Probl Cryobiol Cryomed 2023; 33(4):268-273
https://doi.org/10.15407/cryo33.04.268

KOpPOTKe NoBIAOMJIEHHA short communication

YOK 57.017.3.014.43.612.112.084.017.6
B.B. Jlomako

3MiHM NenKouUTapHOro CKnaay KpoBi y wypiB
pi3HOro BiKy nicnsa TpuBanoi XxonoaoBoi aganTauii

UDC 57.017.3.014.43.612.112.084.017.6
V.V. Lomako

Changes in Blood Leukocyte Composition in Rats
of Different Ages after Long-term Cold Adaptation
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XO0JIOI — OIMH 13 TOJIOBHUX E€KOJIOTIYHHUX ajall-
TOreHHUX (akTopiB. OCKIJIbKH JIOJMHA TOCTIHHO
nomuproe chepy CBOET MisIBHOCTI, OCBOIOE HOBI
pOCTOpH, POOOTa B SKHX IOB’si3aHA 3 BILTUBOM
HU3BKUX 1 HaJHU3BKHUX TeMmIiieparyp (AHTapKTHKa
i ApKTHKa, TiBOAHMN CBIT 1 KOCMOC), mpoOiiema
BHBYCHHS MEXaHI3MIB aJianTallii 10 XOJOAy Ma€ Be-
JIUKE TPaKTUYHE 3HAYCHHS. 3HAYHWUH iHTEepec i
JNOCIIITHUKIB CTAHOBUTH 1 BIKOBHM aCHEKT XOJIOIO-
Boi amanTariii. BinmoBigHa peaxiisi Ha BIUTUB XOJOAY
PO3BHBAETHCS CTAAIMHO 1 MPAKTUYHO B YCiX CHC-
TeMax opraHisMy. OmHHM 13 KpHTEpiiB OIHKH
aJanTaifHuX peakiiil OpraHi3My € BHU3HAYCHHS
SIKICHO-KIJIBKICHOTO CITIBBIJHOIIEHHS THIIIB JIEHKO-
OUTIB 'y KpoBi. ToMy MeTOr0 IOCIHiKeHHs OyIo
BUBYCHHSI CTaHy JICHKOIMTIB KpPOBiI 3a YMOB TpH-
BaJIOT X0JIONOBOI afanTauii y nrypiB pi3HOTO BiKY.

Ju3aiiH MpoBeNeHUX EKCIEPHMEHTIB CXBaJle-
HUH KomiTeToM 3 Oioetuku IHCTHTYTY mMpoOIeM
kpio6iomnorii i kpiomenuumau HAH Ykpaiau (M. Xap-
KiB) 3riIHO 3 «EBPOIMENCHKOI KOHBEHITIEIO PO 3a-
XHCT XpeOETHUX TBAPHH, SIKI BAKOPHUCTOBYIOTHCS LIS
SKCIIEPUMEHTAJIbHUX Ta IHIIMX HAyKOBHX LJICH»
(Crpacoypr, 1986). JlochimkeHHS BUKOHYBald Ha
1,5-, 6-, 12- ta 24-micayHUX caMIgx OimTux 0Oe3Io-
ponHux mrypis. Jlist TprBasioi X0J10J10BOT aganTariii
(TXA) TBapuH yTpUMYBAJIM Y XOJOTHOMY HpHUMi-
mieHHi 3a Temmepatypu (8,5 = 1,5)°C npotsirom mics-
1, Dxa i Bopa ad libitum. SIKICHO-KIJIBKICHY OIIHKY
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Cold is among the major environmental adaptive
factors. Since people are constantly expanding
the scope of their activities, exploring new spaces
where the work involves exposure to low and ultra-
low temperatures (the Arctic and Antarctic, un-
dersea world and space), the task of studying the
mechanisms of cold adaptation is of crucial practical
importance. The age-related aspect of cold adapta-
tion presents a significant interest for researchers
as well. The response to cold is developing by
stages and in almost all body systems. One of the
criteria for assessing the body’s adaptive reactions
is to determine the qualitative and quantitative ratio
of leukocyte types in the blood. Therefore, we here
aimed to investigate the state of blood leukocytes
after long-term cold adaptation in rats of different
ages.

The design of the experiments was approved
by the Bioethics Committee of the Institute for
Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine (Kharkiv)
in accordance with the European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986). The study was performed in 1.5-,
6-, 12-, and 24-month-old white outbred male rats.
For long-term cold adaptation (LTCA), the ani-
mals were kept in a cold room at a temperature
of (8.5 £ 1.5)°C for a month, with food and water
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TUMIB JICWKOLUTIB 3IHCHIOBAIIM Ha Ma3KaX KpOBI,
00pobnenux ¢ikcaropom Maii-I'pronBanbia («MiHi-
Men», P®) i 3abapBneHux remMaroyorivHuM OapBs-
HUKOM 3a PomanoBchknM («MiniMeny). 3araipHy
KITBKICTB JIGHKONINTIB BU3HauaH y kamepi [opsiesa.
Po3paxoByBanu iHTerpanpHi JEWKOIMTApHI iHAEK-
cu (IJII) [3, 4]. 3abip kpoBi omHOYACHO 3 (PparmMeH-
TaMHW TKaHWH JJIsl 1HIOUX JIOCHIJPKEHb ITPOBOIMIH
IICHIsL IeKaIiTallii TBapyH.

[{ypiB KOXKHOTO BIKY PO3AUIMIM HA TPYIH: iH-
TaKTHUH KOHTPOIb Ta micist TXA.

Craructuyny oOpOOKYy pe3yibTaTiB TpPOBOIU-
M METOJOM HemapaMeTpuyHoi cratuctuku Kpyc-
Kana-YoJurica 3 BHKOPUCTaHHSIM MPOrPaMHOTO 3a-
Oe3neueHHs «Statistica 6.0» (MatStat Inc., CILIA).

JleiixonuTapHi TMOKa3HUKH 3a yMOB (hiziornoriu-
HOoro crapinusg y 1,5-, 6-, 12-, 18- i 24-micsaamUX
IrypiB MU BUBYanM padime [4]. Bymo BcTaHOBIEHO,
mo 3 12 wmicsmiB y TBapWH PO3BUBAETHCS JIEHKO-
UTO3, 3 18 MicsiiB — HEUTPODiILO3, CO3UHO- 1 MO-
HOLIUTO3, a TakoX JimdorneHis. 3minu 1JII BkazyoTh
Ha Te, 10 3 18-MicsyHOro BiKy B OpraHisMi HIypiB
HapOCTAaIOTh TH(EKIIHA IHTOKCHUKAIIiS 1 3aIrajeHHs,
aKTHBYIOTHCSl €(EeKTOpHA 1 KIITHHHA JIaHKW IMYyH-
HOI CHCTEMHU, MPOILECH TiepUyTIAUBOCTI YHOBiIbHE-
HOTO THITy, Y KPOBi IepeBaXkaroTh KIITHHU HEcIie-
nugivHoro 3axmcty (HeWrpodimm) Ta iXHI He3pimi
(hopmu, 3HIKYIOTECS IMyHOPEAaKTHBHICTh 1 ajanra-
mist opra”isMy. ¥ Ta6n. 1 1 2 HaBemeHO ITOKA3HHKH
KOHTPOJIPHUX TPYyH IHTAaKTHUX IIypiB BiATIOBIIHOTO
BIKY.

TpuBana xononoBa ajganraiisi NOPIBHSIHO 3 KOH-
TPOJILHUMH IIypaMH Bi/MOBIIHOTO BiKy IPH3BO-
ouna 10 JieiikoneHii (OKpiM 6-MicI4HHX), 3011b-
LICHHS KIJTBKOCTI CErMEHTOSICPHUX HEHTpodiniB
(nafimenme y 1,5-MicsilYHMX) 1 MOHOLMTIB (TiIBKH
y 1,5- 1 24-micsiuHUX), 3MEHIIICHHSI BiJICOTKA TAJINY-
KOSACPHUX KITHH (Tinbku y 12- 1 24-micsuHuXx),
nmiMmponuTiB (HalObme y 24-MICIYHUX) Ta €03H-
HOQMB (TiITbKkH y 24-MiCSYHUX, KOHTPOINBHHUH pi-
BEHb y sSKkuX OyB HaiOLmbmuM) (Tabdmn. 1). Kpim toro,
y Ma3kax KpoBi 18-MiCSIHX IHTAaKTHHUX IIyPiB BHUSB-
JAMACA  TIONIXpoMaTo(inbHI Ta OHI (MIETOIUTH)
kiaitauar  (1:100), a Takox IUIa3MaTH3allisl [MTO-
IUIa3MHU Yy JICSKUX JIGWKOIUTIB (TUTbKU y 24-micsiu-
Hux 1ypiB) [4]. [losiBa He3pinux GopM JEUKOLUTIB
y KpOBi OOyMOBJIEHa MOPYLICHHSM iXHBOTO J03pi-
BaHHsI Y KPOBOTBOPHIW TKaHHHI, MiJBUILEHHSIM IPO-
HUKHOCTI KICTKOBOro Oap’epa i/ab0 mHOCHIEHHSIM
ixHpO1 mpomykiii. Citiji 3a3Ha4UTH, 10 Y Ma3KaxX KPOBi
IypiB Oyab-sikoro Biky micist TXA He3piii ¢hopmu jieil-
KOITUTIB 1 TTa3MaTH3aIlisl UTOIIIa3Mu OYITH BIJICYTHI.

JleiixoneHii MOXKYTh BU3HAUaTHCA 3009MHU Yy JIeH-
KOTIO€3i, PYWHYBaHHSM JICHKOITUTIB y CyOuHaX Ta
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ad libitum. Leukocyte types were quantitatively
and qualitatively assessed in blood smears fixed
with May-Grunwald solution (MiniMed, Russia)
and stained with haematological dye according
to Romanowsky (MiniMed). The total leukocyte
count was determined in Goryaev chamber. The
integral leukocyte indices (ILIs) were calculated
[3, 4]. Blood was taken simultaneously with tissue
fragments for other studies after decapitation of
animals.

Rats of each age were divided into the groups:
intact control and after LTCA.

Results were statistically processed using the
Kruskal-Wallis nonparametric statistic method with
Statistica 6.0 software (MatStat Inc., USA).

Leukocyte counts under physiological ageing
in 1.5-, 6-, 12-, 18-, and 24-month-old rats have
been studied previously [4]. After 12-month age,
the animals were found to develop leukocytosis,
and since 18 months — neutrophilosis, eosino- and
monocytosis, and lymphopenia. Changes in ILIs
showed an increase in infectious intoxication and
inflammation, the activation of effector and cel-
lular components of the immune system, and
delayed-type hypersensitivity, the predomination
of nonspecific defense cells (neutrophils) and their
immature forms in the blood, a decrease in immune
reactivity and body adaptation in rats from the age
of 18 months. Tables 1 and 2 show the indices of
control groups of intact rats of the corresponding
age.

Long-term cold adaptation compared to the
control rats of the corresponding age resulted in
leukopenia (except for 6-month-old rats), an increase
in the number of segmented neutrophils (least in
1.5-month-old rats) and monocytes (only in 1.5-
and 24-month-olds), a decrease in the percentage
of band cells (only in 12- and 24-month-olds),
lymphocytes (most of all in 24-month-olds) and
eosinophils (only in 24-month-olds, whose control
level was the highest) (Table 1). In addition, the
blood smears of 18-month-old intact rats showed
polychromatophilic and young (myelocytes) cells
(1:100), as well as the cytoplasm plasmatization
in some leukocytes (only in 24-month-old rats) [4].
The appearance of immature leukocytes in blood
is due to a disorder in their maturation in haema-
topoietic tissue, increased permeability of bone
barrier and/or enhanced production. Notably, that no
immature leukocytes and cytoplasm plasmatization
were seen in blood smears of rats of any age after
LTCA.

Leukopenia can be determined by disruptions in
leukopoiesis, leukocyte destruction in blood vessels



Tabnuusa 1. CniBBigHOLEHHS TUMIB NTENKOLMTIB Yy KPOBI LLypiB Pi3HOrO BiKy nicnsi TpmuBanoi xonofosoi agantauii (M + SE)
Title 1. Ratio of leukocyte types in blood of rats of different ages after long-term cold adaptation (M + SE)

KoHTponb TpuBana xonoposa apanTauis
Control Long-term cold adaptation
Bik, micAub
Age, months
1,5 (n = 6) 6 (n = 15) 12 (n = 6) 24 (n = 6) 1,6 (n = 6) 6 (n=12) 12 (n = 6) 24 (n = 12)
3aranbHa KinbkicTb neikoumtis, 10°/n
Total leukocyte count, 10°%/1
5,8 £ 0,2 6,5 + 0,1 7,3 +£04 8,5 +0,8 4,3 £ 0,2* 7,1 £ 0,6 4,5 £ 0,1* 4,3 £ 0,3*
ManuykoApepHi HerTpodinm, %
Band neutrophils, %
2,0 +04 1,9 £+ 0,7 1,2 £ 0,2 2,7 +£0,8 2,4 + 0,6 1,1 +£0,1* 1,3 £0,2 1,1+ 0,4
CermeHTHOAfEPHI HelTpoddinu, %
Segmented neutrophils, %
28,5 + 0,9 27,1 £ 1,5 26,5 + 1,4 32,8 + 1,8 33,7 £+ 2,8 40,7 £ 1,8% 56,8 1,8% 58,6 + 2,8*
EosuHodbinu, %
Eosinophils, %
1,0 £ 0,3 3,56 +0,7 1,7 £ 0,3 8,2 + 2,1 0,7 £ 0,3 2,6 +£0,6 2,5 +0,7 2,4 +0,8*
Nimdouutn, %
Lymphocytes, %
67,2 £ 1,0 65,56 + 1,3 69,56 + 1,1 54,2 + 3,0 60,3 + 2,9* 54,0 + 2,1* 37,8 + 2,3* 31,7 + 4,3*
MoHouuTtn, %
Monocytes, %
1,2 £ 0,2 1,3 +0,2 1,2 +£0,2 1,8 £0,2 2,7 + 0,3*% 1,7 + 0,2 1,6 £0,2 2,5 +0,4*

MpumiTka: * — BiOMIHHOCTI 3Ha4yLLi NOPIBHAHO 3 KOHTPONEM BiANOBIAHOIO BiKy, p < 0,05.
Note: * — differences are significant compared to the control of corresponding age, p < 0.05.

IXHBOIO YTHII3aIli€r0 a0 Mepepo3NOAUTEHUMH HEH-
TPOIIEHISIMU, TPH SKAX MOPYIIYETHCS CITIBBIIHO-
IIEHHS TIPHCTIHKOBOTO TMyIy Ta NHPKYITIOIOUUX
KIITHH a00 TPYITyBaHHSAM BCIX HEUTPOQLTIB B OI-
Hill ipobieMHii 30HI. Sk mokazano H.V. Carey [2],
y riOepHaTOpiB JICUKOIIEHISI MOXKE 3HUXKYBaTH pH-
3K 3ananpHOi iHQimeTpanii y [IHC mixg yac Buxo-
Ny 31 CIUISTYKH; TPOTATOM CIUITYKH YMOBH IIHPKY-
JIAIii 3MIHIOIOTHCS, OCKIIBKM YaCTHHA JIEHKOLMTIB
i3 CyIMH MIrpye y TKaHWHH CeJe3iHKH, JIETeHEH,
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and their disposal, or redistributive neutropenia,
in which the ratio of the wall pool to circulating
cells is disturbed, or when all the neutrophils are
clustered in one problem area. H.V. Carey [2]
has found that leukopenia in hibernators may
reduce the risk of inflammatory infiltration in the
CNS during arousal from hibernation; the circu-
lation conditions during hibernation are changed
since some leukocytes migrate from blood vessels
to tissues of spleen, lungs, bone marrow, and
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KICTKOBOTO MO3KY, CJIM30BOi HITYHKOBO-KHIIKOBOTO
TPAKTY, B IKMX BOHH JCTIOHYIOTHCSI.

3011bIIEHHST BMICTYy CEIMEHTOSICPHUX HEUTpO-
(biniB y kpoBi mIypiB ycix BikoBuX rpym micias TXA
1 Ha T 3MEHIIEHHS KiTBKOCTI JiM(OIHTIB MOXKeE
OyTu HacmigkoM (i3i0IOTIYHUX 3MiH, TIOB’SI3aHUX
13 TepeHanpyKeHHSM 3aTiTHUX (QYHKIIIOHATEHUX
CHUCTEM 1 CTpecoM. 3MCHIIICHHS BiJICOTKA MaJIMIKO-
saaepHux (He3pumX) HEHTpo(dimiB Moxe 00yMOB-
JIIOBATUCSI TIPUCKOPEHHSM IXHBOTO J03piBaHHsS abo
3HMKEHHSIM JIEHKOTIOETHYHOI aKTUBHOCTI KiCTKO-
BOI'0O MO3Ky IIiJl BIUIMBOM OIiOJIOTIYHO aKTHUBHHX
pedoBuH Ta/abo QizmuHUX (akTOpiB. 3MEHIICH-
HSl KUTBKOCTI €03WHO(ITIB y KPOBi 4acTo crocrepi-
raetbcs Ha Todvarky 3amaneHHs [1]. Jlimdomenis
MOKe OyTH TOB’si3aHa 3 MEePEMIIEeHHIM [UX KIITHH
i3 KpoBi Oe3mocepenHb0 OO0 OCEpeKiB 3arajieH-
Hs. MOHOITMTH 31aTHI 3HHITYBaTH 3aruoOii KIITHHH
B OcCepelnkax 3amlaJieHHS, CIPHUAIOYN pereHepartii
TKaHWH y MICIIi ITOITKOPKEHHS, Ta 6€pyTh y4acTh, 30K-
pema, y GopMyBaHHI «IMyHHOT» Mam’sTi Ta CIEIH-
¢iunoro imynitery. 30UIBLICHHS KIIBKOCTI MOHO-
LUTIB y KPOBI MOXE CBIIYMTH MPO aKTHUBAIIO Me-
XaHI3MIB TPOTUAIl PO3BUTKY NATOJOTIYHHUX IPO-
LeciB Ta/abo 3MiH, CymyTHIX (i3ionoriyHoMy crapiH-
Hio [1].

Ha mincrasi BUSABIEGHUX CIIIBBIAHOIICHL THIIIB
neiikoruTiB pospaxosyBanmcs I [3, 4]. Tak, 3 aBa-
HAOIATA BHUBYEHHUX I1HAEKCIB BICIM 3MIHIOBAJIHCS
OTHOCIIPSIMOBAHO: 1HACKC CITIBBiTHOMICHHS HEUTPO-
¢bimiB 1 giMomUTIB, IHIEKC 3CYBY JICHKOIIWTIB
1 JeWKOIUTApHUI 1HAEKC IHTOKCHKAIIl 3pocTaiu, a
TM(POIUTAPHO-TPAHYJIOUUTAPHUN 1HJCKC, 1HICKCH
aneprizanii Ta aganranii ['apkasi, JiMpouuTapHUi
1H/IEKC Ta 1HAEKC IMyHOpeakTUBHOCTI (y 24-micsy-
HUX IypiB TEHACHIs) 3HIKYBanucs (Tadi. 2).

Taki 3Mminu o3HayeHux LJII MoxyTh CBiguuTH
PO TIepEeBaKAHHS KIIITHH HECMEIU(IYHOTO 3aXUCTY
(meiitpoiniB), aKTUBHHWI 3amallbHUN MpPOIEC, TO-
pYLIEHHS IMyHOPEaKTHBHOCTI, €HIOT€HHY IHTOK-
CHUKAITito, 3HWKEHHS PiBHS ajeprizarlii Ta amanTarii
OpraHi3My, akTHBAIlif0 KJIITHHHOI JIJAHKW IMYHHOI CH-
CTEMH 1 3HIKEHHS iMyHOpeakTHBHOCTI. KpiM TOTO,
IHJEKC CIIBBITHONIICHHS HEHTPO(DTIB i MOHOIIUTIB
y 1,5-MicsluHUX TBapuH 3MEHIIyBaBcs, a y 12- i
24-MIiCSYHUX, HABIAKH, 301bIIYBABCS, 1110 CBITYUTh
PO aKTHBAIiI0 MaKpo- ab0 MikpodaraabHOI CHCTEM
BIMOBIAHO, Yy O-MICAYHMX IIypiB Lel MOKAa3HUK
HE 3MiHIOBaBCs. I[HIEKC cCHiBBiIHOMIEHHS JiMQo-
LUTIB 1 MOHOLIUTIB 3HMXKYBABCS y LIypiB BCiX BiKO-
BHUX TPYI, OKpiM 24-MiCSIYHUX, TOOTO ITOCHIIIOBA-
nmacsi eeKTOpHa JIaHKa IMYHOIIOTIYHOTO IIPOIIECYy.
Y 12- i 24-Mics4HMX TBapWH IHAEKC SIEPHOTO
3CYyBY 3MEHIIIYBaBCs, IO BKa3y€ Ha MEpEeBaXKaHHS Y
KpoBi 3pimux ¢opm HelTpodimiB. [HACKC CHiBBiI-
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gastrointestinal mucosa, where they are depo-
sited.

An increased content of segmented neutrophils
in blood of rats of all age groups after LTCA and
against a decrease in lymphocyte count may result
from physiological changes associated with over-
strain of the involved functional systems and
stress. A reduction in the percentage of band
(immature) neutrophils may be due to their
accelerated maturation or a decrease in leukopoietic
activity of bone marrow under the effect of
biologically active substances and/or physical
factors. A decrease in eosinophil number in blood
is often observed at the onset of inflammation [1].
Lymphopenia may be associated with the move-
ment of these cells from blood directly to the
inflammatory foci. Monocytes are capable of
destroying dead cells in the inflammatory foci,
by promoting the tissue regeneration at the site of
injury, and are involved in the formation of ‘immune’
memory and specific immunity. An increased
number of monocytes in blood may suggest the
activation of mechanisms that resist the deve-
lopment of pathological processes and/or changes
associated with physiological ageing [1].

Proceeding from the found ratios of leukocyte
types, the ILIs were calculated [3, 4]. For example,
eight of the twelve indices under study changed
unidirectionally: the index of neutrophil to lym-
phocyte ratio, leukocyte shift index, and leukocyte
index of intoxication increased, while the lympho-
cyte-granulocyte index, indices of allergization
and adaptation by Garkavi, lymphocyte index, and
that of immune reactivity (tendency in 24-month-
old rats) decreased (Table 2).

These changes in the above-mentioned ILIs
testify to the predominance of cells of nonspecific
defense (neutrophils), an active inflammatory
process, impaired immune reactivity, endogenous
intoxication, a decreased level of allergization and
adaptation of the body, activation of the cellular
component of the immune system and a reduction
of immune reactivity. In addition, the index of
neutrophil to monocyte ratio was declining in
1.5-month-old animals, and, on the contrary, rising
in 12- and 24-month-old ones, thus evidencing
the activation of macro- or microphage systems,
respectively; in 6-month-old rats, this index
remained unchanged. The index of lymphocyte to
monocyte ratio decreased in rats of all age groups,
except 24-month-old animals, i. e., the effector com-
ponent of immunological process was enhanced.
In 12- and 24-month-old animals, the nuclear shift
index decreased, indicating the predominance of
mature neutrophil forms in their blood. The index
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Tabnuusa 2. IHTerpanbHi NenkouMTapHi iHOeKCH Yy LWypiB pi3HOro BiKy micnsa TpuBanoi xonogosoi aganTaudii (M £ SE)
Title 2. Integral leukocyte indices in rats of different ages after long-term cold adaptation (M + SE)

KoHTponb TpwuBana xonogoBa apanTauif
Control Long-term cold adaptation

Bik, micAub
Age, months

1,5 (n = 6) 6 (n = 15) 12 (n = 6) 24 (n = 6) 1,5 (n = 6) 6(n=12) 12 (n = 6) 24 (n = 12)

IHaeKc cniBBiAHOLIEHHA HeUTpOoiniB i MOHOUMTIB
Index of neutrophil to monocyte ratio

28,0 £ 2,8 23,6 + 2,4 25,7 £ 3,0 20,7 = 3,1 14,4 = 1,8* 28,9 = 3,1 43,4 = 6,4* 30,8 £ 3,9*

IHAeKc cniBBigHOLIEHHA NIMAOUUTIB i MOHOUNUTIB
Index of lymphocyte to monocyte ratio

61,6 £ 6,7 54,2 + 2,0 63,4 £ 55 32,2 +£5,9 24,2 + 3,7% 38,3 £ 5,2* 28,7 £ 5,1* 23,0 + 6,1

|HOeKC cniBBigHOLWIEHHA HEWTPOINIB i NiMdouunTis
Index of neutrophil to lymphocyte ratio

0,4 + 0,0 0,4 +0,0 0,4 + 0,0 0,7 £ 0,1 0,6 +0,1* 0,8 +0,1* 1,6 +0,1* 2,0 £ 0,3*

JlimcbouuTapHo-rpaHynounTapHuin iHgekc
Lymphocyte-granulocyte index

21,6 £ 1,1 20,9 + 1,3 24,0 £ 1,4 12,8 £ 1,4 17,3 £ 2,5 12,6 = 1,4* 6,3 £ 0,6 6,4 £ 1,1*

IHpekc aneprisauii
Index of allergization

2,8 £ 0,1 3904 3,4 £0,3 4,0 £ 0,6 2,1 £ 0,4~ 2,1 +0,1* 1,2 £0,1* 1,1 +£0,1*

IHaeKc AnepHoro 3cysy
Nuclear shift index

0,1 £ 0,0 0,1 £0,0 0,1 £ 0,0 0,1 £0,0 0,2 £0,0 0,1 £ 0,0 0,1 £ 0,0* 0,1 £0,0*

IHpeKc cniBBigHOLEHHA NiMAOUUTIB i €03nHOdINIB
Index of lymphocyte to eosinophil ratio

46,2 = 12,0 17,8 £ 2,9 49,9 + 8,6 20,1 + 4,6 17,7 £ 10,1* 24,6 + 6,2 26,2 + 10,7* 21,3 £5,8

IHOeKc 3cyBy nenkouuTis
Leukocyte shift index

0,6 £ 0,0 0,56 +,0 0,4 + 0,0 0,8 + 0,1 0,6 £0,1* 0,8 £0,1* 1,6 £ 0,2*% 1,9 + 0,2*
IHpekc apanTauii Mapkasi
Index of adaptation by Garkavi
2,4 + 0,1 2,4 + 0,1 2,6 +0,2 1,7 + 0,2 1,9 £ 0,2* 1,4 +0,1* 1,7 £ 0,1* 0,6 +0,1*
JleikouuTapHuii iHaEKC
Leukocyte index
2,2 + 0,1 2,2 +0,1 2,5 +0,2 2,5 +0,2 1,8 £ 0,2* 1,3 +0,1* 0,7 £ 0,1* 0,6 £0,1*
JNenkoumnTapHuii iHaekc iHTokcukauii Kanbd-Kanica
Leukocyte index of intoxication by Kalf-Kaliph
0,3 £0,0 0,1 + 0,0 0,2 £ 0,0 0,1 + 0,0 0,6 £0,1* 0,2 + 0,0* 0,6 +0,1* 0,9 +0,1*
IHOeKc iMyHOpeaKTUBHOCTI
Index of immune reactivity
62,6 + 5,8 59,6 + 5,8 65,0 £ 5,7 35,7 £ 5,7 24,9 + 3,6* 40,0 + 5,2* 47,4 + 8,0% 24,0 + 6,0

MpumiTka: * — BiAMIHHOCTI 3HauyLLi MOPIBHSAHO 3 KOHTPONEM BiANOBIAHOrO Biky, p < 0,05.
Note: * — differences are significant compared to the control of corresponding age, p < 0.05.
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HOLICHHST JMIMQONUTIB 1 €03uHO(DITIB 3HMKYBaBCA
TiNBKK y 11ypiB 1,5-1 12-MmicsiaHOTO BiKy, TOOTO Y HUX
MepeBaKaId MPOLECH TiNepuyTIMBOCTI YHOBiIbHE-
HOTO TUIY (TadI. 2).

S. Ponnapan Ta cmiBaBT. [5] Bij3Ha4at0Th, IO 5K
3a CTapiHHS, TaK i y BIAMOBiAs Ha OyIb-sKi BILIH-
BH HOpMalbHe (DYHKIIIOHYBaHHS IMYHHOI CHCTEMH
MOJKE 3MIHIOBATHUCS y PI3HUX HAIIPSIMKaX: MPUTHIYCH-
Hsi/aKTHBaIisl a00 PO3KOOPIMHALIS PI3HHUX ii JIAHOK
Ta CTPYKTYPHUX CKJIQJIOBHUX.

BceranoBneHo, mo TpuBana XoJOAOBAa aJanTa-
uist mpotsarom 30 Ai0 mrypiB pi3HUX BIKOBHX TpYI 3a
temneparypu Onu3bko 10°C mpu3BOIUTH SIK 10 OfI-
HOCTIPSIMOBAHUX, TaK 1 3aJeXKHHUX BiI BIKy 3MiH
SKICHO-KIJIBKICHUX CHIBBIIHOIIEHb THINB JEHKO-
LUTIB KPOBiI 1 PI3HHUX JTAHOK IMYHOJIOTIYHOTO TIPO-
necy (3a mokasamkamu LJII), mo BimoOpaxkaroTh
icTOTHI TIepeOyIoBH 3afisTHUX (PYHKIIOHATBHUX CH-
CTEM.

[Ticas TXA y mrypiB BCiX BIKOBUX TpyH CIO-
CTEepIraeThCsl JICHKONCHIsI Ha TJi 301IbIICHHS MYy
CErMEHTOSZICPHUX HEHUTPO(DITiB 1 3MEHIIECHHS KiJib-
KOCTI JIIM(OIMTIB, a TAKOXK BiJ3HAYAETHCS 3HU-
KEHHS 1MYHOPEAaKTUBHOCTI, piBHS ajanrtamii Ta
aneprizanii, akTUBallis 3amajibHOTO MPOLECY, 1HTOK-
cUKallii, KITHHHOT Ta e()eKTOpHOI JIAHOK IMyHiTe-
Ty. BMicT manuukosgepHUX KITHH, €03WHO(DLIIB
1 MOHOIIMTIB Ta aKTWBallisg Makpo- abo wmikpoda-
TaJIbHOI CHCTEMH 1 MPOIECIB TIMEePUyTIUBOCTI YIIO-
BUIBHEHOTO THITY 3aJIC)KUTH BiJl BIKY TBapHH.
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of lymphocyte to eosinophil ratio was reduced
only in 1.5- and 12-month old rats, i. e. the delayed-
type hypersensitivity was predominant in them
(Table 2).

S. Ponnapan et al. [5] emphasize that both
during ageing and in response to any impact, the
normal functioning of the immune system can be
changed in different directions: inhibition/acti-
vation or discoordination of its various links and
structural components.

It was found that the long-term 30-day cold
adaptation of rats from different age groups at
a temperature of about 10°C resulted in both
unidirectional and age-dependent changes in quan-
titative and qualitative ratios of blood leukocyte
types and various components of immunological
process (according to the ILIs), reflecting signi-
ficant rearrangements of the functional systems
involved.

After LTCA, the leukopenia was observed
in rats of all age groups against the background
of an increased pool of segmented neutrophils and
a decreased number of lymphocytes, as well as
the reduction of immune reactivity, level of adap-
tation and allergization, activation of inflam-
matory process, intoxication, cellular and effector
immunity. The content of band cells, eosinophils
and monocytes and activation of macro- or micro-
phage system and delayed-type hypersensitivity
depend on the age of animals.
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