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Crpec cyTTeBo BrAMBa€ Ha BMicT Zn, Cu Ta Mg B rpaHyoumuTax KpoBi Ta B KAiTUHaX
MeTa/A0A€elOoHyIOUNX OpTaHiB (TifokamIi, iHcyaounTax, KaituHax Ilanera Ta mpocraTtn), 1o
BUpPa’kKaaocsA y HaKOIMYeHHi Zn i Mg B KaiTMHaX Opu TOCTPOMY CTpeci Ta J10To BTpaTi Opu
XpoHiYHOMy. 3MiHM BMicTy Zn 34iliCHIOBaAMCA B OAHOMY HanpsAMKy 3 Mg Ta B
npoTuaexkxHomy — 3 Cu.

BcraHoBA€HO, 110 V I0BEHIABHMX Ta CTapUX OCOOUH BMicT Zn i Mg B KAiTUHaX B cTaHi
CMIOKOIO HIDKYMIL, HiX y 3piamx, a Bmict Cu, HaBmaky, migsuienuit. ITpm xponiuHmx
CTpecoBUX BILAMBaxX Vy IOBEHIABHUX OCOOVMH 3MiHNM TIIOKa3HHKiB, IO XapaKTepU3YIOTh
MeTaA0AiraHAHMIA TOMeOCTa3, 0iAbIl BUpakeHi, HiXX y Aopocaux. IOBeHiabHNMIA Ta cTapednii
BiKk MOXYTb OyTH (aKTOpPOM PU3UKY A4 PO3BUTKY MeTaaodedilluTHNX i iMyHOAeDilTUTHUX
CTaHiB 32 YMOB Ail XpOHIYHOTO CTpecy.

Karouosi caosa: Zn, Mg, Cu, xexamoymeoptotoui memanu, depeH3unu, cmpec, oHmozexes.

O.H. Kyuxoscknii, 10.B. Emenxo, B.H. Omeanpsnunk, O.A. bongapiok, B.J. bost
OCOBEHHOCTM COAEPXKAHVIA 1 PACITPEAEAEHINA METAA/0B ITP
CTPECCE Y JXMBOTHBIX PA3SHOI'O BO3PACTA
3anopoxckuti HayUOHAAbHYILL YHUSEPCUITEN!
olegk181@gmail.com

Crpecc cymiecTBeHHO BAMsAeT Ha codepxanme Zn, Cu m Mg B rpanyaonmuTax KpoBnu, a
TaKke B KJeTKaX MeTaAA0AelOHUPYIOLIMX OPraHOB (TMIIIIOKaMIle, MHCYAOLUTaX, KAeTKax
[lanera u mpocTaThl), YTO BHIpa’kaeTCsi B HaKomAeHuum Zn u Mg B KaeTKax MNPy OCTPOM
CTpecce M CHVDKEHMM — IIPM XPOHUYeCKOM. VIsmMenenus cogep>kaHms Zn HOPOUCXOAUAO
OZHOHAMpaBAeHo ¢ Mg 1 B IpOTHBOII0A10KHOM HallpaBAeHun — ¢ cogep>kanuemM Cu.

YCTaHOBAEHO, 4TO y I0B€HAABHBIX U CTaphIX >KMBOTHBIX cOAep KaHne Zn u Mg B KaeTkax
B COCTOSHMM TIOKOs HIUKE, YeM Y 3peablX, a cogepkanue Cu, Hao6opoT, noseiieHo. [lpu
XPOHUYECKMX CTPeCCOBBIX BO3AENCTBUAX Y I0BeHAAbHBIX KMBOTHBIX M3MEHeHN I [TI0Ka3aTeaer,
XapakTepu3yoINX MeTal0AUTaHAHBI TrOMeocTas, 0OoJee BbhIpaKeHbI, 4eM Yy B3POCABIX.
IOBeHnABHBI M CTapYecKuii BO3PacT MOTYT ObITh AaKTOPOM PUCKA OTHOCUTEABHO Pa3BUTI
MeTaaA0AePUIUTHBIX UM UMMYHOAe(PUIUTHBIX COCTOSHMI TIPM  YCAOBUAX AENCTBUSA
XPOHIYECKOro cTpecca.

Karouesvie crosa: Zn, Mg, Cu, xexamoobpasytoujue Memaarsl, deeH3unvl, cnpecc, OHmozeHes.
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DISTRIBUTION AND CONTENT OF METALS IN ANIMALS OF VARIOUS AGES
UNDER THE INFLUENCE OF STRESS
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Stress substantially influences the content of Zn, Cu, and Mg in the granulocytes of
blood, and also in the cells of metal depended organs (hippocampus, insulocytes, call of
Paneth, and prostates), that is expressed in the accumulation of Zn and Mg in cells at sharp
stress and in decline of metal accumulation at chronic stress. Changes to Zn content occurred
unidirectionally with Mg and in opposite direction regards the Cu content.

It is set that the content of Zn and Mg in the cells was considerably lower in juvenile and
senile animals than in matures, while the content of Cu was higher. The changes of indices of
metal-ligand homeostasis in juvenile animals were more expressed than in adults at chronic
stress. Animals of young and senile age can be at risk towards the development of metal
deficient and immunodeficiency in the conditions of chronic stress.

Key words: Zn, Mg, Cu, cells, chelatable metals, stress, ontogenesis, defensins.

BcCTyn

Jy>e BaXKAUBi OHTOreHeTHYHi 0COOAMBOCTI PO3110Aidy Ta MeTa00Ai3My MeTaAiB
B OpraHiami AIOAMHHN Ta TBapMH BiAMiueHO y Ilepios eMmOpioreHesy, pocTy,
AudepeHIiialiii, —craTeBOro  A03piBaHHS, KOAM  peaAi3ylOThCsl  TeHeTUYHO
AeTepMiHOBaHI MeXaHi3MII TpPaHCIOPTY 1 AeNOHYBaHHS MiKpoeaeMeHTiB. IcHye
BHYTPIiKAITUHHIIT Ta TO3aKAITMHHII IIyA MiKpoeaeMeHTiB (AraakaHsaH, CKaAbHBI,
2001, Kyapun, Ipomosa, 2006; Haase, Maret, 2010). IIpu nromy
BHYTPIIIHLOKAITUHHUI ~ IMyA  MiKpOeAeMeHTiB  CTa€  BHYTPIKAITUHHUM 3
IIO3aKAITUHHOTO IPOCTOPY, MeXaHi3MH IIMX 3MiH MaaAO BHMBYeHi, OCODAMBO Iie
CTOCYE€TLCS XeAaTOyTBopIoounx MetadiB (AragkansH, Ckaapnbiit, 2001; AHTOHIK,
Cuitnncpknii, 2000; €menko, 2010; Kyapun, I'pomosa, 2006; Diamond, Bevins, 1998).
3pocTaHHs BHYTPIiKAITMHHOIO IIyAa Ay>Ke BaKAUBE A4S AIOAVHM 1 TBapuUH 4depes
3BepxHaKonuyeHHs MeTaaiB (Culenko, €menko, bosr u ap., 2006; IIpoGaemsr...,
1990). ¥V pasi 3BepxHakONNYeHHs MeTaAiB KAIiTMHa CTa€ Ay>Ke 4YyTAMBOIO A0 Ail
CTpecopis, IO MOXKe MNpPU3BeCTH A0 IMOpylleHb I pO3BUTKY. Bigomo, mo
KOHIIEHTpaLis Zn B Iepioa eMOpioreHe3y Ta B IOHOMY Billi MeHIIla, HDK y 3piaoMy Ta
IIOXIA0MY, BMicT Mg MeHIINIT y IpeHaTaAbHOMY Ta IIOCTHATaAbHOMY IIepioai HIXK y
AOpOCAOMY, aae KoauBaHHA BMicTy Mg He Taki cyTreBi (AHTOHAK, CHITHMHCHKMII,
2000; €menko, I'puroposa, 3agopoxns Ta iH., 2008; €menxo, 2010; Diamond,
Bevins, 1998).

Aedinur Mg npuspoauts 40 rinmoTpodii Mao4y Ta mopymieHs AvdepeHIiarii
eMOpiOHaAbHUX ANCTKiB, III0O MO’Ke CTaTi IPUUYMHOIO BUHIKHEHH: IaTOAOril y
HOBOHapoKeHux (Aragykansas, Ckaapnslit, 2001; €menko, 2010; Kyapus, I'pomosa,
2006; ITpo6aemsr..., 1990; Diamond, Bevins, 1998; Ising, Nawarth, Giinther, 1981).
Oco0anBy HeGesneKy BUMHMKHEHH: BaJ, PO3BUTKY CTaHOBUTH Aepiuut Zn Ta Mg B
eHTepOoiHCYyAApHOMY amnapaTi Ta HeiiTpodiaax, B KAiTuHax IlaHeTa, ToMy Ile MOXKe
CcTaTy NPUYMHOIO IOpPYIIeHb Pe3UCTeHTHOCTI opranismy (IIpoGaemer...,  1990;
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Diamond, Bevins, 1998; Prasad, 2007), Hea40cTaTHOCTi eHTepO-iHCyAsApHOToO alnapara,
eriaencii, aMmioTpodiuHOro OOKOBOTO CKAepOo3y Ta HaBiTh musodpeHii (AraaKaH:;H,
Ckaaspnsniit, 2001; Anronsak, Crhituncekuii, 2000; €mjenko, 2010;Kyapun, I'pomosa,
2006; ITpodaemsr..., 1990; Diamond, Bevins, 1998; Prasad, 2007). Yepes 1e ayke
Ba>KAIBO 3'ACyBaTH, SIK 3MIHIOETHCSI BMICT Ta pO3II04ia MeTaAiB y 0ciO pi3HOTIO BiKy.

Mertorw pobotn 6ya0 A0CAIAKEHHs 3MiH BMICTy XeAaTOYTBOPIOIOUNX MeTaAliB y
TBap¥H Pi3HOIO BiKy Ipn Aii cTpec-gaKkTopis.

MATEPIAAU TA METOAU AOCAIAKEHD

Jlocaiau BUKOHaHO Ha 6iamx 1rypax AiHii Bicrap. Yci TBapuHmu yTpuMyBaAanucs Ha
CTaHAApPTHOMY palliOHI Xap4yyBaHHs BiBapilo, IpU IPUPOAHIN 3MiHI AHS 1 HOYI.
JocaigKeHHsT 3 BUKOPUCTaHHAM AabOpaTOPHUX TBapMH HIPOBOAMAMCH 3TigHO 3
BUMOTraMu cT. 26 3akoHy Vkpainm «[Ipo 3axmct TBapuH Bi4 >KOPCTOKOTO
IIOBOJ KEeHH:A», «CEBpOIeNIChbKOi KOHBEHIIil IpO 3axMUCT XpeOeTHUX TBapuH, IO
BUKOPUCTOBYIOTLCA A5 AOCAIAHMX Ta iHIINX HayKOBUX Ifiaeii» [CtpacOypr, 1986] Ta
INPUHINIIIB Oi0TUKI.

AAas A0CAiAKeHHs BUKOPUCTOBYBAANCS Aa0OpaTOPHI TBAPUHU IOBEHIABHOTO 1
IIOXIAOTO BiKy, a TaKOXX KOHTPOALHI TBapUHM, B SAKOCTi AKUX OyAM NPUITHATI
Aopocai. FOBeHiabHI TBapuHu OyAu IpejcTaBAeHi IypaMu BiKoM 3-6 Mics1liB, 3piai
— mypamu 1-2 pokiB, TBApUHA IMOXILAOIO BiKy — 1ypamu 3-3,5 poKiB.

¥ x04i g0caigy mpoaHaai3yBaAu BMICT Zn B CTaHi CIIOKOIO Y TBAPUH Pi3HOTO BiKy
(B rimokammi, rinotasamyci, rinogisi, HaanupHuKax, kaituHax Ila”era i mpocraTy,
rpaHy/A0LuUTaxX KPOBi) Ta A4OCAIAMAM BIAUB CTpecy (Ha MPMKAAAL TiIOKCii) Ha BMIiCT
XeAaTOyTBOPIOIOUNMX MeTaAiB B JedeHsuHMicTKuX KaitmHax (Zn, Mg, Cu B
rpa"yaonuTax Kposi Ta Zn B Kaitunax [lanera). TakoxX B IuX KAiTMHaX BU3Ha4aAu
BMICT CeKpeTOpHOro Mmarepiaay (4e¢eH3MHiB) Ta BCTaHOBAIOBAAU CTYIiHb 3B SA3KY
MDK IVIMI ITOKa3HIKaMIL.

BwmicT MeTaais y KaiTMHax BU3Ha4yaAl 3a AOIIOMOTOIO LUTOXIMIUHMX peakiiit: 3
BUKOPUCTaHHAM AUTH30HY, cyabdapcaseny Ta 8-TCX gas BusHavyeHHs Zn;
MarHe3oHy — AAs BU3HadyeHH:A Mg, AMTHOOKcaMiZy Ta AIOMOMAarHe3OHy — AAs
BusHadeHHs Cu. BwmicT MeTaaiB BHU3Hayaau 3a 3abapBAeHHAM AMTU3OHOM i
MarHe30HOM 3a 4epBOHMM; CyAb]apcaseHOM — OpaHXXeBUM; AUTHOOKCaMiAOM —
TEMHO-3€41€HIM KOABOPOM LHTONAa3Mu i rpaHya kaitun (CmienHko Tta iH., 2008;
€menko, 2010).

A5 BUABAEHHS CEKPETOPHOIO MaTepiaay BUKOPUCTOBYBaAu 3aDapBAeHHs OpoM
denososum cunim  (BPC), sAKMII TakoX BUKOPUCTOBYBaAu AAsl  BUABAEHH:
AedensuHis (3a Ilirapescbkum).

locTtpuit crpec, 3yMOBAeHMII TiIOKCIC€I0 OTPUMYBAaAM IIASXOM PO3MIIIeHHs
TBapUH Yy II0CY4, 3 KOTO BUKadyBaAu mositps (ymosu: h=6,7 xm, PatmM=327 MM.pT.cT,
PO2=30,2 wmm.pr.cT) (3aiumuk, 2000). Jas BiATBOpeHHs XPOHIYHOIO CTpecy
IpoueAypy IOBTOPIOBaAM IIOAeHHO BIIpoAoBK 10 4i0. TBapuHI KOHTPOABHOI TPYIIN
OyAu iHTaKTHUMIL.
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Oaepxani pesyabTaTi 40CAigKeHb IIepeBipsSAl Ha HOPMaAbHICTh PO3IIOAiAy 3a
aonomoroo kpurepiio Ianipo-Yiaka. IIpn HopMaabHOMY PO3IOALAY MOPIBHAHHS
BUOIPOK IIPOBOANAOCA 3a AonOMOrow t-kpurepito CTbiogeHTa A4S He3aAeXKHIUX
Bubipok. Cuay 3B'43Ky MiXK IOKa3HMKaMM BU3HayaAll 3a AOIIOMOTOIO KoedillieHTa
kopeasnii Ilipcona (r). O0poOka gaHUX HPOBOAMAACH 3a AOIOMOTOIO IPOrpaMu
Statistica 6.0.

PE3YABTATU TA OBTOBOPEHHS

IIpu anaaisi BmicTy Zn B pisHuX KaituHax (puc. 1) Mo>kHa IPOCTEXKUTH, 11O Y
BCiX THIIaX KAITHH BMICT Zn y IOBEHIABHIUX TBapUH BiAHOCHO HU3BKMII, SIKUII TOTIM
MiABUIIYETLCS Y 3PiANX, @ Y CTapUX TBAPUH 3MEHINYEeThCs. IlopiBnanua BMicTy Zn B
KAiTuHax xeaaTodiabHoi KaAiTuHHOL cuctemu (XKC) Mix 1oBeHiABHUMM i 3pianmu Ta
MIX 3piAMMH i CTapUMM BMCOKO AOCTOBIipHi. ¥ AedKMX KAiTMHaX cTapux TBapuH (y
HelpoHax TillOKaMIly, KAiTMHaX HaJHMPHUKIB, KaiTuHax IlaHera, rpaHyaonmrax
KpOBi) BMicT Zn HaBiTh MeHIINII, HIXX y IoBeHiAbHMX. Lle MOKHa nOsICHUTH THM, IO
Iporiecy, B KX OepyTh ydacThb IIi KAITHMHM, BCTAHOBAIOIOTLCA Ta PO3BMBAIOTHCS Y
IOBEHIALHIX OCOONUH, a y cTapux Oarato (yHKIili I10cAabAIOIOTLCA Ta 3racaroThb
(Anrtonsk, CaitmnHcnkmit, 2000; €menko, 2010). Lli BigMiHHOCTI OOYMOBAIOIOTDH
MIOTY>KHICTh peakllii Ha BILAMB CTPeCyIOYMX YMHHIKIB OCOOMH Pi3HIX BiKOBUX IPYIL.
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Puc. 1. BMicT IMHKY B IIMHKMICTKIX KAITHMHAX IIypiB Y OCOOMH I0BeHLABHOTO
(A), spiaoro (b) i crapeuoro (B) Bixy (y ko>kHii1 rpyni n=15). 1 — B rinokammni, 2 — B
rinotaaamyci, 3- B rinoisi, 4 — B HagHUpHUKaX, 5 — B KaiTuHax [lanera, 6 — B 3-
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iHcyaonuTax, 7 — B TpaHyAOLIMTax KpoBi, 8 — B KaiTuHax npocraty; * — p<0,05; ** —
p<0,01; *** — p<0,001 y nopiBHAHHI 3 KOHTPOABHIMI OCOOMHAMM 3Pia0To BiKy.

IIpu agocaiaxenHi BAMBY BiKy Ha BMicT Zn i Mg B rpaHyaonurax Kposi mpu
TOCTPOMY CTpeci BCTaHOBAEHO, IIIO CIIOCTepPirae€Thcsl MiABUILNEHHs PiBHA MeTadiB y
TBaPIUH BCIX BIKOBUX TPYIL, aJ€ y I0BeHLAbHIX TBapMH OiabIlle BUpa>keHe ITiABUIIeHHs
piBHA Zn, HiXX Mg (puc. 2a Ta 20).

Bmict Cu (puc. 2B), HaBnaky, HAMIBUIIUI y CTaHi CIIOKOIO Y IOBEHIABHIX TBAPUH,
a IIOTiM TIOCTYIIOBO 3HIDKYETHCSA y 3PiANX, ade MigBUINYEeThcsa y crapux. [Ipu
rocTpoMy crpeci piseHb BMicTy Cu 3MEHIIY€EThCs, a IPH XPOHIYHOMY 30iABIIYEThCS
y Bcix BikoBux rpymax. IIpum rocrpomy crpeci piBeHb BMICTy MeTaaAiB y TBapUH
CTapedyoro BiKy 3MeHIITYEThCSI He3HAYHO.

Takum umHaMm, Haibidbllla peakllii Ha TOCTPUII CTpec cIocTepiralacs y
IOBEHIABHIX TBapUH, IPMYOMY 3MIiHI BMICTy XeAaTOYTBOPIOIOYOTro Zn Oyau AeIo
OiapmuMu, HiXX 3MiHn Mg,

3minu BMmicty Cu Hpu rocTpoMy cTpeci MaAu HPOTUAEXKHO CHpPsMOBaHUIA
xapakTep. HaitOiapmmuii piBeHb BMICTy Ta pO3NOAidy MeTaAiB IPU XPOHIYHOMY
CTpeci criocTepirascsl y cTapux OCOONH, IO € IPUPOAHNM, 3Ba>Kaloull Ha MOPiBHAHO
HU3LKUIT PiBeHb CHHTe3Y 0iAKiB 3 IOBeHIABHIMM Ta 3piAMMM OCOOMHAMI.

Amnaaizyroun puc. 2, 6aumMMmo, IO y KOHTPOABHUX 3piAMX TBapMH PpiBeHb
XeAaToyTBOPIOIOYOTo Zn OiAbIINIL, HIX Y I0BeHiAbHMX, Ha 46%. [Ipu roctpomy crpeci
(I'C) BMicT Zn y 10BeHiABHUX TBapuH 30iabmryBascs Ha 37% (p<0,001) B mopiBHAHHI 3
KOHTPOABHMMU 3piaumu TeapuHamu. Bmict Mg y moaoaux ocooun npu I'C
30iapiryBascs Ha 41% (p<0,0501), y spianx — Ha 15% (p<0,05), a y ctapux — TiAbKM Ha
10% (p<0,01) y nopiBHsAHHI 3 BiATIOBIAHMMU KOHTPOABHUMH TBapMHAMU.

IIpn xpouniunomy crpeci (XC) piBeHb BMicTy Zn B IpaHyAOLMTaxX KpOBi y
IOBeHIAbHIIX Ta 3PiAMX TBapIH 3MeHIIyBaBCs Malike 0AHaKoBO - Ha 23% (p<0,001) Ta
27% (p<0,001) BignoBiaHO, a y cTapux 3MeHIIeHHs csaraao 57% (p<0,001). ITpu XC
BMmict Mg 3menmrysabca  Ha 13% (p<0,05) y IOBeHiABHMX TBapuH, Yy 3piamx
3MeHIIeHHs csAraao 28% (p<0,001), a y crapux cnocrepiraaoch #Oro 3sMeHIIeHHs Ha
37% (p<0,01). Hesnaune smenmenHs Mg y I0BeHiAbHIX TBapUH MO>KHA MOACHUTU
TUM, 11O piBeHb CUHTe3y OidKa y HIUX Ay>Ke BUCOKUIL. biapIn Bupa’keHe 3MeHIIeHHs
BMmicTy Mg y crapux tBapuH npu XC TakoX MoxKe OyTH IOB'sA3aHe 3i 3HaUHUMI
3MeHIIeHHSAMI PiBH:A IpoleciB 0iAKOBOTO CIHTe3y.

Yci sminm Bmicty Zn i Mg ogHocnpsMOBaHI Ta MaAM BUCOKUII piBeHb
koedillieHTy Kopeaswii MK coboro — Big 0,65 20 0,92. Yci 1i 3MiHN OAHOTMIIHI i €
nposBaMu HecneumpiuHOro aganTaliifHOTO CHHAPOMY KAITMHHOI CHUCTeMH,
IPUYOMY 1i 3MiHM OiAbII BUpa’keHi y I0BeHIABHIUX Ta CTapUX TBAPMH.
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Puc. 2. ITopiBHAHHS BMICTy XeAaTOyTBOPIOIOUMX MeTaAiB - IIMHKY (3a0apBaeHHs
cyabpdapcaseHoM — A), MarHilo (3abapBaeHHs1 MarHe30HOM — b), Miai (3abapBaeHH:
AUTIIOOKCaMigoM — B) i gedensnnis (3abapsaenns 6pompenoaosuM cunim —I') mpu
TOCTPOMY i XpOHIYHOMY cTpeci (Ha puKAadi Tinokcii) B rpaHyA0LTax KpoBi ITypiB
PI3HOTO BIKY.

1 — koHTpOAb (N=12); 2 — rocTpuii crpec (n=12); 3 — xpoHiuHuii crpec (n=12). * —
p<0,05; ** — p<0,01; *** — p<0,001 BiAHOCHO KOHTPOAIO.

Taxkum 4mHOM, Ha rocTpuii cTpec OiAblI 3a Bce pearyloTh I0BeHiAbHI OCOOIHI,
npudoMy 3MiHu BMicTy Mg Ta Zn y BCiX BiKOBUX I'pyIlax MaiOTh O4HOCIIPAMOBAHIIL
XapakTep 3 BICOKUM 3HaueHHAM KoedinieHTty xopeasiii (0,63-0,87), o cBigunTh Ha
Te, IO IMHK i MarHiil € cuHepricraMmu Ta SIBAAETLCA IPOsABOM HecneludiyHoro
aganTaninHoro cuHapoMy KaitmnHoi cucremn, HACKC (€menko, 2010). Aae
KOANBAHHs PiBHA 3MiHM Mg y TpaHyA0LUTax 4€1]0 MeHIIe, IO MOXKANBO II0B 13aHO
3 aKTUBHIMM CHHTe3YIOUMMU IIpoliecaMi, Ae Oepe yJacTh MarHiit, Iie ciipaBe4AmnBo
AAs MOAOAMX 0cOONH (AHApuaHOBa, JemenTresa, Maabiiesa, 1995;Yexman, 1992).

Amnaaiz 3min Bmicry Cu MOKasas, IO y IOBEHIABHMX TBapMH JIOIO BMICT y
rpaHyaonuTax Kposi Oys sumuit Ha 41% (p<0,001), HiX y 3pianx, a y crapux — Ha
10% (p<0,05) nHmkumit, Hixk y 3piamx Ta Ha 51% (p<0,001) HiOKUMiL, HiIK Yy
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1oseHiabHUX. [Ipu Bramsi I'C y Moaoaux H1ypis criocTepiraaoch 3HVM>KEHHs BMiCTy
Cu na 17% (p<0,05) B nOpiBHAHHI 3i 3piauMy; y 3piamx myypis sHmkenHs npu I'C
cranosnao 11% (p<0,05) B MOpiBHAHHI 3 KOHTpOAeM, a y CTapuX cIocTepiraaocs
3HIDKEHHs iHTeHCMBHOCTI peakmnii Ha 12% (p<0,05). ITpu snausi XC smict Cu
MiABUIIYBaBCs y I0oBeHiABHMX Ha 32% (p<0,01), y 3piamx — Ha 47% (p<0,05), Ta y
crapux — Ha 51% (p<0,001). TakuM 4UMHOM, MO>KHa IPOCAIAKYBaTH TE€HAEHIIIIO: Y
Moa0aux ocobun npu XC 3MiHM BMICTy MeTaAiB MeHII BIpa>keHi, HK y A40pOcAuX
Ta 0CO0AMBO CTapuX OCOOMH. 3MiHM BmicTy Zn i Cu B rpaHyA0UMTax KpOBi MaiOTh
MPOTUAEXKHUIT HAIIPSIM 3 BUCOKIM 3HaueHHsIM KoedillieHTy Kopeasriii (-0,58 — -0,82).

ITliag wac anaaisy BMmicTy aedeH3uHiB Oyao 3'[cOBaHO, IO Yy MOAOAMX
KOHTPOABHMX TBapMH BiH OyB Ha 71% MeHIINII, HiXX Yy AOPOCANX; Y CTapUX TBapUH
11eit MoKasHUK OyB MeHImmit Ha 110%, Hixx y gopocanx. ITpu I'C BMicT cekpeTopHOTO
MaTepiaay 30iAbITyBaBcs y MOAOAMX IIypiB Ha 98% B MOPIiBHAHHI 3 KOHTpOAeM, Y
Aopocaux — Ha 21% Tta y crapux — Ha 53%. Koedinient xopeasanii Ilipcona mix
BMIiCTOM Zn Ta CeKpeTOpHUM MaTepiaaoM gopisnHiosas 0,78-0,97. Takum umHOM,
AoBeeHO QYHKITIOHAABHY 3aA€KHIiCTh Mi>XK BMICTOM Zn Ta CeKpeTOPHOTO MaTepiaay.
ITpu I'C cioctepiraaocs sHmzkeHHs BMicTy Cu Ta itoro migsuiennss mpu XC. Takum
YITHOM, MO>KHA IIPOCTEXKUTH MPOTUAEXKHY CIPSIMOBAHICTh BMICTY Ta po3noaiay Zn,
Mg, Cu y kaiTuHax.

JIK 3a3Hayaaocs paHillle, BMIiCT i po3mnogia IIMHKY Ta KaTiOHHMX OiakiB y
kaiTuHax [TaneTa B TOHKIN KUINIII I1iAKOM OZHAKOBI, 110 403BOASE TPUITYCTUTIH, 11O
AedeH3MHN, AKi Y BeANKiit KiAbKOCTI 3HaX0AAThes B KAiTuHax ITanera (ITpo6aemsr.. .,
1990; Prasad, 2007), 3p’s13aHi 3 xeaaToyTBopioouuM Zn. Tomy ayke Ba’KAMBO 0OyA0
AOCAIAUTH, AK 3MIHIOETBCA BMICT Ta PO3I0OALA LUHKY 1 CEKPETOPHOIO MaTepiaay
kaiTna IlaHeTra AK YacTUHNI €HTepO-iHCyAsSpHOro amapary Ta JAe]peH3MHMiCTKIX
KAITUH IIPU CTPECi B 3aA€>KHOCTI Bi4 BiKy TBapUH.

Orpumani aaHi cBig4aTh, 110 B yMOBaX FOCTPOTO CTPeCy Y MOAOAMX, AOPOCAMX
Ta CTapuX TBAPUH CIIOCTEPIraaocs IMigBUIIEHHs Zn, sKe Y MOAOAMUX TBAPUH CAralo
64% BiIAHOCHO KOHTPOABHUX 3HayeHb, a BMICT Ae(PEeH3MHMICTKOIO CeKpeTOPHOIo
MaTepiaay Oys 30iapmenmit Ha 53%. ITpm XC y Bcix TBapuH pi3HOTO BiKy
CIIOCTepPiraa0Cch 3HaYHe 3HVKEHHs BMICTYy Zn i CeKpeTOPHOIo MaTepiady, HaliBUIIA
Kopeasauis Oyaa BigmiueHa y gopocaux TsapuH. Haiibiapime sHipkeHHs Zn
crocrepiraaocs y crapux TeapuH (60%), y MOA0OAMX cIIOCTepiraaocsi 3HMKeHH: Ha
15%, y aopocaux — maitke Ha 26%.

®akTH4HO, Ha Ail0 TOCTPOTO CTpecy OiAbII 3a BCe pearyBaall MOAOAi TBapUHI,
IIpOTe Y MOAOAMX TBapuH OyA0 HaliMeHIIe 3HayeHHs ITOKa3HUKIB IPU XPOHIYHOMY
CTpeci, B MHOpIiBHAHHI 31 crapumu Ta gopocaumu (p<0,05). Anaaoriuni 3miHn
CIIOCTepiraamcs I Jac aHaAi3y BMICTy CEeKPeTOPHOIO MaTepiaay.
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Puc. 3. ITopiBHsAHHS 3MiH BMIiCTy Xe4aTOyTBOPIOIOYOIO IMHKY (3a0apBAeHH:s
cyabdapcaseHoM) (A) Ta 4epeH3MHMICTKOTO CeKpeTOPHOIo Martepiaady (3abapBaeHH:I
b®C) (b) B kaitunax ITanera 1iypis pisHOrO BiKy B cTaHi criokolo (1), mpu aii
roctporo (2) Ta xpoHiuHoro (3) crpecy (Ha mpuKaagi rinokcii). * — p<0,05;*** — p<0,001
NOPiBHAHO 3 KOHTPOAEM.

IIpu TC mHaiiOiapile MigBUINEHHs BMICTy CeKpeTOPHOIO MaTepiaay
crocTepiraaocsa 'y MoaA0AMX wypiB — 53%, y AOpocaux MiABUILEHHS PiBHs
CeKpeTopHOro Marepiaay Oyao 23%, y cTapux migBUILEHHs aocAraao 15%.
KoedinienT Kopeasnii MiXk BMIiCTOM XeAaTOyTBOPIOIOYOro Zn i gedpeH3MHMICTKOTO
CeKpeTOpHOro marepiaay koamusascs Big +0,67 a0 +0,93. Ilnpu XC cnocrepiraaocs
3MEeHILIeHHSI CeKPeTOPHOTO MaTepiaady: y MOAOAMX - Ha 7%, y Aopocaux — Ha 22%, ay
cTapux — Ha 63%. ITpu roctpoMy cTpeci cnocrepiraamcsi OgHOCHPsIMOBaHI 3MiHI
BMICTy Zn Ta AepeH3UHiB y TBapUH pPi3HOTO BiKy. Bonm Oyam O6iabmn BupaskeHi y
MOAOAMX i CTapUX OCOOMH, IPMYOMY Y MOAOAMX 3MiHM OyAM OiAbLI BUpaskeHi mpu
roCTpoOMy cTpeci, a y crapux — mnpu XxpoHidyHomy. KoedimieHT Kopeasamii mix
BMicTOM Zn Ta BMicTOM AedpeH3uHiB Koausases Big +0,68 40 + 0,98, m10 cBigunTs npo
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AiicHuIT QPyHKITIOHaABHMII 3B’ A30K MiX BMicToM Zn Ta dedpeH3nHiB. Mu BBa>kaeMo,
10 y MOAOAMX Ta CTapMX OCOOMH CTaH OIiPHMX CHCTeM OPTaHi3My OiabIl 4y TAMBUIL
AO BILAUBY CTPeCOpiB.

Y mpoueci oHTOreHe3y B IIpeHaTaAbHOMY Ta IIOCTHaTaAbHOMY Ilepioai piBeHb Zn
30iapmyeThesa (Aapuanos, Jemenrtbesa, Maabsnes, 1995; IIpo6aemsr...,  1990),
BiAIIOBiAHO 30iabIIyeThest 1 cuHTe3 Oiaka. ['ocTpmii cTpec BMKAUKAE y MOAOAUX
0iapII BUpaskeHy peakllio, TOMY IIIO Y HIX CMHTeTUYHi Ipolecy OiabIl iHTeHCHUBHI
Ta OoTpeOyIoTh Oiable gocTyny amiHokucaoT Ta ME 3308BHi (€menko, 2010; Prasad,
2007). Aae mpu XpOHIYHOMY CTpeci y MOAOAMX CIIOCTepPira€Thcsl MEHII BMpa’keHe
BHIDKEHHsI BMICTy Zn Ta CEKpeTOPHOIO MaTepiady B NOPIiBHAHHI 3i cTapumu
OCOOMHAMI — y CTapUX TBApUH TOCTPUII CTpeC He € TaKUM BUPA3HUM, TOMY IO
3MEHIIYEThCSl PiBeHb CHHTe3y OiAKiB Ta TOPMOHAAbHUN piBeHb. 3MiHHU BMICTy
XeAaToyTBOPIOIOYOTo Zn Ta CeKPeTOPHOTO MaTtepiady B AepeH3UMHMICTKMX KAiTHHaX
IpKM TOCTPOMY Ta XPOHIYHOMY CTpeci MaroTh aHaAOTiYHHUII XapakTep. Bownn
OAHOCIIPsAMOBaHI Ta MalOTh BUCOKY MO3UTUBHY Kopeasiiio — Big +0,65 g0 +0,96, mo
IIPU TOCTPOMY Ta XPOHIYHOMY CTpeci pi3HOTO reHe3y Ta CIIPsSIMOBAHOCTI CBig4aTh IIPO
HecnenMPiuHICTb IIMX 3MiH Ta sABAA€ThcA o3HakKamyu HACKC.

BUCHOBKI

1) Byan mpeAcTaBaeHi AoOKasm iCTMHHOCTI rimoTtesm, IO JAedeH3UHU B
AepeH3MHMICTKIX KAITHHAX OB s3aHi 3 Zn.

2) BMmicT Ta po3moaia XeAaToyTBOPIOIOUIIX MeTaAiB € MePeKOHANBIM MapKepoM
(JyHKIIIOHAaABHOTO CTaHy OpTaHi3My IpM CTpeci, IO 4a€ MOXKAUBICTL ITPOTHO3YBaTU
34aTHICTb OPTaHi3My 40 OIIOPY IPY CTPECOBiIl CUTYyaLlil.

3) 3MiHUI B KAiTMHAaX, IO MICTATh XeAaTOyTBOPIOIOUi MeTaAu, HecrieljudgiyHi i €
npossamu HACKC npwu crpeci y TBapun pisHOTO BiKy. XapakTep 3MiH pisHMIT Yy
MOAOAMX, AOPOCAMX Ta CTapMX OCOONMH, IO IIOB'A3aHO 3 OHTOTeHeTUYHUMI
0CODAMBOCTSIMIA.

4) Xponiunuii  crpec  Moxe Oyt  (aKTOpOM  PU3UKY  PO3BUTKY
MeTaa0AePpilUTHIX iMyHOAe(PITUTHUX CTaHIB Y IOBEHIABHOMY Ta CTape4oMYy Billi.

5) Crpec cyrreBo Brampae Ha BmicT Zn, Mg Ta Cu B KAiTHHaX: TOCTpUIl CTpec
nigsuiiye Bmict Zn i Mg Ta 3Hmkye Bmict Cu, mpu XpoHIYHOMY cTpeci yce
BiA0OyBa€ThCsl HABIAKIA.
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