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Content of Cytokines in Blood Serum after Rhythmic Cold Effects

B pe3yibTare HCCICIOBaHUI YCTAHOBJICHBI 3HAYUTCIIbHBIC OTKJIOHCHHS B CTOPOHY IMOBBIIICHHUS COACPIKAHUA B CBIBOPOTKE KPOBU
MMPOBOCHAIUTEIIbHBIX IIUTOKWUHOB Y IMOKHUJIBIX nmozaci. PUTMmdeckre X0noa0BbIe BO3ACHCTBUS CyHI€CTBCHHO CHMIKAIOT COACPIKAHUC
MIPOBOCHAIUTCIIBHBIX HHTepJ’IeﬁKHHOB B ChIBOPOTKE KpPOBU 10 HOPMAJIbHBIX 3HAYCHHUHN y moaci CpCAHETO U MOXHUIIOro BO3pacTa U
CYHIECTBCHHO IMOBBIIAOT COACPIKAHUEC T'PAHYIOHUTAPHOTO KOJOHUECTUMYIUPYIOUIETO q)aKTopa, YTO CBUACTCIILCTBYCT O CTUMY-
JIMPYIOUIEM BIIMAHUHU HU3KUX TEMIIEPATYP Ha aJalITUBHBIC BO3MOXKXHOCTH PIMMyHHOﬁ CHUCTEMBI U, B YaCTHOCTH, €€ 'YMOPAJIbHOI'O 3B€HA.

Kniouesvie cnosa: PUTMHUYECKUEC XOJIO0JOBBIC BOSHSﬁCTBHﬂ, IOUTOKHUHBEI, HHTepHBﬁKHHLI.

Y pesynbrari 1ocIiKeHb YCTaHOBIICHO 3HAYHI BiIXMJICHHS B OiK IiIBUIIECHHS BMICTY B CHPOBATIIi KPOBI ITPO3aajbHUX IIUTOKIHIB
y IIfofield TOXHJIOTO BiKy. PUTMiYHI X0IOIOBI [Ii1 iCTOTHO 3HIKYIOTH BMICT IPO3alaJIbHAX IHTEPIICHKIHIB Y CHPOBATII KPOBI 10 HOPMaJIbHUX
3HaYCHb Y JIFOICH CEPEIHBOTO 1 IIOXUIIOTO BiKY 1 IiJBUIIYIOTH BMICT IPaHYJIOLHTAPHOTO KOJIOHIECTUMYITIOI0YO0TO (PaKkTOpa, IO CBITYUTh
PO CTUMYJIIOIOUHH BIUIMB HU3bKUX TEMIIEPATYP Ha aIaliTHBHI MOXKJIMBOCTI IMYHHOI CHCTEMH 1, 30KpeMa, il TyMOpasbHOI JIaHKH.
Knrouogi cnosa: puTMidHi X0JI0A0BI Aii, TUTOKIHH, IHTEPICHKIHH.

As the result of the researches the significant deviations towards the rise of pro-inflammatory cytokines in content of aged
people’s blood serum have been revealed. Rhythmic cold effects strongly reduce the content of pro-inflammatory interleukins in blood
serum down to normal values in middle-aged and aged people and increase the content of granulocyte colony-forming factor (GCFF),
that testifies to stimulating effect of low temperatures on adaptive abilities of immune system and, in particular, of its humoral link.

Key-words: rhythmic cold effects, cytokines, interleukins.

LMTOKUHBI SBIAIOTCS MYIBTU()AKTOPHBIMHU MPO-
TEMHAMH, KOTOPBIE BOBJICKAIOTCS B PH3HOIOTHUECKUE
¥ aTO()U3MOJIOTHIECKHE MTPOLIECCHI, BBITOIHSIIOINE
MMMYHOPETYJISITOPHYI0O U HEHPOMOIYIHPYIOUTYIO
(byskun [20, 21, 29, 34]. LIUTOKHHBI B MEXKKIETOYHBIX
KOMMYHUKAIMSIX U KJIETOYHOM aKTUBHOCTH obecrie-
YUBAIOT UIMMYHHBIN OTBET Ha MAaTOJIOTMYECKUE MPO-
LECCHI U PeryJIATOPHBIE PYyHKIIHU.

[To manHbIM [6] mpollecChl CUHTE3a U BBICBO-
OOXKJCHUSI TUTOKMHOB PETYIUPYET HEPBHAS CUCTEMA.
HeliponenTuasl 1 HEHPOTPAHCMUTTEPHI, CEKpE-
TUpyEMbIE HeHPOHAMHU, HEITOCPEACTBEHHO BIMSIOT HA
AKTUBHOCTH IINTOKMHOB, 00€CIIe4YrBas BEIPAYKEHHOCTh
MMMYHHBIX peaknuii [22, 24]. B To xe Bpems IeHT-
pansHas HepBHas cuctema (LIHC) obmamaer momi-
HBIM 3all[UTHBIM IeMaTOdHIePaATHISCKUM OapbepoM
(I'OB), koTophlii IpenoXpaHsIeT ee OT YPEe3MEPHBIX
BJIMSIHUN UMMYHHOU cucteMbl. MI3BecTHO, uTO T-KI1eT-
KU He TpoHuKaroT yepe3 ['Ob, uupkynmupyror B tumda-
tuaeckor cucreme, a Tkauu LIHC numensr mumpa-
TUYECKUX COCYJOB.

[lepudepuueckue HUTOKMHBI MOTYT NEpelaBaTh
CUTHANBI Yepe3 aKTUBHPOBAHHBIN WM JAEKOMIIEH-
CHPOBaHHBIN Pa3IMYHBIMU CTPECCOBLIMHU (haKTOpaMH
I'DOb mocpencTBoM CHMHTE3a BTOPUYHBIX MECCEHI-
xepoB (NO) [25, 26, 28]. B paborax [27, 35, 36] moka-
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Cytokines are multifactor proteins, involved into
physiological and pathophysiological processes,
performing immune regulatory and neuromodulating
functions [20, 21, 29, 34]. Cytokines in intercellular
relations and cell activity provide an immune response
to pathological processes and regulatory functions.

As it has been reported [6] the processes of syn-
thesis and release of cytokines is regulated by nervous
system. Neuropeptides and neurotransmitters, secreted
by neurons, directly affect the activity of cytokines
thereby providing the manifested immune reactions
[22, 24]. At the same time central nervous system
(CNS) has a powerful protective blood brain barrier
(BBB) preventing it from surplus influences of immune
system. It is known that T-cells do not penetrate via
BBB, circulate in lymphatic system, and the tissues of
CNS are deprived of lymphatic vessels.

Peripheral cytokines may transmit the signals via
the activated or decompensated with different stress
factors BBB by means of the synthesis of secondary
messengers (NO) [25, 26, 28]. The papers [27, 35,
36] reported about the ability of synthesizing the
cytokines as well as their functionally active receptors
mainly “on request”. This ability significantly increases
with the effect of the factors resulting in the deve-
lopment of distress and diseases of CNS.
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3aHa CIIOCOOHOCTH CHHTE3UPOBATh IIUTOKMHEI, 8 TAKKE
1X (YHKIMOHATLHO aKTHBHBIE PELETITOPHI B OCHOBHOM
«Ha 3aka3». Takas COCOOHOCTh 3HAYMTEIHLHO BO3-
pacraet npu AeUCTBUH PaKTOPOB, IPUBOISAIINX K Pa3-
BUTHIO ucTpecca u 6onesneit [THC.

N3BecTHO, 9TO IUTOKUHBI CLIOCOOHBI MOZYIIHPO-
BaTh QYHKIIUU CEPJIEYHO-COCYAUCTON CUCTEMBI. 3710~
pOBOE cepale He CHHTE3UPYEeT HUTOKUHBI, OTHAKO
JTIOKa3aHO, YTO KapAUOMHOIIUTHI B YCIOBUSIX UIIIEMUHN
MOTYT WX MPOAyLHpoBath [8].

TkaHeBasi TUMIOKCHUSL U MOBPEXKICHUE MUOKapa
MIPUBOJIAT K M30BITKY CHHTE3a IIUTOKUHOB, YTO HAPY-
[IaeT YHI0TENNH-3aBUCUMYIO PeIaKcaIluio nepudepu-
yeckux cocyno [13]. JokazaHo Hanu4uue B3auMOCBSI-
34 TUTPa HEKOTOPHIX LHUTOKUHOB ¢ NO-3aBUCUMOIL
penakcanueit cocynoB [21]. I[IpoBocnanurenbHbIe
WHTEPIICHKUHBI C TOMOIIBIO PAa3IMIHBIX MEXaHU3MOB
MOTYT M3BpAIaTh COCYIUCTHIEC PEAKIIH, YBETUINBATh
cojiepxanue HHIyIuoenpHoi GopmMbl NO-CHHTA3HI B
SHJOTENNH U TJIAJKOMBIIIEYHBIX KJIETKaX COCYIOB
[37].

Oco0BIif HHTEpEC MPeICTaBISAeT N3YICHNE aKTHB-
HOCTHU IIUTOKHUHOB Yy JIOAEH CpeaHEro u MOKUIOTO
BO3pacTa, MOCKOJIbKY BO3HUKHOBEHHE Y HUX psaa
3a00JIeBaHUN ABISCTCS CICICTBHEM BO3PaCTHBIX
HU3MEHEHUN UMMYHHOTO CTaTyca.

EcTtecTBeHHOE cTapeHHe OpraHM3Ma CONPOBOXK-
naeTcs cOallaHCUPOBAHHBIM UMMYHOJIC(HUIIUTOM,
3aTparuBarOIIUM Pa3INIHbIE 3BE€HbS MHOTOTPaHHON
MMMYHHOW CHICTEMBI, €€ TeHEeTHYECKOTo CTaryca, B
CBSI3U C 9eM HEOOXOTUMBI TOMCKH AP PEKTHBHOMN Tepa-
[IMHY, BKITIOYAONIEH aJeKBaTHBIE CPEACTBA UMMYHO-
KOPPEKIIIH.

CrnenoBarenbHO, U3y4eHUE MEXaHU3MOB PETYJISILIMU
CUHTE3a LIUTOKUHOB, UX YPOBHS B KPOBH U TKaHSIX
MMEET BAKHOE 3HAYCHUE JIJIS BRIOOpA CIIeIu(UIeCcKon
TEpPaNeBTUUCCKONU CTPATETUU C LIENbI0 YIYUYLICHUS
Ka4yeCTBa KU3HU MOXKHUIIOTO YETOBEKA.

C Bo3pacToM y JItofiel 4acTo OTMedaeTcs Hapyle-
nue HopmaneHoro T, /T, kieTo4yHoro 6anamca, OTBe-
YaIOIIEero 3a KJIETOYHBIN U TYMOPAIBLHBIN THIT CIICITH-
(nueckoro mMmmyHHOTO OTBeTa. IIpm 3TOM CnexTp
[IUTOKWHOB OJTHOTO THIIA MPEBATUPYET HaJ JPYTHUM,
YTO 0COOEHHO XapaKTePHO JUIS TIOKIIIBIX JIIOAEH TpH
MMMYHHOM BOCIMaJIEHUH, KOTJIa B COCyAaX aKKyMy-
JTUPYIOTCS TUMNONPOTEU Il HU3KOM IIOTHOCTH BHYTPU
Makpo(aroB 1 MOHOIIUTOB, HAXOSAIINXCS B UHTHME.

OTHONAaTOreHe3 3TUX MPOLIECCOB HEPA3PHIBHO
CBsI3aH C HapyHICHUSIMHU OajaHca UMMYHOKOMIIE-
TEHTHBIX KIIETOK JIMM(OIUTOB, X aKTUBHOCTH U TIPO-
JTYKITUH TUTOKUHOB. Oco0yI0 pojib B JAaHHOM CITy4ae
UTPAIOT MEXKJICTOUYHBIC B3aMMOICUCTBUS MEXKIY
SHIOTEIUEM W JICHKOIUTAMH, CTUMYIHPYIOITAMHI
CUHTE3 OMOJIOTHIECKY AKTHBHBIX IIUTOKUHOB U JPYTUX
Ba30aKTHUBHBIX BEIIECTB.
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It is known that cytokines are able of modulating
the functions of cardiovascular system. Healthy heart
does not synthesize cytokines, however it is proved
that cardiomyocytes under ischemia conditions may
produce them [8].

Tissue hypoxia and damage of myocardium result
in the surplus synthesis of cytokines, that impairs
endothelium-dependent relaxation of peripheral vessels
[13]. The presence of relationship between the titer of
some cytokines and NO-dependent relaxation of
vessels is proved [21]. Pro-inflammatory interleukins
using various mechanisms may distort vascular reac-
tions, increase the content of inducible form of NO-
synthase in endothelium and smooth muscle cells of
vessels [37].

Studying the activity of cytokines in middle-aged
and aged people is of a special interest, because the
appearance in them of some diseases is the conse-
quence of age changes of immune status.

Natural aging of an organism is accompanied with
balanced immune deficit, concerning different links of
versatile immune system, its genetic status, in this
connection the searches for effective therapy, including
adequate means of immune correction are needed.

Therefore, investigation of the regulation mecha-
nisms of cytokine synthesis, their level in blood and
tissues is of the importance for the selection of specific
therapeutic strategy aimed to the improvement of life
quality in aged person.

With aging in people the disorder of normal T, /T,
cell balance responsible for cell and humoral type of
specific immune response is often noted. Herewith the
spectrum of cytokines of one type prevails over another,
that is especially characteristic for aged people at
immune inflammation, when in vessels lipoproteids of
low density are accumulated inside macrophages and
monocytes being in tunica intima.

Etiopathogenesis of these processes is tightly bound
with the disorders of the balance of immune competent
cells of lymphocytes, their activity and production of
cytokines. A special role in this case is played by
intercellular interactions between endothelium and
leukocytes, stimulating the synthesis of biologically
active cytokines and other vasoactive substances.

Thus, the correction of the disordered functions of
organs and tissues in middle-aged and aged people
should be directed to the weakening of lymphocyte
activity in intima of the vessels. This may be achieved
using the blockade of the synthesis of pro-inflammatory
and stimulation of anti-inflammatory cytokines. This
approach is very important if to take into consideration
that in aged people the diseases are mediated with
dysregulation of the level of cytokine and hormonal
activities, predetermining the molecular base of
development of cardiovascular and CNS diseases.
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Takum 00pa3om, KOppeKIHst HapyILEeHUH HYHKIIHA
OpraHOB U TKaHEW y JIOeH CPEeTHEro W IMOXKUIIOTo
BO3pacTa J0HKHA OBITH HAIlpaBieHA HA OCIa0JIeHUE
TAM(OITUTAPHON aKTUBHOCTH B MHTHME COCYIOB. ITO
MO>KHO JIOCTHYb C TTOMOIIbIO OJIOKaIBI CHHTE3a IPO-
BOCTIAJIUTEIBHBIX U CTUMYJISLIMY aHTUBOCTIAIUTEb-
HBIX IIMTOKHWHOB. Takol moaXoJ OYeHb Ba)KECH, €CIIH
YYECTh, UTO Y JIIOEH MOXKIIIOTO BO3pacTa 3a0ojeBa-
HUS1 OTIOCPENYIOTCSI TUCPETYISILIUEN YPOBHS IUTOKUHO-
BOM U TOPMOHAJIBHOU aKTUBHOCTH, MPEAOTIPEIEIISIIO-
el MOJICKYJISIPHYIO OCHOBY Pa3BUTHS 3a00eBaHUI
cepaeuno-cocyaucroit u [{HC.

[Toucku myTeit K 03A0POBICHUIO U KOMOJIOKEHHUIOY,
YIYUIICHUIO Ka4€CTBA XKU3HU — BaKHEUIIas MEAUKO-
Ouosoruueckas npoodjgema coBpeMeHHocTH. Kak
ObLIO MTOoKa3aHo B pabdorax [1, 11, 12], oco6o addek-
THBHBIM METOJOM KOPPEKIHHU (yHKIHMOHATHHBIX
HapyUICHUH, XapaKTePHBIX AJIS TOKUIIOT0 OpraHu3Ma,
MOJKET OBITh IPUMEHECHHE PUTMUYECKUX XOJIOIO0BBIX
BoznetictBuii (PXB).

Ilokxazano monoxutenbHOoe BiausHue PXB Ha
JUHAMUKY H3MEHEHHI BapuaOeIbHOCTH CEPIEIHOTO
pUTMAa, TIEPEKUCHOTO OKUCIICHHS JIUIHNIO0B, CHHTE3a
NO, pyHKIIMH rHCTOreMaTHYECKUX 0apbepPOB B TKAHIX
cepana u mosra [2—4]. BaxxHo OBUIO M3Y4YUTH CO-
CTOSIHE UMMYHHOM CUCTEMBI KaK BayKHEHIIIET0 3BE€Ha
aZlanTaIuyu U 0COOCHHO POJIM ps/ia IPO- U aHTUBOC-
MaJUTEIbHEIX MUTOKUHOB Yy IIOACH CpeaHEero u
MOXKUJIOTO Bo3pacTa nocie aeiicteus PXB.

Lenb paboThl — M3yYUTH BIMSHUE TIPO- U TPOTHBO-
BOCITAJTUTEIHHBIX ITATOKUHOB HA OPTaHU3M YEIOBEKA
nociie PXB.

Matepnaabl 1 metoAbI

O6cnenoBano 10 maruentos 50-60 €T, y KOTOPBIX
B aHaMHE3€ OTCYTCTBYIOT OCTPBIE HJIM XPOHUYECKHE
3a0oneBaHus. Y manueHTOB nepen u nocie PXB
u3Mepsia aprepuainbHoe nasineHue (AJl), mymsce,
ncciaeaoBaid BapuabeIbHOCTh CEpACYHOT0 PUTMA,
Opanu KpOBb M3 BEHBI JIJIS PAa3BEPHYTOTrO aHANIHM3a
KPOBH U OIIPEACICHNS IUTOKUHOB B CHIBOPOTKE KPOBH.

OpranusM 4enoBeKa OXJIAXKAAIU B CIELUATU3U-
poBaHHOI kpuokamepe. Ilocne n3aMepenus nynsca u
AJl manueHTHl 15 ¢ HaxoAWIHCh B 1-M IIaro3e
KpHOKaMepsbl ¢ Temnepatypoit —10°C, nanee 20 ¢ Bo
2-m wmro3e (—60°C) u 2 muH — B 3-M nutroze (—110...
—120°C). Iocne okoHYAHHS MPOLENYPHI MAUCHTHI
OTIbIXallu 5 MUH NPU KOMHATHOW TeMmIleparype.
[Iponenypy mOBTOPSUIN IBAXKIBI.

Yepes aeHb 1 aBa AHS NPOLEAYpY NOBTOpsuH. B
00111 CTI0)KHOCTH MAIEeHTHI TIOCEIaIN KpUOKaMepy
9 pas.

Coneprxanue MHTEepIeHKUHA- | 3, MHTepIeHKHA-6,
(dakTopa Hekpo3a omyxoiel, mHTepIeiikuHa-4,
IPaHyJIOIUTAPHOTO KOJIOHMEeOoOpasymomero ¢gakropa,
WHTEeppEpOHa B CHIBOPOTKE KPOBH, UX B3aMMOOT-
HOIIIEHUE ONpeaensuid 10 u nocie 9 ceancos PXB.
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The search for the ways to improved health and
“rejuvenation”, improved life quality is the most
important medical and biological contemporary task.
As it has been demonstrated in the papers [1, 11, 12]
the most effective method of the correction of functional
disorders, characteristic for an aged organism may be
the application of rhythmic cold effects (RCEs).

Positive effect of RCEs on dynamics of the changes
of variability of cardiac rhythm, lipid peroxidation, NO
synthesis, function of histohematic barriers in tissues
of heart and brain has been shown [2-4]. It was
important to study the state of immune system as an
important link of adaptation and especially of the role
of some pro- and anti-inflammatory cytokines in middle
aged and aged people after RCEs.

The research aim was to investigate the effect of
pro- and anti-inflammatory cytokines in human
organism after RCEs.

Materials and methods

There were examined 10 patients of 50-60 years’
old, having neither acute nor chronic diseases in
anamnesis. In the patients prior to and after RCEs an
arterial pressure (AD), pulse were measured, the
variability of cardiac rhythm was examined, the blood
from vein was tested as an extended analysis and for
examining cytokines in blood serum.

Human organism was cooled in specialized cryo-
chamber. After measuring the pulse and AD the
patients were for 15 seconds in the 1% lock of the
cryochamber with the temperature of —10°C, then 20
seconds in the 2™ lock (—60°C) and 2 minutes in the
3" ones (—-110...—120°C). After procedure termination
the patients rested for 5 min at room temperature. The
procedure was twice repeated.

One and two days later the procedure was re-
peated. All in all, the patients visited the chamber
9 times.

The contents of interleukin-1[, interleukin-6, tumor
necrosis factor, interleukin-4, granulocyte colony
forming factor, interferon in blood serum, their
relationship were tested prior to and after 9 sessions
of RCEs. Cytokines were studied in blood serum using
immune enzyme test systems (“ProCon”, Russia).

The data given in [9, 10] served as the indices of
the normal content of cytokines in blood serum of people
of corresponding age.

The results were statistically processed using
Student-Fisher’s method.

Results and discussion

In physiological conditions the spectrum of
cytokines is blood in insignificant, and their regulatory
effect is restricted with specific inhibitors. Under
different pathological states, stress the qualitative
compositions and number of cytokines significantly
change [18, 19].
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L{MTOKUHBI HCCIEIOBAIN B CHIBOPOTKE KPOBH C HC-
M0JTB30BaHNEM UMMYHO(EpPMEHTHBIX TECT-CHUCTEM
¢upmer “ProCon” (Poccus).

[TokazarenssMu HOPMBI COAEPKaHNS LIUTOKMHOB B
CBIBOPOTKE KPOBHU y JIOAEH COOTBETCTBYIOLIETO
BO3pacTa CIIyKWJIU JaHHbIE, TpUBEACHHBIE B [9,10].

Hnst cratuctTuueckoil 00paboTKU pe3yabTaToB
ncnons3zoBanu Merof CteronenTa-dumepa.

Pe3yAbTatbl M 00Cy)xaeHue

B ¢usnonornyeckux yciaoBusAX CIIEKTP IUTOKHHOB
B KPOBH HE3HAUUTEIICH, & UX PETYISATOPHBIN dPQeKT
OTpaHWYCH crieU(pUIecCKUMU HHTHOUTOpaMu. [Ipu
PA3TUYHBIX MATOJIOTUYECKUX COCTOSHHSIX, CTpecce
CYLIECTBEHHO M3MEHSIOTCS] KaueCTBEHHBIH COCTaB U
KOJIMYE€CTBO LIUTOKUHOB [ 18, 19].

JHaxxe oueHb HU3KUH YPOBEHb LIUTOKUHOB MOXKET
HWHIYLPOBATh BEIPaKEHHBIA OMONOornyeckuii 3pQexT.
MuieHsIMH UX ACUCTBUS CIyXaT NPaKTHUYEeCKU BCeE
KJIETKH OpraHoB u TkaHell. [IpoBocnanuTensHble HH-
tepaeiikunbl- 1 3 (UJI-10B) u pakrop Hekpo3sa omyxosnei
(®HO-0) BBIMONHAIOT B OpraHU3M€ MHOYECTBO
(bynkiwmii [7, 17], IBISIOTCSA B3aUMHBIMHU HHIYKTOPaMH,
ycuiuBas nmpoAyknuio uHTepieikuna-6 (MJI-6).
[IpoBocmanuTeabHBIE ITUTOKUHBI SBISIOTCS CHHEP-
THCTaMH, BBICTYTIAIOT KaK (JaKTOpbI Heceu(puIecKoit
3aIUTBHI.

Hapsany ¢ atum NJI-6 MokeT BBICTYIIaTh Kak aHTa-
ronuct UJI-13 u ®HO-0, uHIynupys npoayKThl
npupoaHbIX aHTaroHuctoB [23]. OH obnaxaer
CIOCOOHOCTBIO OKa3blBaTh adanTHBHBIA 3()dexT B
HU3KHX KOHLCHTPALUSAX, BBI3bIBAs 3HAUUTEIBHOE
yBenuueHue npoaykuuu antuten (IgG, IgM) [15].

VY 3710pOBBIX JII0JIE HOPMAaJbHOE COJEpKaHUE B
ceiBopoTke kposu MJI-1P3 — ot 0 10 40, a 1JI-6 — ot 0
no 10 nkr/mn. B HaOnromaemol rpymme Jroaei
koimuecTBO MJI-1P3 u NJI-6 B CBIBOPOTKE KPOBH JI0
XOJIOZIOBBIX MPOIIETYP ObLTO CYIIECTBEHHO MOBHIIIIEHO
[0 CPaBHEHUIO C HOPMOW, YTO MOXKET OOBSICHSATHCS
BO3PACTHBIMUA OCOOCHHOCTSIMH, CHH)KEHHUEM aKTHB-
HOCTH CHCTEM KOMIICHCAIIMH U aJIaNiTalliy y AlUCHTOB
crapuie 50 JieT, BOSMOKHOCTH aJIeKBaTHOTO pearupo-
BaHUs NMYTEeM MOOHIM3alUU CHUCTEM, oOecredu-
Baromux romeocras (puc. 1, 2). B to xe Bpems
COJIeprKaHKe MPOBOCTATUTEIBHBIX IUTOKHHOB MJI-1[3
u NJI-6 B CHIBOPOTKE KPOBH y MAIMEHTOB mocie 9
ceaHcoB PXB 3HauMTENbHO yMEHBIIAIOCH IO CPAB-
HEHUIO C UX CO/IepP)KaHUEM B KPOBHU JI0 OXJIAXKICHUS.

CymecTBeHHbIE AUHAMHUYECKUE W3MEHCHUS B
TIpOLIECCe XOIOIOBBIX MPOIERyp (DYHKIMHI INTOKUHOBON
CHCTEMBl B CHIBOPOTKE KPOBHU HaOIIOZaeMBbIX
MAMEHTOB MOTYT ObITH 00YCJIOBIEHBI BO3PACTHBIMH
W3MEHEHHUSMHU aKTUBHOCTH UMMYHHOH CUCTEMBI.

Jia naHHOTO BO3pacTa XapaKTepHbI CHHKCHHE
YPOBHSI COMAaTOTPOIHOTO, THPOUIHOTO M HOJIOBBIX
TOPMOHOB, MOBBIIICHNE YPOBHS NIIOKOKOPTUKOUIOB U
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Even very low level of cytokines may induce a
manifested biological effect. As the targets of their
effect practically all the cells of organs and tissues
serve. Pro-inflammatory interleukins 1-f (IL-1-f) and
tumor necrosis factor (TNF-0) perform in an organism
numerous functions [7, 17], are mutual inducers by
strengthening the production of interleukin-6 (IL-6).
Pro-inflammatory cytokines being synergists act as the
factors of non-specific protection.

Along with this IL-6 may act as antagonist and O-
TNF-a by inducing the products of natural antagonists
[23]. It possesses the ability to render adaptive effect
under low concentrations by causing significant rise in
the production of antibodies (IgG, IgM) [15].

In healthy people normal content of IL-1[3 in blood
serum is from 0 to 40, and form 0 to 10 pg/ml for IL-6.
In the observed group of people the amount of IL-1[3
and IL-6 in blood serum prior to cold temperatures
was signficanlty higher in comparison with the norm
that may be explained by age peculiarities, reduction
of'the activity of compensation and adaptation systems
in the patients over 50 years, the possibility of adequate
reacting by means of mobilization of the system
providing homeostasis (Fig. 1, 2). At the same time
the content of pro-inflammatory cytokines IL-1f3 and
IL-6 in blood serum of the patients after 9 sessions of
RCEs considerably reduced if compared with their
content in blood prior to cooling.

During cold procedures strong dynamic changes in
the functions of cytokine system in blood serum of the
patients under observation may be stipulated by age
alterations of the activity of immune system.

For this given age the reduction of the level of
somatotropic, thyroid and sexual hormones, rise in the
level of glucocorticoids and cathecholamines are cha-
racteristic, which is accompanied with the changed
cytokine level.
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Puc.1. Conepxanune NJI-1 1o u mocne sKcTpeMaabHON
KpHoTepanun: [1—HopMa; [0 — 10 kpuotepanuu, [ll— mocie
KPHOTEPAITHH.

Fig. 1. Content of IL-1 prior to and after extreme cryotherapy:
O—norm; - prior to cryotherapy; Ml — after cryotherapy.
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Puc. 2. Conepxanune NJI-6 1o u nocne 3KkcTpeMalbHON
Kpuorepanuu. [1—HopmMa; [ — 10 kpuoTepanud, ll— nocJje
KpUOTEpaIuu.

Fig. 2. Content of IL-6 prior to and after extreme cryotherapy.
O—norm; - prior to cryotherapy; l— after cryotherapy.

KaTEXOJIaMHHOB, YTO COIPOBOXAAETCS H3MEHEHUAMHU
YPOBHS LIUTOKHHOB.

AHanu3 MOJYy4YEHHBIX PEe3yIbTaTOB CBUACTEIb-
CTByeT, 4T0 9 ceaHcoB PXB cylecTBEHHO CHHKAIOT
CoJep)KaHUE MPOBOCHAIUTEIBHBIX HUTOKUHOB B
CBIBOPOTKE KPOBH 10 HOPMaJIbHBIX 3HAYEHUH Y Jfoel
CPEIHETO U TOKUIIOTO BO3pacTa.

®axTop Hekposza omyxoneld (PHO-O), KoTOpHIit
UTpaeT BEIYUIYIO POJb B Pa3BUTUHU 3a00JIEBaHUI
CepAEYHO-COCYIUCTON U IPYTUX CHCTEM Yy IOAeH
MOXHUJIOTO BO3PAacTa, OTHOCUTCA TaKXe K TpyIIe
MIPOBOCTIATNTENHHBIX HHTEPIICHKHUHOB.

Hamu He oTMedeHO CyLIECTBEHHBIX pa3inuduil
(puc. 3) B cogepkanum B ceiBOpoTKe kpoBu PHO-O
B KOHTpoJjIe 10 1 nocie PXB.

Bo3MO0kHO, HEBBICOKHI Oa3aIbHBIA yPOBEHb 3TOTO
LUTOKHHA OOBSICHAETCS OTCYTCTBHEM Yy HalOmionae-
MBIX MAIIIEHTOB XPOHUYECKUX 3a00JeBaHuil cepaey-
HO-COCYJIUCTOU CHUCTEMBI.

Ecnmu yuecTs, uTto ¢ Bo3pacToM 3(¢dEeKTHBHOCTH
paboThl UMMYHHON CHCTEMBI CHHXKAETCS, a Pa3ind-
Hble 3BEHbS MMMYHOPEAKTUBHOCTH HapyIIaIOTCS B
pPa3HOH CTENeHH, TO HE MCKIIOYEHO, YTO B JTAHHOM
CIIy4ae MOTYT UIMETh MECTO YCIOBHSA, B COOTBETCTBUHU
¢ koTopbiMu HU3KHe BennuuHbl @HO-0 oka3bIBaroT
MIPOTUBOBOCTIATUTENBHBIN () (HEKT.

WNntepneiikun MJI-4 oTHOCUTCS K aHTHUBOCHA-
JIUTENHHBIM UHTEPICHKUHAM, HHTHOUPYET MPOILYKLIHUIO
WJI-1, 1JI-6 u ®HO-a [5, 8, 14, 16, 31, 32] u cymecr-
BEHHO OTPAaHHYMBAET BOCHAJMUTENBbHBIA IpoLecc,
ABJISIETCS BAYKHBIM KOMITOHEHTOM IIUTOKWMHOBOTO 3BEHA
BeIpaxkeHHocTH 3aboneBanuii [IHC u cepmeunoit
HEJOCTATOYHOCTH.

Kpowme Toro, NJI-4 6imoxupyeT mpoayKIHIO OKCHIA
a30Ta, crTuMynupyeT aupdepenunpopky T, -KIeTOK
13 MPeNIIeCTBEHHUKOB, IPUHUMAET HEMOCPEACTBEH-
HOE€ ydJacTHe B 3allUTEe OpPraHu3Ma IyTeM OJIOKalbl
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The analysis of obtained results confirms that 9
sessions of RCEs significantly reduce the content of
pro-inflammatory cytokines in blood serum down to
normal values in middle-aged and aged people.

Tumor necrosis factor (TNF-a), playing a leading
role in the development of cardiovascular diseases and
those of other systems in aged people, is also referred
to the group of pro-inflammatory interleukins.

We have noted no significant differences (Fig. 3)
in the content of TNF-a in blood serum in the control
prior to and after RCEs.

Low basal level of this cytokine is likely explained
by the absence of chronic cardiovascular diseases in
the observed patients.

If to take into account that with age the efficiency
of immune system functioning decreases and different
links of immune reactivity are impaired, then it is not
excluded that in this case the conditions under which
low values of TNF-a render pro-inflammatory effect,
may take place.

Interleukin IL-4 is referred to anti-inflammatory
interleukins, inhibits the production of IL-1, IL-6 and
TNF-a [5, 8, 14, 16, 31, 32] and significantly restricts
inflammatory process, is an important component of
cytokine link of the manifestation of CHS diseases and
cardiovascular insufficiency.

In addition, IL-4 blocks the production of nitrogen
oxide, stimulates the differentiation of T, -cells from
precursors, directly participates in an organism’s
protection by blocking of IL-1 production. Normal
content of IL-4 in blood serum is up to 13 pg/ml. In the
patients under observation the amount of 1L-4 was
lower than in the control (Fig. 4) and application of
RCEs on the methods described statically and
significantly decreased its content versus the control
and the indices prior to cooling. Due to significant
reduction in the observed patients of pro-inflammatory
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Puc. 3. Conepxanne MJI-4 no u mocne skcTpemManbHON
KpHuoTepanuu. [1—HopMma; [ — 10 kpuoTepanuu, [l —mocie
KpPHOTEpaInH.

Fig. 3. Content of IL-4 prior to and after extreme cryotherapy.
O—norm; - prior to cryotherapy; Ml — after cryotherapy.
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Fig. 4. Content of IF-a prior to and after extreme cryo-
therapy. [J—norm; - prior to cryotherapy; ll— after cryo-
therapy.

nponykuu UJI-1. Hopmanenoe conepsxanue NJI-4 B
CBIBOPOTKE KpOBH A0 13 mkr/mi. Y HaOIrOqaeMbIxX
narueHToB KonudecTBo MJI-4 Obu10 HIMKE, UeM B KOHT-
pore (puc. 4), a mpumenerrne PXB mo onvcanHo# MeTo-
JTUKE JIOCTOBEPHO ITOHIDKAIIO €0 COICPIKaHMUE 110 OTHO-
MIEHUTO K KOHTPOJTIO W TTIOKA3aTENSM JI0 OXJIXKICHUS.

Bo03MOXHO, B CBSI3U CO 3HAYUTEIBHBIM CHHKCHIEM
y HaOJIOMaeMbIX MAIMeHTOB B CBIBOPOTKE KPOBH
MIPOBOCTIATUTEIBHBIX ITUTOKUHOB TOCJE TCHCTBHS
PXB nano6HOCTH B akTuBarmu iutokuHa MJI-4 otcyT-
CTBOBAaJIa, UTO Aa€T OCHOBAHUS MPEANoIaratb 0 Boc-
CTaHOBJICHUHU B OPTaHU3ME MAI[eHTOB (PU3HNOIOTHYeC-
KUX COOTHOIIEHUM MpPO- U aHTUBOCHATUTEIBHBIX
LUTOKUHOB.

DT0 0cobeHHO BakHO, Tak Kak WMJI-4 oOimamaer
IIHPOKUM CHEKTPOM OHOJOTHYECKON aKTHBHOCTH,
SBJISIETCSI BOKHEUIITUM MEIUATOPOM, 00eCTieunBaro-
IIIAM XeJTrepHble GyHKIuH T-muMbOoImToB 1 B-KIeTou-
HOE 3BEHO IMMYHUTETA, PETYJIHPYET BEIPaOOTKY aHTH-
TEJL.

Wnrtepdepon (MD-a) orHOCHTCS K Oenkam, obra-
JAIONIMM aHTHBHPYCHON aKTHBHOCTHIO. CuuTaercs,
410 HHTEPHEPOH — PU3NOTOTUUECKUI HHTHOUTOP HOP-
MaJIbHOTO KJIIETOYHOTO POCTa.

Kaxk Bugno u3 puc. 5, conepxanue UD-a B uccie-
JTyeMO¥ CBIBOPOTKE KPOBH JI0 OXJIAXKICHHSI OBLIO 10C-
TOBEPHO BBIIIE, YeM B KOHTPOJIE, OTHAKO MOCIIE MPH-
meHeHus: PXB oTMeueHO CHUKEHHE €T0 KOJTMYECTBa.

OdeBuaHO, TOBBIMICHUE coaepxkanus ND-0 B
CBIBOPOTKE KPOBH JIUI] CPETHETO U TTOIKUIIOTO BO3PACTa
00yCJI0BJICHO OCITa0JICHIEM PE3UCTCHTHOCTH OPTraHm3-
Ma, BO3PACTHBIMHA H3MEHCHUSMHA HMMYHHOU CHCTEMBI,
MIPOSIBIISTIONITUMUCS] B OCJIAOJICHUH yCTONYMBOCTH K
nHpekusaM. buonorndeckrue CBOCTBa MPOTHUBO-
BUPYCHBIX TOJHIENTUHI0B UMEIOT KOJOHUECTUMY-
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cytokines in blood serum after RCEs there was no
need in activation of IL-4 cytokine, that enables the
supposing about the recovery in the patients’ organisms
of physiological ratios of pro- and anti-inflammatory
cytokines.

This is especially important since IL-4 has a wide
spectrum of biological activity, is the most important
mediator, providing helper functions of T-lymphocytes
and -cell link of immunity, regulates the production of
antibodies.

Interferon (IF-) is referred to the proteins having
an antiviral activity. Interferon is considered as physio-
logical inhibitor of normal cell growth.

Fig. 5 shows that the content of a-IF in the studied
blood serum prior to cooling was significantly and
statistically higher than in the control, however after
RCE:s the reduction of its amount was found.

The rise of IF-a content in blood serum of the
middle-aged and aged persons is evidently stipulated
by the weakening of an organism’s resistance, age
peculiarities of immune system, manifesting in the
weakening of the stability to infections. Biological
properties of anti-viral polypeptides have the colony-
forming factors also acting as hemopoietic growth
factors.

In particular, granulocyte colony-stimulating factor
(GCSF) has a wide spectrum of biological activity:
affects various physiological reactions, metabolism and
hemopoiesis states, immune system.

Granulocyte colony-stimulating factor accelerates
the differentiation of cells precursors of neutrophil
series, contributes to significant accumulation of the
number of active neutrophils in peripheral blood.
Affecting neutrophils it strengthens their migration and
phagocytosis. Normal level of GCSF in blood serum
of healthy people does not exceed Sng/ml.
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Puc. 5. Conepxxkanne ®HO-0 10 1 nocnie 3KkcTpeManbHOR
Kpuortepanuu. [1—HopMma; [ — 10 kpuorepanuu, ll— nocjie
KPUOTEPAITHH.

Fig. 5. Content of TNF-a prior to and after extreme cryo-
therapy. [J— norm; O — prior to cryotherapy; Bl — after cryo-
therapy.
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nupyromye (pakTopsl, KOTOPBIE TAKXKe AEUCTBYIOT KaK
reMOIOATHYECKHE (PaKTOPhI POCTa.

B wactHOCTH, rpaHynOLUTAPHBIN KOJIOHUECTHUMY-
nupytomnii paktop ('KC®D) obnagaeT mmpoxkum
CIIEKTPOM OHMOJIOTHYECKOW aKTUBHOCTHU: BIHSET Ha
pasnuyHble (PU3NOIOTHYECKHE PEAKIIMU, COCTOSHUE
MeTaboar3Ma, TeMOII033a U IMMYHHYIO CUCTEMY.

I'panynouuTapHBId KOJOHHUECTUMYIUPYOIIUM
(akTop yckopsieT audPpepeHIUpOBKY KIETOK-IIpeI-
[IECTBEHHUKOB HEUTPOPHUIEHOTO psAa, CIOCOOCTBYET
3HAYUTENILHOMY HApaCTaHHIO aKTHBHBIX HEUTPO(UIIoB
B nepudeprueckoii kposu. [leiicTBys Ha HEUTPOPHIIBI,
OH yCHJIMBaeT UX Murpanuio u ¢arouutos. Hop-
ManbHbIN ypoBeHb ' KC® B CHIBOPOTKE KPOBU 310PO-
BBIX JIFOJICH HE TPEBHIIIAST 5 HI/MIL

Conepxanne 'KC® B cbIBOpOTKE KPOBH Yy MAIMEH-
TOB 70 mipoBencHus PXB Oplmo Ha ypoBHE 5 HI/MII,
T. €. COOTBETCTBOBAJIO YPOBHIO KOHTPOJIbHBIX 3HAYE-
Hui (puc. 6).

[Tocne 9 ceancoB KPHOBO3IEHCTBHUH Y TAIIIEHTOB
HaOIr0aeTCsl CyNECTBEHHOE YBEIHMUYEHUE COMEp-
xaHus B ceiBopoTke Kposu ' KCD, uro, mo Hamemy
MHEHHUIO, MOXET CBHUJIETEIBCTBOBATh O CTUMYJIHU-
pYIOIIEM BIUSHUM EHCTBUS HU3KUX TEMIIEpaTyp Ha
aJaNTHBHBIE BO3MOXHOCTH UIMMYHHOU CHCTEMEI H, B
YaCTHOCTH, €€ TYMOPaJIBHOT'O 3BEHA.

MoxHO mpennonoxurs, yto PXB ymydmaror
npoiecchl nponudepanuu 1 JudPepeHIuPOBKH,
CIIOCOOCTBYIOT CO3PEBAHUIO T€MOTIOITHYECKUX KIle-
Tok. [loBermennoe conepxkanune ' KCD moxer cTu-
MYJIUPOBATh CO3pEBaHIE KOMUTHPOBAHHBIX TEMOIT03-
TUYECKUX KJIETOK B IPaHyJIOIUTHI, TIOBBIIIATh AKTHB-
HOCTb 3p€JIbIX JEHKOIUTOB.

HNmvmynHbIl oTBeT 1ipu AevictBuu PXB sBisercs
(byHKIHEH peanr3aliy CI0KHBIX HEHPOTyMOPaIbHBIX
MEXaHHU3MOB, KOTOPbIE B3aUMOJECHCTBYS U JOTIONHSAS
Ipyr Apyra, o0ecrevnBaroT U MOBBILAIOT HaleK-
HOCTB 3alIMTHBIX PEaKUUil opraHu3ma, OCOOCHHO B
[I0>KUJIOM BO3pacTe.

PutMmuyeckue Xoy0/10Bbi€ BO3JIEUCTBUA MPEPbI-
BAaIOT CBSI3b aCCOLIMAPOBAHHBIX C BO3PAaCTOM JUHAMH-
YECKUX H3MEHEHUH PEaKIMi TOMEOCTa3a, IOBBIIAI0T
3P HeKTUBHOCTh HYHKIITMOHUPOBAHUS UMMYyHHOM
CHCTEMBI C BO3PAaCTOM H BIHAIOT Ha OJHY U3 INIaBHBIX
[IPUYVH CTAPEHHS: IPOUCXOJUT yCHIICHUE IPOTUBOWH-
(dexunoHHOH, parounTapHON 3aIIUTH U OapHEPOB
HecTeunprUIecKoro MMMYHHUTETA.

BbiBOABI

1. PurmMuueckue XOJNOMOBBIC BO3ACUCTBUS CY-
LIECTBEHHO CHUXAIOT COAEP>KaHUE MPOBOCTIAIUTEIb-
HBIX IUTOKMHOB B CBIBOPOTKE KPOBH MTOXKHMITBIX JIFOICH.

2. MOXHO CYUTaTh, YTO PUTMHUIECKUE XOJIOOBBIC
BO3IIEHCTBHS aJIeKBATHO KOPPUTHUPYIOT HAPYIICHHYTO
(hyHKIIHIO ITMTOKMHOBOTO 3BeHA UIMMYHHOM CHCTEMBL.
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Puc. 6. Conepxanne 'KC® no u mocie sKCTpeMalbHON
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Fig. 6. Content of GCFF prior to and after extreme cryo-
therapy. 0— norm; - prior to cryotherapy; ll— after cryo-
therapy.

Content of GCSF in blood serum of patients prior
to RCEs was at the level of 5 ng/ml, i.e. corresponded
tot he level of control values (Fig. 6).

After 9 sessions of cryoeffects in the patients
significant rise of GCSF content in blood serum was
observed, that on our opinion may testify to stimulating
effect of low temperatures on adaptive possibilities of
immune system, and in particular, its humoral link.

One may suppose that RCEs improve proliferation
and differentiation processes, contribute to the
maturation of hemopoietic cells. Increased content of
GCSF may stimulate the maturation of committed
hemopoietic cells into granulocytes, increase the
activity of mature leukocytes.

Immune response under RCE is the function of
realization of complicated neurohumoral mechanisms
which interacting and supplementing each other provide
and increase the reliability of protective reactions of
an organism, especially in aged people.

Rhythmic cold effects break the bond of age-
associated dynamic changes of homeostasis reactions,
increase the efficiency of functioning for immune
system during aging and affect one of the main aging
reasons: there is the strengthening of anti-infection,
phagocyte protection and barriers of non-specific
immunity.

Conclusions

1. Rhythmic cold effects strongly reduce the content
of pro-inflammatory cytokines in blood serum of aged
people.

2. Rhythmic cold effects may be considered as
adequately correcting the impaired function of cytokine
link of immune system.
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