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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

Pedepar: CpaBHMTENbHBIN aHann3 KonMyecTBa TUMNOB NEWKOLMTOB B Ma3kax KpPOBM KpbIiC Npu KpaHuouepebpanbHon (KL
32°C) n nmmepcumoHHon (UM 27°C) runoTepmun, NoBepxHOCTHbIX putmudecknx (PXB 5°C) n akctpemansHbix (3XB —120°C)
XONOAOBbIX BO3AENCTBUAX, a Takke 4yepesd 24 4 BbigBMN nenkoumntos (npu Ul n yepes 24 4 nocne KUl n UI), nenkonexuto
(npn KUT, PXB n yepes 24 4 nocne 3XB), numdoneHunto, yBenmyeHne nanovyko- 1 CErMeHTOAAepHbIX KNeToK (Mpu BCeX COo-
cTtosHuax, kpome UIM) n ao3nHodunos (tonbko npu KU n 24 4 3XB). Habnioganu nnasmatunyeckve knetku (kpome IXB),
nonuxpomMmartodunbHble U Hedpenblie KneTkn (cpasy u vepesd 24 4 nocne KUl v WUIM), nnasmaTtusauyuio untonnasmbel y 4acTu
nevikountoB (4epes 24 4 nocne KU n WIM). JleikounTapHble MHAEKCHI MoKas3anu HapylleHue MMMYHOPeaKTUBHOCTU, CHU-
XeHue anneprusauuu, akTUBaLWK KIETOYHOro MMMYyHUTEeTa, KNeToK Hecneunmduyeckow 3awuTbl ¥ BocnamneHus (npu Bcex
cocTosAHusx, kpome W), a Takke mMukpodaros (npu OXB un 4yepes 24 4 nocne KU n UI), acddekTopHOoro 3aseHa MMMy-
HuTeTa (npu KU, PXB n yepes 24 4y nocne 3XB), peakuuit runepyyBCTBUMTENbHOCTN HeMeaneHHoro tuna (kpome KL u
yepes 24 4y nocne 3XB). MHpgekc agepHoro casura ysenuuusancs (kpome PXB n OXB). MHaekc agantaumm noBbiwancs Tonbko
npun UT.

KnioueBble cnoBa: kpaHvouepebpanbHas runotepmMus, MUMMEPCUOHHAsA TMNOTEPMUS, PUTMUYECKMNE XONOAOBbIE BO3AENCTBUS,
3KCTpeMarnbHble XONoA0Bble BO3AENCTBUS, NENKOUUTbI, UHTErparnbHble NenkouMTapHble UHOEKCbI, KPbIChI.

Pedbepar: MopiBHANBHMI aHani3 KinbKOCTi TUNIB NEeNKouuTiB Yy Ma3kax KpoBi WWypiB B yMoBax kpaHiouepebpanbHoi (KLj-
[32°C) Ta imepcinHoi (I 27°C) rinoTtepmii, noBepxHeBux putmiyHmx (PXB 5°C) i ekctpemanbHux (EXB —120°C) xonogosux
BMMIUBIB, @ Takox 4epe3 24 r BuABMB nenkountos (3a ymos Il i yepes 24 r nicnsa KUT i ITN), nenkonerito (3a ymos KL, PXB
i yepes 24 r nicns EXB), nimdoneHito, 36inblueHHA Nannyko- i CerMeHToaAepHUX KNiTUH (3a BCix cTaHiB, kpim ) i eo3nHoi-
nie (Tinbkn 3a ymoB KLUI i yepes 24 r nicna EXB). Cnoctepiranu nnasmaTtuyHi knitnHm (kpim EXB), nomixpomatodineHi Ta
He3pini kNiTuHK (Bigpasy i Yepes 24 r nicna KUI i IT7), nna3maTtusauio untonnasmu y gesaknx nemkoumntis (4epes 24 r nicns KU
i I). NlenkounTapHi iHAEKCH Nokasanu MOPYLIEHHS iIMYHOPEaKTUMBHOCTI, 3HWXEHHSA aneprisauii, akTuBauito KNiTUHHOTO iMYHi-
TeTy, KMiTUH HecneundivyHOro 3axucTy i 3ananeHHs (3a BCix cTaHis, kpim M), a Takox mikpodaris (3a ymoB EXB i yepes 24 r
nicna KUI i II7), edekTopHoi naHku imyHiTeTy (3a ymos KLIL, PXB i yepes 24 r nicna EXB), peakuiv rinep4yTnuBoCTi HeraHoro
Tuny (kpim KU i yepes 24 r nicna EXB). IHaekc agepHoro 3cyBy 36inbwyBasca (kpim PXB i EXB). IHaekc aganTauii nigsu-
wyBaBcs Tinbku npwm IT.

Knro4yoBi cnoBa: kpaHiouepebpanbHa rinotTepmis, imepciiHa rinotTepmisi, puTMivHi X0NoA0BiI BNMMBUW, eKCTpeMarnbHi XOnoAoBi
BMNVBUY, NENKOUMNTHY, iIHTErpanbHi NenKoUunTapHi iHgekcu, Wwypu.

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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1
OCHOBHble 0603Ha4YeHUsA

Kur KpaHuouepebparnbHasi runorepmusi
TT Temnepatypa Tena
nr MIMMepcuoHHas runotepmMmus
PXB PutMnyeckne xonoaoBble BO3OENCTBUS
OXB SKcTpemarnbHble X0NoAoBble BO34ENCTBUSA
nnn MHTerpanbHble nenkountTapHble MHOEKChI
NAC MHaekc sagepHoro casura
Mwu MwuenouunTbl
1O HOHble KneTkn
n Manoyko-saepHble NenKounTbI
C CermeHTOsiAEPHbIE NENKOUNTBI
2% JlenkoumnTapHbIn NHOEKC
nHTOKCKKaumm Kanbd-Kanndga
n JlenkoumnTapHbIn NHOEKC
ncn MHpekca casura nemkounToB
3 3031HOUBI
b Basodunbl
]| TIumdoumnTbl
M MoHouunTbl
irn TInmdoumTapHo-rpaHynoumMTapHbIn MHAEKC
MCHN MHaekc cooTHoLEeHMs HenTpodunos
1 NMM@OUMTOB
ncna MHOekc cooTHOLLEHMS MMMAOLIMTOB
1 903MHONNOB
MCHM MHaekc cooTHoLEeHMs HenTpodunos
1 MOHOLUTOB
H Hentpodpunel
NCnmv MHaekc cooTHoLWweHMS MMMAOLMTOB Y MOHOLIMTOB
NA MHgekc anneprusauum
NAT MHaekc agantaumu Mapkasu
MX3 MonunxpomatounbHble 3pUTPOLUTBI
MK MnasmaTtunyeckune KneTkm

D¢ dexTl Temmneparypsl YHHUBEpCAIbHBI M OKa-
3BIBAIOT BO3/IEHCTBHE Ha BCE MPOILECCHl B KHBOM
OpraHu3Me, BIIUsAS Ha WX HAIPaBICHHOCTb U WHTEH-
CUBHOCTb. [IpakTnuecku moOble M3MEHEHHS B Op-
raHU3Me MIICKOIMTAIONIUX, B YAaCTHOCTH (HOPMHUPO-
BaHUE aJaNTAIlMOHHBIX pPEeaKIui, B 3HAYNTEIHLHOU
CTETIeH! CBS3aHbI C KOIMYECTBEHHO-Ka4€CTBEHHBIMH
XapaKTepUCTUKAMH JICHKOIIMTApHON (POpMYIBI KpO-
BU. BBIDO)KEHHOCTh 3TUX HM3MEHEHUU 3aBUCUT HE
TOJBKO OT CHJIBl W XapakKTepa BHEUTHWX BO3/IEHCT-
BUH, HO W OT ypPOBHS PEaKTHBHOCTH OpraHU3Ma.
[NomHoneHHOE (H3MONOTHYECcKOe (YyHKIMOHUPOBAHHE
JIEHKOLIUTOB KPOBU CIOCOOCTBYET MOJACPKAHUIO
MMMYHHOTO TOME0CTa3a, OHH Y4YacTBYIOT B pealu-
3allUM peakUuil BPOXKIEHHOTO M aJlalTMBHOIO HM-
mynutera [1, 4, 6, 14, 17]. Jlelixounutsl Gpopmupy-
IOT B KPOBH U TKaHSX MOIIHBIA Oapbep Ui 3aIIUThI
OT MHUKpPOOHOM, BUPYCHOH U Mapa3utapHOW HH(DEK-
LIWH, TIOEP)KUBAIOT TKAHEBYIO PEreHepaInunio U To-
meocTas. [TocKonbKy pa3Hble TUIIbI JIEHKOIUTOB BbI-
MTOJTHSIOT OTpeAeNeHHbIE (DYHKITH, TO BBISBISS WX
narojorudeckre (HOpMbl M U3ydasi CoJCpIKaHHE MO-
JONBIX POPM KIIETOK, MOXKHO IONYYHTH IGHHYIO TPO-
THOCTHYECKO-IMarHOCTHUECKY 0 HH(popmanuto [17].

Nwmeromnuecs B nureparype JaHHbBIE [0 BIMSHUIO
TEeMIepaTypHOro (akTopa Ha aKTUBHOCTH JICHKOIIH-
TOB JJOCTATOYHO NMPOTUBOpeUNBEI. [Ip1 HHTEHCHBHOM
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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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TEMIEepaTypHOH (TEIJIOBOM) Harpy3ke M CIIOHTaH-
HOW TUINEPTEPMHUU BBISBICHA B3aHMOCBS3b MEKIY
COIIPOTHUBIIIEMOCThIO OpraHu3Ma # (DYHKIIMOHAIIb-
HBIMH CBOMCTBaMH JICHKOIIUTOB, a TaKXke OIpeJese-
Ha HaNpaBICHHOCTh NPUCIOCOOUTEIHHBIX pPeaKInii
Ha KJIETOYHOM ypOBHE (KOMIAKTH3AIMs KIECTOYHBIX
CTPYKTYp W TIEpEXOA KIETOK Ha «COeperaromiminy
TN pearupoBanust) [7]. M3menenus GpyHKIIMOHATH-
HOM aAKTHUBHOCTU JIEHKOIMTOB «pa3rpaHUYCHbD»,
MOCKOJIbKY OHH OIOCPEAYIOTCS BHYTPHKIICTOUHBI-
MU MEXaHM3MaMH ¥ BO3HUKAIOT IMOJI BIUSHUEM TY-
MoOpaibHBIX (hakTopoB. [Ipu 3TOM akTHBaIuUs Jei-
KOLIMTApHOTO 3BEHa KPOBU IPOUCXOIUT Ha (OHe
HEUTpONCHUH © JIMM(OIMTO3a 33 CYET BBICOKOH
«IIEHBI» aJalTali K TEeMIIepaTypHOMY BO3JEHCT-
Buto [17]. CreneHb BBIpaXEHHOCTH U3MEHEHUU MO-
MyJISIIIMOHHOTO COCTaBa KPOBU 3aBUCHUT OT JUTHTENb-
HOCTH, KPaTHOCTH M WHTEHCHBHOCTH XOJOJOBOTO
BO3MIEHCTBYSA, TIyOWHBI TuroTepmun [10-12, 23, 28,
30, 34, 36]. Kpome Toro, B.H. bpuakeBrudem u coanT.
[3] oTMeuaeTcs, 9ToO peakifus JISUKOITUTApPHOTO 3BEHA
KpOBH Ha THUIIOTEPMHIO OTIMYAETCS OT KiIaccudec-
KOro OTBETa Ha cTpecc (HehTpodwmies u jumdorne-
Hust). [Ipu TIPOIOHTMPOBAaHUM TUIMIOTEPMUU CTPEC-
copuble 3P(EKThl TAKOTO COCTOSIHUS MOTYT IPeo0-
nanarb Haja 3amuTHbeIMY [3]. TIpu Xxomoq0BoM cTpecce
cHWXKaeTcs (PyHKIIMOHAIBHO-METa0OMINYeCcKas aK-
THBHOCTh HEUTPO(UIIOB, yrHETASTCSI aHTHOKCHIAHTHAS
crcTeMa KIJIETOK, Y YacTH JICHKOIUTOB TPOSBIISIOT-
cs MMMYHOCYIIPECCUBHBIE CBOWCTBA, MOJABIISETCS
AMMYHOPEaKTHBHOCTh opranmma [13]. M3menenune
TeMIepaTypbl Tela SIBISICTCS aKTHBHBIM MOJYIISITO-
poM u QopMHUpYET IOITOBPEMEHHYIO (DU3UOIOTH-
YECKyI0 aJamnTaluio. JTO MOXET OCYIIECTBIATHCA
3a CcYeT YBEJIUYEHHsI CIIOCOOHOCTH MOHOHYKJIeap-
HBIX KJIETOK 9KCIIPECCUPOBATH OETIOK TETIIOBOTO IIIOKa
70 x/a, ycunuBas MX YCTOWYHMBOCTh M (DYHKITHO-
HaJIbHYI0 aKTUBHOCTH [5].

B cBs3u ¢ BBIIEU3IOKEHHBIM, IIENBI0 PAOOTHI
OBUIO CpaBHUTENFHOE HW3yYEHHE BIUSHUS Pa3HBIX
PEKMMOB OXJIQXKJIEHHUS, CO CHIKCHHEM TeMIIepary-
poI Tena mo 32 u 27°C (kpaHuonepeOpanbHas U UM-
MEpCHOHHAsI THUIMIOTEPMHUS COOTBETCTBEHHO), W 0e3
W3MEHEHHsI TeMIIeparyphl Tela (TIOBEPXHOCTHBIE PUT-
MHUYECKHE W OJKCTPEMallbHbIE XOJIOJIOBHIE BO3/CH-
CTBHA) Ha JICWKOLUTAPHBIE MTOKA3aTeIM KPOBU KpPBIC
(CoOTHOILIEHHE TUIIOB JICHKOLUTOB M MHTETPajbHbIC
JCHKOIUTAPHBIC MH]ICKCHI).

MarepuaJjibl U METOIbI

Pabora mpoBenena B coorBeTcTBUU C «OOIIH-
MU TIPUHIUIIAMA JKCIIEPHUMEHTOB Ha JKUBOTHBIX),
omobpenupiME VI HanmmoHaapHBIM KOHTPECCOM IIO
ouostrke (Kues, 2016) 1 corracoBaHHBIMHE C TTOJIO-
JkeHUusIMU «EBporeickoil KOHBEHIIMU 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 KHBOTHBIX, UCTIONB3YEMBIX IS SKCTIEPH-
MEHTAaJIbHBIX U APYTUX Hay4yHbIX 1esei» (CtpacOypr,
1986).

OKCHEPUMEHTHI BBINOJHSIN Ha O—7-MECSUHBIX
camrax OenbIX OeCIOpOIHBIX KPBIC, KOTOPhIE 10 Ha-
YaJia SKCIIEpUMEHTa COACPIKAINChH B YCIIOBUSIX BUBA-
pUs TIPY €CTECTBEHHOM CBETOBOM PEXHME Ha CTaH-
TApTHOM panuoHe ad libitum.

Kpanunouepedpansuyro runorepmuto (KLI) B Te-
yerne (60 = 10) MUH 1O CHIKEHHS TEMIIepaTyphl
tena(TT) no (32,5+0,5)°C (ymepeHHBIH pexXuM) Ipo-
BOJWJIM HAPKOTU3UPOBAHHBIM JKHUBOTHBIM, HCIIOJIb-
3yl YCTAHOBKY Il NPOTPAMMHOTO OXJa)XAeHUS
npousBoactea CKTB ¢ OIl npu Mucturyte npoO-
neM kpuobuonoruu u kpuomeanuuasl HAH Vkpan-
Hbl [8]. Hapkos (cmech Thomenrana Harpus (ITAT
«KuiBmenmpemnapar», YkpanHa) U okcuOyTrupara Ha-
tpust (IIAT «Dapmak», Ykpawmna) n3 pacuera 30 u
100 MT/Kr Macchl COOTBETCTBEHHO) HCIIOIH30BAIH
JUTS TIOJJABJICHUS] TEPMOPETYIISTOPHBIX PEAKIIHA.

Nmmepcnonnyto runorepmuio (UI') (cHmxenue
TT no (27,5 £ 0,5)°C) MmonmenupoBain B TECTEC «BHI-
Hy)XJeHHoe TutaBanue» [24] B nemsHoit Boae (0°C),
JUTMTETILHOCTD TUTaBAHHSI COCTABISIA 5 MUH.

Purmuueckue xonomossie BozaeiictBus (PXB) —
[IOBEPXHOCTHOE OXJaXKIEHHE OpraHu3Ma IOTOKOM
XOJIOTHOTO BO3/yXa — C IEPUOJUIHOCTHIO OJTHO BO3-
nectBue B 10 ¢ ¥ JIMTEIBHOCTBIO 65 MHMH IIPO-
BOIMJIMCH HEHAPKOTH3MPOBAHHBIM KpbBICaM, IIOMe-
IICHHBIM B OTJICNbHBIE SYEHKH, Ha OXJIAKIAFOIIEM
YCTPOMCTBE C MPOTPAMMHBIM YIIPaBIEHHUEM IPOU3-
BozctBa CKTB ¢ OIl mpu UITKuK HAH VYkpanusi,
MIPUCTIOCOOIEHHOM JIJIS TPEPBIBUCTON MOAAYH XOJIOA-
HOTO BO3yXa ¢ TeMreparypoii (5 + 1)°C.

DKCcTpeMalbHbIe X0IO0A0BEIE Bo3aelcTBus (DXB)
(obmast kpuoctumynsinusa, whole body cryostimu-
lation) ocymiecTBIsUIM B CHENMANbHOW KpHOKaMmepe
UL OXJIQXKICHMS MEJKHX JIaDOPaTOPHBIX >KHUBOT-
HbIX [2]. B xprokamepe mipu temmneparype —120°C xu-
BOTHOE HAaXO/UJIOCh OJTHOKPATHO B TeUeHHe 1,5 MUH.

Temmiepatypy Teia KOHTPOJIHPOBAIN AIIEKTPOH-
HBIM TEPMOMETPOM C TIOMOIIBIO PEKTAIBHOTO JaT-
YHKa.

3a00p KpoOBH JJIsl aHAJM3a MPOBOANIN Y WUHTAKT-
HBIX KpbIC (KOHTpOIbHas rpynma) (n = 15), gepes
40 muH TOCNE BBEACHHUS HapKo3a (KOHTPOJIh Ha
JeiicTBue Hapko3a) (n = 5), a Takxke cpasy u uepes
24 4 mocne nposeneHusi ceancos KIII, UI, PXB u
OXB (n =5 B KaxI0l TpymIe).

KonndecTBeHHO-Ka4eCTBEHHYIO OIICHKY THIIOB
JIEHKOITUTOB OCYIIECTBISUTA B Ma3ke KpOBH, oOpa-
6oranHoM (hukcatopom Maii-I proaBansaa («MwuHH-
Meny», Poccust) m OkpameHHOM TeMaTOJIOTHYECKUM
kpacuresneM (o Pomanosckomy) («MuruMeny). 3a-
TEM PACCUMTHIBAIN WHTETPAJIbHBIC JICHKOIUTApHBIC
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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 (rn =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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unaekcel (UJIM), mo3Bosstonue OICHUTh B JTUHA-
MHUKE COCTOSHUE PAa3JIMYHBIX 3BEHHEB HMMYHHON
CUCTEMBI U HECHEeIU(PUIESCKOH PEe3UCTEHTHOCTH Op-
ragm3Ma, He mpuleras K CHEIHaIbHBIM METOIaM
uccnenoBanus [15, 18, 20, 22]. WMnHaekc saepHOro
casura (USIC = (Mu + 1O + I1)/C) onpenenser mnpo-
LIEHTHOE COOTHOIIIEHHE MOJIONIBIX H 3peibiX (opm
HerTpodmnoB; neiikoruTtapueiii naaekc (JIM = JI/H)
OTPa)kaeT COOTHOIIEHWE TYMOPAJIBHOTO W KIIETOY-
HOTO 3BEHBEB HMMMYHHOM CHUCTEMBI; JIEHKOLUTap-
HBII MHJEKC nHTOKCHKauu Kanbd-Kamuda (JIMU =
(4Mu + 310+ 2[1+ C) x (IIK+ 1)/(JT+ M) x (D + 1) —
YPOBEHb JHJIOT€HHON HHTOKcUKaIuu. lloBwiieHue
nHaekca casura jeikonuroB (MCJI= (D +b + C +
I1)/JT + M) cBunmeTenbcTBYeT 00 aKTHBHOM BOCIIAJIH-
TEBHOM TIPOIECCe W HapYIICHHH WMMYHOPEaKTHB-
HOoCTH. JImMormTapHO-TpaHyIOIUTAPHBIA WHIEKC
(JII'M = 10JI/(Mu + 1O + I1 + C + D + b) no3Bo-
nsgeT auddepeHImpoBaTh ayTo- U MHGEKIHMOHHYIO
WHTOKCHKaLUIO. HMHAEKC COOTHOIIEHUS HEUTpo-
¢unos u mumdonuros (MCHJI = I1 + C/JI) orpakaer
COOTHOIIICHUE KJIICTOK HECHeIUu(pUICCKON U CIeIH-
(uyeckolt 3ammThl. MHIEKC COOTHOINGHUS JIMM-
(doumror u 303unHOoduioB (MCJID = JI/3) opuenru-
POBOYHO OTpa)kaeT COOTHOIICHUE POLECCOB TUIIEP-
YYBCTBUTEIBHOCTH HEMEUICHHOTO U 3aMEJICHHOTO
tunoB. [lo WHAEGKCY COOTHOIICHUS HEUTPOPIIOB U
moHoruToB (MCHM = H/M) MOXXHO CyITUTh O COOT-
HOIIIEHUHM KOMITOHEHTOB MHKPO- U MaKpodaraibHOH
cucteMbl. WHIEKC COOTHOMICHHWS JTUMQOIUTOB W
mononuToB (MCJIM = JI/M) oTpakaeT B3aMMOOTHO-
menue apdexropHoro u 3PpQekTopHOrO 3BEHBHEB
MMMYHOJIOTHYECKOTO Tporiecca. MHACKCH amepru-
sanun (MA=J1+1— (2 + 1)/I1+ C+ M) u ananranuu
l'apkaBu (MAI' = JI/C) orpaxaroT ypoBEeHb ajuiep-
TU3alUK U aJlafnTallid OpTaHW3Ma COOTBETCTBEHHO.
CoxkparlieHusl B MPHUBEICHHBIX (HPOpPMYTax O3HAYAIOT
tunbl Ki1etok: [ — namouko- u C — cermeHrosiiep-
HbIe JeWKonHThL;, JI — muMQonnTel; M — MOHOITUTHL;
H — neitrpodumsr; D — s03uHOMMIBI; b — 6a30dnHL;
Mu — muenonutsl; O — roHBIE GOPMBI (METAMHUEIIO-
uthl), [1K — mma3smMaTtudeckne KiIeTKu (ComepkaHue
B ITPOIEHTAX).

Craructudeckyro 00pabOTKy TOJIYYCHHBIX pe-
3yJIETATOB MIPOBOAMIIA METOJIOM HEMapaMeTPHIECKON
cratuctuku Kpyckana-Yomnuca ¢ HCIONb30BAHUEM
nporpaMMHoro obecrnieuenust Statistica 6.0 («Mat-
Stat Inc.», CIIIA).

Pe3ysnbrarbl u 00cy:kaeHne

CpaBHUTENbHAS XapaKTEPUCTHKA U3yYaeMBIX pe-
KMMOB XOJIOZIOBBIX BO3/ICHCTBHUH MpEICTABICHA B
Tabm. 1.

B nepBoii cepuu 3KCIIEpUMEHTOB Ha TIEPBOM 3Ta-
e paboTh! OBITO N3YyYEHO BIMSHHAE PA3HBIX PEKIMOB
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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
TA=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 X0nodoBbIX BO3AENCTBUI
Table 1. Characteristics of cold exposures

Bua Bo3peiicTBuA
Exposure type

I'Iapamepr| Boaqeﬁc'rgmﬁ rI/II'IOTepMVIFl nOBerHOCTHoe xonoposoe BO3ﬂeI7ICTBVIe
Exposure parameters Hypothermia Surface cold exposure
KpaHuouepebpanbHan MMMepCUOHHanA puTMUYeckoe 3KCTpemarbHoe
craniocerebral immersion rhythmic extreme
XonopoBoi chakTop XonoaHaA NOBEPXHOCTb XonopaHaA Boaa XonopaHbli BO3ayx XonopaHbIn BO3ayx
Cold factor Cold surface Cold water Cold air Cold air
Temnepatypa, °C
Temperature, °C 5 0 5 120
Oxnaxpaeman obnactb lonosa Tynosuwe [MoBepxHOCTb BCEro Tena [MoBepxHOCTb BCEro Tena
Cooled area Head Body Whole body surface Whole body surface
OnuTenbHOCTb, MUHYThI
. . +
Duration, min 60 =10 5 65 1.5
Temnepatypa Tena, °C
+ +
Body temperature, °C 325 £ 05 275 £ 05 37 37
Hapkos, 6nokapa UeHTpoB Kpuokamepa, akcTpemanbHo
[ononHutenbHble hakTopbl Tepmoperynaumm Nmmepcua KoHBekuua HU3KaA TemnepaTypa
Additional factors Anesthesia, blockade Immersion Convection Cryochamber, extremely
of centers of thermoregulation low temperature

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

[Ipu KLI' mpoucxoaut GpopcupoBaHHOE OXJIakK-
JeHne nepeOpalbHBIX CTPYKTYp (Ha (hoHE Hapkoza
Y HEMpOBETETaTUBHOW ONIOKAJBI), B PE3YJIbTATE YETO
BO3HHMKAET TEMIIEPATYPHBIH TPAJUEHT MEXIY TEM-
rneparypoid Mosra M Tena. Takoll pexuM oXJaxkne-
HUS TPEJOTBpAIaeT BO3HWKHOBEHHE HAPYUICHUN
B paboTe cepaeuHO-COCYAUCTON U IPYTUX CUCTEM Op-
raamma. [Ipoeenenne KUI cnocoOctByer mnepexo-
Jly OpraHu3Ma Ha HOBBIH 0oJiee «IKOHOMHBII» (yHK-
LUOHAIBHBIA ypOoBeHb. TepaneBTuueckue 3PQeKTs
KUI' sBnsitoTes cieacTBueM oOpaTUMOro mojaBiie-
HUSI OCHOBHBIX HPOLIECCOB KU3HEACSITEIBHOCTH Op-
raam3ma [25, 35]. W3BectHo, uTO crnernuduueckue
peakuMu OopraHm3Ma Ha XoJjox (B YacTHOCTH, MbI-
mieyHasi APOXb M BAa30KOHCTPUKLMS) COIPOBOXK-
JAIOTCS aKTUBAIMeld OOMEHHBIX MporeccoB. Takue
peaKuu NpensaTcTBYIOT cHUkeHUto TT, uTo nmpotu-
BopeunT ocHOBHOM 1enu npumeHennst KII" — obec-
MEUCHHUIO CHMKEHUSI MeTa0onn3Ma, 0COOEHHO B To-
soBHOM Mo3re. [Tostomy KIII' nmpoBoautcs Ha done
HapKo3a, MOJIaBJISIOIIEro 3T PEAKIINH.

Hapxko3, npumensiemsiit mpu KL (TT camkanach
Ha (1,0 £ 1,5)°C), crocoOCTBOBaI CHUKEHHUIO 00-
LIETO KOJMYECTBA JICHKOLUTOB (JICHKOIIEHNUs) B KPO-
BU KPBIC, YBEJIMUCHHUIO JOJIM NaIOUYKOSICPHBIX Kile-
TOK, IPH 3TOM KOJMYECTBO OCTAJIbHBIX THIIOB JICH-
KOITUTOB HE M3MEHSUTOCH (Tabi. 2).

Jlefikorrernn MOTYT OBITH OOYCIIOBJIICHBI Hapy-
[IeHHEeM OOpa30BaHUs JIEHKOIUTOB MM MX BBIXONA
B KPOBb M3 KOCTHOTO MO3ra, a TaK)Ke MX THOeNbIo U
yTWiIHM3anueil. B 3aBUCHMOCTH 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. BnvsaHue kpannouepebpanbHON 1 UMMEPCUOHHON TMNOTEPMUM Ha COOTHOLLEHME TUMOB JIENKOLIMTOB
B kpoBw KpbiC (M + SE)

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

Ycnosusa JKCNnepumMeHTa
Hokasaten Experimental conditions
Indices KoHTponb Hapkos Kur Yepes 24 4 nocne KUI ur Yepes 24 4 nocne Ul
Control Anesthesia CCH In 24 hrs after CCH IH In 24 hrs after IH
Obwee xonniectso, X10°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 109/l e ! - ! - T ! - ! -
I'Ianquonneprle
nemnkountbl, % 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, %
CermeHToAgepHble
neiikounTbl, % % % *
Segmented nuclear 27,07 £ 1,53 | 30,83 + 2,69 | 34,8 3,4 46,9 + 6,3 22,3 + 1,76 31,1 £ 2,54
leukocytes, %
Numdbouurel, % 65,53 + 1,34 | 59,17 + 4,15 | 53,9 + 3,8* 45,4 + 5,7* 68,6 + 2,27 59,7 + 2,37*
Lymphocytes, %
SoanHocunsl, 7% 353 +0,72 | 50+ 1,88 | 59 +0,81* 3,0+ 1,19 2,8 +0,7 2,3 + 0,58
Eosinophils, % ! - T e T e s
Morounsl, % 1,27 + 0,2 1,0+0 1,8 + 0,29 1,0+0 1,6 + 0,3 1,3 + 0,21
Monocytes, % ’ - = O =Y Mo 0 20, 3 0,

Mpume4vaHue: *— pasnuuns CTaTUCTUYECKN 3HAYMMbI NO CPABHEHWUIO C KOHTporem, p < 0,05.
Note: *— differences are statistically significant if compared with the control, p < 0.05.

TH U POPMBI SJIpa B KPOBHU BBIACIISIOT MATOYKOSICP-
Hble (Ooriee MOIO/IbIe) W CETMEHTOsIepHbIe (3pernbie,
crocoOHbIe K (aronutoly) HEHTpOoUIbl. YBemude-
HUE JIOJIA TOJBKO MAIOYKOSICPHBIX JIGHKOIIMTOB Xa-
pakTepUsyeT JIereHepaTUBHBIA CABUT JICUKOIIMTAPHOM
(hopMyITBI KPOBH, YTO YKa3bIBACT HA YTHETCHUE JICH-
KOITO3THYECKON (PYHKIIMU KOCTHOTO Mo3ra [1, 6].

B ma3kax KpoBH HAPKOTU3UPOBAHHBIX KPBIC OTME-
Yaly TakKe eAWHUYHBIC SIBICHUS aMuTo3a. B Ooib-
LIMHCTBE CIy4aeB aMUTO3 HAOIIOOaeTCsl B KIETKaX CO
CHUKCHHOM MHUTOTHYECKOM aKTHUBHOCTBIO, a TaKXKe
CTapeIoIINX, MaTOJOTMYEeCKH U3MEHEHHBIX MM THO-
HYIIUX KIETKaX.

ITpu KUT, kak u HapKo3e, B KPOBU KPBIC CHUXKA-
JIOCh 00IIee KOIWYECTBO JICWKOIMTOB W YBEIWYH-
Bajach JOJIA MaOYKOSAEPHBIX KIETOK, HO Ha (oHe
YBEJIMYCHHS TTyJIa CETMEHTOSACPHBIX KIETOK U D03H-
Ho(uioB. KpoMme Toro ObLIM BBISIBICHBI IIa3MaTHYe-
ckue xierku (ITIK) (1:100), monmuxpomaroduibHbie
spurpountsl (ITX3) (5—6—-8 B mone 3penus). Uepes
24 4, HanPOTHUB, 00IIEe KOTUIECTBO JICHKOIIUTOB YBe-
JUYUBAIOCH (JIGHKOIMTO3), W3MEHEHUs] COOTHOILIE-
HUS TUIOB JICHKOLIUTOB MMENIU Ty K€ HAIpPaBIICH-
HOCTb, YTO M B rpymme kpbic cpaszy mnocine KT
(32°C), ipu 3TOM 11015 P03MHO(DUIIOB OCTaBAJIACh HA
KOHTpOJHHOM ypoBHE (Tabmn. 2). Kpome IIK (1:100)
u [1XD (5-6 B momne 3peHus) MOSBISUTHCH OJTacTHBIC
u He3penbie popMel KiIeTok (Mu u 10), y gacTu neii-
KOIIUTOB HAOJOIAIH MIa3MaTH3alNI0 ITUTOILIa3MBbI.

JlelikoMTOo3 — OTBETHAs 3allMTHAsl pEaKlus CH-
CTEMbI, U B COUYETAHUHU CO CIABUIOM JIEMKOLIUTAPHOU
(hopMynbl BJIEBO SIBJISICTCS HOPMAJILHOW peakiuein
KOCTHOTO MO3Ta Ha paznpaxenue [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
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[Ipu KUI" 1 uepe3 24 4y oTMeuyanu yBeIU4eHUE
KOJIMYECTBA CETMEHTOSIIEPHBIX HEHPOTPOPHUIOB Ha
¢done ymenbLIeHUS! TUMPOIUTOB (TabI. 2), YTO MO-
JKET OIpenensThcs (U3NOIOTUICCKUMH W3MEHEHH-
SIMH B OpPTaHHM3ME, CBSI3aHHBIMU C «IEpeHampsKe-
HUEM» 3aJIeiICTBOBAaHHBIX (DYHKIIMOHAIBHBIX CHCTEM
U CTPECCOM.

[Tokazano, uyTo Hamu4ne TUMGOIIEHUN U HEUTPO-
(uesa xapakTepusyeT THUIOTEPMHUIO KaK CHUIIBHBIN
cTpecc-(hakTop, a HAPKOTHUECKUE BEIIeCTBa HE BCET-
Jla CHMYKAIOT BBIPAKEHHOCTh CTPECCOBBIX PEAKIIHIA,
a 3a4acTyl0 caMu sIBIIsitOTCS (hakTopamu crpecca [3].
JIuMounTHI — 3TO MOATPYIIIIA IEHKOLUTOB, OTBEYAIO-
IIMX B OPTaHU3ME 32 UMMYHHBIA OTBET M «HUMMYH-
Hy10 TaMsTb». CleyeT OTMETHTh, YTO Y KPBIC, KaK
1 y MBIIIEH ¥ XOMSKOB, TUMQOIUTAPHBIN TPOPIITH
KPOBH OTIpeIeNisieT BHICOKOE a0COMIOTHOE KOMMYECTBO
TUM(OITUTOB.

VBenuueHue 4Yuciaa MNajlo4yKOSIIEPHBIX HEUTpOo-
(bnII0B B COYETAHUU C TOSBICHHEM MOJIOIBIX (hopMm
KiIeTok (Mwu, MeTraMu) CBHACTEILCTBYET O pEreHep-
TUBHOM CJIBUTC JICHKOIUTApHOU (OPMYJIBI BIICBO,
a Ha (oHe NeHKOUNTO3a — O TIOBBIIICHHOW AKTHB-
HOCTH KOCTHOTO Mo3ra, kak u npu KII' (tabn. 2).
Juis  monuxpomartopuianMy  XapakTepHO OIHOBpE-
MEHHOE MPHUCYTCTBHE CIA0OIIENIOYHOTO TeMOITIOONHA
U KUCIIOM CyOCTaHIIMW, CBOWCTBEHHOW HE3PEIbIM
SPUTPOUTHBIM KJIETKaM, OOHApy>KUBaeMoOe NpU HH-
TEHCHUBHOM BBIXOJ/I€ B KPOBb MOJIOZIBIX (POPM 3PUTPO-
IUTOB. DTO ABISAETCS MPHU3HAKOM XOPOIIEH pereHe-
paTHUBHOM CIIOCOOHOCTH KOCTHOTO Mo3ra [1, 13, 14]
u00 aKTHUBAIIMHM €T0 TeMOMOATHYECKOW (YHKIIUU B
pesynbrare AeucTBHs (PU3NIECKUX (HAKTOPOB, B TOM
yucie u xonoma. B mopme moutu Bce IIK (mpoms-
BOJHbIE B-TUMQONHUTOB, aHTHTEIOCHHTE3UPYIOIIUE
KJIETKH) COZIEPIKaTCs B Nepu(epruiecKinx UMMYHHBIX
opraHax (cene3eHKe, KpaCHOM KOCTHOM MO3I'€ H JINM-
(baTrueckux y3Iax), OJJHAKO TIPU pa3apaKCHUH JIUM-
(horTapHOTO 3B€HA MMMYHHTETA OHHU TOCTYTAIOT B
IUPKYIMPYIONTYI0 KpoBb. [losiBiIeHne B KpoBH OnacT-
HBIX (HanOoJiee MOJIOIBIX, HeAu(dhepeHITMPOBAHHBIX )
KJIETOK W TUTa3MaTH3allysl UTOIDIa3Mbl (XapakTep-
Ha JJIs1 HE3PeNbIX JIEWKOIIMTOB) SIBISIFOTCS CIECT-
BHEM HHTEHCHBHOTO pa3lpa’keHUs] KOCTHOTO MO3ra
W akTuBanmu ero GpyHKkuui. JIeHKOneHnn MOTyT OIl-
penensTbest cOOsIMH B JICHKOIOd3€, pa3pyLICHUEM
JICUKOLUTOB B COCYIAaX M MX YTWIM3ALMEH, a Tak-
e TepepacnpeaenuTeIbHbIMU HEUTPOIICHUAMH, TIPU
KOTOPBIX HapyIIAeTCs] COOTHOILIEHUE MPUCTEHOUHOTO
Imyja ¥ ONAPKYIHPYIONMUX KIETOK MO0 BCe HEUTpO-
(buBl TPYNIHUPYIOTCS B KAaKOM-TO OJTHOM IpoOIeM-
HOM y4acTKe.

B pabore A.T. Billeter u coaBt. [26] oTMeueHo,
gto Biusare Tunotepmun (TT 32°C) mHa MOHOIHU-
THI OTMOCpemyeTcs depes 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) Al 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).

npo6nemu Kpiobionorii i kpiomeanUMHN

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



channels (TRP) Al u V1: 6nokana TRPA1 unu ak-
tuBausi TRPV1 moryT ucnonb3oBatbest JUisl U3Me-
HeHUs 3(D()EeKTOB TMIOTEPMUHN HA BOCIATUTEIbHBIN
OTBET MOHOLUTOB. B Hammx skcnepumentax KT
(32°C) He BamsiIa HA KOJTMYECTBO MOHOIIUTOB B KPO-
BH KpbIC (Tabm. 2).

JlmarHocTuyeckuM U MPOTHOCTHIECKIM BO3MOJK-
HocTsiM MIJIW oTBOIUTCS BCE OOIBIIIAs POITH, ITOCKOIb-
Ky OIPEACICHHOE COYCTAHHWE ITOKA3aTee TeMO-
rpaMMBbl OTpa)kaeT MHTETPaIbHBIC XapaKTEPUCTHKU
rOMEOCTaTHUECKUX CHCTEM OpraHu3ma, (OopMHUpY-
IOIUX HEeCHenu(uueckne aJanTalloHHbIe peak-
mum [15, 18, 20, 22]. PacyeT Takux HHACKCOB I10O-
3BOJISICT OLICHUBATh B IMHAMUKE PEAKIUIO CHUCTEMBbI
KPOBH M KOCBEHHO CYJIUTh O COCTOSHUU Pa3ITUIHBIX
3BEHHEB IMMYHHOH CHCTEMBI U €€ PEaKTHBHOCTH.

Tak, Hapko3, NPUMEHSEMbIM MPU MTPOBEACHUHU
KII, crmoco6cTBOBA MOBHITIICHUIO HHICKCOB SIACP-
Horo m JeikommrapHoro cmpura (MSC m UCID),
a tacoke UCHM u UCHJL. Dto yka3wsIBaeT Ha Ipe-
oOnasianie MOJIOABIX (HOPM KIIETOK, KOMIIOHEHTOB
MUKpOQaraibHOW CUCTEMBI M KJIETOK Hecrenugpuye-
CKOM 3aIUTHI, a TAK)KE Ha HAPYIICHUE UMMYHOPEaK-
tuBHOCTH. Kpome Toro, Habmonanach TCHIACHIHS K
noBsierno UCJID (BO3MOXKHA aKTHBAIIUS TPOIIEC-
COB THIIEPYyBCTBUTEIHLHOCTH HEMEJICHHOTO THIIA)
(Tadm. 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, 1A, 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 IH 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,

Tabnuua 3. BrninsHue kpaHuouepebpanbHon 1 IMMEPCUOHHOM MMNOTEPMUN Ha UHTErparbHble

nerkouuTapHble MHAEKChI Y Kpbic (M + SE)
Table 3. Effect of craniocerebral and immersion hypothermia on integral leukocyte indices in rats (M + SE)

YCHOBMH JKCNnepumMeHTa
Experimental conditions
VIH,q(_eKCbl
Indices KoHTponb Hapkos Kur l;ggﬁz %(4LIF ur q:g:,—?ezm“-rq
Control Anesthesia CCH In 24 hrs after CCH IH In 24 hrs after IH
mAs 0,06 + 0,0 0,15 + 0,02* 0,11 + 0,02* 0,11 + 0,02* 0,35 + 0,11* 0,2 + 0,04*
T 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*
e 0,49 + 0,03 0,71 + 0,15* 0,94 + 0,12* 0,87 + 0,09* 0,49 + 0,05 0,66 = 0,07*
S 20,09 + 1,3 15,88 = 2,14* | 12,97 + 1,79* 12,1 + 1,29% 21,8 + 2,44 15,77 + 1,47*
CHI . . . .
e 0,43 + 0,04 0,63 + 0,11 0,79 + 0,12 0,82 + 0,09 0,43 + 0,03 0,62 + 0,07
ncna . . . .
I 17,83 + 2,89 28,02 + 7,99 8,79 + 1,23 35,49 + 6,13 31,77 + 7,92 37,68 + 6,35
NCHM 23,6 + 2,4 34,83 + 2,91* 24,15 + 2,62 50,5 + 5,87* 22,95 + 3,18 | 31,33 + 3,53*
INVIR 6+ 2, 83 + 2, 16 + 2, 5 + 5, ,95 + 3, 33 £ 3,
UCIM .
i 54,2 + 1,9 59,17 + 4,15 41,83 + 6,91 53,5 + 2,45 53,47 + 6,41 56,5 + 3,57
VA 3,9 + 0,45 2,93 + 0,35* 2,93 + 0,31* 2,51 + 0,33* 3,77 + 0,27 2,61 + 0,75*
e 2,67 + 0,22 2,03 + 0,27* 1,91 + 0,27* 1,49 + 0,15% 3,29 + 0,34* 2,04 + 0,21*
MpUMeyvaHue: *— pasnnumns CTaTUCTUYECKV 3HAYMMbI MO CPABHEHWIO C KOHTponeMm, p < 0,05.
Note: *— differences are statistically significant if compared with the control, p < 0.05.
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[pu KII' HaGmromanu cxomHbIe C JACHCTBHEM
Hapkoza m3menenusi MJIN (kpome JIM, MUCHM nu
NCJID, xoTopble CHMXKAIUCH MO CPABHEHUIO C KOH-
TPOJBHON TPYyNIION), YTO TIO3BOJHJIO TaKXKe BBIs-
BUTbh UHTOKCHUKAIIUIO, aKTUBALIMIO [IPOLIECCOB THIIEP-
YYBCTBUTEJIBHOCTU 3aMEJICHHOIO THUIIA, KOMIIOHEH-
TOB KIJIETOYHOTO HWMMYHHUTETa W MakpodaraabHON
cuctemsl (tabm. 3). Uepe3 24 u mocne KU m3me-
HSJIUCh BCE HM3yueHHBIC HWHIEKCH (Kpome WCJIM)
10 CpaBHEHMIO ¢ KOHTpoJbHOH rpymmoit; MAC, MCJI
u MCHJI ocraBanuch MOBBIIIEHHBIMUA, CHIKAINCH
JIN, JII'N, uHaekcsl aliepru3aldd M ajanTaldu Kak
npu Hapkoze u KII. Kpome Toro, moBbllIaguch
UCJID (akTuBamms OpoLECCOB THIIEPYYyBCTBUTEIb-
HOCTH HEMeJUIeHHOTOo THma) u uHaekc Kambd-Kamu-
(ha (ycuneHue »HIOTEHHON HHTOKCHKANWN) (Tabm. 3).

Bo Bropoii cepum mepBoro sTama padOTHI H3Y-
Yaau JEUKOUUTApHBIC MMOKA3aTeu KPOBU KpPbIC MPHU
UI, nns KOTOpOoW XapaKTEpHO PE3Koe OXJIaKJICHHUE
ITOBEPXHOCTH BCETO Tela, Kpome ToJoBBL. MMmep-
CHOHHAs TUTIOTEPMUS — OJIUH M3 HarOOJiee OMAaCHBIX
BUJIOB €CTECTBEHHON TMIIOTEPMUH, ITOCKOIBbKY U3-3a
BBICOKOM TETJIOEMKOCTH BOJIbI 3HAUUTENBHO YCKOPSI-
etcs mpornecce otaayu temia u TT cHuxaeTcss OueHb
ObICTpO (B Hammmx 3kcriepuMenTax TT cHuxkanace 10
27°C B TeueHHue 5 MUH).

[Ipu UI, B ommuume ot KT, moBeimanock 00-
Iee KOJMYeCTBO JISHKOIMTOB; HA ()OHE YMEHBIICHHUS
YacTH CETMEHTOSJIEPHBIX HEHTPO(DUIOB yBEIHYNBA-
JIaCh J0J151 HAJIOUKOSIEPHBIX KIIETOK, KOJIMYECTBO APY-
TUX TUIIOB JICUKOITUTOB HE U3MEHSIIOCH (CM. TaoI. 2).
B mone 3peHns MOABISUINCH IOHBIE W TIA3MaTHYECKHe
kietku (2:100), I1XD (2-6), y yactu JeHKOIMTOB —
mIasMaTu3anus uTomiasMel. Yepes 24 g nocne UT
COXPAHSUINCH JIEUKOLUTO3 U IIOBBIIICHHBIA YPOBEHb
MaJOYKOSICPHBIX KIIETOK, HO yke Ha (hoHEe IumQo-
nuronenuu (kak nmpu KU u uepe3 24 1 nmocie KLI')
(cM. Tabm. 2). DTO MOXKET yKa3bIBaTh HA UCTOIICHUE
PECYpCcOB KOCTHOTO MO3ra, UMMYHHbIC HapyLICHUS
1 OTpakaTb (PU3NOJOTHYECKHE M3MEHEHHUS, CBS3aH-
HbIE C TepeHanpsiKeHueM U crpeccoM. Yepes 24 u
rocie MI' B Ma3kax KpOBH KpBIC TakyKe HaOIIOmamn
IIX5 (1-3 B mone 3penus), wiazmarndeckue (2:100)
1 TOHBIC KJICTKU, MUCJIOIUTEI.

JuHamuka JedKouuTapHbIX HMHJEKcoB npu MIT
Obuta omHoHanpasieHHoit: MAC (moutu B 6 pas),
JINU, NCJID u MAT moBsIIanych, OCTajJbHBIE — HE
U3MCHSUINCh, YTO YKa3bIBACT HA YBEIUUYCHHE OJIU
MOJIOJIBIX HEUTPO(HIIOB, NHTOKCUKAIIUIO U aKTHBA-
LU0 PEaKLUH TUIEPYYBCTBUTEIBHOCTU HEMEIJICH-
Horo tumna. Yepes 24 u nocne UI' uzMeHsucy Bce
n3ydyeHHble uHaekcsl, kpome UCJIM: JIN, JIT'U, un-
JIEKChl aJuIepru3aluy U aJanTalud CHWXKAJINCh Ha
(hoHE TTOBBIIIIEHNSI OCTATBHBIX HHIEKCOB, YTO CBHU/IE-
TENBCTBYET O MpeobIalaHui KIETOYHOTO 3BEHA MM-

302

£d

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 [H 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 IH. 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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MYHHOH CHUCTEMBI, KJIIETOK CHEIM(PUUSCKON 3aIIUTHI,
KOMITOHEHTOB MaKpo(arallbHOW CHCTEMBI, a TaKXke
00 WHTOKCUKAIINH, aKTUBAIIH IIPOLIECCOB TUIIEPUYB-
CTBUTEIHHOCTH 3aMeJICHHOTO THIIa (Tad. 3).

Takum oGpazom, KII' compoBoxknamacek mneiiko-
nenuelt, a UI' — nelkouuTo30M; yBEIUYECHHUE 10U
MaJIOUYKOSAIEPHBIX JIeWkonuToB M mosiBaeHue [1K u
[IXD mpouncxoauno mpu 00OUX BUAAX THIIOTEPMHUH,
COOTHOIIEHHE OCTaJbHBIX THUIIOB JIEHKOIUTOB W3-
MEHSJIOCh Pa3HOHANPABICHHO; IJIa3MaTU3alUI0 ITH-
TOIUTa3Mbl y YacTH JICHKOIIUTOB HaONIONaId TOJb-
ko npu WUI. Ilpu runorepMuy OIHOHAIPABIECHHO
m3MeHsicst Tonabko MSC (moBblmancs), peakuuu
pa3IMYHBIX 3BEHBEB MMMYHHON cucteMsl npu UIT
ObUTH MeHee BhIpakeHbI 1o cpaBHeHuto ¢ KII™ (pu
KUI" u3mensuch 3HaueHus: 9 unaexkcos u3 11, npu
NI — tonbko 4) (Tabm. 3). Uepes 24 9 mociie THITOTep-
mun Ha Gone camwkenus JIW, JIT'U u A ocranbHbIe
WHJEKCHl TOBBIMauCh, kKpome MCJIM, koTophrii HEe
n3mensics. CrenoBaTebHO, MHTEHCHBHOCTh M Ha-
MPaBIEHHOCTh U3MEHEHHMI HCCIIEAYeMBIX TOKa3aTe-
JIel B ONpPENEICHHOW CTENEeHU 3aBUCENIM OT BUJA U
D1yOuHBI TUTIOTepMUN (ypoBHS cHIKeHust TT).

BropeiM 3Tanom uccienoBaHusi ObIJIO M3y4YEHHUE
3¢ PEKTOB MOBEPXHOCTHBIX XOJIOJOBBIX BO3JCHCTBHIMA
pasHoit naTeHcHuBHOCTH — PXB 11 OXB (cMm. Tabm. 1),
xorna TT Obuta He MEHBIIIE HWKHEH TPaHUIIBI HOP-
™Mbl (37°C) s Kpbic.

B nepBoii cepuu 3KCIIEpUMEHTOB BTOPOIrO ATama
mydamm neticteue PXB ¢ temmeparypoii 5°C u 4ga-
CTOTOH, ONM3KOW K SHIOTCHHBIM PHUTMaM OPTaHM3-
ma. CrcteMo00pasyrolie dHI0TeHHBIE PUTMBI CTIO-
COOCTBYIOT TOMEOCTAaTHYECKOW perysiiui MU CcTa-
Owmu3anuu (QyHKIIMOHAIBHON aKTUBHOCTH CHCTEM
opranusma. llpepbIBUCTBIE PUTMHUYECKHE pa3apa-
JKCHHSI aKTUBU3HUPYIOT HECenu(QUIecKue MEXaHU3-
MBI QJIaNTalllH, a TMPU YK30TCHHBIX MEPUOTUICCKIX
BO3/ICHCTBUSAX, CKOPPEIMPOBAHHBIX C HHIOTEHHBIMU
pUTMaMH OpraHW3Ma, WM HaBS3bIBAHUHM WCKYCCTBEH-
HBIX PE30HAHCHBIX PUTMOB MOXKHO JOCTHYb YITPaB-
JIeHUsT (PU3UOJIOTHICCKUMH peakusiMu [ 19].

ITocne PXB (5°C) B kpoBH KpbIC OTMEYAJIH CHH-
JKEHHE OOIIero KOIWYeCTBa JIEHKOLUMUTOB M JIMM-
(ormToB Ha (PoHE YBETMUEHHUS JOJIM MOHOIUTOB,
MAJIOYKO- U CETMEHTOSIEPHBIX KJIETOK (Tabdi. 4). Mo-
HOITUTBI MOTYT HaXOIUTHCS HE TOJIBKO B KPOBH, HO
U B TUM(ATHYCCKUX y3JIaX, a TAKXKE B TKAHSX, B KO-
TOPBIX TPOUCXOIUT UX TPAHCPOPMAIIUS B TUCTHOIIH-
Thl. OCHOBHBIMH (PYHKITUSIMH MOHOIIUTOB SIBIISTFOTCS
3axBaT M 00E€3BPEIKMBAHUE UY)KEPOIHBIX AIEMEHTOB
B KpoBsSHOM pycie. daronurapHoe AeWCTBHE MO-
HOIIUTOB M CTHUMYJSIUS MMH BBIPAOOTKH HHTEp-
(hepoHOB TO3BONSAET MOAACPKUBATE IMMYHHYIO 3a-
muty. Cpazy mocime PXB ormewamm mosienenune [1K
(1:100), a Takke yBEIWYCHHE KOJMYECTBA 3PEITBIX
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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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¢opm mpu HemsmeHenHom WSC
(0,06-0,08) (Tabmn. 4 u 5), 4to CBU-
JETENIbCTBYET O PEreHepaTUBHOM
CABHIE JIEHKOIIUTAPHOUN (POPMYIIBL.

ITocne PXB oTMeueHO MOBBI-

Tabnuua 4. BnusiHne noBepxHOCTHbIX puTMuydeckux (5°C) n akcTpemanbHbIX
(=120°C) xonoQoBbIX BO3AENCTBUI HA COOTHOLLEHWE TUMNOB NENKOLMTOB

B KpoBu 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)

menue MCJI m MCHJI Ha done YCnosuA KCrepumeHTa
cHmkerys JIA. JITW. VICJIM. mu- Experimental conditions
’ ’ ’ Mokasatenu
JICKCOB aJIJICPrU3aliy U aJanTaiui Indices Yepes 24 u
_ KoHTponb PXB 3XB nocne 3XB
(xax u mpu KIII'), uto cBuaeresns Control RCEs ECEs In 24 hrs
CTBYET O BOCHAJIMTEIILHOM IIPOLEC- after ECEs
Ce W HADYIICHHH HMMyHOpEak- .
Liee Konm4ecTtBo, X n * *
THBHOCTH, TPEOONaJaHud KIETOK Total number, x 10%/] 65+009 1472£01171 66=01 | 542x07
HEeCIEeU(pUICSCKON 3aIIUThI U KIle-
o [ManoykoApepHble
TOYHOTO 3BEHA MUMMYHHOW CHUCTE- neiikoumTsi, % 1,93 +042 | 2,9+0,38% | 20+06 | 3,1 +0,3*
Band leuk 9
MBI, MOBBIIIEHUM WHTOKCHKALUH U and leukocytes, %
CerMeHTOHﬂeprle
akTUBHOCTH 3(()EeKTOpHOTO 3BEHA ot % 2707 5 153 | 367 2 218 | 39.0 4 2.3¢ | 326 = 26"
UMMyHUTeTa. TeHAEHIUS K yBENU- Segmented nuclear o o R o
leukocytes, %
gerauio MCJID yka3piBaeT Ha BO3-
MOXHYIO aKTHUBAIMIO MPOIIECCOB SWP?EECIZL » 65,53 + 1,34 | 57,7 + 2,37* | 65,3 + 1,2% | 52,4 + 3,9*
THIIEPYYBCTBUTEIBHOCTH HEMEJICH-
HOTO THIIa, HO B 3TOM yae Ku-
Oro THIIa, HO B 5TOM CITyHac SoanHodun, % 353+072 | 31+062 | 28+10 | 83+ 19"
BOTHBIX MO)XHO pa3/IC/ITh Ha JIBE phils, o
MOJTPYIIIbI; C KOHTPOJBHBIMU U Morounres, % T R e
BBICOKUMU 3HAYCHUSIMU 3TOTO WH- Monocytes, % o= oE o s

nekca (taoi. 5).

[loBTOpHBIE KpaTKOBpEMEHHBIE
BO3ZICHCTBUSL 3K30TCHHBIX (PaKTO-
POB YMEpPEHHOH CHWIIBI B OTIpeie-
JIEHHOM KOHTPOJIMPYEMOM PEKHUME
MOTYT aKTHBHU3HPOBATH CTPECC-IIU-
MUTHPYIOIIME M CaHOTCHHBbIE cHCTeMbl. OYeBHIHO,
PXB kak 3a c4eT CBOMX PUTMHYECKHX COCTaBJIs-
IOLIMX, TaK U XOJOAOBOTO (aKTopa M SIBICHUS KOH-
BEKIMH (TIOTOK BO3/IyXa), CIIOCOOCTBYIOT IEPECTPOii-
K€ aKTUBHOCTH 33/ICHCTBOBAHHBIX (DYHKIIMOHAIBHBIX
CHUCTEM OpraHu3Ma IO THIy XOJIOIOBOTO BO30YXK-
neHus (ropmesuca), ormedeHHoro mocie PXB (5°C)
[21], abpexT KOTOPOTO CBSI3BIBAIOT C YPOBHEM ajari-
TaIMX OpraHU3Ma.

Ha mnoBepxHOCTH HEHTPO(UIBHBIX JIEHKOIUTOB
PAacCIIOJIOKEHbI CEIEKTUHBI M HMHTErpuHbl. HelTpo-
(Wbl CEKpPEeTUPYIOT PsAJ LUUTOKWHOB U KOJIOHHWE-
CTUMYJIHPYIOIINX (DaKTOPOB, YTO OOECIEUNBAECT UX
(YHKIMOHAIBHYIO aKTMBHOCTbB, B3aUMOJICHCTBHE C
9HJIOTEJIMANBHBIMU KJIETKAMH, IOCIEIYIOUIYI0 MHU-
Tpalyio U3 KPOBSHOTO pycia B TKaHH, a TaKKe OIl-
penensier BausHUE HeHTpodmioB Ha 3(dekropHbIe
(hyHKIIMK IpyTHX KIEeTOK opranmsma [1, 6, 14]. Kpo-
M€ TOTOo, CIenuduUecKue TpaHylbsl HeHTpoduiIoB
comepxar Oosnee 20 MPOTEONUTHIECKUX (PEPMEHTOB
(B TOM umcie OONBIIOE KOJUYECTBO 3JIAcTasbl, ak-
TUBAIMSI KOTOPOH MOXKET MPUBOAUTH K JECTPYKLUH
TKaHell B oware BocnajeHus). ITockonbky oxiax-
JICHUE CONPOBOXKJIAETCSI PA3BUTHEM OKCHUIAATUBHOTO
cTpecca [25, 35], mpoUCXOOAT aKTUBALUs HEUTpO-

nem, p <0,05.

p <0.05.
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MpumevaHue: *— pas3nnyna CTatTuCTU4eCkn 3Ha4MmMbl 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. BnnsHne noBepxHOCTHbIX puTMuydeckux (5°C) n akctpemanbHbix (—120°C) XxonoaoBbixX BO3AENCTBUM Ha
WHTerpanbHble nenkouuTapHble nHaekchl 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)

YcnoBuA akcnepumeHTa
Experimental conditions
NHpekcbl
Indices
KoHTponb PXB 3XB Yepes 24 4 nocne 3XB
Control RCEs ECEs In 24 hrs after ECEs
MAC .
s 0,06+0,0 0,09+0,02 0,08+0,02 0,17 £0,02
T_'I/' 2,54+0,22 1,78+0,24* 1,36+0,26* 1,61+0,29*
mm
0l 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
arn . . .
o 20,09+1,3 14,99+1,31 12,66+0,59 13,37+2,5
e 0,43+0,04 3,562+0,38% 0,74+0,05* 0,73+0,09*
Ve 17,83+2,89 24,84+5,12 25,88+11,33 16,62+ 6,36
viGH 23,6+2,4 21,15+2,86 41,042,12% 19,44 +4,54
e 54,2+1,9 33,15+4,56* 55,25+1,18 20,2+6,16*
MA 3,9+0,45 2,47+0,2* 2,26+0,38* 3,93+0,48
VAT 2,567+0,22 1,76+0,21* 1,43+0,29* 1,77 +0,32*
AG 570, ,76£0, 430, ,77 %0,

MpumeyaHue: *— pasnuunga CTaTUCTUYECKM 3HAUYMMbI MO CPaBHEHMIO C KOHTponem, p < 0,05.
Note: *— differences are statistically significant if compared with the control, p < 0.05.

(humoB M BBICBOOOXKIIEHNE TPOTEHHA3, T. €. MPOSB-
JIIeTCSl CHUCTEMHAsl pPeaKiusl Ha CTPeccC, MOATBEpK-
JICHHEM 4Yero MOTYT CIIY)KUTh TIOJyYeHHbIE pa-
Hee JIaHHbIe O pe3KoM akTuBaluu acta3 npu PXB
(5°C) [21].

B cneayroneil cepun BTOPOro 3Taria MCCien0Ba-
HUI HM3ydYalid OTBETHYIO PEaKUHMIO JEUKOLUUTapHO-
ro 3B€Ha KPOBU KpPBIC Ha JIEHCTBUE DKCTPEMAJIbHO
Hu3kux Temmeparyp (—120°C) — 9XB (cm. Tabm. 1).
B mocrenHne TOABI KPHOCTUMYIAIMS BCETO Tela
(whole-body cryostimulation) B nmamazone —60...
—160°C mpumeHseTrcs B CHOPTUBHOM M BOCCTAaHO-
BHUTEIBHON MEAWIIMHE, Ui aKTHBAllMHd CAaHOTEHe3a
W BOCCTAHOBJICHUsI OallaHca B OpraHU3Me YelloBeKa,
a TaKKe Ui JIedeHHs psja 3aboneBaHui [27-29,
31, 33], HO HCMONB30BaHHE KPHUOCTHUMYIISALUH, II0
muenuto G. Lombardi u coasr. [31], He Bceraa Hay4-
HO 000CHOBaHO U O€30MaCcHO.

Cpazy nocne OXB (—120°C) B Ma3Kkax KpoBH KpbIC
o0Iee KOJIMYECTBO JICMKOLMTOB HE HM3MEHSIOCH,
yBEJIMYUBAJIACh JIOJsl CETMEHTOSICPHBIX KJIETOK H
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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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CHIYKAJIACh J0JIs JIMM(POLUTOB, KOTMYECTBO OCTAIIb-
HBIX THUIIOB JICHKOIIMTOB OCTaBaJlOCh Ha YPOBHE
koHTpossi (cM. Tabi. 4). Kak ormedeHo Bbllle, yBe-
JIUYEHUE JIOJIM CETMEHTOSICPHBIX HEUpOTpO(UIOB
Ha ¢oHe MMM(ONIEHNH MOXET OBITH CBSI3aHO C Tie-
peHanpsHKeHneM 3aJ7IeiCTBOBaHHBIX (PYHKITMOHATb-
HBIX CHCTEM W cTpeccoM. JImMmdoneHus: MoxxkeT 00-
YCIIaBIUBATHCS (DU3MONOTHYECKUMHU PEaKIUsIMH B
OTBET Ha JIEHCTBHE XOJOAA, HAINPAaBICHHBIMH Ha
MOBBIIIICHHE (YHKIIMOHATBLHONH aKTUBHOCTH JICHKO-
LMTOB U WX pa3pylIeHHE, a TaKKe CHIDKEHHEM HX
MyJa 3a CYeT MHUTPAlli B TKAHW M YMEHBIICHUS 00-
paszoBanus JelkouuToB. Yepe3 24 u mocie OXB
o01ee KOJMYECTBO JICHKOIIMTOB CHHXKAJIOCh, KaK H
JTUMQOIIUTOB, AOJS OCTAIBHBIX THIIOB KIIETOK IIO-
BBIIIIaJIaCh, OCOOCHHO 303MHOGMMIOB (Oonee 4Yem B
2 paza) (cMm. Tabm. 4). [IprarHBI MOBHIIICHNS YPOBHS
203MHO(MUIIOB B KPOBH OTIPENEISIOTCS ajulepruiec-
KOW TOTOBHOCTBIO OpPTraHW3Ma, COYETAHHOE YBEJH-
YeHHE DJ03MHO(PUIOB W MOHOIUTOB MOXeT Hao-
JONATHCS TPH UHQEKIMOHHBIX mporieccax [1, 6].

ITo mammeiM gpyrux wuccnemoBareneit [30, 34,
36] mocne oOmIeH KPUOCTUMYISIMH Y 3A0POBBIX
MYXXUYUH (CIIOPTCMEHBI U BOEHHBIE) 0O0lIee Koluye-
CTBO JICHKOLIMUTOB, JOJU TPAHYJIOLUUTOB M JHM(O-
LUTOB HM3MEHSIOTCS Pa3sHOHAIPABICHHO U 3aBUCST
OT KOJIMYECTBA BO3JECHCTBUI, WHIUBUAYAIbHBIX aH-
TPOIOJIOTHYECKUX TapaMeTPOB ¥ BBIHOCIUBOCTH
yenoBeka. [lpu sToM, HEeCMOTpsl Ha yBEIWYCHHE WX
KOJTMYECTBA, JICWKOIUTHI BCETa OCTAIOTCS B Tpee-
Jax (QHU3MOJIOTHYECKOTO JHara3oHa, BO3MOXKHBIMH
MPUIHHAMH DTOTO SIBJISTIOTCS MOOWIM3AIUS JICHKO-
LIMTOB M3 KOCTHOTO MO3ra M MX MHUTpAIUs U3 TKa-
HEl pe3uICHTHBIX OPTaHOB, XOTS OOBSCHEHUS 3TOMY
¢denomeny Het [31]. Ilpenmnonararor, 4Tto yBeHue-
HUE MyJa LUPKYIUPYIOUIMX HEUTPOPHIOB CTUMY-
JMPYET aHTHOTEHE3 Yepe3 IKCIPECCUIo Gpakropa poc-
ta sHporenus cocynoB (VEGF) u, ciemgoBarensHo,
yirydniaet nepy3uio U BOCCTaHOBIICHHE TKaHe [32].

Hunaamuka MJIN npu 9XB (-120°C) B ocHOBHOM
Onl1a cxomHOM ¢ merictBueMm PXB, kpome MCJIM (He
mmMensuics) 1 MICHM (moBbITITancs), 9To yKaspIBaeT
elme M Ha aKTUBAIMIO Makpo(daramabHON CHCTEMBI.
Uepes 24 1 mocne O9XB MAC noseimancs (modyru B
TPH pa3a) MO CPABHEHHIO C KOHTPOJILHOM TPYIIION,
JIF, JITU, UCJIM u UAT" cHmwxkamuch (Kak U Ipu
PXB), A ne uzmensuics (tadm. 5).

Takum oOpazom, cpaBHeHHE S(PHEKTOB MOBEPX-
HOCTHBIX putMuueckux (5°C) M 3KCTpeMallbHBIX
(=120°C) x010MOBBIX BO3ICHCTBUN pa3HOW WHTEH-
CHUBHOCTU TNOKa3ajo, uro PXB BbI3bIBanM OIHOHA-
MpaBlieHHBIE, HO 0oJiee BBIPAYKEHHBIE 110 CPABHEHUIO
¢ OXB u mpakTHYeCKH CXOMHBIC IO CPaBHEHHUIO C
rpymnmoit gepe3 24 4 mociae OXB m3menenus. Cie-
IyeT OTMETHUTh 3HaunTeiapbHoe moBbimeHue 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 IA 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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(moutu B 8 pa3) nmpu PXB u mouytu nBykparHOoe yBe-
JUYEHUE KOJTUYeCcTBa 303uHO(UIOB yepe3 24 9 moc-
ne OXB (cm. Tabim. 4 u 5).

Ananus namenennit UJIM npu oOmierd xomomoBoit
TpaBme [18] (25) cBHIETENBCTBYET O PA3BUTHHU BHI-
paXeHHOW OOIIel BOCIATUTEIIBHON PEeakiud B Op-
raHu3Me JIIOACH W 3HAYUTEIIBHONM WHTOKCUKALUU
y’Ke B paHHHE CPOKH Tocie oxjaxaeHus. [lpu uc-
CJIEZIOBAaHMH ydYacTKa KOXH TOCIe ITyOOKoW o0Imei
runorepmun O.J1. Msnenen u A.®. Cyxanos [16] ot-
MEUalOT aKTHBAIMIO HEHTPOQMIBHBIX JICHKOIUTOB
u Makpo(daroB, 4TO yKa3bIBacT Ha IOBBILIICHHUE 3a-
LIUTHBIX CBOMCTB KOXKH.

I'pynmoii uccnenoBareneii moa pPyKOBOACTBOM
JL.X. T'apkaBu [4] yCTaHOBIEHO, YTO OpraHW3M Ha
abcommoTHO JF000€ BO3/ICWCTBHE OTBEYAET TpEeMs
aJaNTUBHBIMUA DPEAKIHUSIMH (TPEHUPOBKH, CIIOKOW-
HOHM aKTWUBAIlUW W TOBBINICHHON aKTHBAaIlWN), a TaK-
K€ peakiuen crpecca, BOSHUKAIOIIEH TOJbKO B TOM
clly4ae, €Clli OpraHh3Ma HE MOXKET peajn30BaTh
nepBbie Tpu. JIsl peakiuu TPEHUPOBKU XapaKTepeH
YpOBEHb JIMM(OIMTOB, COOTBETCTBYIOLIMI HUXKHE-
My Ipelnesy HOPMBL, IPHU PEaKLUU CIOKONHOW ak-
THUBAllUd OH JOCTUTACT BEPXHEH TPAHUIIBI HOPMBI;
[IPU PEaKIMU MOBBIIICHHON aKTHBAIUW HAOIOIACT-
Csl yBEIIMYCHHUE KOJIMYECTBa TUMQOLUTOB Ha (oHE
YMEHBIICHUS JI0JIM CErMEHTOSACPHBIX KieToK. Ta-
KH€ pEeaKIMH JOJDKHBI OBITh BBI3BAHBI CIIA0BIMU
BO3ZICMCTBUSAMHU, MHAYE€ OHH TPHOOPETAIOT YepPTHI
HaIpPSDKEHHOCTH U MOTYT IPHUBOJUTH K Pa3BUTHIO
[1aTOJIOTUHM, XOTS MHOIME IIPOLECCHl aJlanTaluHu,
MIPOTEKAIOIIHNE C HAMPSHKCHUEM W BO3MOXKHBIM HC-
TOIIICHUEM BOBJICUCHHBIX (DYHKIIMOHAIBHBIX CHC-
TEM, TIPU OMPEICTICHHBIX YCIOBUSIX MOTYT CTaTh Tpe-
Hupytommmu [4].

Tak, npumeHenune ymepenHoro pexxuma KL B
HaIIUX AKCIEPUMEHTaX CIOCOOCTBOBANO (HOPMHU-
POBAHUIO Y KPBIC OAHON U3 TPEX aJalTUBHBIX PEaK-
LUNA — peakluu TPEeHUPOBKU. Takoil pe3ynbrar eme
pa3 MOATBEPXKIAeT MOJIYYEHHBIE PAaHEE AaHHBIE O
MOBBIIIEHUH XOJOAOBON YCTOMYMBOCTH OpraHu3Ma
mocie ymepernoro pexuma KII™ [9]. TTocme UL ¢
OOMBIION JI0J7ei BEPOATHOCTH MOXHO TOBOPHTH O
(hopMHUpOBaHUN PEAKINHU CIOKOWHOW aKTUBAIIUH
(cM. Tabm. 2 u 3).

Takum 00pa3oM, OTBETHAsl PEakiUsi TOMOMOTEP-
MHOTO OpraHM3Ma Ha BIUSHHE XOJIOJIOBOTO (pakropa
B HEKOTOPOM CTEMEHU 3aBUCUT OT MHTECHCUBHOCTH,
JUIUTEILHOCTH, KPaTHOCTU BO3JCHCTBUS U CTEIle-
Hu cHmxenus TT, a Takxke BpeMeHH, MPOLICALIETO
C MOMeEHTa BO3JIelcTBHs (depe3 24 4 mocie OXJax-
nenvsi). CpaBHUTENBHBINA aHAN3 COCTOSHUS JIEHKO-
LIUTAPHOIO 3BEHA KPOBU KPbIC U 3HAUYCHUU HHTEr-
PajbHBIX JECHKOLMTAPHBIX HMHJEKCOB IIOKa3al, YTO
MIPUMEHSIEMBIE PEKUMBI THIIOTEPMHUH M XOJIOJOBBIX
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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), etc.
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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BO3IeHCTBUN (CM. TaOMI. 1) M3MEHSIOT oOlee KOJIU-
YECTBO U KOJIMYECTBEHHO-KaY€CTBEHHOE COOTHOIIIC-
HUE TUIIOB JICHKOIIMTOB, a TaKXKe, [0 JAaHHBIM JTUHA-
muku MM, akTUBUPYIOT ONPEICICHHbIC 3BEHbSI UM-
MYHHOH CHCTEMBI (CM. Tabm. 2-5).

IIpr M30BITOYHON WM HEIOCTATOYHON aKTHBAITUH
MEXaHHW3MOB, OTBETCTBEHHBIX 3a Pa3BUTHE CTpecca,
MOXKET CHIDKATHCS yCTOMYHBOCTH OpTraHWU3Ma, OCO-
OCHHO €CJIM JEHCTBUE pPa3IpakKUTENsl SBISICTCS HE
TOJILKO YPE3MEPHBIM, HO JUTUTEIHHBIM U HEIPEPHIB-
HBIM. B 3THX yCIOBUAX MOTYT 3HAUUTEIHHO CHU-
JKaThCSl WIK JTaXKE HE PEain30BhIBATHCS aJanTallioH-
Hble MEXaHM3MbI U COXpaHeHHe romeocrasza [4]. Mol
MIPETIONOXKIIIM, YTO O 3allyCKe WIM pealu3alyd aar-
TAIIMOHHBIX PEAKIUH MPU OXJIAKICHUH MOTYT TaKkKe
CBUIETEIHCTBOBATh, B YACTHOCTH JIEMKOIIMTO3 Ha (O-
He pereHeparmBHoro casura (pu WI' u gepe3 24 4
nocie KLI™ u UT'), mosiBieHre mra3MaTudecKux Kire-
ToK (mocie PXB, cpasy u uepe3 24 4 nocie UI' u
KIII'), tToHBIX 1 OTaCTHBIX KJIETOK, a TAKKE XPOMaTO-
(bMIBHBIX 3pUTPOLMTOB (cpa3y u uepe3 24 4 mocine
UI' u KUI') u mp.

BriBOABI

Cpasnenre 3¢ dexroB kpannouepedpansHoit (32°C)
u uMMepcruonHol (27°C) runotepMuH, a Takxke Mo-
BEPXHOCTHBIX pUTMUUECKUX (5°C) 1 3KCTpeMalIbHBIX
(=120°C) x0010BBIX BO3ACHCTBUI (063 M3MECHECHHS
TT) no3BOAMIIO BBISIBUTH CXOICTBA U PA3IMYMS B -
HaMUKe JIEHKOIMTApHBIX IMOKa3aTeel KPOBU KPbIC.

OtMmevanu netikoruto3 (mpu UI u dgepes 24 q
nociie KUI' u UI') n nefikonennro (mpu KUI, PXB
u uepe3 24 4 mocine DXB); Ha ¢GoHE yMEHBbIICHUS
nomu ymuMdonuToB (nmpu U He W3MeHsiach) Ha-
Orofany yBeJIMYeHHE KOJIMYECTBA MANOYKO- (MpH
BCEX COCTOSIHMAX, Kpome DXB) U cerMeHTosIepHbIX
kietok (kpome UI), a Taxke 303MHOGUIIOB (TOIBKO
npu KUI™ 1 uepes 24 1 nociie 9XB). B ma3kax kpo-
BY OBUIH BBISIBJICHBI TJIA3MaTHUECKUE KICTKH (KpoMme
rpynn ¢ 9XB), monuxpomMaroQuiIbHbIe SPUTPOITUTHI
1 He3pelnbie POpMBI JISHKOIMTOB (TOHBIE, OJacTHEIE,
MHEJIOUTHI) (Cpa3y u uepe3 24 9 mocie 000X BUIOB
TUIMOTEPMHUH ), TUTa3MaTH3AIHs [IUTOIJIa3MBbl y YacTH
kieTok (uepes3 24 1 mocne KL u UI').

Pacuer uHTErpanbHbIX JIEUKOUUTAPHBIX WHIEK-
COB TI03BOJIWJI BBISIBUTH CJIEAYIONIHE U3MEHEHUS aK-
TUBHOCTH OTJIENbHBIX 3BEHbEB HMMYHHOW CHCTe-
MBI: TIpeodaJaHue KJIETOYHOTO 3BeHa MUMMYHHTETa
(npm Bcex cocrtosHUAX, kpome HI'); moBbImIeHHBIN
ypoBeHb nHTOKCHKaruu (npu U u depe3 24 4 moc-
Jie 000MX BHJIOB TUIIOTEPMMH); aKTHBALMSI BOCIIANIU-
TEJILHOTO TIPOLIECcCca; HapylIEHHE HMMYHOPEAKTHB-
HOCTH W TIpeoOiaianne KJICTOK Hecrenu(uaeckoi
3amuTH (BO BCceX Tpymmax, kpome MI'); akTuBarms
MakpoaranpHoil cuctemsl (mpu OXB u gepe3 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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