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Adaptation Mechanisms of Imnmune Response in Rats
Under Influence of Moderately Low Temperatures
in Combination with Electromagnetic Radiation

Pedepart: IMyHHa cuctema nigTpumye 6anaHc MixX XXUTTEAISNBbHICTIO OpraHiamMy i BNIMBOM €K30reHHMX pakTopiB. AKTVBaLIA iIMyHHUX
MexaHi3miB 3abe3nevyeTbCa BPOAKEHOW | afanTUBHOK BiAMNOBIAAMD, O A03BOMSAE NPUCTOCYBATUCA OpPraHiaMy 4O HOBUX YMOB iCHyBaH-
HS, SKi XapaKTepu3yTbCA OAHOYACHOI A€ Pi3HNX YMHHMKIB. Y ekcrnepuMeHTanbHOMY OOCHiMKeHH Ha wypax (npotarom 30 ai6) 6yno
BVBYEHO BMMB MOMIPHO HU3bKUX TemnepaTyp (2—6°C) abo y noeaHaHHi 3 enekTpoMarHiTHUM BunpomiHioBaHHsaM (70 kly, 600 B/m) Ha
iMyHHY CMCTeMy 3 METOI0 BCTAHOBIIEHHS OCOBNMBOCTEN afanTaliHO-iIMyHOMOrYHUX peakLii opraHiamy. BctaHoBneHo, Lo BnnvB nomip-
HO HU3bKMX TEMNepaTyp y MOPIBHSAHHI 3i CMOMYYEHOIo i€t 3 eNeKTPOMarHiTHUM BUMPOMIHIOBaHHAM MaB BinbLU BUPaXeHWn edeKT, SKuin
NPOSIBMSABCS aKTMBAL€l0 CUCTEMU KOMMNEeMeHTy (niaBuweHHs BMicTy C4 Ta C5), 36inbleHHAM KOHUEeHTpauin imyHornobyninis (IgM,
IgG) Ta nigBuULLEHO (DYHKLIOHANBHOK aKTUBHICTIO CenesiHkn (36inblueHHs niMdoigHMX donikyniB Ta ix peakTuBHUX LeHTpiB). OgHak
3a Crony4eHoi Ail YYHHUKIB 3MiHN By MeHLL BUpaxeHi Ta MoandIikoBaHi (3HWKeHHs BMICTy C4), L0 CBiAYMTb MPO PO3BUTOK HEraTUBHOI
nepexpecHoi aganTauii y iMyHHin cuctemi TBapuH.

Knio4yoBi crnoBa: MOMIpHO HM3bKI TemMnepaTtypu, enekTpoMarHiTHe BUMPOMIHIOBAHHS, CMOflyYeHa Ais YMHHUMKIB, iIMyHHa cuctema,
apanTauis.

Abstract: The immune system maintains a balance between the body’s vital functions and influence of exogenous factors.
Immune mechanisms are activated by the innate and adaptive response that allows the body to adapt to new living conditions,
characterized by the simultaneous action of various factors. In experimental research in rats (for 30 days) the effect of moderately
low temperatures (2-6°C), or in combination with electromagnetic radiation (70 kHz, 600 V/m) on the immune system to
establish the features of adaptive-immunological responses of an organism as studied. It was found that the effect of moderately
low temperatures compared with the combined influence of electromagnetic radiation had a more pronounced effect, which
was manifested by activation of the complement system (increased C4 and C5), raised concentrations of immunoglobulins (IgM,
19G) and enhanced functional activity of spleen (increased lymphoid follicles and their reactive centers). However, under the
combined influence of the factors, the changes were less pronounced and modified (decrease in C4 content), that indicated
the development of negative cross-adaptation in the immune system of animals.

Key words: moderately low temperatures, electromagnetic radiation, combined action of factors, immune system, adapta-
tion.

B ymoBax cborogeHHsi iMyHHa cHcTeMa 3a3-
Haja 3HAUYHUX CTPYKTYpHHX Ta (QYHKLIOHAJIBHUX
3miH [13, 23] BHACTIIOK aJanTHBHOI E€BOJIFOIIII, sSKa
3abesriedye GopMyBaHHS BIiAMOBIIHOI pamioHaIBHOT
peakiii Ha 30BHIIIHIN Moxpa3HuK. IMyHHa cucTema
miaTpuMye OajaHc MK HOPMAaJbHOIO JKUTTEMISITb-
HICTIO OpraHi3My 1 HacliJIkaMW BIUIMBY €K30TCH-
Hux (akropiB. Ha wmonekynspHoMy piBHI Big0y-
Ba€TbCSl CBOEpimHA OOpoTHOa, B pe3ynbrari SKOi
LUISIXOM TIPUPOAHOTO BiOOPY BHHUKAIOTH MYTAllii.
Bonu ¢opMmyroTh reHeTHUHY pPi3HOMAaHITHICTh TIe-
HOMa 1 peaji3yloTh ajanTaliiiHi MeXaHi3MH opra-
Hi3My. PeakTWBHICTH IMyHHOI CHCTEMH BHU3HAUYaE
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Currently, the immune system has undergone
significant structural and functional changes [7,
19] due to adaptive evolution, which provides the
formation of an appropriate sustainable response
to an external stimulus. The immune system main-
tains a balance between the normal functioning of
the body and the effects of exogenous factors. At
the molecular level there is a kind of fighting, as a
result of which mutations occur by natural selec-
tion. They form the genome genetic diversity and
implement the adaptive mechanisms of a body. The
reactivity of the immune system determines its abi-
lity to counteract the external factors.
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30aTHICTh OpraHi3My MNpPOTHAISATH 30BHILIHIM YHH-
HUKaM.

IMyHHI MexaHi3MHU, IO J03BOJIAIOTH PO3ITi3HA-
BaTH MIKpOOHi, TOKCHYHI a00 allepreHHi areHTH, a
TAaKO)X 3MiHM YMOB IiCHYBaHHS, 30KpeMa TemIlepa-
TYPHHUH PEXUM, HECTIPUATINBI (PaKTOPH HABKOJIHIII-
HBOTO CEPEAOBUILA, 3a0€3MeUyIOThCSI BPOIKECHOIO
1 HaOyToro (amanTuBHOI) Bignosinmio [25]. Ocranus
KOAYETHCSl TEHHUMH €JIEMEHTaMH, SIKi B IPUCYTHOCTI
€K30TeHHOT0 (hakropa MiAJaroThesi mepedyaoBi 1 B
XOJIi perutikamii GopMyIOTh aHTHTCH3B I3yI04l MOJIe-
KYJIH 3 BUHATKOBOIO CTIEHU(IUHICTIO 0 OKPEMUX Uy~
KOPITHUX CTPYKTYp [20].

Bpomxena i aganTuBHa iMyHHI cucTeMH 3a0e3-
MeYyIOoTh BIANOBIAHI peakuii B OpraHi3Mi, OJHaK ix
(byHKIIOHYBaHHS TiCHO B3a€MOIIOB’SI3aHO 1 CKIIajia€e
OCHOBY aJianTaliitanx mexaniamiB [25]. Crix 3a3Ha-
YUTH, 110 BPO/KEHA BIAOBIAH € TICPBUHHOIO JIIHIEIO
3aXMCTy OpraHi3My, a aJanTHBHA — BUHHUKAE YEPE3
JIeSIKMI yac, HEOOXIQHUI JJIs KJIOHAJBbHOI eKCIaHCil
agTurercrnennpivyanx T- 1 B-xmitun [18, 20]. Kom-
MMOHEHTH BPOJPKEHOI CHCTEMHU CIPHUSIOTH aKTHUBAIlii
AHTUTeHCIeUU(IYHUX KIIITHH, sSKI aKTHMBHO BHKO-
PHUCTOBYIOTh BPOJDKCHI ©(PEKTOPHI MEXaHI3MU Jyis
3a0e3MeYEeHHs] TOBHOIO KOHTPOJIO HaJ MaToreH-
HUMH areHTamH, 10 MPOHMKAIOTh B opraizm. Ta-
KOXX BpO/UKGHHWH 1 HaOyTwii iIMyHIiTET 3B’si3aHi
CHCTEMOIO0 KOMIUIEMEHTY, aKTUBOBAHOIO KJIACHYHUM
uIsixoM. TakuM 4MHOM, CUHEPTi3M MK BPOIKECHOIO
1 aJanTUBHOIO PEaKIisIMU HEOOXiMIHUN IS €(DEKTHB-
HOI iIMyHHOI BimmoBimi [25].

IMyHHa cucTema HaJa3BUYalHO YYTJIMBA JI0 30B-
HIIIHIX BIUIMBIB. YHIKaJbHOK BJIACTHBICTIO oOpra-
HI3My € ajanTaifis 0 pPi3HOMaHITHMX YMOB, S5Ka
3a0e3reuye roMeocTa3 (yHKIIIOHAIBHUX CUCTEM [3,
13]. BoHa € aJeKkBaTHOIO pEaKIi€l0 Ha 30BHIlI-
Hill HOAPa3HUK, sIKa 3MYIIY€ OyIb-Ky QYHKIIOHAIbHY
CHCTEMY OpraHi3My BHHMTH 3 «30HH KOM(OPTY», 1110,
B CBOIO 4YEpry, aKkTHBYE€ MEXaHI3MH INPHCTOCYBaH-
HSL.

Cepen ©Oesimidi (akTOpiB HABKOJIUIIHBOTO CEpe-
JTIOBUIIA, SKI TIOTEHIIIHHO MOXKYTh BIUTMBATH HA Op-
raHi3M, OJHUM 13 OCHOBHHX Ul JIIOOUHU € TEM-
neparypauii pexum. Ciix 3a3HauuTH, IO Jiama3oH
TEeMIepaTypHOTO ONTUMYMY BKpail By3bKHMU. 3a fa-
wumu V.L. Foldvary Ta cniBaBr. [15], kombopTHOIO
BBaXkaeThcs Temneparypa 20-22°C, ska Biamosinae
cepeHil TemmepaTypi BHUIPOMIHIOBaHHS 1 cepel-
Hill TeMrieparypi HOBITps, YacTKa IX BKJIady CKJalae
1/3 1 2/3 Bignosinno. Ilpu npomy «xomdopt» BHU3-
HA4ya€eThCsl SIK «BIACYTHICTH AuUCKOMPopTy». OmHak
«30Ha TEMIIEPAaTypHOI0 JUCKOM(pOPTY» — BUKIIIOUHO
TUMYAcCOBE IOHSATTS, OCKIJIbKM OpraHi3My BIAacTH-
BUM BHCOKHHA TPHCTOCYBAJIBHHUM IOTEHINAN. 3T0-
JIOM «IHCKOM(DOPTHI» YMOBH KHUTTS 1 TIpaIli CTarOTh
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Immune mechanisms, enabling the recognition
of microbial, toxic or allergenic agents, as well as
changes in living conditions, in particular tempe-
rature, adverse environmental factors, are provided
by innate and acquired (adaptive) response [21].
The latter is encoded by gene elements that undergo
rearrangement in the presence of an exogenous
factor and, during replication, form antigen-binding
molecules with exceptional specificity to indivi-
dual alien structures [15].

Innate and adaptive immune systems provide
the appropriate responses in a body, but their
functioning is closely interrelated and forms the
basis of adaptation mechanisms [21]. Innate response
should be noted to be the primary line of defense
of an organism, and an adaptive one occurs some
time later, which is required for clonal expansion
of antigen-specific T and B cells [13, 15]. The
innate system components promote the activation of
antigen-specific cells, which actively use innate ef-
fector mechanisms to ensure a complete control over
pathogenic agents, entering the body. Innate and
acquired immunity are also linked by a classically-
activated complement system. Thus, a synergism
between innate and adaptive responses is needed
for an effective immune response [21].

The immune system is extremely sensitive to ex-
ternal influences. A unique feature of an organism is
adaptation to various conditions, providing homeo-
stasis of functional systems [7, 8]. It is an adequate
response to an external stimulus, which forces any
functional system of the body to leave the ‘com-
fort zone’, which, in turn, activates the adaptation
mechanisms.

Among the many environmental factors which
are potentially capable to affect the body, one of
the main for humans is the temperature regimen. It
should be noted that the range of temperature opti-
mum is extremely narrow. According to V.L. Fold-
vary et al. [10], a comfortable temperature is con-
sidered to be 20-22°C, which corresponds to the
average radiation temperature and average air tem-
perature, the share of their contribution is 1/3 and
2/3, respectively. Thus ‘Comfort’ is defined as ‘ab-
sence of discomfort’. However, the ‘temperature
discomfort zone’ is a purely temporary notion, as
the body has a high adaptive potential. Eventually,
‘uncomfortable’ living and working conditions
become very favorable for human existence, due
to the organism adaptation [10, 18].

With a moderate decrease in ambient tem-
perature (0-10°C) there is an adaptive transfor-
mation of a body, i. e. gradual physiological reor-
ganization of an organism, aimed at maintaining
the stability of the internal body temperature
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BEJIBMU CIPHUATIMBUMH 751 ICHYBAaHHS JIIOAWHHU, IO
00yMOBIIEHO ajamnTaIliero opranismy [15, 22].

3a MOMipHOTO 3HM)KEHHS TEMIIEPATyPX HABKOJIHILI-
veoro cepenosuma (0—10°C) BinOyBaeThcst amarn-
TalliifHe TIePETBOPEHHSI OpraHi3My: mocTymoBa (i-
3ionoriuHa mepelymoBa OpraHi3My CHpsSMOBaHa Ha
MITPUMAHHS CTaJOCTI BHYTPIITHBOI TeMIIEpaTypH
TiJla, HEOOXITHOI IS KUTTEMISUITBHOCTI OpTaHiB i
TKaauH [15].

AKTHBallisSl CHMIIATUYHOI HEPBOBOT Ta €HIOKPHH-
HOI CHCTEM IIiJ] BIUIMBOM XOJIOAOBOTO CTpECy Bil-
OuBaeTbesi 1 Ha (YHKIIOHYBaHHI IMYHHOI CHCTEMH
[11, 21]. Edexropni ¢yHKIil iMyHHOI cHCTEMH MiJ
yac BIUIMBY CTpecopa 3ajiekaTh BiJ LIBHJKOTO Iie-
pepo3noniny IMyHHUX KIIITHH B OPraHi3Mi.

[lacuBHUil BITUB XOJOAy crpuse MoOOimi3arii
pecypciB ¢iznuHnx HecnernudiuHux Oap’epiB (mmia-
BHIIIEHHS B’S3KOCTI CIU3y, 3HWKEHHS PyXJIHBOCTI
BIMYAacTOTO €ImTeNi0), a TaKoX aJanTHBHIA IMyH-
Hil peakmii y BUMISAl JiMdorporigepaTuBHOI Bif-
moBimi [3].

OCHOBHOIO (DYHKIII€IO aganTaliiHuX MEXaHi3MiB
OpraHi3My € YPIBHOBR)KCHHSI KOMIUICKCY 30BHIIIHIX
(bakTOpiB 13 PI3HOI MOIAILHO CHJIOK), CIIPSIMOBAaHI-
CTIO, TIPUPOJIOI0, MEXaHI3MaMHU 1 CHOCOOAMU BILTUBY.
B peanpHuX ymoBax JoAMHA OJHOYACHO MiAA€Th-
Csl CITOJTyYEHOMY BIUIMBY 0araThbOX YWHHUKIB, TOMY
B JaHiii poOOTi OyJ0 BHWBYEHO IOETHAHHWHA BIUIUB
NEKIThbKOX YWHHUKIB, SIKi MarOTh CHHEpriuHy abo
AHTATOHICTUYHY [Iit0 Ha pi3Hi QyHKIIOHATRHI CHCTE-
mu [14, 24, 25].

B ymoBax TEXHOJIOTIYHOTO MPOTPECY CTPIMKO
3pocTae iHTEpec [0 BHBYCHHS TAaKOTO SBHIIA, SIK
«EJIEKTPOMArHITHA IO, siIka 00yMOBJIEHA I0-
BCIOIIHUM BHKOPHCTaHHSIM €JIEKTPOMarHiTHOTO BH-
npomintoBanHs (EMB) [16, 17, 26]. Baxnusuwm, ane
HEIOCTaTHbO BUBYCHHUM, € €()eKT HMU3bKOYaCTOTHOTO
EMB Ha 310poB’s moackkoi momyssnii. Husbkoro
BBKAETHCS YacTOTa BHIPOMiHIOBaHHS Bim 10 10
100 k' [26], sika mpuTaMaHHa EIEKTPUYHOMY IOJIIO
moOyTOBUX TPHIIAJIB, BiICOMOHITOPIB, pPaiOXBHII
3 aMIDTITYIHOIO MOAYJISIIE€0 cuTHaMB (AM-XBHT).
Kpim Toro, BHIPOMIHIOBaHHS camMe TaKoi YacTOTH
BH3HAYAEThCS y BUPOOHMYMX yMmoBax. HaiOimbim
yyTuBoo 110 aii EMB € HepBoBa TkaHuHa, 0COOIH-
BO MMO3aKJIITUHHA PiIMHA, IKa Ma€ HAWMEHIIUHN OTTip.
HusbkouactorHe EMB 31aTHe 3MiHIOBaTH MeMOpaH-
HUM TOTEeHLian 1 MOpYyLIyBaTH HEPBOBOKIITHHHY
MIPOBIAHICTD, 110, B MEPIIY Yepry, BiAOMBAaeThCS Ha
(GyHKIIOHYBaHHI rinmoTajiaMo-rinogizo-HaJIHUP-
HUKOBOI CHCTEMH, SKa PETYIIO€ iIHTEHCUBHICTH (DyHK-
LiOHyBaHHS iMyHHOI cuctemu [ 12, 26].

3 oIy Ha BUIEBUKIIAICHE, O10JI0TiYHI 00’ €KTH
MTOBUHHI TATPAMYBAaTH MEXaHI3MH PETyJIsAllii, Heo0-
X17HI 4715 3MIHCHEeHHS iIMyHHOT peakiii. KommonenTn

necessary for the organs and tissues functio-
ning [10].

Activation of the sympathetic nervous and endo-
crine systems under the influence of cold stress af-
fects the immune system functioning [4, 17]. The
immune system effector functions during exposure
to the stressors depend on a rapid redistribution
of immune cells in a body.

The passive effect of cold mobilizes the resources
of physical nonspecific barriers (increased mucus
viscosity, decreased ciliated epithelium mobility),
as well as an adaptive immune response in the form
of a lymphoproliferative response [8].

The main function of the body’s adaptive
mechanisms is to balance a complex of external
factors with different modal strength, direction, na-
ture, mechanisms and methods of influence. In rea-
lity, a person is simultaneously exposed to the com-
bined influence of many factors, so in this research
we studied the combined influence of several fac-
tors, having a synergistic or antagonistic effect on
various functional systems [9, 20, 21].

With technological progress, there is a growing
interest in studying such a phenomenon as ‘elect-
romagnetic pollution’, which is stipulated with the
widespread use of electromagnetic radiation (EMR)
[11,12,22]. Important, but poorly studied, is the effect
of low-frequency EMR on the human population
health. The radiation frequency from 10 to 100 kHz
is considered to be low [22], which is inherent to
the electric field of household appliances, video
monitors, radio waves with amplitude modulation
of signals (AM waves). In addition, the radiation
of this frequency is found in the production en-
vironment. The most sensitive to the EMR action
is nervous tissue, especially the extracellular fluid,
which has the lowest resistance. Low-frequency EMR
can alter a membrane potential and disrupt nerve
cell conductivity, that primarily affects the functio-
ning of the hypothalamic-pituitary-adrenal system,
regulating the immune system intensity [5, 22].

In view of the above, biological objects must
support the regulatory mechanisms necessary for the
immune response. The components and processes
involved into this system have a selective sensitivity
to the effects of various exogenous factors. As a re-
sult, the adaptive potential of the immune response
may be strongly modified under adverse conditions,
in particular at low temperatures and under the in-
fluence of an electromagnetic field. Thus, taking
into account the results of numerous scientific stu-
dies devoted to the investigation of only the isolated
effects of these factors on the body [17, 27], we
believe it is important to assess the nature of chan-
ges in immune response and immune system adap-
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1 mpouecH, 3alydeHi B II0 CUCTEMY, MalOTh BUOIp-
KOBY YYTJIMBICTH /0 BIUIMBY PIi3HUX EK30TCHHUX
(bakropiB. Sk HacmifoOK, ajmanTamiiHUN TOTEHINA
IMyHHOT BIAIOBiZI MOXKE 3a3HaBaTW 3HAYHUX MO-
mudikamiii 3a HECIPUATIUBUX YMOB, 30KpeMa, Tpu
HU3BKIM TemmepaTypi Ta MiJ BIUIMBOM EJEKTPO-
Mar”iTHOTO TOJsI. TakuM YWHOM, i3 ypaxXyBaHHSIM
PE3yNIbTaTIB YUCENLHUX HAYKOBHX JIOCIIKEHb, TIPH-
CBSIYCHHX JIOCIIPKEHHIO JIMIIE 130Jb0BAHOTO BIUIUBY
JnaHuX GakTopiB Ha opraHizm [21, 28], 3 HaII0T TOUKH
30py BaXKJIMBOIO € OI[IHKA XapakTepy 3MiH iMyHHOI
BITIOBIZI Ta MEXaHI3MiB MPUCTOCYBaHHS IMYHHOI CHC-
TEMH B paMKax ajanTtauii opraHiamy X0 IMOMIipHO
Husbkux temneparyp (ITHT) Ta 3a ymoB cniomyueHo-
ro BrumBy [IHT 3 enekrpoMarHiTHUM BUIPOMiHFO-
BaHHSIM HH3bKO1 yactot (EMB HY).

Meta poOOTH — BCTAaHOBHTH OCOOJHMBOCTI ajar-
TalifHAX PeaKIliii IMyHHOI CUCTEMH ITypiB y ITiAT0-
CTPOMY EKCIICPHMEHTI 32 YMOB 130JIbOBAaHOTO BILIH-
By TIOMIPHO HHU3BKHX TEMIIEpaTyp Ta y TMO€IHAHHI
3 EJEeKTPOMArHITHUM BHUIPOMIHIOBAHHSIM HH3BKOT
YaCTOTH.

Marepiajau Ta MeTOIH

Busuenns i3onpoBanoro BBy [IHT ta y moen-
Haudi 3 EMB HY y cyGxponiuHOMY mociiai TpuBa-
10 30 xi6. JlocmiIKeHHs BUKOHYBaJIA Ha O-MiCSIUHUX
mrypax-camisix JiHii WAG (n = 54). ExcriepumeHT
MPOBOMMIIM BiAMOBIAHO 3akoHy Ykpaiam «IIpo 3a-
XUCT TBapUH BiJI Y)KOPCTOKOTO TIOBOKEHHSD» (Ne3447-
IV Bix 21.02.2006 p.) i3 moTpuMaHHIM BUMOT KOMicCil
3 eTUKH Ta 010eTHKH XapKiBCHKOTO HAIllOHAIIEHOTO
MEJIMYHOTO YHIBEPCUTETY, Y3TOMKEHUX 13 TOJIOKEH-
HsM «CBpPONEHCHKOT KOHBEHINT 3 3aXUCTy XpeOeT-
HUX TBAapHH, SIKi BAKOPUCTOBYIOTHCSI B €KCIIEPHUMEH-
TaJbHHUX, JOCHIJHUX Ta IHIIUX HAYKOBHX ITUIIX)»
(CrpacOypr, 1986 ). TBapuH po3noninuin Ha TpU JI0-
ciigni rpynu (n = 18): 1 — i3onboBana xist [IHT npu
temneparypi 2—6°C; 2 — cnomyuenuii BB [ITHT
ta EMB HUY i3 po6040r0 9acTOTOI0 B IJIOCKO-TIApa-
nenbHOMY KoHzaeHcaropi — 70 xI'm Ta HampyskeHic-
TIO EJICKTPUYHOI CKJIAIOBOT €JICKTPOMATrHITHOTO TIOJIS
B pobouomy 00’emi konaencaropa — 600 B/m; rpy-
na 3 (KOHTpPoJIb) — KOM(OPTHI TeMIepaTypHi YMOBH.
Hocmin MozenroBany y cCHeLiaNbHId 3aTpaBouHiit
kamepi [4]. TBapuHM nepeOyBasn MiJ] BIUTMBOM €KO-
JIOT1YHUX (PaKTOPIB KOXKHOTO AHS 1O 4 roauHu. J{is
MPOBEJCHHSA IMYHOJIOTIYHUX JAOCHIIPKEHb Ha KOXK-
HOMY 3 eTartiB (5, 15, 30 1i0) ekcriepuMeHTY 3 KOXKHOT
IpynH BWIyYald MO WICTh mrypiB. Mopdomoriune
JOCIiKEHHST Ta MOP(OMETPUYHUHN aHAaIi3 Cele3iH-
KW TIPOBOJIMIIM HANpUKiHII ekcriepuMeHTy (30 mi0)
BIIMTOBITHO 10 METOMWYHHUX PEKOMEHIAINH 3 TICTO-
XIMIYHUX JOCIIKeHB Ha Mikpockori «Olympus BX-
41TF» 3 Bukopucranusm mporpam «Olympus DP-
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tation mechanisms to moderately low tempera-
tures (MLT) as well as under the combined influence
of MLT with low frequency electromagnetic radia-
tion (LFEMR).

The aim of this study was to establish the features
of adaptive responses of the rat immune system
in a sub-acute experiment under isolated exposure
to moderately low temperatures and in combi-
nation with low-frequency electromagnetic radia-
tion.

Materials and methods

The study of the isolated effect of MLT and in
combination with LFEMR in a subchronic experi-
ment lasted 30 days. The research was performed in
6-month-old male WAG rats (n = 54). The experi-
ment was conducted in accordance with the Law of
Ukraine ‘On Protection of Animals Against Cruelty’
(Ne3447-1V of 21.02.2006) in compliance with the
requirements of the Commission in Ethics and Bio-
ethics of Kharkiv National Medical University,
agreed with the ‘European Convention for the Protec
tion of Vertebrate Animals Used for Experimental,
Research and Other Scientific Purposes’ (Strasbourg,
1986). The animals were divided into three expe-
rimental groups (n = 18): 1 — isolated effect of
MLT at 2-6°C; 2 — combined influence of MLT
and LFEMR with the operating frequency in the
flat-parallel capacitor — 70 kHz and the intensity
of the electric component of electromagnetic field
in the working volume of the capacitor of 600 V / m;
group 3 (control) comfortable temperature condi-
tions. The experiment was modeled in a special ex-
posure chamber [29]. The animals were under the
influence of environmental factors for 4 hours dai-
ly. For immunological studies at each stage (5, 15,
30 days) of the experiment, six rats were removed
from each group. Morphological examination and
morphometric analysis of the spleen were per-
formed at the end of experiment (30 days) accor-
ding to the guidelines for histochemical studies
with a microscope ‘Olympus BX-41TF’ using the
‘Olympus DP-Soft” Version 3:1 software (Olympus,
Japan), immunological reactions were determined
on the content of serum concentrations of the com-
plement system (Rat: C3, C4, C5) components,
immunoglobulins (Rat: IgA, IgM, IgG), which were
studied using commercial kits for enzyme-linked
immunosorbent assay ‘ELISAKit” (‘Elabscience’,
China).

The results of morphometric analysis were sta-
tistically analyzed according to Student’s test, ana-
lysis of the complement system and immunoglo-
bulin data was performed with the Mann-Whitney
test.




Soft» Version 3:1 («Olympus», Snonist), imyHoIOTi4-
Hi peakuii BU3Ha4Ya M 3a BMICTOM y CHPOBATLi KPOBi
KOHILEHTpaLili KOMIOHEHTIB CHUCTEMU KOMIUIEMEHTY
(Rat: C3, C4, C5), imynornoOyminiB (Rat: IgA, IgM,
I1gG), mo nocmimkyBanvcs 3a JOMOMOTOIO KOMeEp-
HiHHUX HAOOpiB i IMyHO(EPMEHTHOTO aHai3y
«ELISAKit» («Elabscience», Kurait).

CTaTUCTUYHHUHA aHaTi3 pe3ylbTaTiB MOphOMeT-
PHUYHOTO aHaJIi3y MPOBOAMIIH 32 KputepieM CThrofeH-
Ta, aHaJi3 JaHUX CUCTEMHU KOMILIEMEHTY Ta iMyHO-
[I00YJIiHIB — 32 KpuTepieM MaHHa-YiTHi.

PesyabTaTn Ta 00roBOpeHHs

Pesynbratn Mop¢oJ0riyHOr0 JOCHIJKEHHS Cce-
JIE31HKH TOKa3aJId, IO B CEJE3iHIl IIypiB Tpym 1 Ta
2 HasBHI OJTHAKOBI 32 XapakTepOM O3HAaKU (PYHKIIiO-
HaJILHOI aKTHBHOCTI, @ caMe: 301IbIIEHHS BEJIUKUX Ta
cepenHix TiMQoiTHuX (HOMIKYIIB i3 YITKO BUPAKESHH-
mu T- 1 B- 30mamu (puc. 1, 2). [lepeBaskaHOr0 MO~
uiero T-30H Oysu Mati tiMdoruty, a B-30oH — cepenni
dbopmu iMQOIUTIB, MIA3MOLKTIB Ta Makpodaris,
BH3HA4YaJIUCs CBITII HeHTpH (oiikyaiB. L{i o3Haku
CBiYaTh PO MOMIPHO BHPa)KeHy Tinepruiasiro 0iaoi
MYJBIU CEJIE31HKH, 10 € MPOSBOM KOMIIEHCATOPHUX
peaxiii Ha 30iblIeHe (PYHKIIOHAIbHE HABAaHTaXKEH-
HSl OpraHa BHACJIIOK BIUIMBY €K30T€HHUX YMHHUKIB.

YepBoHa Iynbna IycTo KIITHHHA 31 CKYMUEHHSIM
T-nimpouutie. CHHYCOiM TMOBHOKPOBHI 3 COKOBH-

Puc. 1. MopdonoriyHa 6yaoBa cenesiHku LypiB i3 i30nbo-
BaHvM Bnnveom MHT. Benuki Ta cepeaHi nimdoigHi dponiky-
N1 6inoi Nynbnu cenesiHkn 3 YiTKO BUPaXEHUMU LUMPOKUMM
T- i B-3oHamn. 3abapBreHHs reMaToKCUMIHOM i €03MHOM.
1 — repmiHaTUBHWI LieHTP dhorikyna (B-30Ha); 2 — 30BHILLUHS
30Ha (30BHILLHS 30Ha MapriHanbHOi abo KpaloBoi 30HK T-
i B-kniTnHK; 3 — nepiapTepianebHa 3oHa (T-30Ha).

Fig. 1. Morphology of rat’s spleen with isolated influence
of MLT. Large and medium lymphoid follicles of spleen
white pulp with distinctly manifested wide T- and B-zones.
Hematoxylin and eosin staining. 1 — follicle germinal center
(B-zone); 2 — external zone (outer zone of marginal or
terminal zone of T- and B- cells); 3 — peri-arterial zone
(T-zone).

F s ol e

Puc. 2. MopdonoriyHa 6ynoBa cenesiHku LypiB crnionyye-
Horo Bnnuey MNHT ta EMB HY. Benuki nimdoigHi donikynu
cenesiHkn 3 wupokumu T- i B-soHamun. 3abapeneHHs rema-
TOKCUINIHOM i €03UHOM. 1 — repMiHaTUBHWUI LIeHTpP dporikyna
(B-30Ha); 2 — 30BHIWHSA 30Ha (MapriHanbHa abo kpanosa
30Ha T- i B-knitnHK); 3 — nepiaptepiansHa 3oHa (T-30Ha);
4 — MaHTINHa 30Ha (B-nimdoumnTn i makpodarm).

Fig. 2. Morphology of rat’s spleen with combined influence
of MLT and LFEMR. Large lymphoid splenic follicles with
wide T- and B-zones.Hematoxylin and eosin staining. 1 —
follicle germinal center (B-zone); 2 — external zone (outer
zone of marginal or terminal zone of T- and B- cells); 3 —
peri-arterial zone (T-zone); 4 — mantle zone (B-lymphocytes
and macrophages).

Results and discussion

The results of morphological examination of the
spleen showed that in the spleen of rats of groups
1 and 2 there were the same signs of functional
activity, namely, enlargement of large and medium
lymphoid follicles with pronounced T- and B-zones
(Fig. 1, 2). The predominant population of T-zones
was small lymphocytes, and for B-zones these were
the medium forms of lymphocytes, plasma cells and
macrophages, light centers of follicles. These signs
indicate moderate hyperplasia of the white pulp of
spleen, which is a manifestation of compensatory
responses to an increased functional load of organ
due to the influence of exogenous factors.

Red pulp is densely cellular with an accumulation
of T-lymphocytes. Sinusoids are plethoric with a juicy
endothelium, containing large light nuclei. In the
lumens of the sinusoids the erythrocytes, neutrophilic
granulocytes and lymphocytes were found.

It is known the spleen is controlled by neuro-
endocrine system. Its functioning during stress and
consequently, the adaptive lymphoproliferative res-
ponse undergo the changes that lead to modification
of the immune response [3, 28].

The results of morphometric analysis showed
that the isolated effect of MLT led to an increase
in the volume of red pulp, T-zone of follicles and
their reactive centers. In animals with a combined
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MopdomeTpryHMI aHani3 cenesiHkv TabopaTopHMX LLYpIB Micns BNUBY
NMOMIPHO HU3bKUX TEMMEPATYP Ta ENEeKTPOMAarHiTHOro BUNPOMIHIOBaHHS

HU3bKOI YacTotn, X + Sx

Morphometric analysis of laboratory rats’ spleen after exposure

to MLT and LFEMR, X + Sx

effect of factors (group 2),
an increase in the volume
of red pulp was also found,
but the volume of white pulp

was smaller compared to the

KoHTpone gl/kfiT i MHT + EMB HY control group (p < 0.05). The
MoKka3HuKu n=26/f=16 n= = n=26/f=16 . . .
e Control MLT MLT + LFER cell density in thg reactive
n=6/f=16 n=6/f=16 n=6/f=16 center of the follicles had
only a tendency to decrease
P Table).
%h.et"" 5'“|°' "VI”""”';”’ 42,45 + 0,30 42,31 + 0,20 41,25 + 0,14* ( )
ite pulp volume, % Some components of the
complement system should be
06'em epsoHoi nynbmu, % 51.56 = 0,49 57,25 + 0,39* 57,95 + 0,29* noted to be synthesized in the

Red pulp volume, %

spleen, the condition of which

T-30Ha dhonikyna, Ki/mm?

Follicle T-zone, cells/mm? 9047,17 + 27,79

9209,57 + 29,74*

is an important diagnostic cri-
terion of nonspecific resistance
of the organism, i. e. the main

9078,02 + 20,84

PeaKTuBHWIA LEHTP dhorikyna, Kn/Mm?

Follicle reactive center, cells/mm? 5300,83 + 38,67

5993,33 + 42,81*

link of the immune response,

520983 = 32,57 and the functional activity of

MpumiTka: *— BiAMIHHOCTI 3HaYyLLi NOPIBHSHO 3 KOHTponeMm, p < 0,05.
Note: *— differences are significant if compared with the control, p < 0.05.

TAM €HJIOTEJIEM, KW MICTUB BEJHKI CBITJI sizpa.
VY mpocBiTax CHHYCOIiB BH3HAYAJINCS EPUTPOIIH-
TH, HEUTPO(DUTbHI TPAHYIIOIUTH Ta JTIM(OIIUTH.

Bigomo, 1o po6oTy cene3iHKu KOHTPOITIOE HEHpOo-
eHJIOKpUHHA cucTeMa. 1i (pyHKIIOHYBaHHS B yMOBaxX
cTpecy 1, OTKe, aganTuBHA JiMdonpoiideparnuBHa
BIJIMIOBI/Ib 3a3HA€ 3MiH, SIKI MPHU3BOASATH O MOJIH-
¢ikanii imynHoi peakuii [10, 29].

Pesynsrati MOp(QOMETPUYHOTO aHAJI3y JIOBEIH,
o i3onmpoBanuii BrumwmB [THT npussomuth 10 3011b-
mieHHs: 00’ eMy 4yepBoHOI mynbnu, T-30HU Qorikyis
Ta X PEaKTHBHUX LIEHTPIB. Y TBapHH i3 MOETHAHUM
BITUBOM YMHHHUKIB (TpyTa 2) TaKOK BUSABICHO 30111b-
IIeHHS 00’€My 4YepBOHOI MYNBIH, ajie MPH [HOMY
00’ €M OLTOT IMyITBITA MEHIITHH IMTOPIBHAHO 3 KOHTPOJIh-
Hoto Tpymoro (p < 0,05). HliapHICTS KIITHH Y peak-
THBHOMY HEHTpPi (POMiKyJiB Maya JIMIIe TEHACHIIIIO
710 3HDKSHHS (TaOIuIIs).

Crnig 3a3Ha4yuTH, 10 B CEJIE3IHII BiOyBa€ThCs
CUHTE3 JISIKMX KOMIIOHEHTIB CUCTEMHU KOMIUIEMEHTY,
CTaH SIKOI € BAKIUBUM JIarHOCTHYHUM KPUTEPIEM
HecneunpiuHoi pe3UCTEeHTHOCT OpraHizMy — YinbHOL
JIAHKW IMYHHOI BiJIoOBizi, a (pyHKI[IOHATbHA aKTHB-
HICTh KOMITOHEHTIB CHCTEMH KOMILJIEMEHTY — He00-
X1IHOIO CKJIaJIOBOIO HOPMaJbHOI IMYHHOI BiJIOBiJi
[3,29].

KonmnenTpaiis ieHTpasbHOr0 KOMITOHEHTA CHCTe-
mu komruieMeHnTy C3 (puc. 3) 3a gii [IHT 3 5 mo 15
no0n Mana TEHICHINIO 0 MOCTYIIOBOTO 3HUKCHHS
MOPIBHSHO 3 KOHTPOJIEM. 3HWKCHHS KOHIICHTpAIl
C3 mpuTtamaHHE TakOX Iypam rpynu 2 (crosyde-
HUH BIUITMB YWHHUKIB), aJie MEHII BupaxeHne. OHak,
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the complement system com-
ponents being a necessary
component of normal immune
response [8, 28].

The concentration of the complement system
C3 central component (Fig. 3) under the effect of
MLT from days 5 to 15 tended to gradually decrease
if compared to the control. The reduced C3 concent-
ration is also characteristic of group 2 rats (com-
bined effect of factors), but it was less pronounced.
However, comparing this index in the animals with
combined action of factors, the MLT and control,
it was found that on day 30 of the experiment the
difference was 10 and 17.4%, respectively, indica-
ting the possible antagonism in the mechanisms of
biological action of MLT and LFEMR. The absence
of a significant difference in the concentration of
C3 can be explained by the fact that of the total
number of all components of the complement system,
the content of C3 is about 70% [7]. Assuming this
fact, we can suppose that this concentration of C3
is sufficient to activate the cascade of the comple-
ment system in response to the effects of exogenous
stimuli.

On day 5 of observation, the concentration of the
C4 complement component in both groups of ex-
perimental animals (under the influence of MLT
and the combined action of LFEMR) was almost the
same and lower than the control (p < 0.05) (Fig. 4).
On day 15, the effect of MLT stimulated the syn-
thesis of C4, namely the concentration of the C4 com-
ponent increased significantly (p < 0.05) by 141%
relative to control, then decreased without reaching
the control values, a significant difference made
38% (p < 0.05). Under the conditions of isolated
action of MLT there was revealed a decrease in the
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MOPIBHIOKOYM JIaHUH MMOKa3HUK y TBapHH 31 CIIOJY-
yenoi niero ¢akropis, [IHT Ta xonrpomem, Bcra-
HOBJIEHO, 1110 Ha 30-Ty 100y €KCIIepUMEHTY Pi3HUIISA
cknana 10 ta 17,4% BinnmoBimHO, IO CBIAYUTH TIPO
MOKJIMBHH aHTAroHi3M y MeXaHi3Max 0i0JIoTidHOT il
ITHT ta EMB HY. BiacyTHicTh CTaTUCTHYHO 3Ha-
qymoi pi3HMII y KoHIeHTparlii C3 MO)KHA MOSCHUTH
THIM, IO BiJ 3arajabHOi KIJIBKOCTI BCIX KOMIIOHEHTIB
cucremMu komriemeHnTy Bmict C3 cknanae 6inst 70%
[13]. BpaxoByrouu 1ieii (hakT, MOXKHA TPUITYCTUTH,
o Takoi koHmeHTpamii C3 J0CcTaTHBO, /I aKTHBA-
ii Kackajy CUCTEMU KOMILIEMEHTY y BiJIOBiJlb Ha
BILTUB €K30TCHHHX TIO/IPA3HUKIB.

Ha 5-ty moly cnocrepexeHHs KOHLEHTpALis
KOMITOHeHTa KomruieMeHTy C4 B 000X rpymax exc-
nepruMeHTalbHUX TBapuH (3a BrumBy [IHT Ta cro-
mydeHoi aii EMB HY) Oyna maibke oIHAKOBOIO Ta
HIDKYOT0 32 KOHTPOIIb (p < 0,05) (puc. 4). [Ipn meomy
Ha 15-1y mo6y BB [THT ctumymioBas cuuTe3 C4:
kxoHreHTpamisi C4-kommonenTta 3Hauymie (p < 0,05)
30inbImiIacs — Ha 141% BIJHOCHO KOHTPOIIO, ITic-
TSl 3HU3WIIACS HE JOCSATHYBIIM KOHTPOJIBHUX 3Ha-
YeHb, CTATUCTUYHO 3Ha4yIla pizHHLs ckiana 38%
(p < 0,05). 3a ymoB i3omboBanoi fii [IHT BusiBieno
3HIDKCHHsI KOHIeHTpallii C3-KOMIOHEHTa IMpH Mij-
BHIIIEHHI aKTUBHOCTI C4-KOMITOHEHTa KOMIUIEMEHTY
Ha 15-Ty 100y criocTepeskeHHs 1 MOCTYIOBE 3HIKECH-
Hs akTuBHOCTI C4 Ha 30-Ty mo0y MOKe BKazyBaTu
Ha aKTHBAaIlIl0 KOMIUIEMEHTY 3a allbTepHAaTHBHUM
MUTSIXOM, TIT0 3a0e3TeUy€e «IepITy JIIHIF0 000POH.

Y ekcriepuMeHTaIbLHUX TBAPHUH TPy 2 (CIIOmyde-
wuit BB [IHT ta EMB HY) Brpomosxk BChOTO
eKCIIepUMEHTY Bi0yBajocsi 3HIKCHHSI ITTOKa3HHKA
C4: na 5-ty no0y —34%, 15-ty 106y — 57%, a ua 30-Ty
no0y pizHung Mik rpynmamu 2 T1a 3 cknana 88%
(p < 0,05). Ilpuunnoro nedinuty C4 mMoxke OyTH iH-
TEHCUBHE HOT0 CIIOXKMBAHHS, 1110 MOYJIUBO TIOB’ sI3aHE
3 aKTUBAIlI€I0 CUCTEMH KOMIUIEMEHTY 32 KIIACUYHUM
[UIIXOM Ta afcopOIli€r0 KOMIOHEHTa Ha IMyHHHX
KOMILIeKcax [6].

KonmenTparist C5-KOMIOHEHTa KOMITIEMEHTY Y CH-
pomarti KpoBi mIypiB rpymu 1 (i3071b0BaHMIA BITUB
ITHT) nva 5 Tta 15-Ty nobu manma CTaTHCTUYHO HE3-
Hauytie (p > 0,05) 3amwkenns, a Ha 30-Ty 100y croc-
Tepiranocs ii migBuineHHs Ha 145% BiIHOCHO
KoHTpoBHOI TpynH (p < 0,05) (puc. 5). Cnin Bin3Ha-
YHTH, 1110 KOHLEHTpalist C5 3a croay4eHoro BIUTHBY
YUHHHKIB Majia TaKy caMmy TEHJIEHIII0 Ha 5 Ta 15-Ty
no6u (p > 0,05), a va 30-Ty noOy crocrepiranocs
il cTaTucTUYHO 3HavyIie miaumeHHs Ha 103% Bia-
HOCHO KOHTpounbHOI Tpymu (p < 0,05). 3a yMOB TpH-
BaJIOTO CTpecy, AKHi OyB CIPOBOKOBaHHWH SK i30-
nmpoBanoto miero ITHT, tak i y crmomydenni 3 EMB
HU, BimOymocs momamsIie MoCHICHHS aKTHBAIIIl CHC-
TEMH KOMIUIEMEHTY Y BHIISAI arperamii OiibIn
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Puc. 3. KoHueHTpauis C3 KOMMNOHEHTa KOMMMEMEHTY 3a
aii MHT ta EMB npotsarom 30 ai6: ¢ — KOHTporb, W
— MHT; A — MNMHT + EMB; * — pi3HuuAa 3Havywwa nopis-
HSIHO 3 KOHTpOsbHoto rpynoto (p < 0,05).

Fig. 3. Concentration of C3 complement component un-
der effect of MLT and electromagnetic radiation during
30 days. ¢ — control; ® — MLT; A — MLT + LFEMR;
* — difference is significant if compared with the control
group (p < 0.05).

concentration of C3-component with increasing
activity of C4-component of complement on day 15
of observation and a gradual decrease in C4 activity
on day 30 may indicate an activation of complement
in an alternative way, providing ‘first line of de-
fense’.

In experimental animals of group 2 (combined
effect of MLT and LFEMR) throughout the expe-
riment there was a decrease in C4: on day 5 that
was 34%, on day 15 it made 57%, and on day 30
the difference between groups 2 and 3 was 88%
(p < 0.05). The cause of C4 deficiency may be its
intensive consumption, which may be associated
with the activation of the complement system in a
classical way and the adsorption of the component
on immune complexes [23].

The concentration of C5-component of comple-
ment in the serum of rats of group 1 (isolated effect of
MLT) on days 5 and 15 had an insignificant (p > 0.05)
decrease, and on day 30 there was an increase by
145% relative to the control group (p < 0.05) (Fig. 5).
It should be noted that the concentration of C5 under
the combined influence of the factors had the same
tendency on days 5 and 15 (p > 0.05), and on day 30
there was a significant rise by 103% relative to the
control group (p < 0.05). Under the prolonged stress,
which was provoked both by the isolated action of
MLT and in combination with LFEMR, there was
a further increase in the activation of the comple-
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mizHporo KommoneHta C5, mo Gepe ydacTs y hopmy-
BaHHI MEMOPaHOATaKyI0YOr0 KOMILJIEKCY.

BaximBo, mo 3a YMOB CIOJY4YEHOTO BILUIMBY
YUHHHKIB criocTepiranocs 3HmwkeHHs C3 1 C4-kom-
MTOHEHTIB, 10 MOTJIO TIOPYIIHUTH TOCIITOBHICThH pe-
aKmi cucreMn KoMruieMeHTy. OmHAK TIiABUIICHHS
koHIeHTpamii CS5-KOMITOHEHTa CBIIYATH MPO OUTBIT
WMOBIpHY aKTHBaIli0 cucTeMu [1] 1 BKa3zye Ha HEmO-
CTaTHICTh (PyHKI[IOHYBaHHS CTPEC-JITIMITYIOUYUX CHC-
TeMm [5].

TakuM YWUHOM, Yy CHUCTeMi, ska (DYyHKI[IOHYE 3a
MIPUHIIAIIOM OOMEXEHOT0 TPOTEO0JIi3y, BCTAHOBJICHA
3HAUYILIICTh BiAMIHHOCTEH cepelHiX 3Ha4eHb Yy 3po-
CTaHHI KOHLEHTpalii e(peKTOPHUX MOJIEKYN KOMIIO-
HeHTiB KoMmiuieMeHTy C4 na 15-ty n1o0y i C5 na 30-ty
no0y 3a mii ITHT. Taki 3MiHM cBim4aTh Mpo CTUMY-
JIIOIOUUM XapakTep MOApa3HUKAa Ha CHUCTEMY KOMII-
JIEMEHTY, IO CIIIJ PO3TISAIATH SK aJanTalliiny imy-
HOJIOTIYHY PEakKIlifo, SKa PO3BUBAETHCS y BiIIMOBIIH
Ha 3MiHY CTajJOCTi BHYTPIITHHOTO CEPEIOBHINA Op-
ra"izmy. Y TBapuH Irpynu 2 Bii3HAYaBCS MPOTHIIEK-
HUH eQeKT BiIHOCHO KOHIIeHTpalii komnoHenta C4,
sIKa TPOTSATOM BCBOTO EKCIEPUMEHTY TIOCTYIOBO
3HMKyBanacs. Taky pIi3HHLIO MOXHa MOSCHIOBATH
noxatkoBuM BrimBoM EMB HUY, ske 3a miteparyp-
HUMU JaHUMHU TIPOSIBIISIE ce0e CympecopoM 3 OOKy
iMyHHOT cucremu [7, 8, 27].

AHani3 piBHS IMyHODIOOYITIHIB y €KCIIEPHMEH-
TaJbHUX TBApHH I10Ka3aB, 10 B 000X TOCIIAHUX IPY-
Tax CIOCTEpIralucs CTAaTHCTUYHO HE3HAUYII 3MiHU
koHIeHTpaii IgA (puc. 6).

Ha Biaminy Bix IgA Gyno BCTaHOBIEHO 301IBIIEH-
Hs1 koHLeHTpaii [gM 3a aii [THT, sike Mano HeiHiH-
HUIM XapakTep 3 MakCHUMaJbHUM 301IbLICHHSM Ha
36% BiTHOCHO KOHTPOJIIO Ha 15-Ty 100y crocrepe-
xeHHs (p < 0,05) (puc. 7). Y TBapHuH 32 yMOB CIIOJTY-
YEHOTO BIUIMBY 30BHIIIHIX YMHHHKIB 3MiHK [gM Mamu
TaKWil caMHil XapakTep, K i 32 yMOB 130J1b0BaHO] Aii:
JUIIe Ha 5-Ty 100y KOHIIGHTpAIIisl Y CHPOBATII KPOBI
3MeHmwiacs Ha 24% (p < 0,05), a na 15-ty o0y Oy-
Jla MakCUMajbHOKO — 92% BIAHOCHO 3HAa4YeHb KOH-
TponsHOI TpymH (p < 0,05). [lo KiHIISI eKCTIEPUMEHTY
y TBapuH 000X MOCTITHHUX TPyl KOHIEHTparis IgM
MIOCTYTIOBO TiABHUIIYyBanacs. Bimomo, mo IgM € ma-
KpOIJIOOYITiHOM, SIKHH MEPIIMM CHHTE3Y€EThCS y BiJl-
[OBiIb HA [0 CK30T€HHOI'0 YWHHHMKA, aKTHUBYIOYU
cucreMy KomrliMeHTy [13]. BumienaBeneni pesyib-
TaTl JIOBOISTH, IO HPUTHIYeHHS mnpoxykuii IgM
Ha 5-Ty n00y MOIJIO aKTHBI3yBaTW CHUCTEMY KOM-
IUTIMEHTY 3a aJITEPHATHMBHUM LUISIXOM. Takox He
MOXXHA BHKJIIOYUTH TOTO, L0 HA IMOYaTKOBUX €Ta-
nax JOCHIDKEHHsS HAAJIMIIKOBa Mpoaykuis IgM vy
JpYTiil HOJIOBMHI €KCHEPUMEHTY MOIVIa BUKJIMKATH
KOMIICHCATOPHY PEaKIIi€0 OpTaHi3My Ha HassBHY Hec-
Tady iIMyHOIJIOOYJiHIB IIbOTO KJIacy.
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Puc. 4. KoHueHTpauis C4 kOMMNOHeHTa KOMMIeMeHTy 3a
aii MHT ta EMB npotarom 30 fi6: ¢ — KOHTponb, W —
MHT; A —THT + EMB; * — pi3Hnus 3HadvyLla nopiBHSHO 3
KOHTpOnbHoto rpynoto (p < 0,05).

Fig. 4. Concentration of C4 complement component under
effect of MLT and electromagnetic radiation during 30 days.
4 — control; ® — MLT A— MLT + LFEMR; * — difference is
significant if compared with the control group (p < 0.05).

ment system in the form of aggregation of the later
component C5, which participated in the formation
of membrane attacking complex.

It is important that under the combined influence
of the factors there was a reduction in C3 and C4
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Puc. 5. KoHueHTpauis C5 kOMMNoHeHTa KOMMMeMeHTy 3a
aii MHT Ta EMB npotsirom 30 ai6: ¢ — KoHTponb; W —
MHT; A —TIHT + EMB; * — pi3Hnus 3HadyLla nopiBHSHO 3
KOHTpOnbHoto rpynoto (p < 0,05).

Fig. 5. Concentration of C5 complement component under
effect of MLT and electromagnetic radiation during 30 days.
4 —control; ® — MLT: A — MLT + LFEMR; * — difference is
significant if compared with the control group (p < 0.05).
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Pesynprartn mocnimkenns 1gG nokazamu (puc. 8),
o Ha 5-Ty 100y CHOCTEpeKEHHsI Y CHPOBaTIli KPOBi
1ab0paTOPHHUX TBAPUH 000X pociigaux rpyi (1 ta 2)
JaHWH TOKa3HUK CTATHMCTHUYHO 3HAuyylle He Biapis-
HSETHCS BiJ KOHTpOIro (p > 0,05), a Ha 15 Ta Ha 30-TY
JIOOW T ATIOPSIAKYBABCS HETIHIHHAM 3aJICKHOCTSIM 13
YITKMMHU NPOTHICKHUMH MAaKCUMaJIbHUMU 3MIHAMHU.
3a nii [IHT xonnentparnis IgG Ha movarky crocte-
pexeHHs (5 1i0) CTAaTUCTUYHO HE3HAYYIIE 301IbIIH-
nacs TMOPIBHSHO 3 KOHTposieM, Ha 15-Ty no0y 3Hady-
e 3au3mnacs Ha 29% (p < 0,05), a Ha 30-Ty 100y
301IbIIMIACS TA JIOCSIIIAa MAKCUMYMY 3 Pi3HHIICIO Y
75%., ska HaBITH BUIIA 32 MOYATKOBI Ta KOHTPOJbHI
3Ha4eHHs (p < 0,05).

Bcranogneno, mo 3a cymicuoi aii [IHT ta EMB
HY xonnentpanis IgG mo 15-1 mobm mocTymoBo
3pocTana, ane 3 pi3HO Mipor. Orxe, Ha 15-Ty
no0y MaHWi TIOKa3HUK JOCAT MaKCUMyMy OiTbIe
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Puc. 6. KoHueHTpauis IgA 3a gii NMHT ta EMB npota-
rom 30 fi6: ¢ — koHTponb; M — MHT; A — MHT + EMB;
* — pi3HMLA 3Ha4YyLla MOPIBHSAHO 3 KOHTPOIBHOK rPynoto
(p < 0,05).

Fig. 6. Concentration of IgA under the effect of MLT and
electromagnetic radiation during 30 days: ¢ — control;
B — MLT; A — MLT + LFEMR; * — difference is significant
if compared with the control group (p < 0.05).

HiX 92% mnopiBasHO 3 Tpynoto 3 ta 173% 3 rpy-
noto 1 (p < 0,05), a no 30-1 1oOu BiH 3HHU3HBCH, ajie
oyB Ha 17,5% Bumie 3a koutposs (p < 0,05). IgG
ITiJIBUIITYBaBCs 3rofioM, Hixk [gM, ajie koHIeHTpaIris
3ajyIuanacsl MiBUIICHOI0 JOBIIE, OCKUIBKM BOHA
MOXe OyTH MiHIMAJBHOIO IMPOTArOM OaraThbox po-
KiB, aJjie MOBTOPHUI BIUIUB TOTO K aHTUTCHY, MOXeE
CIIPOBOKYBaTH MIBHJKE TiaBuieHHs. Habyra imyH-
Ha peaKIlis CyMpOBOKYEThCS (POpPMyBaHHIM IMyH-
HOI TIaM’sTi, sKa 3a0e3medye OUTBII ePEKTUBHY
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components, which could disrupt the sequence of
the complement system reactions. However, an in-
crease in the concentration of the C5 component
indicates a more likely activation of the system [1]
and demonstrates a lack of functioning of stress-
limiting systems [16].

Thus, in a system that operates on the prin-
ciple of limited proteolysis, the significance of
differences in mean values in increasing the concent-
ration of effector molecules of complement compo-
nents C4 on day 15 and C5 on day 30 under the
MLT effect has been established. Such changes
indicate the stimulating nature of the stimulus to
the complement system, which should be consi-
dered as an adaptive immunological reaction,
developing in response to the changes in the
stability of the body internal environment. In ani-
mals of group 2, the opposite effect was obser-
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Puc. 7. KoHueHTpauia IgM 3a gii NMHT ta EMB npots-
rom 30 fi6: ¢ — koHTponb; M — MHT; A — MMHT + EMB;
* — pi3HMLA 3Ha4YyLla MOPIBHSHO 3 KOHTPOIBHOK rPYMoto
(p < 0,05).

Fig. 7. Concentration of IgM under the effect of MLT
and electromagnetic radiation during 30 days. 4 — control;
B — MLT, A — MLT + LFEMR,; * — difference is significant
if compared with the control group (p < 0.05).

ved with respect to the concentration of component
C4, which gradually decreased throughout the ex-
periment. This difference can be explained by the
additional effect of LFEMR, which according to
the published data is the immune system suppressor
[24-26].

Analysis of the level of immunoglobulins in
experimental animals showed that in both experi-
mental groups there were insignificant changes in
IgA concentration (Fig. 6).
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Puc. 8. KoHueHTpauis IgG 3a gii NMHT ta EMB npotsirom
30 fni6: ¢ — koHTponb, M — MHT; A — MHT + EMB;
* — pi3HMLUA 3Ha4YyLla NOPIBHAHO 3 KOHTPOSBLHOK rPynoko
(p < 0,05).

Fig. 8. Concentration of IgG under the effect of MLT
and electromagnetic radiation during 30 days. 4 — control;
B — MLT, A — MLT + LFEMR; * - difference is signi-
ficant if compared with the control group (p < 0.05).

BIAMOBiF HA TOBTOPHHWM BIUIMB YHWHHWKA, HABITH
yepe3 ACSIKUH dYac Ticis TEepBUHHOI CeHcHOimiza-
mii [18, 20], To6To IgG BimmoBimae 3a amanTHUBHUH
IMYHHHH CTaTyc.

Takum unHOM, Ha 15-Ty 100y CIOCTEpEKEHHS B
ymoBax cnonyudeHoro Bmuy ITHT ta EMB HY
konuentpauis IgM Ta IgG y cupoBarni kposi nabo-
paTopHHX TBapuH OJHAKOBO IMiABMIIyBajiacs, a Ha
30-ty no0y mOCTynoBO 3HMXKyBanacs. 3a il TiIbKH
[THT na 15-1y noOy Gionoriuaunii edexr OyB iHIINN:
koHmeHTpamig [gG 3umwkyBanacs, a [gM migBuryBa-
nacsi. Take mopyIeHHsT MOYKHA PO3IIHUATH SIK CIIPOOyY
opranisMy 30arancyBaru Hectady [gG kommeHcaTop-
HOTO rineprpoaykuieio [gM.

VY ekcriepruMEeHTAIBHUX TBAPUH 000X TPYII TOPSIT
i3 aKTHBALI€I0 albTEPHATUBHOIO IIISIXY CHCTEMH
KOMIUIEMEHTY TaKOX Oynu BHSBJICHI O3HAKH 3ajy-
YEHHS KJIACUYHOTO LUISIXY, IKHH aKTHBYETBHCS B pe-
3yJbTaTi iIMyHHOI BiAIIOBiZI OpraHi3my miJ JIi€ro aH-
TUTLI, 10 BIHOCATHCS IO IMYyHODJIOOYTIHIB KIIACiB
IgG ta IgM. AkTuBamiss KJIaCHYHOIO NUIAXY KOM-
IUIEMEHTY € SICKpaBUM IPHKJIAJAOM IPOAYKYBAaHHS
HecremupiqanX (aKTOPiB 3aXUCTy IMYyHHOI CHCTe-
MH, IO TATBEPIKYETHCS BUCOKOIO akTUBHIcTIO C4
Ha 15-Ty o0y 3a mii [IHT i C5 na 30-Ty moby 3a mii
ITHT ta EMB HY. Came axtusarisa C5 KOMIIOHEH-
Ta KOMIUIEMEHTY IOYMHAE TePMiHAIBHUI eTam ak-
TUBaIii KOMIUIEMEHTY 3 HACTYIHUM (OPMYyBaHHSIM
JIITUYHOTO KOoMIUTekcy. Ha mepiuuii morisi, oxHovac-
Ha aKkTHBaLis 000X IUIAXiB KOMIUIEMEHTY MOXE 3/1a-
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In contrast to IgA, there was an increase in
the concentration of IgM under the action of MLT,
which was nonlinear in nature with a maximum
rise by 36% relative to the control on day 15 of
observation (p < 0.05) (Fig. 7). In animals under
combined exposure to external factors, IgM changes
were the same as for the isolated action, i. e. only
on day Sthe concentration in blood serum decrea-
sed by 24% (p < 0.05), and on day 15 it was the
maximum, namely 92% relative to the values of
the control group (p < 0.05). By the end of the
experiment in animals of both experimental groups,
the concentration of IgM gradually increased. It
is known that IgM is a macroglobulin that is first
synthesized in response to an exogenous factor,
activating the complement system [7]. The above
results prove that an inhibition of IgM produc-
tion on day 5 could activate the compliment system
in an alternative way. It is also possible that at
the initial stages of the research, an excess IgM
production in the second half of the experiment
could cause a compensatory response to the exis-
ting lack of immunoglobulins of this class.

The results of the IgG study showed (Fig. 8) that
on day 5 of observation in the serum of laboratory
animals of both experimental groups (1 and 2) this
index did not differ significantly versus the control
(p > 0.05), and on days 15 and 30 it was subjected
to nonlinear dependences with clear opposite maxi-
mum changes. Under the action of MLT, the con-
centration of IgG at the beginning of observation
(5 days) increased insignificantly if compared with
the control, on day 15 it decreased significantly by
29% (p < 0.05), and on day 30 it increased and rea-
ched a maximum with a difference of 75%, which was
even higher than the initial and control values (p <0.05).

It was found that with the combined action of
MLT and LFEMR, the concentration of IgG gra-
dually increased by day 15, but to varying degrees.
Thus, on day 15 this value reached a maximum of
more than 92% if compared with group 3 and it
did 173% with group 1 (p < 0.05), and by day 3 it
decreased, but was 17.5% higher than the control
(p < 0.05). IgG increased later than IgM, but the
concentration remained elevated longer because
it may be minimal for many years, but a repeated
exposure to the same antigen may provoke a rapid
rise. Acquired immune response is accompanied
by the formation of immune memory, which provi-
des a more effective response to a repeated exposure
to the factor, even some time after the initial sen-
sitization [13, 15], i. e. IgG is responsible for adap-
tive immune status.

Thus, on day 15 of observation under the com-
bined exposure to MLT and LFEMR, the concent-




TUCSI HEMOXKIINBOIO, aJie MPOBEJCHI B OCTaHHI POKH
JOCII/PKEHHST JTO3BOJIMIIM BCTAaHOBUTH, IO Ha T
JESKUX 3aXBOPIOBAHb BUSIBIISIFOTHCS O3HAKU aKTHBA-
mii 00ox msaxiB komrementy [2]. Tak, omHO9acHa
AKTHUBAIlisl KJIACHYHOTO 1 aJBTEPHATHBHOTO MUIAXIiB
Oyla TIPONEMOHCTPOBaHA Ha EKCIEPUMEHTAIBHIN
Moneni Hedhputy y mutrei [9]. Pesynsratu BUBUCHHS
3arajbHUX 3aKOHOMIPHOCTEH y4yacTi CHUCTEMHU KOM-
IIeMeHTy B (opMyBaHHI iIMYHHOI BIIMOBiIl y 370-
POBHX OCI0 TIPOJIIEMOHCTPYBAJIM O3HAKH aKTHBAILIil
000X BKa3aHUX IUISAXIB aKTHBAIll KOMIJICMEHTY BHa-
CIIIJIOK BIUIMBY pi3HUX TpurepHux ¢akropis [19].
OpHak myOmikaIriii, B sSIKHX BU3HAYaBCS CTaH KOM-
noHeHTiB komruiementy 3a nii [IHT ta EMB HY,
HaMU 3HaiiieHo He OyIo.

[MopymenHs mexaHi3MiB peainizamii 3aXucTy
OpraHi3My BHACJIOK BIUIMBY MOApPa3HUKIB 0OYMOB-
JIEHO XapaKTepOM B3aEMOBITHOCHH MDK Pi3HUMH
CHUCTeMaMH IMYyHITETY Ta X CKJIaJOBHMH, 30Kpema
MIDXK aHTHTLIAMH 1 KOMIUIEMEHTOM. BU3HaYeHHS 1UX
3aKOHOMIPHOCTEH J103BOJISIE€ TI0-HOBOMY MIJIMTH 10
OLIIHKK IMYHHOTO CTaHy.

BucHoBku

[TokazaHo, 110 32 YMOB BILTUBY MTOMiPHO HU3BKHX
TeMIepaTyp Ta y TIO€HaHHI 1X 3 eJIeKTPOMAarHiTHUM
BHITPOMIHIOBaHHSI HU3BKOI 4acTOTH B OpraHi3mi ja-
OopaTopHUX WIypiB aKTUBYIOTHCSA aJanTaIliiiHi Me-
XaHI3MH IMYHHOI CHCTEMH.

1. V cene3iHIli TBapyH MICIIS 130JI5b0BAHOTO BILTH-
By IIHT Ta cromyuenoi aii 3 EMB HY Bix3nauanacs
rineprutaszisi Oinoi mynenu. Pesynmsratu mMopdome-
TPUYHOTO aHalizy joBenu, mo micis aii [THT y op-
rafi BigOyBaJucsi OUIBII BUPaKEHI 3MIHM IIJILHOCTI
peaxktuBHOTO HEeHTPY Ta T-30HM omikyna, mo mia-
TBEP/UKYE AKTUBAIlIF0 KOMIIGHCATOPHUX pEaKIii y
opraxi.

2. Busneno, mo 3a aii [IHT wva 30-ty no0y 3Ha9HO
miaBUIIyeThes KoHeHTpatis [gG ta C5 kommoneHnTa
KOMITJIEMEHTY, 3MiHIOIOTHCS TIOKa3HUKHA KOMITOHEHTIB
C3, C4 xoMIUIEeMEHTY 3 OJHOYACHOIO HOpMaJIi3aIli€ro
ronnenTpamii [gM. Lle Bka3ye Ha IpUTHIYEHHS TYMO-
paNbHOT JIAaHKH IMYHITETY Ha TIOYaTKy €KCIIEPUMEHTY
Ta MOJANbIIY 11 aKTHBAIII HAMPUKIHII J0CHTIiIKeH-
HSl.

3. Jlepekr iMyHHOI BIAIOBIAI HA CIOJNyYCHUI
BIUIMB YMHHUKIB i3 OOKy CHCTEMH KOMIUIEMEHTY Y
BUIIL fiedinuTy kKommoneHTa C4, 32 HasBHOCTI J10-
CTaTHBbOI KOHUeHTpauii iMmyHormoOyniniB IgM, IgG
CBITYUTH TIPO HENOCTATHICTh aKTUBAIl KIACHYHOTO
[UIAXY KOMIUIEMEHTY. BHacCHiIOK BUSABICHHX 3MiH
MOXKITUBE 3HIKCHHS PE3UCTCHTHOCTI OPTaHi3My IO
i1 YNHHAKIB.

4. TlomipHO HH3BKI TeMIIepaTypu IOPIBHSIHO 31
CTIOJIyYEHOIO JI€I0 eIeKTPOMArHiTHOTO BUIIPOMIHIO-
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ration of IgM and IgG in the serum of laboratory
animals increased equally, and on day 30 it gra-
dually decreased. Under the action of just MLT
on day 15, the biological effect was different, i. e.
the concentration of IgG decreased, and the one of
IgM increased. This disorder can be considered
as an attempt of the body to balance IgG deficiency
by compensatory hyperproduction of IgM.

In experimental animals of both groups, along
with an activation of alternative pathway of the
complement system, there were also the signs of
involvement of classical pathway, which was activa-
ted by the body’s immune response under antibo-
dies to immunoglobulins of IgG and IgM classes.
Activation of the classical complement pathway is
a striking example of the production of non-specific
immune defense factors, as evidenced by a high
activity of C4 on day 15 under the effect of MLT as
well as C5 on the day 30 under the one of MLT and
LFEMR. It is the activation of the C5 component of
complement that begins the complement activation
terminal stage with the subsequent formation of
the lytic complex. At first glance, the simultaneous
activation of both complement pathways may seem
impossible, but recent studies have shown that
some diseases show the signs of activation of both
complement pathways [6]. Thus, the simultaneous
activation of the classical and alternative pathways
was demonstrated in an experimental model of
nephritis in mice [2]. The results of studying the
general patterns of participation of the comple-
ment system in the immune response formation in
healthy individuals showed the signs of activation of
both of these pathways of complement activation
due to the influence of various trigger factors [14].
However, we did not find any publications that
determined the state of complement components
under the action of MLT and LFEMR.

Disorders in mechanisms of protection of an orga-
nism due to the influence of stimuli are stipualated
with the nature of relationship between different
immune systems and their components, in particular
between antibodies and complement. Determining
these patterns allows a new approach to assess the
immune status.

Conclusions

Under the influence of moderately low tempe-
ratures and in combination with low-frequency
electromagnetic radiation in the body of labora-
tory rats, the adaptive mechanisms of the immune
system were shown to be activated.

1. White pulp hyperplasia was observed in the
spleen of animals after isolated exposure to MLT
and combined action with LFEMR. The results of
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BaHHsI HU3bKOI YacTOTH OUIbII iIHTEHCUBHO BILIMBA-
I0Th Ha IMyHHHU cTaryc mrypiB. Ilicnst cromydenoi
il YMHHWKIB BigOyBasacss Momudikaiiis edekris,
TOOTO XapakTep 3MiH OyB CXO)KHH, ajie¢ MEHIII BHpa-
keHUi. BusBiieHnii (akT Bka3dye Ha e(EKT aHTa-
TOHI3MY, HACIIIIKOM SIKOTO € PO3BHTOK HETATHBHOI
MepexpecHoi ajanramii B iIMyHHIH cHCTeMi TBapwH,
sKa MOke OyTH TPHYMHOIO 3HIDKCHHS PE3HCTCHT-
HOCTI OpraHi3my JI0 iHIINX YHHHUKIB.

OTxe, ananTtamiiiHi iMyHOJIOTIYHI peakiii 3a yMOB
130JIbOBAHOTO Ta CIOJYYCHOTO BIUIMBY YHHHHUKIB
MPOSIBIISUIMCS TIO-Pi3HOMY, MPOTE OCHOBHOIO iXHBOIO
03HAKOI0 OyJ0 MOCHJIEHHS POOOTH (YHKLIOHAIBHO
AKTUBHUX €JIEMEHTIB. IMyHONOriuHa peakilis Cyr-
POBOKYBaJIacs Tinepruiasiero JimM¢oinHol TKaHUHH
3 NOJAJBIIMM IOCHJIEHHSM BUPOOJICHHS aHTHUTLN
1 aKTHBAIII€I0 CHCTEMH KOMILICMEHTY.

[lepcneKTHBHUM € BCTAHOBJIEHHS 3aKOHOMIPHOC-
Tel (hopMyBaHHS afanTalliitHUX 010JI0TTYHUX €(DEKTIB
Ha CHOJYYEHHUH BIUIMB MOMIPHO HU3BKUX TeMIlepa-
TYp Ta €JIEKTPOMArHiTHOTO BUIIPOMIHIOBAaHHSI, 30Kpe-
Ma BU3HAYCHHS YaCTKU BHECKY KO)KHOTO 3 BUBYCHUX
YUHHUKIB y 3arajJbHui e(eKT 3a JOIOMOror cydac-
HUX MaTeMaTH4YHUX METOJIB, 32aCHOBaHMX Ha LITYyY-
HoMYy iHTenekTi (fuzzy-c-means).
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morphometric analysis proved that after the MLT
effect in the body there were more pronounced
changes in the density of the reactive center and
the follicle T-zone, that confirmed the activation of
compensatory reactions in the body.

2. It was revealed that under the action of MLT on
day 30 the concentration of IgG and C5 component
of complement significantly increased, there were
changes in the components of C3, C4 complement
with simultaneous normalization of the concentra-
tion of IgM. This indicated the suppression of the
immune system humoral part at the beginning of
the experiment and its subsequent activation at the
end of the study.

3. Defect in an immune response to a combined
influence of the factors from the complement system
in the form of the component C4 deficiency, in the
presence of a sufficient concentration of IgM and
IgG immunoglobulins indicated a lack of activation
of the classical complement pathway. As a result
of the revealed changes a decreased resistance of
an organism to the action of factors is possible.

4. Moderately low temperatures compared to the
combined effect of low frequency electromagnetic
radiation had a more intense effect on the immune
status of rats. After the combined action of the
factors, the effects were modified, i. e. the nature of
the changes was similar, but less pronounced. The
revealed fact indicated the effect of antagonism,
the consequence of which was the development of
negative cross-adaptation in the immune system
of animals, which might cause a decrease in the
body’s resistance to other factors.

Thus, adaptive immunological reactions under
isolated and combined influence of the factors were
manifested differently, but their main feature was
the strengthening of functionally active elements.
The immunological response was accompanied by
hyperplasia of lymphoid tissue with a subsequent
increase in antibody production and activation of the
complement system.

It is promising to establish the patterns of formation
of adaptive biological effects on the combined effect
of moderately low temperatures and electromagnetic
radiation, in particular to determine the share of
each of the studied factors in the overall effect using
modern mathematical methods based on artificial
intelligence (fuzzy-c-means).
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