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Blood Leukocytes in Young and Aged Rats
After Whole Body Cryostimulation (—120°C)

Pedbepar: 3aranbHa kpioctumynsuia (3KC) (—120°C) Buknukae 3HayHi 3MiHM NENKOLMTAPHUX MOKa3HWKIB KPOBI y MOMOAMX i CcTa-
puX LWypiB (3aranbHOi KiNbKOCTi NENKOUUTIB (MerKouuTo3 abo NenkoneHis), KinbKiCHO-AKICHOrO CMiBBIAHOLLEHHS iX TUMIB i HANPsiM 3cyBy
nenkoumTapHoi opMynu); NOSBY IOHWUX, MNAsMaTUYHUX | MOMIXPOMAaTOMINbHNX KMITUHKW, Na3MaTusauiio ULMTONnasMu y Aeskux nen-
KOUMTIB, @ TaKoX iHTerpanbHUX nenkoumTapHux iHgekciB. CnpsiMOBAHICTb | BUP@XEHICTb UMX 3MiH 3anexwTb Bi BiKy TBapuH (6—7
abo 18-20-micauHi), kinbkocTi npoBeAeHnx ceaHciB 3KC (1, 2 un 3), a TakoX TEPMIHIB CMOCTEPEXEHHs (Yepes3 Aoby | TxAEHb) | CBIAUNTD
npo disionoriyHi NnepebyaoBn B opraHiaMi, ki MOXyTb ByTn NoB’A3aHi 3 nepeHanpyXeHHAM 3afisHUX (YHKUIOHANbHNX CUCTEM i cTpe-
com. Yepes 24 rogunHn nicna 2-ro ceaHcy 3KC nuwe y ctapux LypiB BiACOTOK NiMOLMTIB BiANOBIAAE HWKHLOMY 3HA4YEHHIO KOHTPOTIO,
Lo yKasye Ha POPMyBaHHS peakuii TPeHyBaHHS Ha LbOMY eTani. IHTerpanbHi NenKkouuTapHi iHOEKCK y CTapux LypiB 3MiHIOIOTECA Ha
BiAMiHY Bif Monogmx 3Ha4yHO MeHLue, ocobnmso yepes foby Tta TwxaeHb nicna 3KC. IHaekc apganTauii Mapkasi 36inbliyeTbCa nuvwe
y CTapux LypiB i Tinbkv Yepes 24 roguHu nicns 3-ro ceaHcy 3KC.

KntouoBi crnoBa: KpioCTUMynsiLis, NENKOLMTH, iHTerpanbHi NernKoLMTapHi iHaeKkcu, BiK, LLypu.

Abstract: The whole body cryostimulation (WBC) (-120°C) induces significant changes in blood leukocyte parameters in young
and aged rats (total leukocyte number (leukocytosis or leukopenia); quantitative and qualitative correlation of their types, and shift
direction in leukocyte formula); appearance of immature, plasm and polychromatophilic cells, cytoplasm plasmatization in some
leukocytes, and changes in the integral leukocyte indices. The direction and severity of these changes depend on animals age (6—7 or
18—-20 months old), number of the WBC sessions (1, 2 or 3), terms of observation (day and week) and mainly indicates physiological
alterations in a body, that may be associated with the strain of involved functional systems and stress. In aged rats only, 24 hrs after
the 2" WBC session the lymphocyte percentage corresponded to a lower control value, thus indicating the training response formation
at this stage. The integral leukocyte indices of aged rats underwent considerably smaller changes if compared with the young ones,
especially in 24 hrs and a week after the WBC; the Garkavi adaptation index increased only in aged rats and just 24 hrs after

the 3 WBC session.

Key words: whole body cryostimulation, leukocytes, integral leukocyte indices, age, rats.

B ocramHi pokm B MEAWIIMHI, 30KpeMa CIIOp-
TUBHIA 1 BIJHOBIIOBAJIbHIM, IIUPOKOTO PO3IIOB-
CIO[DKEHHS HaOyBalOTh METOAM KPIOCTUMYIISIIIiT/
kpiotepamii [15-21, 23, 25, 29], kpim TOro 3’sBis-
IOTBCSI JOCTIJKEHHS, IPUCBSIYCH] X BUKOPUCTAHHIO
i y Berepunapii [24]. Byno minTBepmXKeHO MpOTH-
3anayibHi, MPOTHOONBOBI Ta AaHTHOKCUAAHTHI edek-
TH KPIOCTUMYIIAIII OpraHi3My, BH3HaYeHO OCHOBHI
(hizionoriuHi peakiii Ta IPOIEMOHCTPOBAHO ii Tpo-
(imakTHuHy crTpareriro 3a ymMoB (pi3U4HOTO TIEepe-
BaHTaKeHH:. lIpumyckaroTe, 110 3arajbHa KpiOCTH-
myrsiis (3KC) moxke MomudikyBaTn iMyHOJIOTIUHI
peakIiii, BILIMBaTH HAa MOOLTI3AII0 JICUKOIUTIB Ta

BMicT 1uTOKIHIB [20]. OgHak J0Ci HE BHU3HAYEHO
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Recently, the cryostimulation / cryotherapy have
become widespread in medicine, in particular in
sports and rehabilitation [4, 9, 10, 12-15, 19, 23,
29], moreover there are the reports about their use in
veterinary medicine [20]. There have been confirmed
the anti-inflammatory, anesthetic and antioxidant
effects of body’s cryostimulation, determined the
main physiological responses and shown its pre-
ventive strategy under high intensity training. The
whole body cryostimulation (WBC) is suggested
as able to modify the immunological responses,
and affect the leukocytes mobilization and cytokine
content [14]. However, the optimal temperature,

number and periodicity of the WBC sessions have
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ONTUMAJIbHY TEMIIEparypy, KUIbKICTb 1 mHepiogudy-
Hicth ceanciB 3KC. 3a3Buuail KOpOTKOYAaCHI Kpio-
BIUIMBU 3IiHCHIOIOTHCSI y CHELiaJIbHIN Kpiokamepi,
y SKiid TeMIieparypa HOBITpSl MiATPUMYEThCSA Y Iia-
nazoHi —60...—160°C, omuH ceaHc TpuBae 2-3 XB,
a OBHHH Kypc ckiamaetses 3 3—20 mponeayp 3KC.
Crtiz 3a3HaYUTH, IO TICISI TOPIBHIIEHOTO BUBUCHHS
BIUTMBIB KPiOCTUMYJIAL{, XOI0MHOI BOMU 1 TiIare6o
JesKl JTOCTHITHUKA CTaBIATH IiJI CyMHIB TEepeBary
Bukopuctanns 3KC y sikocTi cTparerii BiIHOBICHHS
IicJIsl HampyXeHUX TpeHyBaHb [27, 28], a C. Maw-
hinney Ta cmiBaBT. [22] MOKa3yIOTh, 10 3aHypPEHHS
y xononHy Boxy mae 3piBHsiHUH 31 3KC edekt. Kpim
TOro, 6arato 3 BIAMOBIAHUX peakwUiil (QyHKIIOHAIb-
HUX cucTeM opraHizmy Ha BB 3KC 3anumraiorsest
111¢ HEBUBYECHUMH.

3MiHOIO CTaHy CHCTEeMH KpOBi Ta ii BHCOKO-
CTIeITiaTi30BaHNuX KIIITHH (€pUTPOIHTIB, JCHKOIIUTIB
TOIIIO) OOYMOBIIIOIOTECSI CTYIIIHb PE3UCTEHTHOCTI,
BHPaXEHICTh MATOJOTIYHUX MOPYIIEHb Ta 3/1aTHICT
Oprafiamy 0 ajgantaifii. Mixk BMICTOM OKpPEeMHX
THUIIB JICHKOLIUTIB Y KPOBi iCHYIOTh IIE€BHI CITiBBiTHO-
LICHHS, aHaJli3 SKUX 3a JICHKOIUTapHOIO (PopMyIIoro
€ HaAiiHUM 71a00OpaTOpHUM MapKepoM, L0 Mae ic-
TOTHE MiarHOCTUYHO-IIPOTHOCTUYHE 3HAUCHHS. Xa-
pakTep TakuX 3MiH 3aJIe)KHUTh BiJl 1HAMBIIyalIbHUX
rapaMmeTpiB, CTari, BiKy i yMOB TIPOXKHUBAHHS JTFOIH-
HU, BILTUBY €HJI0- 1 €K30TeHHUX (hakTopis TomIo [1, 7,
8, 14]. Panime Oymo mokazaHo, IO BHPAKEHICThH i
CTIPSIMOBAHICTh KOJIMBAHb CITIBBITHOIICHHS PIi3HUX
THUITIB JICHKOITUTIB Ta IHTETPaTbHUX JICHKOITUTAPHUX
IHAEKCIB Yy MOJIOAWX IIypiB MEBHOIO MIpOIO0 BH3HA-
YaeThCs BUIOM Ta IHTEHCHBHICTIO XOJIOJOBOTO BILIU-
By, TEMIIEpaTypolo Tijla, Xo4a TaKi KOJIMBAaHHS MO-
XKyThb OyTH nogiOHuMu abo BifpizusaTucs [10].

Merta poOOTH — BHUBYEHHS BIUIMBY 3arajbHOI
kpioctumynsnii tina (—120°C) Ha cHiBBigHOIIECHHS
PI3HUX THIB JICHKOLMTIB KPOBI MOJIOAMX 1 CTapHX
IIypiB Ta iHTErpabHi JEHKOIMTAPHI 1HIEKCH.

Marepiaau i MmeToaH

ExcriepuMeHTH TPOBOAVIIN BiAIIOBITHO 0 3aKOHY
VYkpainu «IIpo 3axucT TBapHH BiJl KOPCTOKOTO IMTOBOJ-
xeHHsD» (Ne 3447-1V Bin 21.02.2006 p.) i3 norpuman-
HSIM BUMOT KOMITeTY 3 OioeTuku [HCTHTYTY TpoOieM
KpioGiomnorii i kpiomenuan HAH Ykpainu, noron-
KCHHX 13 TMOJIOKEHHIMH «CBPONENCHKOT KOHBEHIIIT 3
3aXUCTy XPeOETHUX TBapUH, SIKi BUKOPUCTOBYIOTHCS
JUISL SKCIIEPUMEHTAIbHUX Ta IHIIUX HAyKOBUX IIi-
neit» (CtpacOypr, 1986). PoboTy BHKOHYBaIHU B OCIH-
HBO-3UMOBHUH TIepiosl Ha MoJoaux (6—7-MicsI9HUX) 1
crapux (18-20-micauHuX) camIx Oinmmx 6e3mopos-
HUX WIypiB, SIKAX JO MOYATKy €KCIIEPUMEHTY YTpH-
MyBaJIl B YMOBax BiBapiro 3a MPUPOTHOTO CBITIIOBOTO
peXXUMY Ta Ha CTaHAApTHOMY pamioHi ad libitum.

not been determined yet. Usually, the short-term
cryoexposures are performed in a special cryocham-
ber, where the air temperature is maintained within
the range of —60...—160°C, one session lasts 2—
3 min, and a complete course comprises 3-20
WBC procedures. Notably, that after comparative
study of cryostimulation, cold water and placebo
effects, some researchers have disputed the advan-
tage of using the WBC as the recovery strategy
after intense training [26, 27], and C. Mawhinney
et al. [16] have shown the immersion into cold
water to have an effect equivalent to the WBC. In
addition, many of the relevant responses of body’s
functional systems to the WBC effect are still poorly
studied.

Changes in state of blood system and its highly
specialized cells (erythrocytes, leukocytes, etc.) sti-
pulate the resistance degree, the severity of patho-
logical disorders and a body’s ability of adaptation.
There are the certain ratios between the content of
specific types of leukocytes in blood, the analysis
of which using the leukocyte formula is a reliable
laboratory marker of significant diagnostic and prog-
nostic value. The nature of these changes depends on
individual parameters, sex, age and living conditions
of individual, the impact of endogenous and exo-
genous factors, etc. [1, 5, 6, 21]. Previously, the
severity and direction of ratio fluctuations in dif-
ferent types of leukocytes and the integral leukocyte
indices in young rats were shown as somewhat
determined by the type and intensity of cold expo-
sure, body temperature, although such fluctuations
might be similar or differ [11].

Here, we aimed to study the impact of the whole
body cryostimulation (—120°C) on ratio of different
types of blood leukocytes in young and aged rats,
as well as the integral leukocyte indices.

Materials and methods

The experiments were carried out in accordance
with the Law of Ukraine ‘On the Protection of
Animals Against Cruelty’ (Ne 3447-1V of February
21, 2006) in compliance with the requirements
of the Bioethics Committee of the Institute for
Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine, in
accordance with the provisions of the ‘European
Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific
Purposes’ (Strasbourg, 1986). The research was con-
ducted in the autumn-winter period in young (6—
7-month-old) and aged (18-20-month-old) white
outbred male rats, prior to experiment housed in
animal facility with natural light/dark cycle and
a standard diet ad libitum.
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3aranpHy KpiOCTHMYJIALIIO 3A1MCHIOBAIN B Kpio-
KaMepi Ui OXOJIOMKEHHS ApiOHUX 1a0opaTOpHUX
TBapuH [3]. TpuBasicTh X07010BOTO BIUIUBY 32 TEM-
nieparypu —120°C cranosuina 90 ¢ i3 24-ronuHHUM iH-
TEpBaJIOM, 3arajioM OyIio IPOBEJEHO TPHU ceaHcH (pas
Ha 100y). 3a0ip KpoBi, K 1 (GparMeHTiB IHIINX TKa-
HUH T 010XIMIYHUX 1 MOP(OJIOTIYHUX IO CITIIKEHB,
TIPOBOIYUIH TTiCHs Mekamitamii TBapuH. LLlypu koxHO-
ro BiKy Oynu po3aiieHi Ha 9 rpy (110 5 TBapHH y KOXK-
Hill): 1 — koHTpONB; 2—4 — micns 1-3-ro ceanciB 3KC
BIJIMOBI/THO, 5—7 —uepe3 24 rofunu micis 1-3-ro cean-
ciB 3KC BiamoBigHo, 8-9 — yepe3 TIWKIACHD MiCIs
1 Ta 3-ro ceanciB 3KC BiamnosiznHo.

KinbKicHO-SIKiICHY OLIHKY TUIIB JICHKOUNTIB 31iH-
CHIOBAJIM B MasKax KpOBi, 00poOneHux (ikcatopom
Maii-I'pronBanbna («MiniMeny», Pocis) 1 3abapsie-
HHUX T€MaToJIOTIYHUM OapBHUKOM 3a POMaHOBCHKUM
(«MiriMeny), paxyBamu o 100-200 KJTiTHH Y KOX-
HOMY 3pa3Ky. 3arajibHy KiJTbKiCTh JCHKOIINTIB BU3HA-
yaimn B Kamepi lopseBa. Po3zpaxoByBanmu HacTymHI
iHTerpanbHi neiikonmrapi iHgexcu (IJII) [10-13]:
ingekc saepHoro 3cyBy (I3 = (Mi + 1O + I1)/C);
nevixountapuuii inaexe (JII = JI/H); nefikonurapHuii
inaexc inTokcukanii Kanbd-Kamiga (JII = (4Mi +
310 + 2I1+ C) x (IIK + 1)/(JI + M)x(E + 1); innexc
3cyBy nedikonuTiB (13J1=(E + b+ C + I1)/JT + M); ntim-
(hormrapHo-Tpanynouutapanii ingexc (JII'T = 10J1 /
(Mi + 1O +I1 + C + E + b); iHaeKc CiBBiIHOIIICHHS
Herrpodimis i mimdonuris (ICHJ = IT + C/JI); iH-
JIEKC CITIBBITHOMICHHS JIM(OIUTIB Ta €03WHOMILITIB
(ICJIE = JI/E); iHmeKkc CIiBBigHOMIEHHS HEUTpOdi-
niB 1 Mmonouutie (ICHM = H/M); infekc criBBigHO-
meHHs: mimMdonurie 1 Monorwmrie (ICJIM = JI/M);
inpexcu aneprizauii (IA=JI1+ 1-(E + 1)/IT+ C + M)
ta amantariii ['apkasi (IAI" = JI/C).

CkopoueHHsI Yy HagaHuxX (opMynax O3HAYaroTh
tunu kmitul: I1 — nannuko- tTa C — cermeHTosiepHi
newikorutH;, JI — mimpomurn; M — moHonuTH; H —
HedTpodinm; E — eosunodinm;, b — 6azodinm; Mi —
mienorutw; O — roHi popmu (MeTamienonutn), 11K —
IJIa3MaTHYHI KITHHA (BMICT y BiICOTKAX).

CratucTuaHy OOpOOKY pe3yibTaTiB IPOBOIIIIH
3a METOIOM HEMapaMeTpU4HOi cTaTUCTHKU Kpyc-
KaJa- Yosurica 3 BAKOPUCTaHHSIM IIPOTPaMHOTO 3a0e3-
nedeHHs «Statistica 6.0» («MatStat Inc.», CILA).

Pe3yabTaTn Ta 06roBOpeHHs

AHaniz OTpUMaHHX pe3yJlbTaTiB MOKa3aB, IO
3arajbHa KUIBKICTh JICHKOLHUTIB Yy KPOBI MOJOAUX
LIypiB JeKijbKa 301IbIIyBasIacs Bifpa3y micis 2-ro
ceancy 3KC Ta uepe3 TUXACHb CHOCTEPEKEHHS,
3MEHIyBajacs (JeiKkonenis) mcnas 3-ro Ta depes
24 ropmHM micas 1-ro ceaHciB. Y crapux IIypiB
CIOCTEpirajay 3HIKCHHS LBOTO IOKa3HWKA MIiCiIs
I-ro ceancy Ta 3HauyHE MIABUIICHHS (JICHKOIIUTO3)
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The whole body cryostimulation procedure
was performed in a cryochamber designated for
the cooling of small laboratory animals [3]. The
duration of cold exposure at —120°C was 90s with
a 24-hours interval, a total of three sessions (once a
day). The blood as well as others tissue samples for
biochemical and morphological investigation were
collected after animals decapitation. Rats of each
age were divided into 9 groups (5 animals in each):
group 1 was the control; groups 2—4 comprised the
animals after 1-3 sessions of the WBC respectively;
groups 5-7 were those in 24 hrs after 1-3 sessions
of the WBC respectively; groups 89 consisted of
animals a week after the 1* and 3 WBC sessions
respectively.

The leukocyte types were quantitatively and
qualitatively assessed in blood smears fixed with
May-Grunwald (MiniMed, Russia) and stained with
hematological dye according to Romanowsky (Mini-
Med), by counting 100-200 cells in each sample.
The total leukocyte number was determined in
Goryaev chamber. There were calculated the fol-
lowing integral leukocyte indices (ILIs) [11, 17, 18,
22] such as: the nuclear shift index (NSI = (MCs +
MMCs + Bls)/SLs); the leukocyte index (LI = L/N);
the leukocyte index of intoxication by Kalf-Kalif (LII
= (4MCs + 3MMCs + 2BLs + SLs) x (PCs + 1)/(L +
M) x (E + 1); the leukocyte shift index (LSI = (E +
B + SLs + BLs)/L + M); the lymphocyte-granulocyte
index (LGI = 10L/(MCs + MMCs + BLs + SLs +
E + B); the index of neutrophil to lymphocyte ratio
(INLR = BLs + SLs/L); the index of lymphocytes to
eosinophil ratio (ILER = L/E); the index of neutrophil
to monocytes ratio (INMR = N/M); the index of
lymphocyte to monocyte ratio (ILMR = L/M); the
indices of allergization (IA=1+ 1 — (E + + 1)/BLs
+ SLs + M) and Garkavi adaptation index (GAI =L/
SLs)

The abbreviations in the above formulae mean the
cell types such as: BLs — band and SLs — segmental
leukocytes; L — lymphocytes; M — monocytes; N —
neutrophils; E — eosinophils; B — basophils; MCs —
myelocytes; MMCs — metamyelocytes (immature
cells), PCs — plasm cells (expressed in percentage).

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

The analysis of findings revealed the total leu-
kocyte number in blood of young rats to be slightly
increased immediately after the 2" WBC session
and in a week of observation, and decreased
(leukopenia) after the 3™ session and 24 hrs after




ofipa3y Micisg 2-T0 ceaHCy KpIiBIUIUBY (Maiike BIBi-
4i), uepe3 24 roguHM Ta THXKACHB HIiCs 3-TO CeaHcy.
KonTponbHi 3Ha4eHHs y LIypiB Pi3HOIO BiKYy HE Bil-
pizHsHCcs (Tabm. 1).

JleiixomeHnii MOXYTh OOYMOBIIOBaTHCA 300€M
YTBOPEHHS JIEHKOIMTIB a00 iX BHUXOIOM y KpOB i3
KICTKOBOTO MO3KYy. BoHHM TOB’si3aHi 3 pyWHYBaH-
HSM 1 YTHTI3aIli€I0 JCHKOINTIB, a TaKoX 13 iX mepe-
po3noaiioM (Nepepo3noAiibHl HEHTPOIeHii), Koiu
MOPYIIYKOThCS ~ CIIBBIAHOIICHHS  [IUPKYJTFOIOUUX,
MPUCTIHKOBUX 1 TKAaHMHHUX HeTpodiniB. TkaHuH-
Hi HelTpodinu 37aTHI 3amMycKaTH TPAHCKPUILIHHY
porpamy, MpUBOJSIYM A0 TeHepauii psiLy XeMOKiHiB,
SK1 3aTy4aloTh A0 OCEPEIKiB 3amajeHHs 1 MOIIKO.I-
JKCHHSI TKaHWH 1HIIN BUAM 3alaIbHUX KIITHH (Mak-
podaru i T-mimpornurn), sKi, y CBOIO 4epry, CTBO-
proIOTh i3 HelTpodinamnu (yHKIIOHATBHI acomiamii
[1, 7, 8]. Big3znauarots # iHIITYy, KpiM (Daromurosy,
BOXJIMBY AaHTUMIKPOOHY (QYHKIIIIO HEUTpOdiTiB:
3[IATHICTh (JIOBUTH» MIKPOOPTaHi3MH B eKcTparie-
monspay mactky NET (Neutrophil Extracellular
Trap) [9].

JleiikonnTo3 — II€ BIJIOBIJHA 3aXWMCHA PEaKIlis
Ha TIOpa3HEHHs. Y TO€IHAHHI 31 3CYBOM JIEHKO-
LUTAapHOT (QOPMYNH BIIIBO MiABHUIICHHS 3arajibHOL
KUTBKOCT] JIGHKOLMTIB Y KpPOBI € HOPMalbHOIO pe-
aKIi€l0 KICTKOBOTO MO3KY Ha MOZAPa3HEHHS 1 BKa3ye
Ha MiJBUIIEHY Horo aktuBHIiCTH [1, 14]. diziono-
TIYHUH TIepepO3NMOAUTEHAN JIGHKOITUTO3 MOXKE CIIO0-
crepiratucs micns (izugHoro abo eMoIliifHOro Ha-
MIPYXKEHHS, BIUIUBY Xojoxy abo Terura. Kpim Toro,
JIOBEJICHO, IO JICUKOIIUTO3 — TaKUM K€ HE3aICKHUN
(axTop pU3MKy PO3BUTKY 1IEMiYHOT XBOPOOHU CcepIis,
SIK W TIJABUINEHHS BMICTY 3arajJibHOTO XOJIECTEPH-
Hy, apTepianbHa TillepTeH3ist, KypiHHS Ta IyKPOBHM
miader [5].

JlefikonuTo3 Ha T 30LIBIIEHHS BIJACOTKA IIa-
JUYKOSACPHAX HEUTPOdiniB 1 MmosBU IOHUX (Hopm
neiikoruTie (Mi Ta MeraMi) xapakrepusye pere-
HEpAaTUBHUHI 3CYB JEWKOIMTApHOI (QOpPMYIH, KUK
BKa3ye Ha ii 30a7aHCOBaHICTh Ta CTHMYJIAIIIO Mie-
JIONIOE3Y, IO € MO3UTHUBHOK IIPOrHOCTUYHOIO O3Ha-
KOIO Ta BiOOpakae IMiIBHUINECHUN PIBEHb PE3UCTEHT-
HocTi opranismy [1, 8]. Takuit 3cyB crmocrepiranu
y KpOBI CcTapux IIypiB ofpasy micis 2-ro Ta uepes
24 romuau micig 3-ro ceadcis 3KC: 30iiabLIeHHS
BIJICOTKA MaJIMYKOsIEpHUX KIiTHH Ha 128 1 108%
BimoBiHO (Tabu. 1) i mosiBa FOHMX KIIITHH Ta Mie-
gouutie (1:100). Lle mMoxe CBIAYMTH TPO CTUMY-
TS0 yTBOpeHHs HehTpodiniB. [lereHeparuBHMiA
3CyB yIpaBo (30LIbIICHHS BiJICOTKA TiTBKH TMaJINY-
KOSIJIEPHUX HEUTpo(isiB), SKUH BKa3ye Ha TPUTHI-
YeHHS JICHKOIMOSTHYIHOI (PYHKINI KICTKOBOTO MO3-
Ky, BiI3HaYaJIM y MOJIOIUX IMypiB depe3 24 TOmuHU
micist 2-ro Ta TrkaeHs miciast 1 1 3-ro ceancis 3KC

the 1% one. In aged rats, this index was reduced
after the 1% session and significantly augmented
(leukocytosis) immediately after the 2™ cryoex-
posure (almost twice), 24 hrs and a week after the
3" one. No differences in the control values in rats
of different ages were observed (Table 1).

Leukopeniae may be stipulated either by a failure
in leukocytes’ formation or their release into blood
out of bone marrow. They are associated with the
leukocytes’ destruction and utilization, as well as
with their redistribution (redistributive neutrope-
niae), when the ratio of circulating, parietal and
tissue neutrophils is disturbed. The tissue neut-
rophils are able to trigger a transcription program,
resulting in generation of some chemokines. The
latter can involve the other types of inflammatory
cells (macrophages and T-lymphocytes) to the site
of inflammation and tissue damage, which, in turn,
can form with neutrophils the functional associa-
tions [1, 5, 6]. Besides phagocytosis, an another
important antimicrobial function of neutrophils,
i. e. the capacity to ‘catch’ microorganisms into
the NET (Neutrophil Extracellular Trap), has been
revealed [28].

Leukocytosis is a protective response to stimuli,
and together with a shift of leukocyte formula to the
left, an increase in the total number of leukocytes
in blood is a normal response of bone marrow to
stimulus, suggesting its increased activity [1, 21].
Physiological redistributive leukocytosis may be
observed after physical or emotional stress, as well
as cold or heat effects. In addition, leukocytosis
was proven to be such an independent risk factor
for coronary heart disease development as eleva-
ted total cholesterol, hypertension, smoking, and
Diabetes mellitus [7].

Leukocytosis together with an increased con-
centration of band neutrophils and the appearance
of immature forms of leukocytes (MCs and MMCs)
designates a regenerative shift of leukocyte for-
mula, suggesting its balance and myelopoiesis
stimulation, being a positive prognostic sign and
reflecting a high level of body resistance [1, 6].
This shift was observed in blood of aged rats
immediately after the 2 WBC session and 24 hrs
after the 3™ one, i. e. an increase in band cells by
128 and 108%, respectively (Table 1) and appearance
of immature cells and myelocytes (1: 100). This
fact may testify to the stimulation of neutrophil
production. Degenerative right shift (an increase in
band neutrophils only), indicating the suppression
of leukopoietic bone marrow function, was observed
in young rats 24 hrs after the 2" WBC session and
a week after the 1% and 3™ ones (by 63.1; 100 and
47.4%, respectively). Notably, that the percentage
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(ma 63,1; 100 Ta 47,4% Binnosiguo). Cimig 3a3Ha-
YUTH, LI0 BIJICOTOK NaJUYKOSAEPHUX HEHUTpO(iniB
3MEHIIYBaBCS TUIBKM Yy CTapuX TBapHH 1 TiIbKH
Bizpa3y micis 3-ro ceaHcy KpioBIumBy (Tabm. 1).
[NanmukosiepHi JEHKOIUTH — TIe He3piiai HerTpodi-
JU, TOMY SKIIO iX KUTBKICTh Yy KPOBI 3MEHIITYEThCH,
TO TIOTIPITY€ETHCS PoOOTa IMyHHOT CHCTEMH Ta OITip-
HICTB 710 iH(EKIIITHNX 3aXBOPIOBaHb 00 3HIKYETHCS
JICHKOMOETHYHA AKTUBHICTh KiCTKOBOTO MO3KY IIiJ|
BIUIMBOM OIOJIOTIYHO aKTHBHHUX PEUOBHH Ta/abo
¢iznunux ¢paxropis [1, 8].

Bincotok cermenTosiiepHux HelpoTpodimiB mi-
BUIIYBaBcS Ha TJi 3MEHIICHHS KIUIBKOCTI JiMdo-
uuTiB (miMdorneHis) sk y Moioaux (Ha BCIX eramax
cnoctepeskerns micnst 3KC), tak #f y crapux mypis
(TOpIBHSHO 3 MOJIOAMMH TBAapHMHAMM KOHTPOJIBHOI
rpyn# i TinpKu Bimpazy micis 1 1 2-ro ceanciB 3KC)
(tabn. 1). Leit ¢axr mMoxe BkazyBaTH Ha (izioio-
TiYHI 3MiHU, TIOB’SI3aHI 3 TICPEHANPYKCHHIM 3aTisl-
HUX (QYHKIIOHAJIBHUX CHCTEM 1 cTpecoM. OCKITbKH
mypu (SIK 1 esiki iHII BUJM TPU3YHIB) MalOTh JIiM-
¢douunTapHuii TPOoQisIb KPOBOTBOPEHHS, TOMY abco-
JIIOTHA KUTBKICTH JIM(QOLUTIB y X KPOBI € BUCOKOIO.
Kpim Toro, mimdonutu po3niisioTh Ha MiATHIIH:
3 KOPOTKHM (3IaTHi 110 pPenponyKuii) Ta JOBIHM
(30epiraroTh IMYHOJOTIYHY «IaM’SITb») TEPMIHOM
xutTs. Jlimdonenii 3a ymo 3KC (y monoaux urypis
Ha BCIX eTanax CIOCTEPEXEHHS Ta y CTapux — Bil-
pasy micns 1 1 2-To ceaHCiB) MOXKYTh OOyMOBITIOBA-
THCSA BIKOM, (Di310JIOTIYHUMHU PEAKITISIMH, CIPSIMO-
BaHMMH Ha TABUIICHE BUTPAYaHHS JTIM(OIUTIB Ta
ix pyiinyBaHHs. KpiM TOTO, 3MEHIICHHS/301IbIICH-
HSl ITyJTy JIIMQOIUTIB MOXKE BiIOyBaTHCS 32 paxyHOK
3MEHIIEHHS X yYTBOPEHHS Ta Mirpamii y TKaHWHH,
OCKIJIbKM BOHM 3[aTHI 10 PEUUPKYJISILii, Ha BiAMIHY
BiJ HEHUTpO(]iNiB, AKI HE MOBEPTAIOTHCS 3 TKAHUH
y KpoB’siHe pycino [1, 8].

Bigomo, mo moHouuTH OepyTh ydacTb y pery-
TS TPOIeciB  KPOBOTBOPEHHS Ta (HOpMyBaHHI
cnenudigHOr0 IMYHITETY; 3a0e3MeuyioTh MPOTH-
MyXJIMHHAKA e(eKT 1 MpoayKyBaHHA iHTEphEpOHY;
BiIIrparoTh 3HAUHY POJTh Y 3HUIIEHHI 3aTHOTNX KITITHH
y MiCIAX 3amajieHHs, [0 3a0e3rnedye MOXKJIHNBICTH
pereHepariii TKaHWH. 301JIbIICHHS KUIBKOCTI MOHO-
LUTIB BiJ[3HAYaIM y MOJIOJMX TBApUH JIMIIIE Bipa3y
micnst 3-ro Ta 4epe3 24 roguHHU micns 1-ro ceaHciB
3KC, a Takok 4epe3 THXKIEHb Micisi 1-ro ceaHcy;
y CTapHx HIypiB MOPIBHSHO 3 MOJIOJMMHU — Y KOHT-
poii, a TakoX ozpasy 1 yepe3 24 TOAMHU Micas 2-TO
Ta TWXKIEHBb Micisl 1-ro ceaHCIB. 3MEHIIEHHS Kijb-
KOCT1 MOHOIIUTIB CITOCTEPITalIH JIUIIIE Y CTApUX IyPiB
1 Tinbk| Bifpasy micis 3-ro ceancy 3KC (tadm. 1).

[Ticns mposenennss 3KC y crapux nrypiB (OKpiM
BCIX €TamiB CIOCTEpeKeHHs Ticisd 1-Tro ceaHcy)
BIJICOTOK €03WHO(ITIB 3MCHIIYBAaBCA HA TOPSIOK
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of band neutrophils decreased merely in aged
animals and only immediately after the 3™ session
of cryoexposure (Table 1). Band leukocytes are the
immature neutrophils, so if their number in blood
decreases, the functioning of immune system and
resistance to infectious diseases are worsened, or a
leukopoietic activity of the bone marrow is reduced
under the effect of biologically active substances
and / or physical factors [1, 6].

The percentage of segmented neurotrophils aug-
mented together with a decrease in lymphocyte
number (lymphopenia) in both young (at all the sta-
ges of observation after the WBC) and aged rats
(compared with young animals in the control group
and only immediately after the 1** and 2™ WBC ses-
sions) (Table 1). This fact may suggest the phy-
siological changes, associated with the overstrain
of involved functional systems and stress. Since the
rats (along with some other rodent species) have
a lymphoid hematopoiesis, the absolute lympho-
cyte number in their blood is high. In addition, the
lymphocytes are divided into subtypes, i. e. short-
lived (capable of reproduction) and long-lived ones
(retaining immunological ‘memory’). Lymphope-
niac under the WBC (at all observation stages
in young rats and right after the 1% and 2™ sessions
in aged ones) may be stipulated by age, physiological
responses, targeted at an increased lymphocytes’
consumption and their destruction. In addition, a
decrease/increase in lymphocytes’ pool may occur
through reducing their generation and migration
into the tissues, since they are able of recircula-
tion, in contrast to neutrophils, not coming back to
the bloodstream from tissues [1, 6].

Monocytes are known to be involved into regulating
the hematopoiesis and specific immunity formation;
to provide an antitumor effect and interferon pro-
duction; to play a key role in eliminating dead cells
in the inflammation sites, ensuring thereby tissue
regeneration. An increase in monocyte number was
observed in young animals only immediately after
the 3¢ WBC session and 24 hrs after the 1% one,
as well as a week after the 1% session; in aged rats,
if compared with the young animals, it was noted
in the control, as well as at once and 24 hrs after
the 2" session and a week after the 1* one. A decrease
in monocyte number was only found in aged rats
and just after the 3" WBC session (Table 1).

After performing the WBC in aged rats (except
all the observation stages after the 1% session),
the percentage of eosinophils reduced by an order
(eosinopenia) as compared with the corresponding
control, especially after the 2" one (Table 1). Eosi-
nopenia may suggest a decrease in body’s resistance
to endogenous and exogenous factors, as well as
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Tabnuusa 1. Bnnme 3aransHoi kpioctumynsuii (—120°C) Ha cniBBigHOLWEHHS TUNIB NENKOUUTIB
y KpOBi cTapux i monogux wypis (M = SE)
Table 1. Impact of whole body cryostimulation (—120°C) on ratio of leukocyte types
in blood of young and aged rats (M + SE)

Tunu neiikoumnTis, %
Leukocyte type, %
Fpynn TBAapuH 3aranbHa Kinbkictb, X 10%/n
G f animal Total ber, x 109/ . ) . h .
roups ot animas otal number / ManuykoAanepHi CermeHToAnepHi Nimdountn MoHouunTn EosiHodinu
Band Segmented Lymphocytes Monocytes Eosinophils
KoHTponb
Control
“¢§Eﬁ8' 6,5 = 0,1 1,9 + 0,4 27,1 £ 1,5 65,5 + 1,3 1.3 +0,2 35+07
Crapi 6.4 + 0,3 2,5 +0,5 # # # #
Aged 4 £0, 5 £0, 32,6 £ 2,0 56,2 + 4,8 2,4 +04 6,9 + 0,7
Micna 1-ro ceaHcy
After 15 session
“53323' 6,6 = 0,1 2,0 £ 0,6 39,0 + 2,4* 55,3 + 1,2* 1+0 2,8 £1,0
Crapi . 3,0 £ 0,4 42,5 + 1,4% i . i
Aged 50 + 0,3* ,0 £0, o1, 46,0 + 2,1% 3,0 £ 0,4% 55 + 0,6%
MicnAa 2-ro ceaHcy
After 2™ session
“¢8323' 7,7 £ 0,5% 2,4 £05 34,1 + 2,4* 53,4 = 3,0 1+02 86 £ 1,3%
Crapi wt wt wH ot wt w
Aged 12,0 £ 0,6* 57+ 1,1% 57,5 + 4,9* 33,6 £ 2,7 57+ 1,1% 0,7 + 0,5*
Micna 3-ro ceaHcy
After 3 session
Yoo 5,7 + 0,4* 2,00 37,8 +2,8* | 51,8+28* | 28+02% | 58%02"
Crapi 7,0 = 0,3 1,5 + 0,3* 36,75 + 1,9 56,7 + 2,6 | 1,5+ 0,3* 4,0 + 0,7
Aged ,0 £0, 5+ 0, 75 £ 1, g+ 2, 5 £ 0, ,0+0,
Yepes 24 roavnHu nicnAa 1-ro ceaHcy
24 hrs after 1¢t session
“ﬂgﬂzg' 5,4 + 0,7* 3,1 + 0,3% 32,6 + 2,6* 52,4 + 3,9% 2,4 + 0,4* 8,3 + 1,9%
i;ae%' 6,0 = 0,3 2,7 +0,3 33,0 + 2,047 56,2 + 3,06 | 2,75 + 0,2 4,2 £ 0,7*
Micna 2-ro ceaHcy
After 2™ session
“ﬂgﬂzg' 6,7 + 0,1 2,3 +0,9 36,3 + 2,1* 54,8 = 1,7* 1,8 £ 0,5 50 + 1,5
Crapi 6,7 + 0,1 4,5 + 1,2* 37,5 + 2,4* 52,0 + 0,7 *# 5,0 + 0,8*
Aged 7 £0, 5 £, 5 £ 2, 0 £0, 45 + 1,2% 0 £0,
Micna 3-ro ceaHcy
After 3 session
Voung 70 £08 2307 365+ 1,2* | 538=19% | 1,8%05 5,8 + 0,7*
Crapi «# x# 29,2 + 3,4 58,0 + 6,1 # 6,0 + 1,3
Aged 10,0 = 0,3* 5,2 + 1,6* 2 =3, ,0 £ 6, 4,7 + 1,0* 0+ 1,
Yepes TukaeHb nicnA 1-ro ceaHcy
A week after 15 session
’\ﬂgﬂﬁg' 7,5 + 0,3* 3,8 £ 0,5* 38,0 + 4,0% 50,8 = 5,4* | 50+ 15" 2,0 £ 0%
Crapi 7,0 £ 0,3 3,3 +£0,5 42,7 + 7,8 48,0 + 7,9 3,2 + 0,5 2,7 + 0,5*%
Aged ,0+£0, 3 0, gt 7, 0+ 7, 2 £ 0, 7 0,
Micna 3-ro ceaHcy
After 3 session
“v"SﬂﬁS' 7,8 +0,1* 2,8 + 0,2* 34,8 + 4,5* 57,8 + 4,0* 1,8 £05 3,0 +04
Crapi *# *# 33,0 + 2,17 54,5 + 1,7 «# | 3,0+07*
Aged 7,4 £ 0,1% 45 + 0,6% 02 5 E 1, 4,7 +0,7% 0 £0,

MpuMiTKK: BiOMIHHOCTI 3HauYyLLi NOPIBHSHO 3 KOHTponem (*) Ta monoaumu wypamm (*); p < 0,05.
Notes: -differences are significant as compared with the control (*) and with young rats (*); p < 0.05.
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(eo3uHOMEHIsI) TOPIBHAHO 3 BIAMOBITHUM KOHTPO-
JeM, 0coOnuBoO micis 2-ro ceancy (tabmn. 1). Eosu-
HOTICHIS MOXE BKa3yBaTH Ha 3HMIKCHHS OIPHOCTI
OpraHiamMy 10 [ii eHl0- 1 eK30reHHHX (hakTopiB, a
TakoX Ha (izmuHe mepeHanpyxeHHs. Crix 3a3Ha-
YUTH, 110 B KOHTPOJI KUTBKICTH €03MHO(DIIIB Oyia
3HAYHO BHINOIO Yy CTapuX TBAapWH (MaibKe BIBiUi),
HDK y MomomuxX. OTKe MO)KHA TIPUITYCTHUTH, IO
3KC chpusiiza HopMaizalii KiIbKOCTI €03MHO(LIIB
y KpPOBi CTapuXx TBapHH, sKa yepe3 THKJICHb CIIOCTe-
PEKEHHSI Jocsrafa KOHTPOJIBHOTO PIBHS MOJIOAMX
mypiB (tadn. 1). Eo3uHONEHIs rOPMOHAIBHOTO I10-
XO/DKEHHSI BUHUKA€E BHACIIIOK MOAPa3HEHHsS! HEPBO-
BOI CHCTEMH, HAIIPUKJIIAJ 32 YMOB CTpecy (MOXIIHBO,
3a paxyHok BruuBy 3KC), konM migBUIIEHHS PiBHS
TOPMOHIB, 30KpeMa IVIIOKOKOPTHKOINiB, aKTHBHO
BIUIMBAE Ha IIPOLIECH KPOBOTBOPEHHS Ta CTaH IEpu-
(hepuIHOI KpPOBI.

OTpumaHi HaAMHU pPE3YIbTaTH Y3TOMKYIOTHCS 3
JMaHUMH 1HITUX JOCHigHuKiB [15-18, 26, 29]: 3mi-
HU 3arajibHOi KUJIBKOCTI JICHKOIUTIB, BIJICOTOK Tpa-
HYJIOIMTIB 1 MIMQOIUTIB y KPOBI 3A0POBHUX JIIONEH
(cropTcMeHIB 1 BIMCHKOBHX) PI3HOCTIPSIMOBaHI Ta
3anmexarb Bijn Kkibkocti ceanciB 3KC, imauBimy-
QIBHUX AaHTPONOJIOTIYHUX MapamMeTpiB, BUTpPUBa-
JIOCTI OpraHi3My, CTari Ta BUAY CHOPTY. 30UIbIICHHS
KinpkocTi nefikonuTiB 3a ymoB 3KC 3amxmu 3amu-
Ia€ThCA y MeXkax (Pi31010T19HOTO [Tiama3ony, 0, MOXK-
JIUBO, OOYMOBIIOETBCS MOOLTI3AIlE€r0 JTEWKOIHTIB i3
KICTKOBOTO MO3KY Ta iX MIrpari€ro i3 TKaHUH pe3u-
JNIEHTHUX OPTaHiB, aje A0Ci MOSCHEHHS IThboMYy (PeHO-
Meny Hemae [19]. ¥ po6oti H. Pournot ta cmiBaBT.
[23] BUCIIOBIIOETHCS IPUITYIIECHHS, 10 301IBIICHHS
MyJy [UPKYIIOIOUNX HEUTPO(DiNiB CTUMYIIOE aHTio-
reHe3 4uepe3 eKcrpecito (akropa pocTy eHAOTEIio
cymua (VEGF), 3aBnsiku yoMy MOKpaImlyeTbes mep-
(hy3ist 1 MPUCKOPIOETHCS BiHOBICHHS TKAaHUH.

VY Mazkax KpoBi MOJOAMX ILypiB oApasy Micis
2-ro ceancy 3KC, a Takox y TBapuH 000X BIKOBHX
IpyIl 4epe3 THKICHb Micis 3-ro ceaHcy Bia3HavaIu
mrazmaruyaHi Kritaan (1K) (1:100), y xpoBi crapux
TBapHUH MICJIA 2-TO BILTUBY — MOIXpoMaToMiTbHI KITi-
tuad. [1na3zmaru3aiiro MATOIIA3MH JESIKUX JIEHKO-
LUTIB TAaKOXK BUSBJICHO y LIypiB 000X BIKOBHX TPYyIH
ofpazy micis 2-ro Ta 4Yepe3 THXKICHb Michs 3-ro
CEaHciB, y KpOBi CTapux IMypiB — uepe3 24 ToIuHH
micist 2 1 3-ro ceancis 3KC. Bigomo, mo IIK € mo-
ximaumu B-nimdountiB. Bonu HagxomaTe y wmp-
KyJIOIO4Yy KpPOB 32 YMOB MOApa3HEHHs JiM(oLu-
TapHoi JIaHKH iMyHiTeTy. Y Hopmi Mmaibxe Bci [IK
MICTSThCS y Tepu(pepUdIHrX IMyHHHUX OpraHax (JTiM-
(baTMUHUX By3/1ax, CEJIE3iHIN Ta YePBOHOMY KiCTKO-
BOMY MO3KY). Pi3ke 30idbIIeHHS iX KiTBKOCTI CBill-
YUTH MIPO BUPAKEHY TYMOPAJIbHY IMYHHY BiJlITOBIIb,
TOOTO TPO IMYyHOPEAKTHBHICTh opraHizmy. Ilmaz-
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to physical overstrain. It should be emphasized
that in the control, the number of eosinophils was
significantly higher in aged animals (almost twice)
vs. the young ones. So, the WBC was likely to en-
sure the normalization of eosinophil number
in blood of aged animals, which, a week after
observation, reached the control in young rats
(Table 1). Eosinopenia of hormonal origin is the
result of stimuli of nervous system, for example, un-
der stress conditions, (perhaps due to the WBC
effect), when an increase in hormone level, especially
the glucocorticoids, actively affect the hemato-
poiesis and the peripheral blood state.

Our findings are consistent with the reported
data of other researchers [4, 9, 10, 12, 24, 29], i. e.
the total number of leukocytes, the percentage of
granulocytes and lymphocytes in blood of healthy
people (athletes and military men) vary differently
and depend on a number of the WBC sessions, indi-
vidual anthropological parameters, body’s enduran-
ce, gender and sports. An increase in leukocytes
number under the WBC remains always within
the physiological range, likely due to the leukocy-
tes’ mobilization from the bone marrow and their
migration from tissues of resident organs, but so far,
this phenomenon has still remained unknown [13].
H. Pournot et al. [19] suggested an increase in the
pool of circulating neutrophils to stimulate angioge-
nesis through the expression of vascular endothe-
lial growth factor (VEGF), thus improving the per-
fusion and accelerating the tissue restoration.

The plasm cells (PCs) (1:100) were observed
in blood smears of young rats right after the 2™
WBC session, as well as in animals of both age
groups one week after the 3™ session, and the po-
lychromatophilic ones were found in blood of
aged animals after the 2" exposure. The cytoplasm
plasmatization of some leukocytes was also revea-
led in rats of both age groups immediately after the
2" gession and a week after the 3™ one, and in
blood of aged animals it was done 24 hrs after the
2" and 3 WBC sessions. The PCs are known to
be derived from B lymphocytes. They enter the
blood stream when a lymphocyte component of
immune system is excitated. Normally, almost all
the PCs reside in peripheral immune organs (lymph
nodes, spleen and red bone marrow). A sharp increase
in their number testifies to a pronounced humoral
immune response, i. e. body’s immune reactivity.
The cytoplasm plasmatization is the feature of im-
mature lymphocytes (large ‘atypical’ lymphocytes),
and the result of immune system failure. These cells
are unable to produce the antibodies, their release
out of lymph nodes into the blood is determined by
the immune system reactivity to stress. The poly-
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MaTu3alis QUTOMJIa3MU — 1€ O3HaKa HE3piIuX Jek-
KOIIMTIB 1 HACNIJIOK 30010 B poOOTI IMyHHOI CHC-
Temu. Taki KIITHHH HE CHPOMOXHI BHPOOISTH
aHTHTINA, 1X BUXIJ i3 JIiM(OBY3IiB y KpOB BH3HA-
YaeThCsl PEAKTUBHOIO PEakKLil0 IMYHHOI CHCTEMH
Ha ctpec. Ilomixpomarodimis, sIKy CIOCTEpiraiu y
cTapux TBapuH mmicisa 2-to ceancy 3KC, mpuraman-
Ha HE3PUTUM €PUTPOITHUM KIIITHHAM 32 YMOB OJIHO-
YacHOI TPUCYTHOCTI CJIA0KONYKHOTO TeMOIIOOiHY
1 KHucinoi cyOcTaHIii, MO CrnocTepiracThCst MpH 1H-
TEHCHBHOMY BHXOII y KPOB MOJOAUX (QOPM EpHT-
POLIMTIB i BKasye Ha BHUCOKY pEreHepaTuBHY Ta Te-
MOTIOETUYHY CIIPOMOXKHICTH KiCTKOBOTO MO3KYy |[1,
14].

Jlami Ha migcTaBli BH3HAYCHUX 3MiH KiTBKICHO-
SIKICHOTO CITIBBIJHOIICHHSI THITB JICHKOIIUTIB KPOBI
IIypiB MPOBEACHO PO3PAXyHOK IHTErpaTbHHUX JIEHKO-
IIUTApHUX 1HIEKCIB, 32 JOIIOMOTO0 SKUX 0e3 momar-
KOBHX CIIELIQJIbHUX JOCIIIKEHb MOXHA BU3HAUYUTH
CTaH MEBHUX JAHOK IMYHITETY Ta CTYIIiHb HECIelH-
¢iuHOT pe3ucTeHTHOCTI opraHizmy [10-13].

Tak, ICHM (cniBBigHOIIECHHS HEHTPOPLTIB 1
MOHOITUTIB), 32 3MIHOI SKOTO MOXHA OI[iHUTH 0Oa-
JAaHC MIDX MIKpo- Ta MakpogaraJbHUMH KOMITIOHEH-
tamu iMyHHOI cuctemu, micas 3KC 30inburyBaBcs
y MOJIOAMX HIypiB TiMBKHM micias 1-ro, y crapux TBa-
pUH — ofpasy Ta 4epe3 24 roauHm micns 2 i 3-To ce-
anciB. TakuM YMHOM, Ha LUX €Talax BU3HAYaIOCH
repeBakaHHsT MikpodaraabHUX KOMITOHEHTIB. 3HU-
keraHss ICHM (mepeBaskarHs MakpodaraibHIX KOM-
MTOHEHTIB) CITOCTEPIrajocs TiIIBPKA Y MOJIOAUX TBa-
puH Ticins 3-ro Ta Yepe3 THKJeHb Micis 1-ro (0ibI
HDK yABiUi) ceaHCiB. Y cTapux MIypiB MOPIBHSHO
3 mosogumu ICHM migBuiyBaBcs micist 3-ro ceaH-
cy, uepe3 24 roguuu micisg 1 i 2-ro Ta THXKIEHBb
micisg 1-ro KpioBmiMBY (NepeBakaHHS Mikpoda-
raJbHUX KOMIIOHEHTIB), a 3HMKYBAaBCsS Bifpa3sy Iic-
15 1-ro ceaHcy i yepe3 THXKICHb Icis 3-T0 ceaHcy
(mepeBakaHHs MakpogaralTbHUX KOMIIOHEHTIB). Y
MOJIOANX 1 CTapuX TBAapHH uepe3 24 TOAWHU MiCis
3-ro ceancy 3KC, a Takox y KOHTPOJIi 3a BiKOM 3Ha-
gerHs ICHM ne Bigpizusucs (tabm. 2, 3).

Huuamika ICJIM, sxuii BimoOpaxkae B3aeMO-
BiJTHOIICHHSI a)eKTOPHOI Ta e(heKTOPHOT JTaHOK IMYH-
HOTO Mpoliecy, Oyna Takow. Y MOJIOAUX IIypiB iH-
JIeKC 3HIDKYBABCSI TPAKTHMYHO Ha BCIX eTamax eKc-
nepuMenTy (0coOnmMBO Biapasy micist 3-ro i1 uepes
THKJCHb Tichst 1-ro ceaHciB — Maiibke BTpHYi), He
3MiHIolounch micast 1 i 2-ro ceanciB 3KC. V cra-
pux mypis ICJIM 3MeHuIyBaBcsl TiNbKHM Biapasy i
yepe3 TWXKICHb Micis 1-ro ceaHcy, 10 BKasye Ha
aKTUBAIlif0 e€(PEeKTOpHOI JaHKM Ha IMX eTamax, a
ITIBUIITYBaBCS IMCIs 3-TO ceaHcy Ta depe3 24 To-
nuau micis 1, 2 ta 3-ro ceanciB 3KC (mepeBaxkanHs
adexropuoi janku). Koutponpae 3uauenus [CJIM

chromatophilia, we observed in aged animals after
the 2™ WBC session was inherent to immature
erythroid cells under simultaneous presence of
weakly alkaline hemoglobin and acidic substance,
that was found during intensive immature eryth-
rocytes release into the blood and suggested a high
regenerative and hematopoietic ability of bone
marrow [1, 21].

Then, based on the revealed changes in quantita-
tive and qualitative ratio of leukocyte types in rat
blood, there were calculated the integral leukocyte
indices, allowing to assess the state of certain
components of immune system and a degree of
body’s nonspecific resistance without using additional
special research methods [11, 17, 18, 22].

For example, the INMR (index of neutrophil
to monocyte ratio), by the change in which we can
estimate the balance between micro- and macrophage
components of the immune system, after the WBS
was increased in young rats after the 1% session
only, but in aged animals it occurred at once and
24 hrs after the 2™ and 3" ones. Thus, at these sta-
ges, the predominance of microphage components
was determined. Reduced the INMR (predominant
macrophage components) was observed only in
young animals after the 3™ session and a week after
the 1% one (more than twice). In aged rats if com-
pared with the young ones, the INMR augmented
after the 3" session, 24 hrs after the 1% and 2™ ones
and a week after the 1% cryoexposure (predominant
microphage components), and reduced immediately
after the 1% session and a week after the 3™ one
(predominant macrophage components). In young
and aged animals, 24 hrs after the 3 WBC session,
as well as in the control by age, the INMR values
did not differ (Tables 2, 3).

The dynamics of the ILMR, reflecting the re-
lationship between the affector and effector im-
munological components, was as follows. In young
rats, this index was decreased virtually at all the
stages of experiment (it was almost three-fold
especially right after the 3™ session and a week after
the 1* one), remaining unchanged after the 1% and
27 WBC sessions. In aged rats, the ILMR reduced
only at once and a week after the 1% session, thus
indicating the activation of effector component at
these stages, but it augmented after the 3 WBC
session and 24 hrs after the 1%, 2" and 3" ones
(predominant affector link). The control value of the
ILMR was twice higher in young rats vs. the aged
ones (Tables 2, 3).

Further analysis of dynamics of the ILIs sho-
wed a one-way change in the LGI (level of auto-
and infectious intoxication), LI (ratio of humo-
ral and cellular components of immune system),
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y MOJOIUX IMypiB Oyno yaBiui Oinble, HiXK y cra-
pux (tadm. 2, 3).

[Momanpmuii aHami3z JUHAMIKH JIEWKOIIMTAPHHUX
iHgexciB mokazas, mo JII'T (piBeHs ayto- Ta iH-
(ekmiiinoi iHTOKCHKarii), JII (B3aeMoBimHOIIEHHS
TYMOpaJbHOI Ta KIITHHHOI JIAHOK IMyHHOI CHCTe-
mu), IA (kpiMm micas 2-to i yepe3 24 TOAWHH iCTA
I-ro ceanciB) Ta IAl' y mMomommux TBapWH 3MiHIO-
BaJIMCSl OMHOCIIPSIMOBAHO, 3HIDKYIOUMCS Ha BCIX
eTarnax, 10 BKa3yBaJl0 Ha MOCHJICHHS 1H(EeKIiiHOi
IHTOKCHKAIil, aKTHUBAI[Il0 KJIITUHHOI JIAHKH IMYHi-
TETy, 3HW)KECHHsI ajeprizauii Ta aJanTUBHUX MOXK-
muBocteil opranizmy micns 3KC (auB. Tabm. 2). YV
CTapux LIypiB micis Kpioctumyssnii opranizmy JII'T
ta IAI" 3HMKyBanucs Bigpasy micns 1 i 2-ro ceaHcis,
JII — micnst 1 1 2-ro Ta yepe3 24 TOMUHM Micis 2-TO.
3HIDKEHHS 1HAEKCy ayeprizamii Bij3Hayamud Bixpa-
3y Ta 4depe3 24 roAWHU MICHs 2-TO 1 THXKIEHB TiCIs
1-ro ceaHciB; a MiABHINEHHS — Onpa3y TMicias 1-To
ceancy. Ilmmexc amanramii [apkaBi 30iTbITyBaBCS
TIIBKH y CTApUX TBAPHH MOPIBHIHO 3 MOJOANMH Ye-
pe3 24 rogunu micis 3-ro ceancy 3KC. KonTponbhi

IA (except after the 2™ session WBC and
24 hrs after the 1* one) and GIA in young ani-
mals, reducing at all the stages, that revealed an
enhanced infectious intoxication, activation of
cellular component of immune system, decreasing
in allergization and body’s adaptive capacity after
the WBC (see Table 2). In aged rats, after body’s
cryostimulation, the LGI and GAI decreased im-
mediately after the 1* and 2" sessions, the LI did
after the 1* and 2" cryoexposures and 24 hrs after
the 2" one. A reduced index of allergization was
noted at once and 24 hrs after the 2™ session and
a week after the 1% one; whereas an increase was
observed immediately after the 1% session. The
Garkavi adaptation index was raised only in aged
animals if compared with the young ones 24 hrs
after the 3" WBC session. There were no differences
in the control values of LGI, IA, GAI and LI in age
groups (see Tables 2, 3).

In young rats, the INLR, LII (only a week after
the WBC), the indices of nuclear (only 24 hrs after
the 1tand 3™ sessions and after a week) and the

Tabnuusa 2. IHTerpanbHi nenkoumMTapHi iHAeKCM Y MOMOAMX LYpiB Micnsa 3aranbHoi kpioctumynsuii (-120°C) (M + SE)
Table 2. Integral leukocyte indices in young rats after whole body cryostimulation (-120°C) (M + SE)

Oppasy nicna ceaxcis 3KC Yepes 24 rognHmn Yepes TaeHb
Immediately after WBC sessions After 24 hrs After a week
IHpekcu KoHTponb
Indices Control
1-ro 2-ro 3-ro 1-ro 2-ro 3-ro 1-ro 3-ro
‘I st 2nd 3rd ‘] st 2nd 3Yd 1 st 3ld
:ﬁn&l\g 23,6 +24 | 41,0+ 2,1 309 +40 | 150+23* | 194=45 267 +60 | 273+65 | 105+ 24" | 287+93
ICJIM . . . . N .
ILMR 54,2 + 4,8 55,2 + 1,2 46,9 + 6,6 19,3 £ 1,9 29,2 £ 6,1 38,9 £ 9,7 38,7 + 10,3 15,3 = 6,2 39,1+7,2
JL-IgII 20,9 £ 1,3 12,7 + 0,6* 12,6 + 1,6* 11,6 £ 1,4% 13,4 + 2,6* 12,7 + 0,9* 12,2 + 0,8* 12,3 + 2,4* 15,1+2,7*
Ilﬁrg 0,4 £ 0,0 0,7 £ 0,0* 0,7 +0,1* 0,8 +0,1* 0,7 +0,1* 0,7 £ 0,0* 0,7 + 0,0* 0,9 +0,2% 0,7 £ 0,1*
:2 3,9 04 2,3 +0,4* 4,0 £0,3 2,7 £ 0,3* 3,9 £0,5 2,9 +0,6* 3,0 £ 0,2 1,7 £ 0,4* 2,6 £0,3
ll\}l:‘ssl 0,09 + 0,0 0,08 + 0,01 0,1 = 0,02 0,1 £ 0,01 0,17 + 0,02* 0,11 + 0,02 0,11 + 0,03 | 0,38 £0,17* | 0,2 + 0,04*
IlEEFE 31,07 £ 6,4 33,16 + 11,3 7,3 £1,13% 9,06 + 0,7* 14,95 + 6,1* 15,12 + 4,9* | 9,98 + 1,62* 25,4 + 2,7% 20,8 + 4,1*
|L38rll 0,5 = 0,08 0,8 + 0,04* 0,9 + 0,09* 0,8 + 0,09* 0,8 +0,11* 0,8 £ 0,05* 0,8 = 0,06* 0,98 = 0,3* 0,7 = 0,1
IGAArl 2,6 +0,2 1,4 £ 0,3* 1,7 £ 0,2* 1,4 £0,2* 1,8 £ 0,3* 1,56 £ 0,13* 1,56 £ 0,08* 1,6 £ 0,4* 1,8 £ 0,3*
JI:Ill 2,5 +£0,2 1,4 £ 0,3* 1,5 £0,2* 1,3 £ 0,18* 1,6 £ 0,3* 1,4 +0,12* 1,4 £ 0,09* 1,2 £ 0,3* 1,6 £ 0,3*
JI:IIIII 0,15 + 0,02 0,27 + 0,09* 0,1 = 0,01 0,11 + 0,01 0,12 + 0,04 0,15 + 0,04 0,11 + 0,01 0,39 £ 0,15* | 0,3 + 0,08*

MpuMiTkK: ' — BiAMIHHOCTI 3HaYyLLi NOPIBHSIHO 3 KOHTporeM, p < 0,05.
Notes: '— differences are significant as compared with the control, p < 0.05.
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Tabnuusa 3. IHTerpanbHi NenkouMTapHi iHOEKCH Yy cTapux LLypiB nicns 3aranbHoi kpiocTumynsuii (—120°C) (M £ SE)
Table 3. Integral leukocyte indices in aged rats after the whole body cryostimulation (-120°C) (M £ SE)

Yepes TxkaeHb nicna
Oppasy nicna ceatxcis 3KC Yepes 24 roaunHm nicna ceaxcis 3KC ceaHcis 3KC
Immediately after WBC sessions 24 hrs later WBC sessions One week later WBC
IHpekcn KonTpone sessions
Indeces Control
1-ro 2-ro 3-ro 1-ro 2-ro 3-ro 1-ro 3-ro
‘I st znd 3rd 1 st 2nd 3rd 1 st 3rd
:ﬁil-\i/l'\g 20,6 £57 | 159 = 1,9° |433 = 155*% | 38,2 = 1,9 | 31,62 + 54" | 42,0 = 1,2 | 34,5 + 50" | 185 + 43" | 14,4 + 2,8
IIE:\-I/I,\FQ 28,5 + 5,0* 16,5 + 3,0%* 20,0 + 5,3% 58,6 £ 2,6%* 48,5 + 6,31* 52,0 £ 0,7** | 58,0 = 0,7** | 18,7 + 4,1* 20,7 = 3,8*
Jl:lGr: 16,4 + 3,7 9,1 £ 0,7*7 5,3 +0,7'2 13,7 + 1,6 14,4 + 1,3 11,9 + 0,9 15,9 + 3,9 11,6 + 3,6 13,01 £ 1,2
'.ﬁ'fg 0,71 £ 0,18 | 1,0 0,08 | 1,96 =03* | 068 +006 | 061 =005 | 081003 | 0640715 | 1,13 +0,36 | 0,69 0,05
:ﬁ 4,41 £0,99 | 2,29 +0,15" | 0,8 = 0,15*# | 2,72 + 0,04* 3,18 + 0,26 2,26 + 0,27 3,8 +0,5 2,07 £ 0,47* | 2,8 + 0,4*
II\’I:ISSI 0,20 + 0,06” | 0,14 + 0,017 0,15 + 0,04 0,06 + 0,01*# 0,12 + 0,02 0,15 = 0,04 0,20 + 0,03 | 0,16 + 0,05 | 0,23 + 0,03
'IEERE 9212 | 879 +1,23 | 1437 £93 | 1686 +511 | 11,74 +303 | 114+21 | 11327 | 166«51 | 14452
Ifgll 0,79 + 0,15 | 1,05 + 0,08* 1,9 £ 0,3 0,74 + 0,08 0,74 + 0,07 0,88 + 0,03 0,81 + 0,06 1,13 £ 0,34 | 0,756 = 0,07
é;AAI] 2,44 £ 0,75 | 1,09 = 0,09* | 0,61 = 0,09 | 1,567 +0,16 | 1,73 +0,16 | 1,41 = 0,11* | 2,14 + 0,45" | 1,36 = 0,44 | 1,68 = 0,14
Jl:lll 2,37 £ 0,6 1,02 + 0,07*# | 0,54 + 0,07'2 1,61 + 0,09 1,64 + 0,09 1,24 + 0,05* 1,86 + 0,45 1,24 + 0,38 1,46 + 0,12
JI:IIIII 0,11 + 0,03 0,16 + 0,027 1,67 + 0,64* 0,15 + 0,01 0,17 = 0,01 0,16 = 0,01 0,18 + 0,07 0,3 + 0,08 0,23 + 0,08

MpuMiTKK: *— BigMIHHOCTI 3Ha4YLLi NOPIBHSIHO 3 KOHTPONEeM, * — NoOpiBHSIHO 3 MonoauMK LWypamu (aue. Taobn. 2), p < 0,05.
Notes: * — differences are significant as compared with the control,# — as compared with young rats (See Table 2), p < 0.05.

sHaueHHsa JII'I, 1A, IADI ta JII y BiKOBHX TpyIax
He BiApi3HsuIucs (Tabi. 2, 3).

Y monomux mypiB 30unbinyBaiucs 1CHJI, JIII
(tineku uyepe3 TwkaeHb michs 3KC), ivgekcu saep-
Horo (Tinbku 4epe3 24 rogunu micas 1 1 3-ro cean-
CiB Ta 4epe3 THXKACHb) Ta JICHKOIMTApPHOTO 3CYBiB
(I513 1 I13C Bianosigno). IligBumenns 13J1 cBiguuTh
PO aKTWBHHUW 3alalibHUM TPOIeC 1 MOPYIICHHS
iMmyHopeakTuBHOCTI, a 3Minu ICHJI 1 I3, sxi Bino-
OpaXaroTh CITIBBIAHOIICHHS KIITHH Hecnenudid-
HOTO 1 cmenuigHOTO 3axHUCTy Ta TMPOIEHTHOTO
BMICTy MOJOAMX 1 3pimux (opMm HEHTpodimiB Bim-
MOBITHO, — TIPO TepeBaKAHHSI KIITHH HECICIN-
(bigyHOTO 3axmcTy Ta Mosomux (GopM HEHTpoQiTiB
(muB. Tabm. 2). YV crapux ImypiB Mmicias KpioCTHMY-
qaii migsunyBanucs ICHJL, I3J1 (tineku micis
2-ro ceancy) i JIII, sikumii BKa3ye Ha IHTOKCHKAIIIO
(TiBKM micns 2-ro ceaHCy Ta 4epe3 THXKACHb MiCis
1-ro ceancy), mpu 1pomy I3 3meHmIyBaBCs Tijb-
KM Mmicis 3-To ceaHcy (nepeBakaHHs 3piux (opm
HerTpodiniB) (nuB. TabMd. 3).

ﬂ;’%ﬁh

leukocyte shifts (NSI and LSI, respectively) were
increased. An elevated LSI testified to an active
inflammatory process and damaged immune reac-
tivity, but the changes in the INLP and NSI,
reflecting the ratio of cells of nonspecific and
specific protection and the percentage of imma-
ture and mature neutrophils, respectively, suggested
the predominance of cells of nonspecific protection
and immature neutrophils (see Table 2). In aged
rats after cryostimulation, there were an increase in
the INLR, LSI (only after the 2" session) and LII,
indicating the intoxication (only after the 2™ ses-
sion and a week after the 1% one), while the NSI
decreased merely after the 3™ session (predomi-
nance of mature neutrophils) (see Table 3).
Comparing the integral leukocyte indices in the
control animals of all age groups showed the
INLR and LSI to be higher in aged animals vs. the
young ones after the 1% and 2™ sessions, the NSI
was higher (predominant immature neutrophils) after
the 1*session and lower after 3™ one and a week after
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[lopiBHSIHHS JEHKOIMTApPHUX 1HIEKCIB y KOH-
TPOJBHUX TBAapUH YCIX BIKOBHX TPyI IOKAa3alo,
10 Ha BiAMiHY Bix Monomux y ctapux tBapus [CHJI
ta [3JI Oymu Bummmu micns 1 1 2-ro ceancis, 153 —
BHIUM (TIepeBakaHHA Mojoaux (opm HerTpodi-
JB) mmichs 1-ro i HIWKYAM ImCIsI 3-ToO Ta depes
TIWKACHB Tmichs 1-ro (Maibke BaBidi) ceanciB 3KC
(mepeBakanHs 3pinux ¢Gopm HeWTpodimi). Jlewn-
KOITUTApPHUMA 1HIEKC IHTOKCHKamii OyB HIDKIUM
miciast 1-ro 1 BHIIMM micias 2-TO CEaHCIB Kpio-
BmmBiB. Y koHtponi ICHJI, I3JI ta I3 Oynm
BUIIMMHU y CTapuX TBAapHH, iHIII 1HICKCH — TIpakK-
TUYHO HE BIJIPI3HSUIMCS BiJl 3HAUEHb Y MOJOIMX
uypiB (auB. Tabdm. 2, 3).

Ianexc cmiBBigHOIICHHS JiM(OIMUTIB 1 €03u-
HOQTIB, MO BiJoOpakae CIBBIAHONICHHS TIPO-
[ECiB TINepYyTIUBOCTI HEraifHOTO Ta YIIOBLIb-
HeHoro tumiB, micias 3KC 3MmiHIOBaBCS TIIBKHA Y
MOJIONMX IIYPIB 1 OTHOCIPSIMOBAHO, 3MEHIIYIOUUCH
MPaKTUIHO HA BCiX eTamax, KpiM oxapasy 1 depe3
TIKACHB mmichs 1-ro ceancy. Taka nuHamika CBiJl-
YUTh MPO AaKTUBAIIIO y I Yac TMPOIECIB Timep-
YYTIMBOCTI YIMOBUIBHEHOTO TUIy (IuB. TaOm. 2).
VY xourtpom ICJIE OyB maibke yTpH4i HHKIHM Y
CTapyX LIypiB, HIK Y MOJIOIUX, TOOTO 3 BIKOM iCTOTHO
AKTUBYBAJIKCS TPOIECH THIEPUYTIUBOCTI YIOBLIb-
HEHOTO THITy (IuB. Ta0I. 2, 3).

Takum YMHOM, CTIPSIMOBAHICTh 1 BUPAKEHICTD 3Mi-
HHU neiikonnuTapHux noka3aukis micist 3KC (-120°C)
Y MOJIOZIUX 1 CTapuX IIypiB (K 3arajbHOI KUTBKOCTI
JIEMKOLIMTIB, CHIBBIIHOILICHHS IXHIX THUIIIB, TaK 1 3Ha-
yenns 1JII) 3anmexxars Bim KiJTBKOCTI CeaHCIB Kpio-
BIUIMBIB, TEPMiHIB CIIOCTCPEKEHHSI Ta BIKY TBapHWH.
Criig 3a3Ha4uMTH, MO0 MOJIOAUX IIypiB mmicist 1-ro
ceancy 3KC 3a nokaznukamu ICJIE, a ctapux mypis
mcast 2 Ta 3-TO ceaHCIB Ta TWKIEHb micias 1-To
ceancy 3a nokazHukamu ICHM 1 micns 3-ro 3a ICJIE
MOKHA OYJIO PO3ALIMTH HA JIB1 MIATPYIIH — 3 BUCOKUMH
1 BIIMTOBITHUMU JIO KOHTPOJIBHUX 3HaYeHHAMU. Kpim
TOTO, Y CTapuxX WIypiB Ha BiAMIHY BiJ MOJOIMX
1JII mepeTepInIroBaiy 3HaYHO MEHIIIUX 3MiH, 0COOIH-
BO uepe3 24 TOAWHM Ta TIKIACHB micis ceanciB 3KC
(mmB. Tabm. 2, 3).

A. Lubkowska ta cmiBaBt. [21] mokazamm, M0
nicist aecsitu ceanciB 3KC 3a —130°C 30ibIny€eTbes
KUIBKICTh JICHKOLIUTIB, 0COOJIMBO JIMQOIHUTIB 1 MO-
HOLIMTIB; MicJs 1-ro 1 OCTaHHLOI'O CEAHCIB IIiJBU-
myeTbesi BMICT iHTepaeiikiny-6 (IL-6) (micnsa 10-ro
CEaHCy HaHOUIBII BUPAXKEHO), a aHTUOKCHUJAHTHUN
CTaryc, HaBIIaKH, ICTOTHO 3HIKYETHCSA. ABTOpPH po0-
JIATHh BUCHOBOK Mpo MoOimizyrounii Brume 3KC nHa
IMyHHY cucTeMy. Y iHIIH poOOTi BOHH BHCIIOBIIOIOTH
MIPUTTYIIEHHS, 10 iMyHOCcTUMYIorounit edext 3KC
MO)ke OyTH TIOB’SI3aHMHA 13 aKTHBAII€I0 HOpaape-
HEPriYHUX TPOIIECIB Ta MApAKPUHHUMHU BIUTHBAMHU.
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the 1% (almost twice) WBC sessions (predominant
mature neutrophils). The LII was lower after the
I*t cryoexposure session and higher after the 2™ one.
In the control, the INLR, LSI and NSI were higher
in aged animals, the other indices virtually did not
differ from the values in young rats (see Tables 2, 3).

After the WBC, the index of lymphocyte to
eosinophil ratio (ILER), expressing the ratio of
immediate- and delayed-type hypersensitivity, chan-
ged only in young rats and in one way, by decreasing
virtually at all the stages, except at once and a week
after the 1% session. Such a dynamics suggested
that at this time the processes of delayed-type
hypersensitivity were activated (see Table 2). In
the control, the ILER was almost threefold lower
in aged rats vs. the young ones, i. e. the delayed-
type hypersensitivity was significantly activated with
age (see Tables 2, 3).

Thus, the direction and severity of changes in the
integral leukocyte indices after the WBC (-120°C)
in young and aged rats (both the total number of
leukocytes, ratio of their types and the ILI value)
depend on a number of cryoexposure sessions,
observation terms and age of animals. Of note is,
that the young rats after the 1®* WBC session accor-
ding to the ILER, and the aged ones after the 2" and
3" sessions and a week after the 1 one by the INMR
and after the 3™ one by the ILER could be divided
into the two subgroups: with high values and those
corresponded to the control. In addition, in aged rats,
in contrast to young ones, the ILI were significantly
less changed, especially 24 hrs and a week after
the WBC sessions (see Tables 2, 3).

A. Lubkowska et al. [15] after ten sessions of the
WBC at —130°C showed an increase in leukocyte
number, especially lymphocytes and monocytes;
a rise in interleukin-6 (IL-6) content after the 1* and
last sessions (most expressed after the 10" one),
and inversely, a significant decrease in antioxidant
status. The authors concluded about a mobilizing
effect of the WBC on immune system. In another
study, they suggested the immune stimulating effect
of the WBC to be likely due to the activation of
noradrenergic processes and paracrine effects. The
findings on the WBC impact (—130°C) (5, 10 and 20
sessions of 3 min each) on the content of pro- and anti-
inflammatory cytokines in blood of healthy people
showed an increase in anti-inflammatory cytokine
(IL-6 and IL-10) content, but a decrease in IL-1a;
the effect after 20 sessions was stronger and lon-
ger [14].

In addition, G. Lombardi et al. [13] have noted
the dependence of the WBC efficiency on fat mass
and physical training level in individuals, i. e. the
cryoexposure simulates the exercise, since it simi-




Pesynpraru Buuenns BruBy 3KC (—-130°C) (5, 10
ta 20 ceaHCIB TPUBAIICTIO 3 XB KOXKHHIi) Ha BMICT
[po- Ta MPOTHU3ANAJIbHUX LUTOKIHIB Yy KPOBi 340pO-
BUX JIIOACH TOKa3and, L0 BMICT NPOTH3amaibHUX
nutokiniB (IL-6 ta IL-10) migBumyerbes, a BMicCT
IL-lo 3HWKYETHCS, 3HAYHIINAM 1 TPUBATIIIAM €
edexr micns 20-tu ceancis [20].

Kpim Toro ciig 3a3HaguTH, mo y podoti G. Lom-
bardi ta cmiBaBr. [19] Big3HA4Ya€THCS 3aJIEKHICTH
epextuBHoCcTi 3KC Bim *)UpoBoi Macu Ta piBHS Qi-
3UYHOI IMIJITOTOBKU JIFONICH: KPIOCTHMYJISIS IMITYy€
¢i3znuHe HaBaHTaXXKEHHS, OCKUIBKM MOAIOHUM 4YH-
HOM BIUIMBA€ Ha eKcIpecito MiokiHiB. Taki mpumy-
LICHHS MOXYTh CIYTyBaTd AJisl BU3HAuU€HHs CTpa-
TEril Tepamii Takux MeTaOONIYHMX 3aXBOPIOBAHb,
SIK OKUPIHHS Ta AiadeT 2-ro THUIY.

Bigomo, mo cTpecopHa peakilisi SK KOMILIEKC
TICUXOCOMATHYHUX MEXaHI3MiB, SKi (POPMYIOTHCS
B OpraHi3Mi y BiJTIOBiIb HA €HIOTEHHUH BIUIUB TIEB-
HOI I1HTEHCHMBHOCTI, CIpsIMOBaHa Ha 30epeKeHHS
OararopiBHEBOTO romeocrady. Y ToW caMuii dYac
CTapiHHS OpraHi3My IOB’si3aHE 31 3HW)KEHHSIM HOTO
OIMIPHOCTI JIO Jii HEraTUBHUX CHJIO- T4 CK30TCHHHX
¢axTopiB. KmiTuHM KpoBi, sIKi MalOTh BHCOKY pe-
AKTUBHICTh, IIBHUAKO BKJIIIOYAIOTHCA B ajalTalliiHl
peakuii. Ynum criagHimia cucremMa, TUM €(eKTUB-
Hillle BOHA MPOTHUCTOITH €K30I€HHHM IOLIKOKYIO-
guM (akTopam, OJHAK TUM HEOE3NMEeUHIIINMHU BHSB-
JISTFOTHCS. €HNIOTEHH] «TTOMUIKWY i1 (QyHKITIOHYBaHHS
[4]. Otxe, peakiiisi Ha Jif0 CTPECOBUX (PaKTOPIB €
IHIUBITyalbHOIO BJIACTHUBICTIO OpraHizmy. dopmy-
BaHHS MPHUCTOCYBATHHUX MEXaHI3MiB 3a0€3MeuyeTh-
csi depe3 Oe3nepepBHMIT OOMIH 1H(pOpPMAINE MiXK
piBHSAMH ynpaBiiHHS. [HpopMmalis, sika 3aKiajeHa,
30KpeMa, Y CTPYKTYpHO-(QYHKIIOHAIbHINA aKTHBHOCTI
SIK EPUTPOLMTAPHOI, TaK 1 JIGHKOIMTAPHOI JaHOK
cUcTeMH KpoBi Ta komyeTbest Ha piBHI LIHC, no3Bo-
JISi€ OLIHUTH CTaH PEryISTOPHUX MeEXaHi3MiB, fKi
XapaKTepU3yIOTh aJIanTaIliiiHi MOXIIMBOCTI OpTaHi3-
My, 3 ypaxyBaHHSIM TaKOX ¥ BikoBUX 3MiH. CTapiHHS
HE € IIaTOJIOTTYHUM CTAHOM, OCKUIBKH 1€ IOCIII0B-
HUH TIpUPOIHINA (Pi310IOTIIHIN TPOTIEC YITOBUTEHEHHS
aIanTanifHuX peakiiid 1 3arajJbHOI JKHUTTE3IATHOCTI
opranizmy. HaciizkoM BIKOBMX 3MiH B Opratismi
4acTo € PO3BUTOK TOCTPUX 1 XPOHIYHHX 3aXBOPIO-
BaHb PI3HHUX OpraHiB i cucteM. BusiBineHHs Ta po3pis-
HeHHs (i310JI0TTUYHHX 1 MATOJOTTYHUX BIKOBUX 3MIH —
3araJbHONPUIHITA TEHIEHIIS Cy4yacHOI TepOHTOJIO-
rii, sika HaOyBae HayKOBO-NPAKTUYHOTO 3HAYCHHS [2].
Juis  Qi3ionoriyHOr0 CTapiHHSA XapaKTepHUW OMip
3MiHaM, Xoda OIiJBIIIOI0 MIpPOK 1€ IOSICHIOETHCS
HE HE3/IaTHICTIO JI0 MPUCTOCOBYBAHOCTI, a 301IbIIIeH-
HSIM TOJICPAHTHOCTI CHCTEM OpTaHi3MYy.

Kmiriuanvu pocmimkenasmu JI. X. T'apkaBi Ta
CHiBaBT. [6] BCTAHOBJEHO, IO OpraHi3M Ha Oynb-

larly affects the myokine expression. These assump-
tions may be applied to determine the treatment
strategies in such metabolic diseases as obesity and
type 2 diabetes.

It is known that the stress response as a complex
of psychosomatic mechanisms, formed in a body
as response to endogenous exposure of certain
intensity, is directed to maintain a multilevel ho-
meostasis. At the same time, the body’s aging is
associated with a decrease in its resistance to nega-
tive endogenous and exogenous factors. Blood cells
with high reactivity are rapidly involved into adaptive
responses. The more complex the system, the more
efficient is its resistance to exogenous damaging
factors, but the more dangerous are the endoge-
nous ‘errors’ of its functioning [25]. Thus, the response
to stress factors is the body’s individual peculiarity.
The formation of adaptive mechanisms is ensured
through the continuous exchange of information
between the levels of regulation. The information,
included in particular, in structural and functional
activity of both erythrocyte and leukocyte components
of blood system and encoded at the CNS level,
enables assessing the state of regulatory mechanisms.
The latter characterizes the body’s adaptive capacity,
taking into account the age changes as well. Aging is
not a pathological state, but rather a consistent natural
physiological process of slowing down the bodily
adaptive responses and general viability. The age-
related body changes often entail the development
of acute and chronic diseases of various organs and
systems. A common trend in current gerontology,
gaining scientific and practical importance, is to detect
and distinguish the physiological and pathological
age-related changes [2]. The resistance to changes
is specific to physiological aging, although this is
mostly explained not by the inability to adaptation,
but an increased tolerance of body systems.

A group of the researchers headed by L. H. Gar-
kavi [9] has found that the body responds to any
effect with three adaptive responses (training, ‘quiet’
activation and ‘heightened’ activation), as well as the
stress response. The latter occurs only if the body
can not implement the first three ones. Each response
is characterized with the certain number of lympho-
cytes in blood smears: the lower norm limit (training
response) and the upper one (‘quiet’ activation res-
ponse), as well as its increase simultaneously with
decreasing the rate of segmented neutrophils
(‘heightened’ activation response). In our experi-
ments, no increase in lymphocyte count was obser-
ved. This index remained either unchanged or de-
creased (especially in aged rats after the 2" WBC
session). Only 24 hrs after the 2™ WBC session in
aged rats, the lymphocyte count was at the level of
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SKHH BIUIMB BIANOBiJa€ TpbOMa aAaNTHBHUMH pe-
aKiissMu (TPEHYBaHHS, CIIOKIHHOI aKTHBAIl Ta Mij-
BHIIIEHOI aKTHUBAIlil), a TaKoX peakiieto crpecy. Oc-
TaHHA (QOPMY€ThCSI TUIBKM y BHIAIKy HECIPO-
MOXKHOCTI opraHi3my peamizyBaru miepmri Tpu. s
KOKHOI peakilii xapakTepHa IIeBHA KITBKICTH JIM-
(oruTiB Y Ma3Kkax KpoOBi: HIDKHA (peakilisi TpeHy-
BaHHS) Ta BEpXHsA (peakxilis CIOKIHHOI aKTHBAIii)
MEXi HOPMH, a TaKoX ii 30UIbIICHHS Ha T 3MEH-
LICHHS BIiZICOTKA CErMEHTOSJICPHUX HEHTpodiiiB
(peakiiist MiBUIIICHOT aKTHUBAIll). Y HAIUX EKCIie-
pUMeHTax 301IbIIeHHS BiICOTKA JTIM(OIMTIB B3arai
He crnocrepiraiocs. Lleli nmoka3Huk abo HE 3MiHFO-
BaBcsl, a00 3HMKYBaBcs (0COONMBO y cTapuX LIypiB
micist 2-ro ceancy 3KC). Tineku uepes 24 ronunu
micist 2-ro ceancy 3KC y ctapux 1rypiB BiICOTOK JTiM-
(ormTiB OyB Ha piBHI HWKHBOTO 3HAYCHHS KOHT-
poito (muB. Tab6md. 1), Mo CBITIUTH TIPO GOPMyBaHHS
Ha IIbOMY eTalll peakxilii TpeHyBaHHS.

BucHoBku

3aranpHa Kpioctumyisnis (—120°C) opranizmy
MOJIOZIMX 1 CTApUX LIYPiB BUKIMKAE 3HAYHI 3MIHH JIeH-
KOLMTapHHUX MOKAa3HHUKIB KPOBI: 3arajbHOI KUTBKOCTI
JNCUKOIUTIB (JIGHKOLIUTO3/JICHKOIIEHIs1); CITiBB1IHO-
LICHHS TUMIB JeHKOIUTIB (JliModuuTo3/niMdoneHis,
CO3MHOIICHIS/€03UHOLUTO3); HANpPsIMYy 3CYBY JICHKO-
uuTapHoi  QGopmynu  (pereHepaTUBHUI/ nereHepa-
TUBHUH); TIOSIBY TOMIXpoMaro]ilbHUX, IOHUX abo
IUIa3MaTUYHUX KJIITHH Ta I1a3MaTH3aLii HUTOIIa3MU
Yy OKpPEeMHUX JICHKOIUTIB. 3MIHH iHTETpaTbHUX JICH-
KOITUTApPHUX 1HJIEKCIB BiMOOpakaroTh CTaH 1 CIIBBiJI-
HOIIICHHSI TEBHUX JIAHOK IMYHHOI cHUCTeMH (T'yMo-
paJbHUI Ta KIITHUHHWUH IMYHITET, KIITHHUA HecIie-
uugigHOro/cnenuiqHoro  3aXHMCTy, KOMIIOHEHTH
MiKpo/MaKpogaraibHOi CUCTEMH, CTYMiHb IMyHOpe-
aKTHBHOCTI Ta PE3UCTEHTHOCTi) a0o0 mNepeBakaHHS
OKpEeMHX IMYHOJIOTIYHMX THpouLeciB (IHTOKCHKaii,
3arajneHHs, a(eKTopHOI/eeKTOPHOI JIAHOK, Tirep-
YyTIMBOCTI HETaHHOTO ab0 YIOBIIHLHEHOTO THITY),
piBeHB ayeprizamii Ta amamnTarlii OpraHi3My TOIIO.
CrpsIMOBaHICTh 1 BUPaKEHICTh IUX 3MIiH 3aJICKHUTh
BiJ BiKy TBapwmH, KibkocTi ceanciB 3KC (1, 2 a6o 3)
1 TepMiHIB croctepeskeHHs (depe3 100y abo THIK-
JICHD).
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lower control value (see Table 1), suggesting the
formation of training response at this stage.

Conclusions

The whole body cryostimulation (—120°C) of
young and aged rats causes notable changes in blood
leukocyte indices such as: total leukocyte number
(leukocytosis / leukopenia); ratio of leukocyte types
(Ilymphocytosis / lymphopenia, eosinopenia / eosi-
nocytosis); shift direction of leukocyte formula
(regenerative / degenerative); appearance of polychro-
matophilic, immature or plasm cells and cyto-
plasm plasmatization in some leukocytes. Changes
in the integral leukocyte indices reflect the state
and ratio of certain components of immune system
(humoral and cell mediated immunity, cells of
nonspecific / specific defense, components of the
micro / macrophage system, the degree of immune
reactivity and resistance) or the predominance of
certain immunological processes (intoxication, in-
flammation, affector/effector components, immediate
or delayed hypersensitivity), the rate of allergization
and adaptation of the body, efc. The direction and
severity of these changes depend on the age of
animals, number of the WBC sessions (1, 2 or 3)
and observation terms (day or week later).
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