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l lpoTaroM WMTTA nioflHHa niflflaeTbca BnnuBy 
pi3HHX CfcaKTOpiB HaBKOJlMLUHbOrO CepeflOBMLfla, flKi 
xapaKTepn3yK)Tbca MO>KJIHBMM oflHonacHMM a6o KOM-
6iHOBaHHM Bnni/IBOM. OcoönnBy yßary cnifl npnflinnTi/i 
MOXOIMBUM HacniflKaM K0M6iH0BaH0r0 BnriMBy HMHHM-
KiB pi3H0i npupofln, flKi npi/icyTHi B cynacHOMy cepeflo-
BI/ILL|i, BKJlfOHaiOHM HeCnpMSTJll/IBi MiKpOKTliMaTMHHi 
yMOBi/i i eneKTpoMamiTHe BunpoMiHioBaHHfl. iMyrnna 
cncTeMa e yHiKanbHi/iM, npi/ipoflHi/iM 3axMCHHM Mexa-
Hi3MOM, i oflHieio 3 nepwi/ix pearye Ha BnnuB eKCTpe-
ManbHux cfcaKTopiß HaBKonmuHboro cepeflOBULfla. 
Oco6nnBe 3HaneHHfl Mae BMBMeHHn iMyHonorNHi/ix 
MexaHi3MiB peaKqii opraHi3My Ha eneKrpoMamiTHe 
BunpoMiHioBaHHa B yMOBax xonofloßoro CTpecy. 

EKcnepMMeHTanbHO flocniflweHO c£>aroL(MTapHy 
aKTMBHiCTb niMCfjOÎ HTiB 3 BCTaH0BJieHH3M 3flaTHOCTi 
,qo c|3opMyBaHHa HetiTpocf3inbHi/ix no3aKniTi/iHHi/ix nac-
TOK 3a BnriMBy eneKTpoMamiTHoro Bi/mpoMiHioBaHHfl, 
xonoflOBoro cfcaiaopy per se Ta y noeflHaHHi. BcTaHO-
BJieHO, LflO Ha TJli 6inbLU BI/ICOKOrO piBHfl aKTMBHOCTi 
c£>ar0i4MT03y HeMTpocftiniB 3a BnnuBy xonofloßoro 
cfcaiaopy Ha 5-Ty,qo6y Bifl3HaneHi 6inbLU Hi/i3bKi noKa3-
HHKM Moro 3a BnnuBy eneKTpoMamiTHoro Bi/mpoMiHio-
BaHHfl per se Ta y noeflHaHHi, ane Ha 15-Ty flo6y 
3H3HH0 niABumyBanaca aKTMBHiCTb c^aroquTapHoro 
npoqecy 3a flii' eneKTpoMamiTHoro Bi/mpoMiHioBaHHH. 
BunBneHO, Lflo Ha 30-Ty flo6y 3a BnriMBy eneKTpoMar-
HiTHOrO BMnpOMiHfOBaHHH BiflÖyBaGTbCa BHCHa>KeHHfl 
aKTMBHOCTi <£arOL(HTiB 3a paXyHOK yTBOpeHHfl HeMTpO-
CtynbHMX n03aiaiiTHHHMX naCTOK, LflO MO>KHa BB3>KaTM 
K0MneHcaT0pH0K) peaKqiero opraHi3My. 3a BnnuBy 
noeflHaHoT flii xonofloßoro cfcaKTopy M eneKTpoMamiT-
Horo Bi/inpoMiHKJBaHHfl, c|3opMyeTbca iMyHHi/iM CTaTyc, 
aKm Biflpi3HaeTbca Bifl KOHTponbHoi rpynn Ta eKcne-
pi/iMeHTanbHi/ix rpyn 3a flii' xonofloßoro cfcaKTopy Ta 
eneKTpoMamiTHoro BunpoMiHioBaHHa i30nb0BaH0. 
BiflMiHHOCTi nOnaraiOTb B 3HH>KeHHi aKTMBHOCTi cfcaro-
L|i/iTapHoro npoqecy, Ta MeTaöoniMHoT aKTMBHOCTi 
HeMTpOC|3iniB. 3HI/IX<eHHfl piBHfl aKTMBHOCTi (£arOL(l/ITO-
3y KOMneHcyeTbca aKTMBaqieio yTBopeHHn HeMTpo-
C|3inbHMX n03aKniTMHHMX naCTOK, flKi C^OpMyiOTbCfl nic-

nn 3arn6eni HeMTpocfciniB Ta Bi/iKOHyK>Tb c£>yHKqiK> eni-
MiHaqiT aHTureHy 3 opraHi3My. 

KnHJHOBi cnoBa: c|3ar0i4MT03, HeMTpoc^inbHi no-
3aKniTHHHi nacTKM, xono,qoBHbi c|3aKTop, eneKTpoMar-
HiTHe BunpoMiHKDBaHHa, cnonyneHa flif-

3B'A30K PO6OTM 3 HayKOBMMM nporpaMaMM, 
nnaHaMii, TeMaMM. Po6oTa BUKOHaHa y XapKiBCbKO-
My HaL(i0HanbH0My MeflMHHOMy yHißepcuTeTiB paMKax 
HayKOßo-flocniflHoT poöoTM, LHO c|3iHaHcyBanaca MiHic-
TepCTBOM OXOpOHM 3flOpOB'a YKpaTHM «BCTaHOBMTM 
MexaHi3MM aflanTaqii AO cnonyMeHof flii xiMNHi/ix Ta 
C|3i3MMHMX MI/IHHMKiB HaBKOnMLUHbOrO CepeflOBMLfla», 
KnKBK 2301020, NQ flep>K. peecTpa^i 0113U002536. 

BcTyn. npo6neMa BnnuBy c|3i3MMHMX cfcaKTopiB 
30BHii±iHboro cepeflOBMLfla Ha 3axncHi peaKqii opraHi3-
My Tpi/iBani/iM nac e oflHieio 3 HaMBa>Kni/iBii±iMX y cynac-
Hiw MeflML|HHi Ta öionorii. iMyHHa cncTeMa aßnne co-
6OK> yHiKanbHMM, npMpoflHUM 3axncHnPi MexaHi3M Ta 
oflHieio 3 nepLunx pearye npn BnnuBi eKCTpeManbHux 
ĉ DaKTopiß npupoflHoro cepeflOBMLfla, B TOMy Mucni vi 
eneKTpoMamiTHoro BunpoMiHioßaHHa (EMB), aKe MO-
we cynp0B0fl>KyBaTnca y yMOBax xonofly. cncTeMa 
nOCTiMHO 3a3Hae BnnMBy 30BHil±IHiX C|3aKTOpiB, LflO no3-
HaHaeTbca Ha 3HH>KeHHi a6o aKTMBaL(ii IT <£yHKL(ioHa-
nbHux MoxaiMBOCTew B qinoMy [1], IMyHHa cncTeMa e 
nepLuoio naHKOK) B aflanTaqii opraHi3My B yMOBax 
flOBKinna [2], OcoönnBy aKTyanbHicTb Mae BMBHeHHfl 
iMyHonoriMHMX MexaHi3MiB pearyßaHHa Ha eneKTpo-
MamiTHe BunpoMiHioBaHHn B yMOBax xonofloßoro 
CTpecy. ToMy Ha cboroflHiujHiM fleHb BMflaeTbca aKTy-
anbHUM KOMnneKCHe BUBMeHHa BnnuBy xonofloßoro 
c|3aKTopa (XO) Ta EMB Ha noK33HHKH KniTi/iHHoro iMyH-
Horo CTaTycy 3 ypaxyßaHHnM TepMiHy flii. 

flocnifl>KeHHa HecneL|nc}3iHHoT iMyHHO'i peaKqii, a 
caMe c^aroquTapHoT aKTMBHOCTi HetiTpoc|3iniB e Ba>xnM-
BOK) CKnaflOBOK) KOMnneKCHoro o6cTe>KeHHn npn ypa-
weHHi KniTUHHOi naHKi/i iMyHiTeTy, Lflo cyrreßo BnnuBae 
Ha CTaH iMyHHOI cncTeMM opraHi3My. TO>K, y flaHiw 
MacTMHi flocnifl>KeHHa KiHeTMKy c|3ar0L(HT03y flocnifl-
wyßann BuxoflaMM 3 BM3HaMeHHn iHTerpanbHoro 
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noKa3Hi/iKa - c£>aroL(HTapHoT aKTMBHOCTi neiiKoqi/iTiB, 
LflO Bi,qo6pa>Kae BiflCOTOK HeMTpOCtyjliB i MOHOL(MTiB, 
3,qaTHMX ,qo 3B'a3yBaHHfl 3 aHTureHOM Ta i/ioro nepeT-
paBnioBaHHn. BuBMeHHa aKTMBHOCTi <£ar0i4m"03y flo-
3Bonae BM3HaHHTM aKicTb npoTiKaHHfl qboro npoqecy 
OCOÖJIMBO 3a BH3HaHeHHfl 3flaTHOCTi flO CjjOpMyBaHHfl 
no3aKniTHHHi/ix nacTOK HeMTpocfJinaMH [3], 

MeToio flanoro flocniflweHHH 6yno BM3HaHHTH 
BnnuB eneKTpoMamiTHoro BunpoMimoBaHHa y cnony-
HeHHi 3 XOJlOflOBI/IM C^aKTOpOM Ha aKTMBHiCTb <£arOL(M-
TapHoro npoqecy Ta 3,qaTHicTb yTBopeHHfl Hem"poc£>i-
JlbHMX n03aKniTHHHMX nacTOK 

MaTepian Ta MeTOflM flocnifl>KeHhm. 3 ornaf ly Ha 
Te, Lflo B npupoflHux yMOBax EMB BnnuBae 3a pi3Hnx 
KniMaTMHHUx yMOB, 6yno npoßefleHO cepiio eKcnepM-
MeHTiB 3 BMBMEHHA BnnuBy E M B (70 Krq, 600 B / M ) B 

yMOBax xonoflOBoro CTpecy (Bifl +4 °C flo +6 °C) y 
cyöxpciHNHOMy flocnifli (30 fli6). EKcnepi/iMeHTanbHi 
flocniflweHHfl BMKOHyBannca Ha na6opaTopHi/ix mypax 
niHii Wistar (n = 24), aKi nif l f laBarmca i30Jib0BaH0My 
Ta noeflHaHOMy BnnuBy EMB i XO, 3riflHO 3 nonoweH-
H3MM «GBponeMCbKoT K0HB6HL(iT npo 38XMCT Xpe6eT-
HI/IX TBapi/iH, BUKopMCTOByBaHMX FLNA eKcnepuMeHTa-
nbHMX i iHLUHX HayKOBMX qrnetö», 3aKOHy YKpaiHH " l i po 
3aXMCT TBapi/IH Bifl >KOpCTOKOrO nOBOfl>KeHHfl", Counci l 
Directive 2010/63/EU, l lpaBun npoBefleHHa poöiT 3 
BHKopHCTaHHHM eKcnepi/iMeHTanbHi/ix TBapMH, 3a-
TBepfl>KeHMX M 0 3 YKpai'HH N° 755 [4-7 ] , 

i M y H o n o r i M H i M e T O f l n : c£>aroi_(i/iTapHy aKTMBHiCTb 

HeMTpoc|3 in iB flocniflwyBani/i 3 a 3,qaTHicTK> n o r n n H a T M 

MacTMHKM n o n i c T u p o n b H o r o n a T e K c y . flna Bi / i3HaMeHHfl 

HeMTpoc|3 inbHMX nacTOK C T a ß n r i n p e a K q i i o 3 B i /mopi / i c -

T a H H f l M KniTMHHOi c y c n e H 3 i i HeMTpoc|3 in iB n e p u c ^ e p u M -

HOI KpOBi, BH f l i j i eHMX Ha r p a f l i e H T H M X p03HI/ IHaX CtyKOJl-

B e p o r p a c t y H y , 3 H a c T y n H o i o aKT i / iBaq ie i o H e M T p o c ^ i n i B 

MacTUHKaMi/ i n a T e K c a , n o T i M c y c n e H 3 i K > H a H o c u n H Ha 

CKTIO, B M c y L u y B a n n i cJ j iKcyBarm 9 6 % STMJIOBUM c n i / i p -

TOM 3 flOflaTKOBOK) CfciKCaL(ieiO KfliTMH Ha CKJli 3 a MeTO-

A O M J l i n n i B 1 0 % 3 a 6 y c f c e p e H O M y c f copMan iH i : n q e p H a 

p e n o B U H a 3 a 6 a p B J i K > B a n a c a B M e p B 0 H 0 - n 0 M a p a H -

HeBi /m K o n i p . M e T a 6 o n N H y aKTMBHiCTb H e M T p o c ^ i n i B 

OQIHHDBANN B peaKL^iT B i f l H O B n e H H a H i T p o c u H b o r o TeT -

p a 3 o n i a ( H C T - T e c T ) B c n o H T a H H O M y i CT i / iMynbOBaHO-

M y H C T - T e c T i 3 a flonoMoroio CBITJIOBOT M i K p o c K o n i i . B 

OCHOBi L(bOrO M e T O f l y ne>KMTb B i f lHOBJ ieHHf l B L(l/ITO-

n n a 3 M i HeMTpocfc in iB H i T p o c u H i M T e T p a 3 o n i e M flo fli/i-

c | 3 o p M a 3 a H a n i f l B n n u B O M c y n e p o K c i / i f l H o r o a H i o H y , Lflo 

yTBOpfOGTbCa n p n 3KTMBaL(iT KJliTMHl/l. flMC|30pMa3aH 

M a e B u r n a f l TeMHO-c i / iH i x a 6 o n o p H n x r p a H y n , K i n b -

KiCTb 3KI/IX 3MiHK>GTbCa B 3aJie>KHOCTi B i f l BHpa3HOCTi 

Ki / i cHSBoro BMÖyxy . flna nocTaHOBKi / i B M K o p u c T O B y B a -

n u c a H a 6 o p n H C T - T e c T y , aKTMBaq iK) H e M T p o c ^ i n i B 

n p o B O f l n r i M n a T e K C O M [ 8 - 1 2 ] , flna CTaTUCTMMHOi o 6 p o -

6KM p e 3 y n b T a T i B 3 a flonoMoroio n p o r p a M M « S t a t i s t i c a 

1 0 » B i / iKopucTaHO H e n a p a M e T p u H H U M M e T O f l U - K p u -

T e p i t i M a H H a Y iTH i [ 1 3 ] . 

Pe3ynbTaTM flocnifl>KeHHfl Ta ! x oöroßopeHHa. 
B pe3ynbTaTi npoBefleHoro flocnifl>KeHHH 6yno BCTa-
HOBJieHO, LflO nOKa3HHK aKTMBHOCTi C|3ar0L(HT03y 
(p i ic . 1) Ha 5-Ty floöy cnocTepe>KeHHn 3a flil' X<t> Maß 
TeHfleHqiio flo niflBmfleHHa (60,83 ± 0,95%), a 3a flii 
EMB - flo 3HM>KeHHn (52,66 ± 1,23%) nopiBHHHO 3 
KOHTpOJlbHUM 3HaMeHH3M (57,33 ± 2,53%). npM cno-
ny^HOMy BnnuBi EMB Ta X«t> 6yno BiflMNeHO CTaTMC-
TMMHO 3HaMyLfle 3HM>KeHHa aKTMBHOCTi <£ar0l4MT03y flO 
47,66 ± 1,74%. Ha 15-Ty flo6y eKcnepMMeHTy 6yno 
BCTaHOBJieHO, LflO nOKa3HMKM aKTMBHOCTi <£ar0L(MT03y 
3a flii X O Ta EMB per se 6ynn BULAMMM 3a KOHTponb-
He 3HaMeHH3 (48,5 ± 3,36%) y 1,2 pa3H (59,5 ± 1,8%) 
Ta 1,3 pa3H (63,83 ± 1,78%) BiflnoBiflHO (P < 0,05), a 
3a flii cnonyHeHoro BnnuBy c|3aKTopiB - npaKTMHHO Ha 
piBHi KOHTponio (52,5 ± 2,99%). npM nopiBHSHHi noKa-
3HHKiB C]3yHKL(iOHanbHOT aKTMBHOCTi HeMTpOC îlliB KpOBi 
B eKcnepuMeHTi Ha 30-Ty floöy cnocTepeweHHn 3a fli'f 
EMB c]3aroL(MTapHa aKTUBHicTb Mana 3BopoTHiw 
6C|D6KT, a CaMe CTaTMCTMMHO 3HaMyLfle 3HM>KeHHa 
(47,66 ± 0,84%) BiflHOCHO KOHTponio (51,50 ± 1,38%). 
y rpynax i30nb0BaH0ro BnnuBy X 0 Ta cnony^eHoro 
BnnuBy EMB Ta X<t> aKTMBHiCTb HeMTpoc|3iniB 6yna 
6nn3bKa flo KOHTponbHHX 3HaneHb (P > 0,05). 
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PMC. 1 . riOKa3HMKM aKTMBHOCTi Ct3ar0L(MT03y y flMHaMiL(i 
eKcnepuMeHTy 3a i 3 0 n b 0 B a H 0 r o Ta c n o n y n e H o r o B n n u B y 

EMB Ta XO 

ripuMimKu: * - pi3HMna CTaTMCTMMHO 3HaHyLL\a (p < 0,05) 
y nopiBHAHHi 3 KOHTponbHOK) r p y n o i o ; K - r p y n a KOHTponio; 
X O - r p y n a i30J ib0BaH0ro BnnuBy x o n o f l o ß o r o (fcaKTopa; 
E M B - r p y n a I30JIB0BAH0R0 BNNUBY e n e K T p o M a m i T H o r o BM-
npoMiHKJBaHHa; X O + E M B - r p y n a c n o n y n e H o r o BnnuBy 
e n e K T p o M a m i T H o r o BunpoMiHtoBaHHf l Ta x o n o f l o ß o r o cfcaK-
T o p a . 

HeMTpOC|3ijlM 3aMMaiOTb OflHy 3 HaMÖijlbLU aKTMB-
HI/IX no3nqiM B cncTSMi ryMopanbHO-KJiiTi/IHHOT Koone-
paqii KpoBi. L(e po6nTb Tx yHiBepcanbHoio MimeHHio Ta 
iHflMKaTopoM pi3HMX nopyujeHb roMeocTa3y. y CBOIO 
Mepry, CTMMynbOBaHi HeMTpoctynn CTaioTb noTy>KHHM/ 
ec^eiaopaMH i OAHUM 3 nycKOBi/ix MexaHi3MiB KacKafl-
HI/IX peaKL(iti , aKi \A 3 a 6 e 3 n e M y i o T b PO3BMTOK iMyHHOi 

BiflnoBifli (Ta6n. 1). 
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T a 6 n i m n 1 - 3MiHM iMyHonoriHHMX noKa3HMKiB y LflypiB 3a yMOB BnnuBy eneKTpoMarHiTHoro BunpoMiHioBaHHfl, xono-
floßoro cfcaKTopy perse Ta y noeflHaHHi 

riOKa3HMKM 

XonOflOBMM 
CfcaKTOp 

n= 6 
( X ± S x ) 

EneKTpoMarHiT-
He BkinpOMiHK)-

BaHHfl 
n = 6 

( X ± S x ) 

CnonyneHa flia xonof loßoro 
cfcaKTopa Ta eneKTpoMamiTHO-

ro BnnpoMiHKJBaHHa 
n = 6 

( X ± S x ) 

5 flo6a eKcnepuMeHTy 

0ar0L(MT03, °/ 57,33 ± 2,53 60,83 ± 0 , 9 5 52,66 ± 1,23 47,66 ± 1,74* 

HCT-TecT 
CnOHTaHHMM, % 30,67 ± 0,99 26,50 ± 4 , 0 1 44,50 ± 2,60* 33,00 ± 5,43 

HCT-TecT 
CTMMynoBaHUM,% 51,33 ± 3,12 42,00 ± 3,28 54,00 ± 2 , 6 2 55,00 ± 4,24 

NETs, % 28,33 ± 1,05 16,33 ± 0,67* 49,67 ± 0,56* 68,67 ± 1,43* 

15 flo6a eKcnepuMeHTy 

0ar0L(MT03, °/ 48,50 ± 3,36 59,50 ± 1,80* 63,83 ± 1,78* 52,5 ± 2,88 

HCT-TecT 
CnOHTaHHMM, % 18,33 ± 1,12 30,17 ± 2 , 9 5 * 27,83 ± 0,95* 29,83 ± 2 , 7 f 

HCT-TecT 
CTMMynbOBaHMM, % 42,17 ± 1,76 54,17 ± 0,83* 52,33 ± 1,99* 49,00 ± 3,66 

NETs, % 29,33 ± 0,67 19,00 ± 0,68 12,00 ±0 ,58* 31,00 ± 0,82 

30 flo6a eKcnepuMeHTy 

0ar0L(MT03, °/ 51,50 ± 1,38 53,83 ± 2 , 0 9 47,66 ± 0,84* 50,16 ± 1,78 

HCT-TecT 
CnOHTaHHMM, % 30,33 ± 1,05 26,83 ± 0,87* 37,17 ± 3,22 22,67 ± 2,29* 

HCT-TecT 
CTMMynbOBaHMM, % 53,17 ± 3,62 42,67 ± 2,85 58,00 ± 4 , 1 6 45,50 ± 2,72 

NETs, % 28,33 ± 0,67 32,67 ± 0,33* 75,33 ±0 ,88* 29,67 ± 0,56 

npuMimKa: * - pi3HHL4n CT3THCTHMHO 3HaMyma (p < 0,05) y nopiBHHHHi 3 KOHTPONBHOTO rpynoto. 

BuBMeHHn c|3yHKL(ioHanbHoro CTaHy HeMTpocfcinb-
HMX J16MK0L(MTiB 3a flOnOMOrOK) HCT-TeCTy fl03B0JlHJ10 
BCTaHOBHTM, LflO pißeHb CnOHTaHHOTO i HCT-TeCTy 
( p u c . 2) 3a yMOB i30Jib0BaH0ro BnnuBy E M B Ha 5-Ty 
flo6y cnocTepe>KeHHn Bi/iLfle (44 ,50 ± 2 , 6 0 % ) 

(P < 0 ,05) , a 3a BnnuBy X O Ta cnonyHeHoro BnnuBy 
cfcaiaopiB 3HaneHHfl 6ynn BI/U^MMM 3a KOHTponbHi AK 

cnoHTaHHoro, TaK i CTMMynbOBaHoro c£>aroi4MT03y, ane 
flocTOBipHnx 3MiH He BH3HaHeHO. Ha 15 floöy BeriMMH-
HM cnoHTaHHoro Ta CTMMynbOBaHoro HCT -TecTy 6ynn 
flOCTOBipHO BULflMMM B TpynaX i30Jlb0BaH0r0 BnriMBy 
E M B Ta X<t>. y rpyni cnonyneHoro BnnuBy cfcaKTopiB 
flocTOBipHe 3pyi±ieHHfl y 6iK aKTMBaL îi' CToeyBanoea 
nuLue npn cnoHTaHHitö peaKqii' ( 29 ,83 ± 2 , 7 1 % ) . 

npUMMHOK) niflBMLfleHHa cnoHTaHHoro HCT -TecTy Bi-
poriflHO e aKTMBaL(ifl c}jaroL(MTiB, Lflo cynpoBOflwyeTbca 
nocuneHHaM noTpeön KUCHHD iMyHHUMM KniTi/iHaMW. 
He3HanHe niflBi/iLfleHHH noKa3HMKa HCT-CTMMynbo-
BaHoro (noß'a3aHoro) TecTy Ha Tni BiporiflHoro niflBi/i-
LfleHHn H C T - cnoHTaHHoro TecTy y nopiBHHHHi 3 KOH-

TpOJlbHMMM 3HaMeHHHMl/l CBiflHMTb npO 36inbLUeHHfl 

(cTMMynaL|ii) c|3yHKL(ioHanbHoro pe3epßy HeMTpoctyniB. 

3HaneHHa cnoHTaHHoro HCT -TecTy Ha 30-Ty floöy 
cnocTepe>KeHHa 3HH>KyBanMcn y rpyni X O (26,83 ± 

± 0 , 8 7 % ) i 6ynn MeHLue BuxiflHMX 3HaMeHb 15-oT flo6n 
cnocTepeweHHfl Ta KOHTponbHoi' rpynn (30 ,33 ± 

± 1 ,05%) . TaKi 3MiHM Bifl6yBarmcfl i B rpyni cnonyne-
Horo BnnuBy E M B Ta X<t> (22 ,67 ± 2 ,29%) . 3 a yMOB flii' 
E M B noKa3HW<M HCT -TecTy 3annLuannca BMLUHMM 3a 
KOHTpOnbHi, ane He CTaTHCTMHHO 3HaHyLflMMM 

(.P > 0 ,05) . OTpuMaHi flaHi noKa3yK>Tb, Lflo vpmanm 

BnnHB E M B Ta X<t> Ha opraHi3M npn3BOfli/iTb flo 3HI/I-

weHHfl aKTMBaqii' KMCHeBO-3anex<HHx cncTeM cfcaroqn-
TapHoro npoqecy ( p u c . 2). 

riopiBHK)K)MM in vitro 3flaTHiCTb flO c|jopMyBaHH3 
N E T s HeMTpoctynaMH 3a yMOB cnonyneHoro BnnuBy 
X O Ta E M B perse n p o w o M 30-TM fli6 6yno BCT3HOB-

neHO, Lflo Ha 5-Ty flo6y 3a BnnuBy X O aKTMBHicTb <£o-
pMyßaHHfl N E T s 6yna y 1,7 pa3i/i 3HM>KeHa, a 3a Bnnu-
By E M B per se Ta y noeflHaHHi 3 X O - niflBULfleHOK) y 

15flo6a 

• CnOMlJHIPHH • CruMVt'OOJUHH 

30 A'JO.I 

Puc. 2. 3MIHa 43yHKL(iOHanbHOi aKTMBHOCTi HeMTpOCfcinbHMX 
nePjKOL(MTiB eKcnepuMeHTanbHux TBapnH 3a yMOB BnnuBy 
eneKTpoMamiTHoro BwipoMiHtoBaHHA, xonofloßoro cfcaKTO-
py per se Ta y noeflHaHHi npoTsiroM 30 fli6 cnocTepeweHHSi 

3a HCT-TecTOM 
n p u m i m k u : K - rpyna KOHTponio; XO - rpyna i30nb0Ba-
Horo BnnuBy xonofloßoro cfcaKTopa; EMB - rpyna i30nb0Ba-
Horo BnnuBy eneKTpoMamiTHoro BunpoMiHtoBaHHa; XO + 
EMB - rpyna cnonyneHoro BnnuBy eneKTpoMamiTHoro 
BMnpoMtHKJBaHHfl Ta xonofloßoro c^aKTopa. 
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1,8 Ta y 2,4 pa3i/i BiflnoBiflHO y nopiBHHHHi 3 KOHT-
pOJlbHMMM 3HaMeHHHMM. Cni f l BiflMiTMTM, LflO 3a yMOB 
i30Jib0BaH0ro BnnuBy EMB HeMTpoctynbHi nacTKM 3fla-
THi eC^eKTMBHiLUe, Hi>K >KI/IBi HeMTpOC^ijlM BJlOBJlfOBaTH 
aHTureH, xona 3a KinbKicTio i'x MeHLue. 

AHani3yK>HM i30nb0BaHMM BnriMB cfcaKTopiB Ha 
3flaTHicTb yTBopeHHa NETs Ha 15-Ty flo6y y o6ox 
rpynax cnocTepeweHHa 6yno BCTaHOBneHO 3Hi/i>KeHutö 
BiflCOTOK yTBOpeHMX NETS, LflO nOnCHfOCTbCa aKTMBa-
qiero cfcaroL(HTapHoro npoqecy HeMTpocfsinaMi/i. To ripn 
JlK)l\/liHeCL(6HTH0My flOCJlifl>KeHHi 3ac£>ap6oBaHMX aKpi-
flMHOBUM noMapaHMSBUM npenapaTiß BnaßneHO, Lflo 
nicnn B3aeMOflii 3 aHTureHaMM in vitro HeMTpoctynM 
NETs KiribKicTb y 2,5 pa3i/i MeHLue 3a BnnuBy EMB 
(12,00 ± 0,58%) nOpiBHflHO 3 KOHTpOnbHI/IMl/l 3HaMeH-
H3MH (29,33 ± 0,67%). 

OqiHKa 3flo6yTnx pe3ynbTaTiB Lfloflo yTBopeHHn 
NETs Ha 30- Ty flo6y cnocTepeweHHH noKa3ana, Lflo 
3a flii X O per se aKTMBHicTb cfcopMyßaHHfl NETs HePiT-
poctynaMM 6yna 36inbLueHa (32,67 ± 0,33%), a T3KO>K 

3a flii EMB - BM3HaHanoca niflBmfleHHH y 2,7 pa3i/i 
(75,33 ± 0,56%). Y rpyni cnony^eHoro Bnni/iBy 3KTMB-
HicTb Hem"poc£>inbHMX nacTOK NETs Ha 15 Ta 30 flo6y 
flOpiBHIOBanH KOHTpOnbHUM 3HaHeHHflM (P > 0,05) 
(PMC. 3). 

5 uoO.1 30ao6o 

PMC. 3. OopMyBaHHa no3aKJiiTMHHMX nacTOK ( N E T s ) HefiT-
p o O i n a M M 3a yMOB B n n u B y e n e K T p o M a m i T H o r o BunpoMiHto-
BaHHa, x o n o f l o ß o r o (fcaKTopy per se ja y noef lHaHHi npoTa-

roM 3 0 fli6 cnocTepe>KeHHa 

ripuMimKu: K - r p y n a KOHTponio; X O - r p y n a i 3 0 n b 0 B a H 0 r o 
B n n u B y x 0 n 0 f l 0 B 0 r o cfsaKTopa; E M B - r p y n a i 3 0 n b 0 B a H 0 r o 
B n n u B y e n e K T p o M a m i T H o r o BunpoMiHroBaHHa; X O + E M B -
r p y n a c n o n y n e H o r o B n n u B y e n e K T p o M a m i T H o r o BunpoMi -
HtoBaHHa Ta x o n o f l o ß o r o O a K T o p a . 

OT>Ke, aHani3 OTpmviaHnx flaHi/ix Ha 30 flo6y noKa-
3aB, Lflo 3a flii KoivinneKCHoro BnnuBy xonofloßoro c£>aK-
Topy Ta eneKTpoMamiTHoro BunpoMiHioBaHHa Bnepme 
BunBneHO, LIJO noKa3HHKi/i iMyHHoro 3axncTy: aKTMBHicTb 
c£>ar0L(MT03y, yTBopeHHn no3amiiTHHHHx HeMTpocfcinb-
HUX nacTOK flOpiBHIOBanM KOHTpOnbHI/IM 3HaMeHH3M. 

TO>K, aHani3yioMH niTepaTypHi flaHi [14-21] Ta 
BnacHi flocnifl>KeHHP MO>KHa eTMeno npeflCTaBMTM 
K0HL|enqi(0 6ionoriMHMX ecfceKTiB iMyHHOi BiflnoBifli Ha 
BnnuB EMB Ta XO (pwc. 4). 

PMC. 4. CxeMa 6ionoriMHMX ecfceKTiB iMyHHOi BiflnoBifli Ha 
BnnuB eneKTpoMamiTHoro BunpoMiHtoBaHHSi Ta xonofloßoro 

OaKTopa Ha opraHi3M 

B M C H O B K M 

r ipn BnnuBi xonofloßoro cfcaKTopa Ha 5 flo6y eKcne-
pmvieHTy Bifl3HaneHe npumineHHa yTBopeHHa no3a-
KniTMHHMX nacTOK Ta KMCHeBO-3ane>KHoro cfcaro-
L(MT03y. Ha 15 floöy eKcnepmvieHTy cnocTepiranaca 
aKTHBaL(ia c|3ar0L(MT03y, HCT-TecTy cnoHTaHHoro Ta 
CTmviynbOBaHoro. Ha eTani 30 fli6 aKTMBHicTb cnoH-
TaHHoro HCT-TecTy 6yna HM>KMa 3a KOHTponbHi 
3HaMeHHa, npn L(bOMy 3flaTHicTb HePiTpocfiiniB flO 
yTBopeHHfl no3aKniTMHHMX nacTOK 6yna niflBMifle-
HOKD. 
ni f l BnnuBOM eneKTpoMamiTHoro BkinpoMiHioBaHHa 
Ha eTani 5 fli6 6yno Bifl3HaneHO niflBMifleHHa aKTMB-
HOCTi cnoHTaHHoro HCT-TecTy Ta yTBopeHHa no3aK-
niTMHHMX nacTOK. Ha 15 flo6y cnocTepeweHHfl BKTM-
BHicTb c|3ar0L(MT03y, HCT-TecTy (cnoHTaHHoro, CTM-
MynbOBaHoro) 6yna 36inbiueHa npn L(bOMy Bifl3Ha-
MeHO 3MeHiueHHa no3aKniTMHHMX nacTOK. Ha 30 flo-
öy peaKL(in iMyHHOi cncTeMM Mana 3BopoTHiM xapaK-
Tep, a caMe npumineHHa <£ar0L(MT03y Ta niflBMifleH-
Ha 3flaTHOCTi yTBopeHHfl no3aKniTMHHMX nacTOK. 
r ipn cnonyMeHOMy BnnuBi xonofloßoro c|3aKTopa Ta 
eneKTpoMamiTHoro BunpoMiHioBaHHa Ha 5 flo6y 
Bifl3Hananoca 3HM>KeHHfl aKTMBHOCTi c|:ar0L(MT03y Ta 
niflBMifleHHnM yTBopeHHfl no3aKniTMHHMX nacTOK 
y nopiBHflHHi 3 K0HTp0nbHMMM 3HaMeHHflMM, TaK i 3 
rpynaMM i30nb0BaH0r0 BnnuBy. Ha eTani 15 fli6 
xapaKTepn3yBanoca niflBMifleHHa cnoHTaHHoro 
HCT-TecTy, a Ha 30 flo6y eKcnepuMeHTy L̂ ePi noKa-
3HMM 6yB 3HM>KeHMM. 
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4. OipuMaHi flaHi CBiflnaTb npo ©Ĉ ISKTM aHTaroHi3My y 
BMrnafli 3HM>K6HH?I aKTMBHOCTi 43ar0L(MT03y Ha noHaTKy 
cnocTepe>KeHHa Ta Ha6nM>KeHHfl noKa3HUKiB 
(cfcar0L(MT03, n03aKJliTMHHi naCTKM) flO KOHTpOHbHMX 
3HaMeHb y KiHL(i eKcnepuMeHTy. 

5. l30nb0BaHa flia xonofloßoro cfcaKTopa Ta eneKTpoMar-
HiTHoro BunpoMiHioBaHHSi MatoTb pi3HOHanpaBneHi 
MexaHi3MM BnnuBy Ha opraHi3M, iflo B CBOIO Hepry 
MO>K6 HiBentoBaTM peaKL(iT iMyHHOi cncTeMM Ha cnony-
MeHnvi BnnuB flaHMX cfcaKTopiB. 

nepcneKTMBM noflajibwnx flocjiiflweHb. y no-
flanbLUOMy nnaHyeTbca BCTaHOBi/m/i 6ionoriMHi Mexa-
Hi3MM BiflnoBiflHux peaKqitä opraHi3My Ha cnonyneHW/i 
BnnuB CTpecopiB. 3 MeToio Bi/i3HaM6HHH xapaKTepy 
6ionoriHHHx ecfceKTiß npi/i flii KOMnneKcy HHHHUKIB 
BCT3H0BHTH HaMÖijlbLU iHC|30pMaTMBHi nOKa3HI/IKl/l. BM-
3HaHMTM HaCTKy BHeCKy KOWHOrO 3 C|3aKTOpiB B cyMap-
HMM ec^eKT BnnuBy eneKTpoMamiTHoro BunpoMiHio-
B3HH3 Ta xonof ly. 
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Yf lK [613.166.9+613.168]:612.112.3:616-092.9 
O U E H K A O Y H K U M O H A J l b H O r O C O C T O f l H M f l J 1 M M O O U M T O B n P M B 0 3 f l E M C T B M M 
3 J l E K T P O M A r H M T H O r O M3J1YMEHMJ1, X O J I O f l O B O r O O A K T O P A PER SE, 
M B C O H E T A H M M ( S K C n E P M M E H T A J I b H O E M C C J l E f l O B A H M E ) 
flumoeneHKO E. Jl., MuimiHa M. M., 3aeaopodHuü M. B., Mo3aoeaa HD. A. 
Pe3K)Me. B TeneHne >KM3HM MenoBeK nof lBepraeica B03,qeMCTBMK> pa3JiMHHbix cfcaKTopoB OKpywafOLneM cpe-

Abi, K0T0pbie xapaKTepn3yfOTcn B03M0>KHbiM 0flH0BpeMeHHbiM MJIM KOMÖMHi/ipoBaHHbiM B03fleMCTBneM. Oco6oe 
BHMMaHi/i6 cneflyeT yqenMTb B03M0>KHbiM nocneflCTBuaM KOMÖnHnpoßaHHoro B03,qeMCTBMa cfcaKropoB pa3JiMM-
HOM npupoflbi, KOTopbie npucyTCTByfOT B coßpeMeHHOM M6fi0B6MecK0M cpefle, BKnfOHafl He6naronpnaTHbie MMK-
poKni/iMaTMHecKi/ie ycnoBun M aneKTpoMamuTHoe M3JiyMeHMe. UMMyHHaa CMCTewia nßnaeTca yHMKanbHbiM, ecTe-
CTBSHHblM 3aLL(MTHblM MeXaHM3MOM, M OflHOM M3 nepBblX peampyeT Ha B03fleMCTBMe SKCTpeMaribHblX Ĉ DaKTOpOB 
OKpywafOLneti cpeflbi. Oco6oe 3HaneHMe UMeeT n3yMeHne UMMyHonornMecKMX MexaHM3MOB peaKqwn opraHM3Ma 
Ha aneiapoMarHMTHoe M3nyHeHMe B ycnoBnax xonof loßoro CTpecca. OKcnepMMeHTanbHO MccneflOBaHO cfcaroLiM-
TapHyK) aKTMBHOCTb JlMMCfcoqMTOB C yCTaHOBJieHMeM MX CnOCOÖHOCTM K (£>OpMMpOBaHMK) HeMTpOCjDMJlbHblX BH6-
KneTOHHbix noBynieK npn B03,qeMCTBMM aneKTpoMarHMTHoro M3nyHeHna M xonof loßoro cfcaKTopa per se M B cone-
TaHMM. YcTaHOBneHO, MTO Ha <£>OHe 6onee BbicoKoro ypoBHfl 3KTMBHOCTM <£ar0L(MT03a HeMTpoc^MnoB npM B03-
fleMCTBMM xonof loßoro cfcaKTopa Ha 5-e cyTKM OTMeneHbi 6onee HM3KMe noKa3aTenM no cpaBHeHMio c aneiopo-
MarHMTHbiM M3JiyMeHMeM perse M B coneTaHMM, HO Ha 15-e cyTKM 3HaMMTenbHO noBbuuanacb aKTMBHOCTb cfcaro-
L(MTapHoro npoqecca npM flei/icTBMM aneKrpoMarHMTHoro M3nyMeHMa. BbinBneHO, MTO Ha 30-e cyTKM npM B03fleM-
CTBMM aneKTpoMarHMTHoro M3nyHeHMn npoMcxoflMT MCTOLijeHMe 3KTMBHOCTM c^aroqMTOB 3a cneT 06pa30BaHMa 
HeMTpOCfjMJlbHblX BHeKTieTOHHblX JlOByLUeK, MTO MO>KHO CHMTBTb KOMIISHCaTOpHOM pe3KL(MeM OpraHM3Ma. 11pM 
BJ1M3HMM COHSTaHHOTO fleMCTBMH XOJlOflOBOrO C^aKTOpa M aneKTpOMarHMTHOro M3JiyHeHMfl, C|DOpMMpyeTCn MMMyH-
HbiM CTaTyc, KOTopbiM OTJIMMAETCA OT K0HTp0JibH0M rpynnbi M SKcnepMMeHTanbHbix rpynn npM fleMCTBMM xonof lo-
Boro c^aiaopa M aneKrpoMarHMTHoro M3nyHeHMa M30JiMp0BaHH0. PA3JIMMMA 3aKnKwaK>TCfl B CHMweHMM aKTMBHO-
CTM cfcaroqMTapHoro npoqecca, M MeTa60JiMHecK0M 3KTMBHOCTM HeMTpocfcMnoB. CHM>KeHMe ypoBHfl 3KTMBHOCTM 
<£ar0L(MT03a KOMneHCMpyeTCfl aKTMBaqMeM 06pa30BaHMH HeMTpocfcMJibHbix BHeiaieTOMHbix noByweK, KOTopbie 
cjjopMMpyioTCfl nocne rM6eriM HeMTpocfcMnoB m BbinonHflioT cJjyHKî MK) anMMMHaLiMM aHTMreHa M3 opraHM3Ma. 

KnioneBbie c n o ß a : c|3ar0L(MT03, HeMTpoc|3MnbHbie BHeiuieTOHHbie noByniKM, xonoflOBOM c^aKTop, aneKTpo-
MarHMTHoe M3nyMeHMe, coneTaHHoe fleMCTBMe. 

UDC [613.166.9+613.168]:612.112.3:616-092.9 
Evaluation of Lymphocytes Functional under the influence of Physical Factors: 
Electromagnetic Radiation, Cold Factor perse and in Combination (Experimental Study) 
Litovchenko O., Mishyna M., Zavgorodnii /., Mozgova Yu. 
Abstract. Düring life man is always exposed to environmental factors that are characterized by possible si-

multaneous or combined effects. There are certain Standard combinations of them. Particular attention should be 
paid to the possible consequences of the combined effects of factors of different nature that are present in the 
modern human environment, including adverse microclimatic conditions and electromagnetic radiation (EMR). 
Temperature difference, especially in the direction to positively low (from +2 to +6 °C), may significantly influence 
the action of other factors. EMR is a potent environmental factor and has a high biological activity that can affect 
a person in condit ions of high or low environmental temperature. The immune system is a unique, natural de-
fense mechanism and one of the first to respond for extreme environmental factors exposure. Of particular rele-
vance is the study of the immunological mechanisms of the body's response to EMR under cold stress condi-
tions. The article presents with experimental study of phagocytic activity of lymphocytes together with detection of 
the ability to form neutrophil extracellular traps under the influence of EMR, cold factor per se and in combination. 
W e established that on background of a higher level of neutrophils phagocytic activity under the influence of cold 
factor on the 5th day its lower values were marked under the influence of EMR perse and in combination. On the 
15th day the phagocytic activity significantly increased under the action of EMR. Due to the formation of neutro-
philic extracellular traps the exhaustion of phagocytic activity took place on the 30th day of EMR influence, and 
this may be considered a compensatory reaction of the organism. An immune State formed under combined ac-
tion of cold factor and EMR differs in the control group and the experimental group due to cold factor and EMR 
effects per se. This difference consists in a decrease of phagocytic and metabolic activities of neutrophils. De-
crease in the level of phagocytic activity is offset by the activation of neutrophilic extracellular traps formation that 
is formed after the death of neutrophils and perform the function of eliminating antigen from the body. Thus, the 
perse effects of cold factor and EMR have multidirectional mechanisms of action on the body, that leads to level-
ing of the immune system's reactions to the combined influence of these factors. 

Keywords: phagocytosis, neutrophil ic extracellular traps, cold factor, electromagnetic radiation, combine 
action. 

The authors of this study confirm that the research and publication of the results were not associated with 
any conflicts regarding commercial or financial reiations, relations with organizations and/or individuais who may 
have been related to the study, and interreiations of coauthors of the article. 

CTaTTfl HaAmmna 22.01.2019 p. 
PeKOMeHdoeaHa do dpyKy Ha 3acidaHHi pedaKU,iüHöi Koneaii nicnn peuemyeaHHH 

yxpaiHCbKkiM w y p H a j i M E F L N U N H I I , 6 io j ior i i Ta c n o p T y - T O M 4, N° 2 (18) 277 


