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CerneH € KIIIOYOBHM MIKPOEJIEMEHTOM THUPEOiHOTO TOMEOoCTasy,
OCKITBKH BXOJHTH /IO CKJIaly CEIEHONPOTE HIB, 30KpeMa HOATHPOHIH-
neiionnHas, sKi 3a0e31meuyoTh epeTBOpeHHs Tupokcuny (T4) y Oio-
JIOT1YHO aKkTHBHIMH TpuiionTupoHin (T3). BoxHouac cenen xapakre-
PH3Y€EThCS By3bKHM TE€PANIEBTHYHUM BIKHOM, IIIO 3YMOBIIIOE aKTyajb-
HICTh TOIIYKY HOTO (JOPM 13 BHIIOIO OIOZOCTYIHICTIO Ta 3HIDKCHOIO
TOKCHYHICTIO.

Mertoro mocmimkeHHs OyJI0 OIIHWTH BIUTUB OiOT€HHHX HaHOYAC-
THHOK celieHy (SeNPs), CHHTe30BaHHX IIIIXOM «3EJICHOT0» MiKpoOi-
onorigHoro BigHoBneHHA Na,SeO, i3 BUKOPHCTaHHAM NpOOiOTUIHOT
KyneTypH Lactobacillus plantarum, Ha koHneHTpaii BitbHux T3 1 T4,
a takox koegimient axruarii (T3/T4x100) y kpoBi KypaaT-Opoiine-
piB kpocy Cobb-500.

V¥ nocnini Bukopuctano 200 OgHOACHHUX KypdaT, PO3MOIiIEHIX
Ha 5 rpyn (n=40): KOHTPOJBHY; TPYILY, IO OTPHMYBaja CEJCHIT Ha-
Tpito (0,30 Mr Se/Kkr KopMy) y TIO€JHAHHI 3 TPOOIOTUKOM; @ TAKOXK TPU
JOCTiAHI TpymH, sIKUM 3ronoByBanu SeNPs y mosax 0,15; 0,30 1 0,45
Mr Se/Kr KopMy pa3zoM i3 mpobiotukoMm. Binbip kpoBi mpoBoauiu Ha
21-my Ta 42-ry no0y. Konnenrpaii BitbHux T3 1 T4 Bu3Hauamu meto-
oM iMyHO(epmerTHOTO aHamizy (IPA) i3 BUKOPHUCTaHHSAM TECT-CHUC-
temu «Granum» (Ykpaina). CTaTHCTHYHY 3HAYYNIICTh OLIHIOBAIH 32
t-kputepiem Ctoronenta (p<0,05).

BceranoBneHo mo3o3anexxHe migBumieHHs T3 Ta 3HWkeHHS T4 y
BCIX Tpymnax, II0 OTPUMYBAllK CelieH, yxke Ha 21-mry moby. Ha 42-y
o0y 3actocyBanHs SeNPs y nosi 0,45 mr/kr 3abe3nedyBaio IijBH-
mieHHs koedinierTa akruBamii 10 16,40 mopiHsAHO 3 5,98 y KOHTpOIIi
Ta 8,36 y TpyIi ceneHiTy Harpiro. 3a exBiBaseHTHOI q031 0,30 MI/KT
SeNPs crpust migBuneHHo piBHs T3 npubnuzHo Ha 40 % i 3HMKEH-
HI0 T4 Ha 23% MOPIBHSAHO i3 CENEHITOM HaTPIIO.

OTpuMaHi pe3yabTaTé CBiTYaTh MO MOCWIEHHS KoHBepcii T4 y
T3 mix BrmmBoM OioreHHNX SeNPs, a Takok npo HasBHICTH KyMYJIsi-
TUBHOTO edekTy Mix 21-10 Ta 42-10 7ob6amu gocuimy. OnTUMaTBEHOIO
JUTSA TIPAaKTHYHOTO 3aCTOCYBaHHs Bu3HadeHO 103y 0,30 Mr Se/kr KopMmy,
sKa 3a0e3rneuye BUPQKEHUH THPEOTPOITHUN e(eKT 3a MiHimizawii pu-
3Ky Ha/UTMIIKOBOTO HAaKOIIMYECHHS CEJICHY.
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BusBnena cunepris MiX MpoOiOTHKOM 1 HaHOYACTHHKAMH celle-
Hy MOXE€ PO3IVISJaTHCS SK MEepCHeKTUBHA I1aTdopMa Uil CTBOPEHHS
(hyHKITIOHATPHAX KOPMOBHX 00aBOK y nTaxiBHULTBI. [Tokasauk T3/T4
JIOLIJIBHO BUKOPHCTOBYBATH SIK OioMapkep e(eKTHBHOCTI CEIEHOBOTO
3a0e3meucHHs OPOMIIePIB 1 IS MOJAIIBINOT ONTHMI3AIIT 03yYBaHHS.

Ki11040Bi c10Ba: HAHOYACTHHKY CEJICHY, 3eJICHUI CHHTE3, TIPo0i-
OTHKH, TOPMOHH IIUTONOAIOHOI 3a51031, Kypuara-Opoiiepu, Tpuiion-
TUPOHIH, TUPOKCUH, Lactobacillus plantarum, koeQillieHT aKTUBAIIIT,

IeHOoIuHA3H.

IMocTanoBka npoodjieMu Ta aHAJi3 OCTaH-
HiX gociigxens. CeleH € He3aMiHHUM MIKpO-
€JIEMEHTOM, IO BiJirpa€e KIOYOBY POJIb Y UHC-
JeHHUX (i310JIOTIYHUX Tpolecax B OpraHizMmi
JIONWHM 1 TBApWH. BiH BXOAUTH IO CKIJIAIy IIO-
HalMEeHIIEe 25 CeIeHONPOTEIHIB, 30KpeMa Iy Ta-
TIOHTIEPOKCHIA3 1 TIOPETOKCUHPEMYKTa3, sIKi 3a-
0e3IMey0Th aHTHOKCHIAHTHUN 3aXHUCT KIITHH.
CelleH € KpUTUIHO BAXUTHBUM IS I ITPUMAHHS
IMyHHO-€HJJOKPUHHOTO TOME0CTa3y Ta PEeTyJIsIii
cUrHaIbHUX HUIAXiB. OcoOnuBe 3HAYEHHS LEH
MIKpOEJIEMEHT Ma€ sl GyHKITIOHYBAHHSI IIIUTO-
moni0HO1 321031, y TKAHWHAX SIKOi HOTO KOHIICH-
TpaIlis € OAHIEI0 3 HAaWBUIUX B opraHi3mi [1].

[[uromomibHa 3an03a XapaKTEePU3yETHCS
BHCOKMM BMICTOM CeEJICHY, HEOOX1JTHOTO s
CHHTE3y Ta METa0OJIi3My THPEOiTHUX TOPMOHIB.
CeneHONPOTEiHN, 30KpeMa HOMOTHPOHIHACHO-
muaasu (DIO1, DIO2, DIO3), GepyTh ydacTh B
aKTHBAIII] Ta TeaKTHBAIlil TOPMOHIB IITATOIIOMI0-
HOI 3aJI031, 3a0e3MeuyIoun peryisiio MeTado-
JTIYHUX TpoIeciB B opradizmi. dedinut ceneny
rainpbMye KoHBepcito Tupokcuny (T4) y Oimpm
OioyoriyHO akTHBHHM TpuitonTHpoHiH (T3), 1o
CYTIPOBOIKY€ETHCS HAKOMUICHHSIM T4 1 3HIKEH-
HaM piBHA T3 Ta MOXKe IPU3BOAUTH IO PO3BUTKY
rimotupeo3y i popmyBanHs 300a [2].

JloBeneHo, mo 3acTOCYBaHHS CEIeHOBMIC-
HHX J00aBOK MOMYIIIOE allONTOTHYIHI TIPOLIECH Y
(HONKYISIPHUX KITITHHAX MTUTOIIONIOHOT 3a7103H,
BiIirparoum Ba)KJIUBY POJIb Y 3aXHUCTiI THPEOIIH-
TiB BiJl OKCHJATHBHOTO TTOIIKOKEHHS [3].

Xoua celeH XapaKTepU3y€eThCS YNCICHHUMHI
010JT0TIYHO KOPUCHUMH BJIACTUBOCTSMH, BiH Ma€e
BY3bKe TepamneBTHYHE BikHO [4]. IlepeBummenus
PEKOMEHIOBAHOTO pIBHSA CHOXHBAHHA MOXE
MIPU3BOJUTH JI0 PO3BUTKY CEJIIEHO3Y, SKHH TPO-
SBIISIETBCS  PO3NAJAaMH  ILTYHKOBO-KHIIIKOBOTO
TpaKTy, BUTIAIIHHSIM BOJIOCCS, JJAMKICTIO HITITiB,
ITiIBUIIIEHOI0 BTOMITIOBAHICTIO, @ Y TSKKUX BH-
MajKax — HEBPOJOTIYHUMHU TOPYIICHHAMH. Y
3B’SI3KY 3 MM TTOTIYK ()OPM CEJICHY 3 ONTHMAITh-
HUM TpodisieM Oe3meKH Ta 610M0CTYITHOCTI € aK-
TyaJIbHUM HayKOBUM 3aBIaHHIM [5].

B ocraHHi pOKM HAaHOYACTUHKH CEJICHY
(SeNPs) mpuBepTatoTh 3HaYHY yBary Sk mepcriek-
THUBHA TepaIlleBTUYHA Ta HyTpieHTHA Iardopma.

[MopiBHSIHO 3 HEOpPraHiYHUMH (CEJICHIT, CeJIeHaT)
Ta OpTaHiYHUMH (CeleHOMETiOHiH) (opMamuy,
SeNPs xapakTepu3yrOThCsi HHKYOK TOKCHYHI-
CTHO, BUILOI0 O10OCTYIMHICTIO Ta 3JAaTHICTIO JO
e(eKTHBHOI JOCTaBKH CeJIeHY JI0 KJIiTUH-MillIe-
Heil, ocoOnmuBo micis QyHKIiOHami3amii aKTHB-
HUMH Jirangamu [6, 7]. 3aBOsky yHIKaJIbHUM
MMOBEPXHEBUM BIIACTUBOCTAM SeNPs nposBisaoTh
BUPKEHY AHTHOKCHAAHTHY Ta iMyHOMOJYINIO-
BaJIbHY aKTHBHICTS [8§, 9].

IIepCIeKTUBHUM HAIPSIMKOM € «3EJICHUI»
cuHTe3 SeNPs i3 BUKOpUCTaHHSAM NPOOIOTHYHUX
Mmikpooprani3miB [10]. IlpoGioTuuni Oakrepii,
30kpema Lactobacillus plantarum, 31aTHi BiTHOB-
JIFOBATH CEJIEHOBI coi 70 enemenTapHoro (Se)
3 YTBOPEHHSM HAHOYACTUHOK, CTa0iIi30BaHHX
OioMonexkynamu — OiNKaMH Ta IMojicaxapuiamMu,
mo 3abesrnevuye iXHIO MiIBUIIEHY CTaOlIbHICTS,
OiocymicHicth 1 6iogoctynHicTh [11]. Moka3za-
HO, 1m0 OiorenHi SeNPs, cHMHTE30BaHI IITaMOM
L. casei 393, xapakTepu3yroTbcs BHPaKEHUMHU
AQHTUOKCHJIAHTHHUMHU BJIACTUBOCTSIMH, HIKYOIO
LIUTOTOKCHYHICTIO TOPIBHSHO 13 CEJICHITOM Ha-
TPil0 Ta CEIEHOMETIOHITOM 1 CHIPHAIOTH 3MEH-
LIEHHIO OKCHAATHBHOTO ITOIIKOMKEHHS KIITHH
kuikoBoro enitenito [11]. Takok ycTaHOBICHO
3natHicTh Bacillus clausii TpancdopmyBatu ce-
JICHIT HaTpilo B Ol0reHHUH HaHO-Se, IO BiAKPH-
Ba€ TMEPCIEKTUBU CTBOPEHHS CEJCHOBMICHHX
MpOoOIOTHYHKX MpernapariB Ha HOro oCHOBI [12].

3acTocyBaHHS CEJICHOBHX JOOABOK aCoOIIil0-
€THCSI 31 3HW)KEHHSAM PiBHS aHTHUTLN 0 THPEOIIe-
POKCHJIa3H y MAILI€HTIB i3 ayTOIMyHHUM THPEO-
iMUTOM, TOKpAILEHHSM YIbTPa3ByKOBUX ITOKA3-
HUKIB IIATOMOAIOHOT 3aJ103H1 Ta SIKOCTI KUTTS [13,
14]. Okpim TOro, AOBENECHO, IO CEICH MOIYIIIOE
aroNTOTUYHI MPOLECH Y QONIKYISIPHUX KIITHHAX
HIUTOIOI0HOT 321031, IMiIKPECITIOIYH HOTo Ipo-
TEKTOPHY POJIb Ha KIITUHHOMY piBHi [3].

BopHodac mocnimkeHHS BIUTUBY OiOT€HHO
cunTe30BaHuX SeNPs Ha perynsiio Tupeoi-
HUX TOPMOHIB Yy NTHLI 3aJHIIAIOThC OOMexe-
numu. Tak, Stupczynska et al. [15] nponemoH-
CTpYBaJi 3HAYHY 3aJIe)KHICTh THPEOIAHOTO CTa-
TYCy BiZl MiHEpAJIBHOTO JKUBJICHHS ¥ MOJIOAMX
KypeH, Toxi sik Rehman et al. [16] BcranoBrn
MO3UTHBHUI BIUIMB HAaHOCENIEHY y TO€IHaHHI
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3 MaHaH-oJlirocaxapujamMH Ha MPOIYKTHBHICTh
i Moppo (yHKIIOHANIBHUI CTaH KUIIKIBHHKA
OpoiiniepiB, IO MiATBEPIKYE MEPCIIEKTUBHICTD
KOMIUIEKCHUX KOPMOBHX J00aBOK Ha OCHOBI
SeNPs.

HasBHiCTh 323HaY€HUX POTAIMH Y 3HAHHSIX
3YMOBITIOE aKTyaJlbHICTh TPOBEICHHS IOJAJTb-
[IUX AOCTIDKEHD Y [IbOMY HarpsiMi.

Mera npocaimkenns. Metoto pobotu Oyio
cunrezyBaT SeNPs MeTomOM «3eIeHOT0» CHH-
Te3y 3a y4acTio HpOGlOTI/I‘lHI/IX M1KpoopraH13-
MiB; OXapaKTepH3yBaTH ixHI  (i3uKO-XiMIuHI
BIIACTHUBOCTI, a TAaKOXX OI[IHUTH BIUIMB Pi3HHX
no3 OioreHHnx SeNPs Ha KOHIIEHTpaIlito TopMo-
HiB muronoaioHoi 3ano3u (T3, T4) i koedimieHT
iXHBOT aKTUBALl y Kyp4aT-OpoisepiB in vivo.

Marepiaa i meTonu gocaimkenns. [ocii-
JDKEHHS TPOBOIWIM Ha Kypuarax-Opoiiepax
kpocy Ko60-500. 3aramom 200 omHOZEHHHX
KypdaT METOJOM aHaJoriB Oylo piBHOMiIpHO
po3moineHo Ha M'ATh TpyH 1o 40 0COOHH y KOX-
Hill. Kypuara xoHTpOsnbHOI rpynu (1-ma rpyma)
oTpuMyBaiK 6a30BUi paiioH 6e3 100aBOK.

Kypuara 2-i rpynu orpumyBamu 0a30BHit
partioH, JomoBHeHHUH ceneniTom Harpio (0,3
MI Se/KT KOpMy) Y HO€IHAHHI 3 MPOOIOTHKOM
(L. plantarum). Y 3-5-i rpynax 1o 6a30Boro pa-
LiOHY AonaBayii OiOreHHHI HAHOCEJICH Y J103aX
0,15; 0,30 ta 0,45 mr Se/kr KOpMy BIIIOBITHO Y
TIO€THaHHI 3 pobioTukoM (L. plantarum).

CuHTe3 HAHOYACTUHOK CeJICHY 3/iHICHIOBAIIN
y BiIILT TIpo6JieM iHTepPEepoHy Ta IMyHOMOTY-
nsaropiB [HCTHTYTY MikpoOiororii Ta Bipycomorii
im. JI.K. 3a6onorHoro HAH VYkpainu metogom
MiKpOOiOJIOT1YHOTO BiJHOBJCHHS MUIIXOM iH-
ky0Oartii Lactobacillus plantarum y cepemoBwuii,
30araueHomy Na SeO,. BukopucroBysanu mira-
mu Lactobacillus plantarum, 3maTHi 3aCBOIOBAaTH
HEOpTaHi4Hi CIOJNYKH CeleHy Ta (hepMEeHTATHB-
HO TpaHchopmyBatu iX y Hanodopmu. [Ipobio-
THUYHY KyJbTYpYy 3aCTOCOBYBAJIM CIUJIBHO 3 Bi-
MOBITHUMH (POpPMaMU CeJIeHy HPOTIATOM yChOTO
Tepiory MOCIITy.

YTpumaHHS NTHIN 3MIHCHIOBAIOCS B OTHA-
KOBHX yMOBaX BIJAIMOBIAHO MO 300TiTi€HIYHHX
HOpM. PartioH roniBii BiMOBiIaB CTaHIAPTHUM
pexomenpaitisM uist kpocy «Ko66-500» 3 ypa-
XyBaHHSM (pa3 BUpOIIyBaHHS.

Binbip 3pa3kiB kpoBi IpoBoaWIN Ha 21-11y
ta 42-ry no0y BupomnyBaHHs. Konnenrtparii
BimkHOTO TpuHoaTHpOoHiHY (T3) Ta BiUTBHO-
ro tupokcuny (T4) y mna3mi KpoBi BU3HaYaIu
MeToioM iMyHOo(pepMmeHnTHoro anaiizy (ELISA,
KOHKYpPEeHTHHH (opmar) i3 BHUKOPUCTAHHIM
tecT-cucteM «I'pamym» (Ykpaina). KoedimienTt
aktuBawii — Ak BigHomeHHs 13/T4x100.

Craructuuny oOpoOKy pesyabTariB 3mil-
CHIOBaJIM 13 3acTOCYBaHHSIM METOAIB Bapia-

HidHOT cTaTUCTUKK. JlaHi HABEICHO y BUIIAIL
M=m. JIoCTOBIpHICTS BIAMIHHOCTEH MiXK TpyTa-
MH OITiHIOBaNX 3a t-kpurepieM CThIomeHTa MpHU
piBHI 3HauymocTi p<0,05.

[lix 4yac mpoBeOEHHS EKCIEPUMEHTY [0-
TPUMYBAJUCS 3arajlbHONPHUHATHX TPUHIHUIIIB
010€THKH, 3aKOHO/IAaBYMX HOPM 1 BUMOT, BHKJIa-
JEHUX V «CBPOIEHCHKiN KOHBEHIIIT PO 3aXUCT
xpe6eTHHx TBAPHH, 110 BUKOPHCTOBYIOTHCS ISt
JNOCHITHMX Ta HAyKOBUX LiIeh» (CTpac6ypr
1986), «3aradpbHUX €THYHUX MPUHIIMIIIB €KCIle-
puMeHTIB Ha TBapuHax» (YkpaiHa, 2001), a Ta-
KOX BIZIIOBIAHO O pimieHHs ETHaHOTO KOMIiTE-
Ty BinonepkiBchbKoro HaIliOHAIBHOTO arpapHOTo
YHIBEPCUTETY 3 MUTaHb OBOIKCHHS 3 TBAPHHA-
MH Y HayKOBHX JOCHIKEHHAX (IpoTokon Ne 6
Big 22.05.2018).

Pe3ynbTatn pociigkeHHs Ta 00roBOpeH-
He. CeneH € He3aMiHHUM KOMIIOHEHTOM Me-
TaboMI3My THPEOINHUX TOPMOHIB, BUKOHYHOUH
q)yHKLu}o Kooq)aKTopa TPHOX i30¢opmM HoaTHupo-
HiHAeHOANHA3, SKiI KaTaji3yloTh MEPeTBOPEHHS
tupokcuny (T4) y Ginbin 610JI0TIYHO aKTHBHUH
tpuitoatuponin (T3). TpuitogTupoHiH Bimirpae
KJIFOUOBY POJIb y PETYIAIIi YHCICHHUX MeTa0o-
JYHUX MPOLECiB, 30KpeMa POCTy, PO3BUTKY Ta
CHEPreTHYHOTO OOMIHY.

Y nruni, Sk 1y CCaBIiB, MiJBUINCHHS PiB-
Hs Se B paIlioHi CYyIpOBOKYEThCS 3POCTAHHIM
koHneHTpamii T3 y mma3mi kpoBi Ta koedimienTta
aKTHBAIIlii, BOMHOYAC piBeHb T4 Mae TCHACHIIIIO
JI0 3HIWKEHHs [2, 17].

Pesynbrati BuzHaueHHs KOHUEHTpauii T3
ta T4 y muasmi kpoBi OpoiinepiB Ha 21-my Ta
42-ry 100y eKCliepruMEeHTY HaBe/IeHO B Ta0. 1.

Sk BumHO 3 maHux Tadmuii 1, yxe Ha 21-mry
o0y 3acCTOCYBaHHS CEIIEHOBMICHHUX [00aBOK
3yMOBHJIO CYTT€BI 3MiHM TOPMOHAJIBHOTO CTa-
Tycy NTHLI. Y KOHTPOJNBHIN rpymi 3adikcoBaHO
HaliHwKkunid cepennid pierp T3 (1,15+0,12
HMOJIB/TT) Ta HaWBUIIy KOHIEHTpamito T4
(33,2+1,46 amoib/m).

VY Bcix mocmigHuX rpynax piBeHb 13 me-
PEBHILYBAaB KOHTPOJbHI 3HA4eHHS, TOA1 SIK
koHUeHTpauis T4 Oyna HMKYOI TMOPIBHSHO 3
KoHTpojieM. HaiiMeHI BupakeHHil eexT cro-
cTepiraBcst y TpyIli, IO OTPHMYyBajia CEJICHIT
Hatpito. BonHowac 3acTocyBaHHS HAHOCEJICHY B
no3i 0,45 Mr/kr 3abe3nedniio HalBUIIUN PiBEHb
T3 (1,54 HMonb/1) Ta HARHIKYY KOHLEHTPALIi0
T4 (22,41 umonb/n) Ha 21-u1y 100y Mocminy.

Ha 42-ry noOy excriepuMeHTy BiAMiHHOCTI
MDK TPYyIMamM#l CTajdd OiIbII BHpPAKCHUMH. 3a-
ctocyBanHad SeNPs mo-pi3HOMY BIUTMHYIIO Ha
KOHIEHTpalii THPEeoiTHIX TOPMOHIB: y BCiX J0-
CIITHUX TpyHax CIOCTEPIrasocs MiABUILECHHS
piBHs T3 Ta 3HIWKeHHs piBHSA T4 MOpIBHSHO 3
KOHTPOJIBHOIO TPYIIOXO.
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Ta6mums 1 — PiBui TpuiionTuponiny (T3) Ta Tupokcuny (T4) y mia3mi kpoBi kypuaT-6poiiiepis

3a BBeJeHHS Pi3HHUX (pOpM cesleHy B MO€IHAHHI 3 mpodioTukoM (M+m, n=5).

Tpynu
Bix, 1 2 3 4 5
ni0ba Kontpons Cenenit Na (0,3 06-SeNP (0,15 06-SeNP (0,30 0-SeNP (0,45
(ITK) mr) + Ip mr) + Ip mr) + Ip mr) + Ip
T3, HMOIB/1
21 1,15+0,12 1,21+0,09 1,38+0,12 1,4740,11 1,54+0,14
42 1,42+0,23 1,85+0,19 2,51+0,14* 2,5840,17%* 2,65+0,11%**
T4, umonn/n
21 33,2+1,46 30,41+2,13 24,36+1,85%* 22,3142, 12%* 22,41+1,58%*
42 24,15+1,48 22,31£1,72 19,11+1,23* 17,24+1,12%* 16,2441 34%*

Hpumirka: 6-SeNP — 6iorennuii HanoceneH; [Ip — npobioTuk L. Plantarum. Pi3HUIM BBaXKaM CTaTUC-
THYHO BipOTiAHOIO MOPIBHSHO 3 KOHTPOJIBHOIO Tpymoro: * — p<0,05; ** —3a — p<0,01.

biorennnii HaHOCENEH NPOAEMOHCTPYBAB
BHIILY eDEKTHBHICTh MOPIBHSHO 3 CEJICHITOM Ha-
Tpito. 3a ogHakoBoi m03u (0,3 Mr/kT) piBenb T3y
rpyti, mo orpuMyBana 6ioreHni SeNPs, craHo-
BUB 2,58 HMoJb/1 mpoTtH 1,85 HMoOnw/n y Tpymi
CEJICHITY HaTpito, TOAl K KoHIeHTparis T4 mo-
piBHIOBana 17,24 HMONE/ 11 ipoTH 22,31 HMOIB/ T
BIJIIIOBIIHO.

Takum uymHOM, HaHopopMma 3abe3mednia
npubnusHo Ha 40 % BHILY KOHLEHTpAIIO ak-
TUBHOTO TopMoHy 13 Ta Ha 23 % HIWKUHH pi-
BeHb T4 MOpIBHAHO 3 HEOPTaHIYHUM CEJICHITOM.
BiamnoBigHo, koedillieHT akTUBALil y IpyIIi, 1110
orpumyBana Oiorerni SeNPs (0,3 mr), craHOBUB
15,34 mpotu 8,36 y rpymi CeleHiTy HaTpiro, 10
CBITYUTH TIPO Maiike TBOKpaTHy pizHUILo [18].

[ligBuiieHa epeKTUBHICTh OIOTCHHOTO Ha-
HOCEJIEHy 3yMOBJICHA, HacamIiepesa, Horo BU-
1010 O100CTYITHICTIO Ta IPOJIOHTOBAHUM YTPH-
MaHHSIM B OpraHi3Mi. BcTaHoBjIeHO, 1110 y OpOii-
JepiB 32 YMOB 3rOJIOBYBaHHS HAHOYACTHHOK
CelleHy BiJ3HAYa€ThCsl Kpalla 3aCBOIOBAHICTD
MiKpOeIeMeHTa: HAKOMMUEHHS CEJICHY B TKaHU-
Hax € BUIIUM, TOJI K HOro eKCKpeIis — HIK-
YO0 nopiBH;IHo 3 eKBIBAJIGHTHUM JIO3YBaHHIM Y
¢dopwmi cenenity Harpito [19, 20].

OxpiMm ToOTO, OaKTEpiatbHE MOXOKEHHS Ha-
HOYACTHHOK (CHHTE3 3a ydwactio Lactobacillus
plantarum) Moxe CIpHUATH IXHBOMY Kpaliomy
NPOHUKHEHHIO Yepe3 CIM30BY KHUIIKIBHUKA Ta
BKJTIOUEHHIO B MeTabomiuHi npouecu. OpraniuHa
000IoHKa, chopMOBaHa B MpoIeci MiKpoOiomo-
TIYHOTO CHHTE3Y 1 IpecTaBIeHa OiTkaMH Ta TIo-
JicaxapujaMH, MiIBUIIYye CTaOLIbHICTH SeNPs
i MOKpaIye iXHIO B3a€EMOJIIO 3 PEIENTOPHUMHU
CTpyKTypamu eHTepouurtis [11].

JonaBaHHs HAaHOCEJICHY MMO3UTHBHO BIUIMBAE
Ha MIKpOapXiTeKTypy KHIIKIBHUKa Opoiinepis,

OI0 OIOCEPEAKOBAHO CIIPHS€ TOKpAIEHHIO
BCMOKTYBaHHS MiHEpaJbHUX PEYOBHUH, 30KpeMa
ceneny [16].

Iposenene JOCTIKEHHS TPOJIEMOHCTPY-
BaJIO HAasIBHICTH YiTKOI 4030 3aJIeKHOI BIIMOBIil
OioreHHoro Hanoceneny. Sk Ha 21-mry, Tak i Ha
42-ry noOy cmoctepiranacsi ctabinbHa TeHOCH-
uist Ao migBumeHHs koedinienta T3/T4x100 3i
30inbineHHsM 1034 SeNPs (puc. 1).

Ha 21-my no0y xoediieHT akTuBauii mia-
BuIIyBaBcs Big 5,84 % 3a mosu 0,15 mr/kr mo
6,94 % 3a no3u 0,45 MI/KT, TOAL SIK Y KOHTPOJIb-
Hill rpymi BiH ctaHOBUB 3,52%. Ha 42-ty moGy
PI3HULA MiXX TOCTiTHUMH TPyHaMy cTaia Oiiabin
BupaxkeHow: 13,47 — 15,34 — 16,40 Binmosia-
HO 31 301IBIIIEHHSM JT03U HaHOCeeHy. Haiipuia
no3a SeNPs (0,45 mr/kr) 3abe3neunna xoediri-
€HT aKTHBALii, 10 MEPEBUIIYBAB KOHTPOJIbHUH
MoKa3HUK y 2,7 pa3za [18, 20].

AHanoriyny 10303aJ1eXHY 3aKOHOMIpHICTBH
BcranoBuin Visha et al. (2020), sixi mocmimxy-
BaJM BIUIMB HEOPTraHiyHOTro, OPraHi4HOTO Ta
HaHoceneHy y no3ax 0,15; 0,3 ta 0,6 mr/kr:
MaKCUMaJIbHI 3HAueHHS KoeQillieHTa aKTUBAIlil
ta piBag T3 cnocTepiranucs 3a HAWBUILOI 103U
MOPIBHIHO 3 HWKYUMU piBHsMH [ 18].

Boanouac ciij 3a3HAYNATH, IO IT1IBHILECHHS
no3u 3 0,30 g0 0,45 MI/Kr CympOBOIKYBAIOCS
BIJIHOCHO HE3HAYHUM IPUPOCTOM KoedirieHTa
aktuBanii (15,34 — 16,40), mo Moxe CBiguu-
TH PO HAOJIMKECHHS A0 TIAT0 €PEeKTUBHOCTI Ta
MOXITUBE HACUYEHHS (PepMEHTATUBHUX CHUCTEM.
Le nae 3mory npunycrtut, mo no3a 0,30 mr/kr
€ ONTHMAJBHOI0, OCKUIBKH 3a0e3Medye BUpaxKe-
HUI THpeoimHuil eeKT 3a YMOBM MiHiMi3alii
MOTEHIIHHOTO PU3UKY HAJAMipHOTO HaKOHWYEH-
HSl CETICHY.
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18 +
16 —
14 —
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10 —

16.4

8.'|36

8 + 663 694

5.-‘98

21 menn

B KonTpons (ITK)
06-SeNP (0,30 mr) +Ip

B Cenerit Na (0,3 M) + IIp
M 5-SeNP (0,45 mr) + IIp

42 nmi
B6-SeNP (0,15 mr) + IIp

Puc. 1. lnnamika koedinienra akrusauii (T3/T4x100) y niaa3mi kpoBi kypuar-0poiinepis
Ha 21-my Ta 42-ry n100y.

VY mnepiox i3 21-1 no 42-i nobu y BCiX rpy-
Iax CIoCTepiranacs 3aKOHOMipHA TEHICHIIIS 10
migBuIIeHHs piBHA T3 Ta 3HMWKeHHS piBHA T4,
OJTHAK IHTEHCUBHICTb IIUX 3MiH CyTTEBO BiJIpi3-
HsiJIacst MK TpynaMu. Y KOHTPOJIBHUX Kypyar 3a
ueit nepiox piBeHs T3 3pic momipHO (IpUOIU3HO
Ha 23%), Toxmi sk KoHIeHTpamis T4 3HM3mIacsS
puO3HO Ha 27%, M0 3yMOBWIIO TiABUINEHHS
koedirienTa akruBaiiii 3 3,52 no 5,98.

HaromicTe y rpymnax, 1mo oTpuMyBajid Ha-
HOCEJIEH, 3MiHM Oynu OuTbIl BHpPaKEHUMHU.
3okpema, y rpymi OioreHHoro SeNP y nosi
0,45 wr/kr piBenp T3 wMaibxke moaBoiBcs (3
1,54 no 2,65 umoinb/n, npupict 6musbko 72%),
TOMi SK KOoHIeHTpanis T4 3Hu3mnacsa Ha 27%
(3 22,41 nmo 16,24 umoaw/n). BignoBigHo, KO-
edimieHT akTHBAIii 30UTHIIUBCS OLbIIEe HIXK
yaBidi (3 6,94 no 16,40).

Takum 4MHOM, ITPOJIOHTOBAHE 3aCTOCYBAHHS
ceneny y (hopMi HAHOUACTHHOK TIOCHIIOE THpe-
OIMHY BIATOBIAbL Y MUHAMII, IO MPU3BOIUTH
JI0 MAaKCUMaJIbHO BUPQKEHUX MIKTPYIOBHX BiJI-
MIHHOCTEH Ha 3aBEepIIAILHOMY €Tali BHPOIILY-
BanHs [17, 20].

Ponp npoOGioruunoi kynerypu Lactobacillus
plantarum y 1pOMy JOCIHIIKEHHI € MOABIHHOIO:
o-Tiepiie, BoHa 3a0e3IedyBaiia CHHTE3 0i0TeH-
Hux SeNPs in situ; no-apyre, cnpusia mokpa-
LICHHIO CTaHy MiKp0oOiOMy KMIIKiBHHKA, IO HO-
3UTUBHO BIUIMBAJIO HA 3aCBOEHHS ceieny [21].

Khan et al. (2021) mokasanu, 1mo 3acTocy-
BaHHsI CEJICHI30BaHUX NMPOOIOTHKIB Y OpoiiiepiB
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migBHIIye ekcnpecito aeoaunazu DIO2 Ta pi-
BeHb T3 B yMOBax TEIIOBOTO CTPECY, CHPUSIOUN
edextuBHIIN koHBepcii T4 [22].

TakuM YMHOM, BHSBICHUI CHHEPri3M Mix
npo OIOTMYHOIO KyJBTYPOIO Ta HAHOCEIEHOM
MOXe€ TOSICHIOBATH ITiABHILECHI 3HaYeHHs Koedi-
Li€HTa aKTUBALIl y JOCTIAHUX TpyHax.

Otpumani 3HaueHHs koHueHTpauiid T3 i T4
BiJNOBiAaI0Th pehepeHTHUM JianazoHam, HaBe-
JICHUM Y JIiTeparypi st OpoiiiepiB. 3a JaHUMHU
Stojevi¢ et al. (2000), pisens T3 y 42-1060BuX
KypuaT Mo)e BapitoBarucsi B Mexax 1,8-3,9
HMOJIB/J, TONI SIK KOHIeHTpalis T4 cTaHOBUTH
24-38 HMOJIB/M, IO Y3TOMXYETbCS 3 Pe3ybTa-
TaMH, OTPUMaHUMHU Y IIbOMY JOCIiIKeHHi [23].

Stupczynska et al. [15] Takox migTBEepIKY-
I0Th 3HAYHY BapiaOeNbHICTh TUPEOIJHUX TTOKa3-
HUKIB 3aJIeKHO BiJl CKJIaly palioHy Ta JKepesa
MiHepalbHUX 100aBOK Yy MOJIOAMX Kypeil. Bax-
JIMBO BpPAxXOBYBaTH, IO KOHIEHTpaLil THUpPEo-
iTHMX TOPMOHIB CYTTEBO 3aJ€XaTh BiJ METORY
iXHBOr0 BH3HAYEHHS: BUKOPUCTAHHS METOIIB
CLIA Ta ELISA Moke mpu3BOOUTH NIO Pi3HUX
a0COJIFOTHUX 3HAueHb IOKa3HUKIB [24], Tomy
MOPIBHSHHS PE3ybTaTIiB OUUIBLHO 3A1HCHIOBATH
MEPEBAKHO B MEXKAX OFHOTO METONOJIOTIYHOTO
T IXO/TY.

BucHoBku. bioreHHi HAHOYACTHHKY CEJEHY,
CHHTE30BaHi 32 Y4acTIO MPOOIOTUYHOT KYJIBTYPH
L. plantarum, 4uHSATH BUPaXEHUH CTHMYIIO-
BaJIbHUI BIUIMB Ha PiBEHb THUPEOIJHUX TOPMO-
HiB y Kypuar-OpoinepiB i 3a e(pEeKTHBHICTIO
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MEPEeBUILYIOTh TPaAWLiiHEe HEOpraHiuHe JiKe-
peno ceneHy — celeHIT Harpito. Bcranopie-
HO JIOCTOBIpHE MiJBUIICHHS KOHIeHTparii T3
Ta 3HWKEHHS piBHA T4 y mnasmi KpoBi B ycix
rpynax, 1o OTpUMYBaJl ceJieH, yke Ha 21-m1y
100y BHPOIIYBaHHS, IO CBIAYUTH PO LIBHIKE
BKJItoueHHs1 OioreHHux SeNPs y meraOomivni
MPOIIECH Ta aKTUBaLil0 (EepPMEHTIB HOATUPOHIH-
JIeHOINHA3.

BusiBieno wiTkuii 10303aJe:KHANA ePeKT Oi-
OTEHHOTO HAHOCEJICHY: IIJBUIICHHS JO03U BiJ
0,15 mo 0,45 mr Se/kr KOpMy CYITPOBOIXKYBAJIO-
Cs 3pOCTaHHAM KoedillieHTa aKTUBAIlii TUPEOi -
aux ropmoHiB (T3/T4x100) Bix 13,47 no 16,40
Ha 42-ry 100y. ONTHMaIHHOK BU3HAYCHO J03Y
0,30 mr/kT, sika 3a0e3medye BUpakeHuH ¢izio10-
TiYHAN eeKT 3a BiICYTHOCTI 03HAK HAIMIPHOTO
HAKOIIMYCHHS CEJICHY.

3i 30inpmenHsaM Biky ntuni (3 21-1 qo 42-1
I00M) MIKTPYIIOBI BiIMIHHOCTI MOCHITIOBAIIKCS,
0 CBITYUTH MPO KyMYJSTHBHHUK 1 MPOJIOHTO-
BaHM XapakTep BIUIMBY OioreHHHX SeNPs Ha
(YHKLIOHANBHUA CTaH IMIUTONMOAIOHOT 3a1103H.
HanpukiHii BupolryBaHHS KOE(QIIIEHT aKTH-
Balii y rpym, mo orpumyBaia SeNP y mnosi
0,45 mr/kT, y 2,7 paza iepeBUITyBaB KOHTPOIb-
HUI OKa3HUK.

CuHepriyaa B3aeMois mpo 010THIHOT KyITb-
TypH L. plantarum 1 HaHOCENEHY CTIpUSE TiIBH-
IIEHHIO Oi0OCTYIHOCTI CeleHy, MOKPaIeHHIO
CTaHy MiKpoOiOMy KHIIKIBHHKA Ta IOCHJICHHIO
AKTUBHOCTI JIEHOIMHA3, 110 B CYKYITHOCTI 3a0e3-
neyye OibII ePEeKTUBHY PEryJsLi0 THPEOiTHO-
r'0 TOMeOCTa3sy.

I[epcnekTHBN MOAANBIINX JOCTiTAKEHb.
BukopucranHs mnpoOiOTHK-CHHTE30BaHUX Ha-
HOYacTHHOK ceneHy (SeNPs) € mepcrnekTHBHUM
HanpsIMOM PO3pOOKH (PYHKIIIOHAJTBHUX KOPMO-
BUX J100aBOK, CIIPSIMOBAaHUX Ha PETYISAIII0 €H-
JOKPHHHOIO CTaTyCy Ta IiJBUIIEHHS IPOAYK-
THBHOCTI CITECHKOTOCTIONAPCHKOT TITHIT.

Hoasikun. ABTOpH BHUCIOBIIOIOTH HOISIKY
CHiBpOOITHUKAM BiJiy mpoOieM iHnTepdepoHy
Ta iMyHOMOAyIATOpiB [HCTHTYTY MiKpoOGiomo-
rii Ta Bipycomnorii im. J[.K. 3a6onornoro HAH
VYkpaiHu 3a COpUSHHS Ta JOMOMOTY B CHHTE31
HAaHOYACTHHOK.

BinomocTi npo koHuTiKT iHTepeciB. ABTO-
PH 3asIBISIIOTH IIPO BiACYTHICTH KOHQUIIKTY iHTE-
peciB.
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The effect of «green» selenium nanoparticles
on thyroid hormone concentrations in broiler
chickens

Bityutskyy V., Tsekhmistrenko S., Kharchy-
shyn, V., Tymoshok N., Melnychenko O., Vered P.,
Melnychenko Yu.

Selenium is a key trace element in thyroid ho-
meostasis, as it is a component of selenoproteins,
including iodothyronine deiodinase, which convert
thyroxine (T4) into the more biologically active
tritodothyronine (T3). At the same time, selenium
has a narrow “therapeutic window,” so it is import-
ant to find forms with higher bioavailability and low-
er toxicity. The aim of the study was to evaluate the
effect of biogenic selenium nanoparticles (SeNPs),
synthesized by “green” microbiological reduction
of Na,SeO, with the probiotic culture Lactobacillus
plantarum, on the concentration of free T3 and T4
and the activation coefficient (T3/T4x100) in the
blood of Cobb-500 broiler chickens.

The experiment used 200-day-old chickens di-
vided into 5 groups (n=40): control; sodium selenite
0.30 mg Se/kg feed + probiotic; SeNPs 0.15, 0.30,
and 0.45 mg Se/kg feed + probiotic. Blood sam-
ples were taken on days 21 and 42; free T3 and T4
were determined by ELISA (Granum test systems,
Ukraine), and statistical significance was assessed
using Student's t-test (p<0.05).

A dose-dependent increase in T3 and decrease in
T4 was observed in all selenium-containing groups
as early as day 21. On day 42, SeNPs at a dose of
0.45 mg/kg provided an activation coefficient of
16.40 compared to 5.98 in the control and 8.36 in
the selenite group; at an equivalent dose of 0.30 mg/
kg, SeNPs increased T3 by approximately 40% and
decreased T4 by 23% compared to selenite.

The data obtained indicate an increase in T4—T3
conversion under the action of biogenic SeNPs and
a cumulative effect between days 21 and 42. A dose
of 0.30 mg Se/kg of feed is considered optimal for
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practical use, providing a pronounced thyrotropic ef-
fect while minimizing the risk of excessive selenium
accumulation; the “probiotic-nanoparticle” synergy
is a promising platform for the creation of functional
feed additives in poultry farming. The T3/T4 ratio
can serve as a biomarker of the effectiveness of se-

lenium supplementation in broilers and for further
optimization of dosage.

Keywords: selenium nanoparticles, green syn-
thesis, probiotics, thyroid hormones, broiler chick-
ens, trilodothyronine, thyroxine, Lactobacillus plan-
tarum, activation coefficient, deiodinases.

Copyright: bittorekuit B.C. ta in. © This is an open-access article
distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original author and source are credited.

ORCID iD:
Bitroneknii B.C.
Hexwmicrpenko C.1.
Xapuumusa B.M.
Tumomok H.O.
Menbanuenko O.M.
Bepen ILIL
Menbpunuenko 10.0.

https://orcid.org/0000-0002-2699-3974
https://orcid.org/0000-0002-7813-6798
https://orcid.org/0000-0002-3403-3535
https://orcid.org/0000-0002-4207-4492
https://orcid.org/0000-0001-5462-508X
https://orcid.org/0000-0001-6548-4622
https://orcid.org/0000-0002-1324-0762

13



