24 hrs after the
CCH and IH) were found in blood smears.

The calculation of integral leukocyte indices al-
lowed to find the following changes in the activity
of some components of immune system: the predo-
minance of cell immunity (under all the conditions
except the TH); increased intoxication level (at the
IH and 24 hrs after both types of hypothermia); ac-
tivation of inflammation, disorder of immunore-
activity and predominance of nonspecific protective
cells (in all the groups except the IH); activation of
macrophage system (at the ECEs and 24 hrs after
hypothermia), immediate-type hypersensitivity (at
all the stages, except the CCH, and 24 hrs after
ECEs) and effector component of immunity (at
the ECEs, RCEs and 24 hrs after ECEs); reduction
of allergization degree in all the groups, except at
the IH (there was an increase of allergization index
and 24 hrs after the ECEs it was unchanged). An
increase in the level of adaptive capabilities was
observed only at the IH as well as prevalence of
immature neutrophils in all the groups, except those
with the RCEs.
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U BO Bcex rpymmax (kpome MI' — moBeImieHHE U
gepe3 24 1 nmociie 9XB — 6e3 usmenenus). OTmede-
HO TIOBBIIIEHNE YPOBHS aJalTHBHBIX BO3MOXKHOCTEH
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